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Abstract Rats were initially trained in a symbolic delayed
matching-to-sample task either to discriminate hedonic sam-
ples that consisted of food or no food or to discriminate tone
samples that differed in frequency and location. The reten-
tion functions for both the hedonic and tone samples were
asymmetric, with forgetting of the food sample or the high-
frequency tone occurring more rapidly than forgetting of the
no-food sample or the low-frequency tone. Next, many-to-
one (MTO) training was given in which tone samples were
added for the rats initially trained with hedonic samples, and
hedonic samples were added for the rats initially trained
with tone samples. For both groups, a food sample and a
tone sample (tone-F) were associated with responding to
one lever (e.g., stationary), and a no-food sample and a
different tone sample (tone-NF) were associated with
responding to the alternative lever (e.g., moving). During
retention testing, we found equivalent forgetting for the food
and no-food samples, but forgetting of the tone-F sample
occurred more rapidly than forgetting of the tone-NF sam-
ple. This is the first MTO study to suggest that rats, like
pigeons, may use hedonic samples as the basis for the
common coding of nonhedonic samples in MTO delayed
matching.
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Pigeons have often been trained with a symbolic delayed
matching-to-sample (SDMTS) procedure to respond to one
comparison stimulus (e.g., vertical line) on trials initiated by

one sample stimulus (e.g., red hue) and to respond to a
different comparison stimulus (e.g., horizontal line) on trials
initiated by a different sample stimulus (e.g., green).
Retention functions are obtained by varying the interval
between the offset of the sample stimulus and the presenta-
tion of the comparison stimuli. In pigeons, accuracy usually
declines symmetrically for both visual samples as the reten-
tion interval is increased (e.g., Santi, Bridson, & Ducharme,
1993, Exp. 2). However, when the samples consist of the
occurrence and nonoccurrence of food, pigeons (Colwill,
1984; Wilson & Boakes, 1985) and jackdaws (Wilson &
Boakes, 1985) exhibit markedly asymmetrical retention
functions. As the retention interval increases, accuracy rap-
idly decreases to below-chance levels for trials initiated by a
food sample (brief access to grain), but it remains very high
for trials initiated by a no-food sample (an equivalent period
of hopper illumination or darkness). Presence/absence sam-
ples of nonhedonic visual stimuli (e.g., red hue vs. the
absence of a red hue) also exhibit a retention asymmetry
similar to that initially reported for hedonic food and no-
food samples (Grant, 1991; Sherburne & Zentall, 1993a,
1993b; Wixted, 1993). A single-code/default strategy was
initially proposed as an explanation of this effect (Colwill,
1984; Wilson & Boakes, 1985). According to this hypoth-
esis, pigeons only code the presence (e.g., food) sample in
memory, and respond to the comparison stimulus associated
with the absence (e.g., no food) sample by default when the
code for the presence sample is absent from memory.

A number of alternative explanations for these asymmet-
ric retention functions were subsequently proposed, includ-
ing confusing the retention interval with the absence sample
(Sherburne & Zentall, 1993a), differential pecking behavior
during presence and absence samples (Sherburne & Zentall,
1993b; Weaver, Dorrance, & Zentall, 1999; Zentall, Kaiser,
Clement, Weaver, & Campbell, 2000), and a signal
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detection account of performance in the presence/absence
task that assumes that performance on absence-sample trials
actually involves a memory for nonoccurrence (Dougherty
& Wixted, 1996; White & Wixted, 2010; Wixted, 1993;
Wixted & Dougherty, 1996; Wixted & Gaitan, 2004).

Presence/absence samples have also been used in order to
address issues related to common coding in many-to-one
(MTO) matching (Grant, 1991; Grant & Kelly, 2001;
Neiman & Zentall, 2001; Zentall, Sherburne, & Urcuioli,
1995). In MTO matching, two or more sample stimuli are
each associated with reinforced responding to the same
comparison stimulus. Evidence has suggested that samples
that share the same correct comparison stimulus are repre-
sented in memory by the same common code (Urcuioli,
Zentall, Jackson-Smith, & Steirn, 1989). This common code
could be an arbitrary code like “Stimulus Class A” versus
“Stimulus Class B” (Grant, 1991; Grant & Kelly, 2001), a
prospective code of the common correct comparison stimu-
lus (Grant, 1991; Grant & Kelly, 2001), or a representation
of one of the samples (Zentall et al., 1995).

Grant (1991) was the first to examine MTO retention
functions for hedonic (food/no-food) samples and nonhe-
donic (shape) samples that required responses to the same
color comparison stimuli. He found that an MTO mapping
resulted in symmetrical functions for food and no-food
samples. He also showed that having samples in addition
to the no-food sample mapped to the same correct compar-
isons was critical to producing the symmetrical functions.
For example, when samples of food, triangle, and plus
required a response to a red comparison, while a no-food
sample required a response to a green comparison, asym-
metrical retention functions were observed. However, when
a sample of food required a response to a red comparison,
and samples of no-food, triangle, and plus required a re-
sponse to a green comparison, symmetrical retention func-
tions were observed for the food and no-food samples. Grant
(1991) interpreted these results as showing that the no-food
sample is actually coded in the typical MTO procedure. He
also suggested that the codes for the food and no-food
samples in the MTO procedure are prospective representa-
tions of an instruction to respond to a particular comparison
stimulus.

Zentall et al. (1995) conducted an experiment very sim-
ilar to that of Grant (1991), but they obtained different
results. In their experiment, food/no-food samples and red/
green samples were mapped to shape comparison stimuli.
Despite the MTO mapping, the researchers observed asym-
metric retention functions for the food and no-food samples
(better retention for the no-food sample), but they also
observed asymmetrical functions for the hue samples, such
that there was better retention for the hue that shared the
same correct comparison as the no-food sample. Zentall et
al. (1995) suggested that the nonhedonic hue samples were

commonly coded in terms of the hedonic sample with which
they shared the same correct comparison. The difference in
results between the Zentall et al. (1995) study and the Grant
(1991) study may have been due to differences in the types
of stimuli used as nonhedonic samples and comparison
stimuli. In the Grant (1991) study, the samples were line
orientations and the comparison stimuli were colors. In the
Zentall et al. (1995) study, the samples were colors and the
comparison stimuli were shapes. Zentall et al. (1995) sug-
gested that the use of more salient and easier-to-discriminate
colors as samples may have encouraged a retrospective
common coding of hedonic and nonhedonic samples in
terms of food and no food. Presumably in the Grant
(1991) study, the use of less salient and harder-to-
discriminate line orientations may have encouraged a pro-
spective common coding in terms of a response instruction
such as “peck red” and “peck green.”

With the exception of a study by Wilson and Boakes
(1985), in which jackdaws were also studied, all of the pub-
lished experiments on presence/absence retention functions
and changes in these functions as a result of anMTOmapping
have been conducted in pigeons. Recently, we demonstrated
that rats also exhibit asymmetric retention functions for food
and no-food samples (Santi, Simmons, & Mischler, 2011). In
the present study, we examined whether training rats in an
MTO procedure with food and no-food samples (hedonic) and
tone (nonhedonic) samples would change the retention func-
tions. As noted above, previous research in pigeons has shown
that when acquisition of matching for hedonic samples pre-
ceded the acquisition of matching for color samples, the hue
samples were commonly coded in terms of the hedonic sam-
ple with which they shared the same correct comparison.
Zentall (1998) suggested that in MTO procedures with
pigeons, “the common representations consist of (or are sim-
ilar to) the earliest established representations that can serve as
cues for comparison choice” (p. 371). Grant and Kelly (2001)
tested this claim in an experiment involving temporal and
hedonic samples. Pigeons were initially trained and delay
tested with either temporal or hedonic samples, and both types
of samples resulted in retention asymmetries. Next, the two
groups were trained in an MTO procedure with both temporal
and hedonic samples. Delay tests resulted in parallel retention
functions in both groups of pigeons. Thus, regardless of
whether training began with the hedonic or temporal samples,
the codes employed during MTO training appeared to be
different from those established during initial training.

In the present experiments, we also varied the sequence
in which the component discriminations were trained. In
Experiment 1, rats were initially trained and delay tested
with either hedonic or tone samples. In Experiment 2, the
two groups were trained in an MTO procedure with both
hedonic and tone samples, and retention functions were
again assessed.
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Experiment 1

Rats in the hedonic condition were trained to discriminate
samples consisting of the presentation of a food pellet (food
sample) or the absence of a food pellet (no-food sample) by
responding to a stationary or a moving lever. Rats in the
nonhedonic condition were trained to discriminate between
two tone samples varying in frequency and spatial location.
Following acquisition, retention functions for the hedonic
and tone samples were obtained. Consistent with our previ-
ous findings (Santi et al., 2011), we expected that rats
trained with hedonic samples would exhibit more rapid
forgetting on food-sample trials than on no-food-sample
trials. We also anticipated that the retention functions for
the tone samples would be symmetric, because there was no
a priori basis for expecting that a high-frequency tone would
be any more or any less memorable than a low-frequency
tone.

Method

Subjects

A group of 16 experimentally naïve Long-Evans hooded
male rats were used as subjects. The rats were obtained from
Charles River Canada (St. Constant, PQ) at 58–63 days old.
They were individually housed in clear Plexiglas cages in a
temperature- and humidity-controlled holding room under
an alternating 12:12-h light:dark cycle. Experimental ses-
sions were given during the light phase. The rats had free
access to water, but their diet was restricted to maintain
body weight at approximately 85 % of their free-feeding
weights.

Apparatus

Four Coulbourn modular operant test cages (Model #E10-
10), housed individually in isolation cubicles (Model #E10-
20) and located in the same room, were used. The cubicles
were equipped with a ventilation fan and baffled air intake
exhaust system. Each test cage was equipped with a 45-mg
pellet dispenser (Model #E14-06), which was mounted in
the center of the front wall of each test cage just above the
steel-grid flooring. Two retractable levers (Model #E23-07)
were mounted 2.5 cm above the floor on either side of the
pellet feeder, and an opaque cue light was positioned above
each lever. A single Sonalert tone module (Model # E12-02)
was mounted 2.5 cm above each cue light: one tone module
was 2.9 kHz, the other was 4.5 kHz. The spatial locations of
the tone modules (left and right) were counterbalanced
across boxes. All of the experimental events and responses

were controlled by a microcomputer located in the same
room as the four test cages.

Procedure

Preliminary training Each rat received several sessions of
combined magazine and lever training. The rats were placed
in the operant chamber with both the right and left levers
retracted. Each trial began with the entry of the left or the
right lever into the chamber. The lever remained extended
until it was pressed or until 60 s had elapsed, whichever
occurred first. Either event resulted in the delivery of a 45-
mg food pellet and retraction of the lever. Pellet delivery
produced an audible “click” (from the rotary solenoid), and
the light in the magazine was illuminated for 0.5 s. During
all of the preliminary training sessions, the houselight was
illuminated. The sessions were terminated when the rat had
pressed the lever 60 times or when 60 min had passed.
After rats had acquired the leverpress to a stationary lever,
they were trained to respond to both a stationary and a
moving lever located on both the right and left sides of the
test chamber. A stationary lever was a lever that entered the
chamber and remained extended until a leverpress occurred
or until 6 s had elapsed without a leverpress, whichever
occurred first. If no response occurred, the stationary lever
was retracted, and it was presented again after 5 s had
elapsed. The moving lever was inserted and retracted at
0.6 s intervals. These 1.2-s cycles continued for a maxi-
mum of five repetitions (i.e., 6 s). If no response occurred
within 6 s, the moving lever was retracted, and after 5 s
had elapsed it was presented again for another set of five
cycles of 1.2 s. Responses to either the stationary or the
moving lever within the 6 s presentation interval resulted in
the immediate retraction of the lever and the delivery of a
food pellet. Preliminary training continued until all of the
rats were reliably pressing both the stationary and moving
levers.

After preliminary training, the eight rats assigned to the
hedonic condition were trained to discriminate between a
food sample and a no-food sample. The food sample con-
sisted of the simultaneous delivery of a food pellet and the
onset of the light in the magazine for 3 s. The no-food
sample consisted of illumination of the light in the magazine
for 3 s, but no food pellet delivery. The eight rats assigned to
the nonhedonic condition were trained to discriminate be-
tween two tone samples. For four of the rats, the left tone
was 2.9 kHz and the right tone was 4.5 kHz. This was
reversed for the remaining four rats. The tone sample was
presented for 5 s. Each session consisted of 80 trials (40
food and 40 no-food samples) for the hedonically trained
rats, and 120 trials (60 low-frequency and 60 high-
frequency samples) for the tone-trained rats. The difference
in trial numbers kept the maximum numbers of pellets
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available per session equivalent for the two groups of rats.
Trial events were separated by a randomly selected intertrial
interval (ITI) of 8, 16, 32, or 64 s. Except for the intermittent
illumination of the magazine light, the sessions were con-
ducted in a darkened chamber.

Each trial began with the presentation of a sample.
Following the sample presentation period, the rats were
presented with either the stationary lever on the left and
the moving lever on the right, or the moving lever on the left
and the stationary lever on the right. For rats in the non-
hedonic condition, the tone sample remained on during the
presentation of the comparison levers (i.e., a simultaneous
procedure, SIM). The moving lever was retracted and
inserted at 0.6-s intervals, and these repeating 1.2-s cycles
continued until the first leverpress after a 2.4-s delay. The
2.4-s delay between the insertion of the levers and the
recording of the choice response was used so that the rat
had enough time to determine which lever was moving
before making its response. If a rat did not press one of
the levers between 2.4 and 9 s after lever insertion, the
levers were retracted and the same sample sequence and
comparison lever configuration were presented again after
a 60-s delay. In the hedonic condition, four rats were trained
to press the stationary lever following the food sample and
the moving lever following the no-food sample. The remain-
ing four rats were trained with the opposite contingencies. In
the nonhedonic condition, four rats were trained to press the
stationary lever following the 2.9-kHz sample and the mov-
ing lever following the 4.5-kHz sample. The remaining four
rats were trained similarly with the opposite contingencies.
For all rats, a response to either lever retracted both levers. A
correct response resulted in the delivery of a food pellet and
illumination of the magazine light for 0.5 s, followed by the
ITI. In the hedonic condition, an incorrect response was
only followed by an ITI. In the nonhedonic condition, an
incorrect response resulted in a 5-s delay period and re-
presentation of the same sample and configuration of com-
parison levers. After three consecutive incorrect responses
had been made, the ITI was presented and the next trial was
initiated. Only the choice response on the initial
(noncorrection) tone-sample trial was used to calculate re-
sponse accuracy. For both groups of rats, each combination
of sample type and comparison lever test condition occurred
once in each block of four trials. The order of trial presen-
tation was randomized individually for each rat in each
session. In the hedonic condition, seven of the eight rats
received 15 sessions of training. One rat was performing
poorly and received an additional five sessions of training.
In the nonhedonic condition, seven of the eight rats received
25 sessions of training. One rat was performing poorly and
received an additional six sessions of training.

Following discrimination training, all of the rats received
15 sessions of delay testing, except for one rat in the

nonhedonic condition that received 13 sessions of testing.
For rats in the hedonic condition, the delay intervals be-
tween the end of sample presentation and the entry of the
comparison levers into the chamber were 0, 1, 2, 4, and 8 s.
Within each session, 24 trials for each sample (food or no
food) occurred at the 0-s baseline delay, and four trials for
each sample occurred at each of the other delays (1, 2, 4, and
8 s). For rats in the nonhedonic condition, either the sample
continued to be presented during the presentation of the
comparisons (SIM) or there was a delay interval between
the end of the sample presentation and the entry of the
comparison levers into the chamber of 0, 1, 4, or 8 s.
Within each session, 24 of the trials for each sample (2.9
or 4.5 kHz) were simultaneous trials, and four trials for each
sample occurred at each of the other delays (0, 1, 4, and 8 s).
The entire delay was spent in darkness for all rats. All other
parameters remained the same as those described
previously.

In all of the statistical analyses reported in this article, the
rejection region was p < .05.

Results and discussion

Figure 1 presents the acquisition data for rats trained with
hedonic samples (top panel) and rats trained with tone
samples (bottom panel). Acquisition of above-chance accu-
racy for the hedonic samples developed rapidly, and by the
last block of training, accuracy was at or above 85 % correct
for both samples. An analysis of variance (ANOVA) was
conducted on the acquisition data for the hedonic samples,
with Sample Type (food or no food) and Block as within-
subjects factors. Accuracy increased over session blocks, F
(4, 28) 0 55.03, but we found no effect of sample type or
Sample Type × Block interaction, Fs ≤ 1.15. The rat that
required extra training was performing well in the last two
training sessions prior to retention testing (85 % correct for
the food sample, and 92.5 % correct for the no-food
sample).

As is shown in the bottom panel of Fig. 1, acquisition of
above-chance accuracy for tone samples also developed
quickly, and by the last block of training, accuracy was
approximately 84 % correct for both samples. An ANOVA
was conducted on these data, with Sample Type (2.9-kHz or
4.5-kHz tone) and Block as within-subjects factors.
Accuracy increased over session blocks, F(4, 28) 0 39.54,
but we found no effect of sample type or Sample Type ×
Block interaction, Fs ≤ 2.36. The rat that required extra
training was performing accurately on the last two training
sessions prior to retention testing (75.8 % correct for the 4.5-
kHz tone, and 76.7 % correct for the 2.5-kHz tone).

The mean percentages of correct responding during the
retention testing sessions for the hedonic samples are shown
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in the top panel of Fig. 2, and the data for the tone samples are
shown in the bottom panel. Accuracy was at or above 90 %
correct for both the food sample and the no-food sample at
both the 0-s and 1-s delays. However, at longer delay inter-
vals, accuracy declined more for the food than for the no-food
sample. An ANOVAwas conducted on the delay test data for
hedonic samples, with Sample Type (food or no food) and
Delay Interval (0, 1, 2, 4, and 8 s) as within-subjects factors.
Significant main effects emerged of sample type, F(1, 7) 0
21.03, and delay interval, F(4, 28) 0 55.21, as well as a
significant Sample Type × Delay Interval interaction, F(4,
28) 0 22.75. A simple main effects analysis conducted on
the interaction indicated that accuracy for the food sample, F
(4, 28) 0 52.63, as well as the no-food sample, F(4, 28) 0
12.12, was reduced by increases in the delay interval. At the 0-
s delay, accuracy was slightly higher for the food sample than
for the no-food sample, F(1, 7) 0 26.03. There was no

significant difference in accuracy at the 1-s delay, F(1, 7) 0
1.46, but accuracy was significantly greater for the no-food
sample than for the food sample at delays equal to or greater
than 2 s, Fs(1, 7) ≥ 6.03.

For the tone samples, accuracy was well above chance on
simultaneous trials. However, at delays of 0 s or more,
accuracy dropped below chance for the high-frequency tone,
but it remained above chance for the low-frequency tone.
An ANOVA was conducted on the delay test data with
Sample Type (2.9-kHz or 4.5-kHz tone) and Delay Interval
(Sim, 0, 1, 4, and 8 s) as within-subjects factors. We found
significant main effects of sample type, F(1, 7) 0 14.06, and
delay interval, F(4, 28) 0 35.71, as well as a significant
Sample Type × Delay Interval interaction, F(4, 28) 0 13.75.
A simple main effects analysis conducted on the interaction
indicated that increases in the delay interval significantly
reduced accuracy for the high-frequency tone, F(4, 28) 0
23.63, but had no significant effect on accuracy for the low-
frequency tone, F 0 1.03. Except for the simultaneous
condition, accuracy was significantly greater for the low-
frequency tone than for the high-frequency tone at delays
equal to or greater than 0 s, F(1, 7) ≥ 9.71.

Fig. 1 Mean percentages of correct responding during acquisition for
hedonic samples (top panel) and tone samples (bottom panel). The top
panel shows the acquisition data for the food sample and the no-food
sample during the initial 15 sessions of training, grouped into five
blocks of three sessions. The bottom panel shows the acquisition data
for the 2.9-kHz sample and the 4.5-kHz sample during the initial 25
sessions of training, grouped into five blocks of five sessions. Error
bars represent the standard errors of the means

Fig. 2 Mean percentages of correct responding during retention test-
ing for the hedonic samples (top panel) and the tone samples (bottom
panel). Error bars represent the standard errors of the means
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Rats rapidly acquired the SDMTS task with food and no-
food samples to a high level of accuracy. During the initial
retention test, rats exhibited faster forgetting of the food
sample than of the no-food sample, a result that replicates
previous findings reported in pigeons (Colwill, 1984; Grant,
1991; Grant & Kelly, 2001; Sherburne & Zentall, 1993a,
1993b; Wilson & Boakes, 1985; Zentall et al., 1995), jack-
daws (Wilson & Boakes, 1985), and rats (Santi et al., 2011).
One explanation of the asymmetric retention of food/no-
food samples that has been ruled out in pigeons has also
been ruled out in rats: According to this hypothesis, animals
confuse the novel retention interval with the no-food sample
when the stimulus conditions during the no-food sample are
identical to those that occur during the retention interval.
Sherburne and Zentall (1993a) ruled out this explanation in
pigeons by showing that the retention asymmetry is still
obtained when the no-food sample is made distinct from
the retention interval by illumination of the feeder during the
no-food sample. In the present experiment and in the study
by Santi et al. (2011), the no-food sample was made dis-
tinctive from the retention interval either by illuminating the
feeder light (present experiment) or by illuminating the cue
lights above the levers. Santi et al. (2011) have also shown
that the asymmetrical functions cannot be explained in terms
of mediation of choice responding by magazine head-entry
behavior during the retention interval. Their rats exhibited
head-entry behavior during retention intervals on over 60 %
of the trials, regardless of whether the sample was food or
no food. It is also unlikely that the asymmetrical functions in
rats and pigeons reflect a single-code default response strat-
egy. While manipulation of the delay interval within ses-
sions results in asymmetrical retention functions,
manipulation of the delay interval between sessions results
in symmetrical functions for both rats (Santi et al., 2011)
and pigeons (Wixted, 1993). This result is more consistent
with a signal detection account that assumes that perfor-
mance on no-food-sample trials involves memory for non-
occurrence (Dougherty & Wixted, 1996; White & Wixted,
2010; Wixted, 1993; Wixted & Dougherty, 1996; Wixted &
Gaitan, 2004). According to the signal detection model, the
comparison response that is correct for the food sample is
selected when the subjective “strength of evidence” that a
food sample was presented falls above a decision criterion,
and the comparison response that is correct for the no-food
sample is selected when the “strength of evidence” falls
below the criterion. When the delay interval is manipulated
within sessions, both the single-code default response strat-
egy and the signal detection model predict asymmetrical
retention functions. However, when the delay interval is
manipulated between sessions, the single-code default re-
sponse strategy predicts asymmetrical retention functions,
but the signal detection model predicts symmetrical func-
tions. According to signal detection, the decision criterion

can be adjusted leftward when an extended delay interval is
maintained across a number of sessions, to maintain a more
favorable reinforcement probability (averaged across trials).
Thus, the signal detection model can explain the differences
in retention function symmetry in terms of both the decision
criterion remaining the same when delay is varied unpre-
dictably within sessions, and the decision criterion being
shifted leftward when the delay is manipulated between
sessions.

Contrary to the expectation that parallel retention func-
tions would be obtained for tone samples, a strong asym-
metry was observed. It appears that during training, the rats
learned to press the lever that was correct for the high-
frequency tone while in the presence of that tone, and to
press the lever that was correct for the low-frequency tone if
the high-frequency tone was not present or not detected.
During delay testing, when the tone was terminated prior to
the entry of the levers, the rats responded to the absence of
the high-frequency tone by selecting the lever that was
correct for the low-frequency tone. This difference in re-
sponse strategy cannot be explained by an intensity differ-
ence between the tones, because there was no significant
difference in intensity, t < 1. The low-frequency tone across
experimental chambers had a mean intensity of 87 dB, and
the high-frequency tone had a mean intensity of 88.5 dB.

Experiment 2

The purpose of the second experiment was to determine
whether MTO training would result in rats commonly cod-
ing the hedonic and nonhedonic samples, and whether the
initial training with a particular type of sample would have
any influence on the subsequent common representation.
For rats that were initially trained with hedonic samples,
tone samples were added, and for the rats initially trained
with tone samples, hedonic samples were added. For rats in
both groups, a food sample and a tone sample (tone-F) were
associated with responding to one lever (e.g., stationary),
and a no-food sample and a different tone sample (tone-NF)
were associated with responding to the alternative lever
(e.g., moving). If rats commonly code hedonic and non-
hedonic samples in terms of response instructions such as
“press stationary” and “press moving,” symmetrical reten-
tion functions for hedonic and nonhedonic samples would
be anticipated. This would be consistent with results previ-
ously reported in pigeons by Grant (1991), and also would
be consistent with a prospective common response code.
Alternatively, the results in rats might be more consistent
with those reported for pigeons by Zentall et al. (1995). In
their study, pigeons exhibited greater forgetting of a hue-F
sample than of a hue-NF sample. This suggested that
pigeons coded the nonhedonic hue samples in terms of the
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hedonic sample with which they shared the same correct
comparison. If rats coded tone samples in terms of the
hedonic samples with which the tone samples shared the
same correct comparison, they might exhibit asymmetrical
retention for the tone samples such that forgetting of the
tone sample associated with the same comparison lever as
the food sample (tone-F) occurs more rapidly than forgetting
of the tone sample associated with the same comparison
lever as the no-food sample (tone-NF). Because of the
asymmetry in retention for tone samples shown in
Experiment 1, it was important to counterbalance tone fre-
quency with respect to the food and no-food mappings in
Experiment 2. Thus, the tone sample that was mapped to the
same correct comparison as food was the high-
frequency tone for four rats, and the low-frequency tone
for the remaining rats. Greater forgetting of the tone-F
sample than of the tone-NF sample would need to be
evident in both groups of rats in order to conclusively
demonstrate that the bias based on frequency was elim-
inated by a bias based on an association with food or
no food.

Method

Subjects and apparatus

The subjects and apparatus were the same as in Experiment 1.

Procedure

Half of the trials within each session were identical to those
employed during training in Experiment 1. The remaining
trials consisted of the samples that the rats had not been
trained with previously. For the rats initially trained with
hedonic samples, these trials consisted of equal numbers of
2.9-kHz and 4.5-kHz samples. For the rats initially trained
with tone samples, these trials consisted of equal numbers of
food and no-food samples. The food sample and one of the
tone samples, designated as the tone-F sample, were asso-
ciated with responding to one of the comparison levers. The
no-food sample and the other tone sample, designated as the
tone-NF sample, were associated with responding to the
other comparison lever. The comparison levers associated
with the tone-F and tone-NF samples, as well as the tone
frequencies that served as the tone-F sample and the tone-
NF sample, were balanced over rats. Each trial began with a
5-s presentation of a food, no-food, tone-F, or tone-NF
sample, followed by entry of the comparison levers.
During MTO training, the tone samples continued to be
presented during presentation of the comparison levers.
For all rats, a response to either lever retracted both levers.
A correct response resulted in delivery of a food pellet and

illumination of the magazine light for 0.5 s, followed by the
ITI. For the food and no-food samples, an incorrect response
was only followed by the ITI. For the tone samples, an
incorrect response resulted in a 5-s delay period and re-
presentation of the same tone sample and spatial configura-
tion of comparison levers. After three consecutive incorrect
responses had been made, the ITI was presented and the
next trial was initiated. Only the choice response on the
initial (noncorrection) tone-sample trial was used to calcu-
late response accuracy. The ITI was a randomly selected
interval of 8, 16, 32, or 64 s. Except for the intermittent
illumination of the magazine light, the session was con-
ducted in a darkened chamber. Each session of training
consisted of 96 trials (48 food/no-food trials and 48 tone-
F/tone-NF trials). Each combination of sample type and
comparison lever test condition occurred once in each block
of eight trials. The order of trial presentation was random-
ized individually for each rat in each session.

Each of the 15 sessions of retention testing consisted of
80 trials. Within each session, 12 trials for each hedonic
sample (food or no food) occurred at the 0-s delay, and two
trials for each sample occurred at each of the other delays (1,
2, 4, and 8 s). For the tone samples (tone-F or tone-NF), 12
trials for each sample involved a simultaneous procedure,
and two trials for each sample occurred at each of the other
delays (1, 2, 4, and 8 s). The entire delay was spent in
darkness. During retention testing, the correction procedure
remained in effect only for tone-sample trials with the si-
multaneous procedure. Errors on all other delay trials were
followed by a dark ITI and the presentation of the next
sample. All other parameters remained the same as those
described previously.

Results and discussion

Figure 3 presents the MTO acquisition data for rats trained
initially with hedonic samples (top panel) and rats trained
initially with tone samples (bottom panel). For rats trained
initially with hedonic samples, during the initial introduc-
tion of the tone-F and tone-NF samples, accuracy remained
high for the food-sample trials, but it was somewhat lower
for the no-food-sample trials. Accuracy for the no-food
sample trials recovered over the initial five blocks of MTO
training. Accuracy for the tone-F and tone-NF samples
increased more slowly across session blocks, but it was
above 70 % correct for both samples on each of the last
three blocks of training. These data were submitted to an
ANOVA with Sample Dimension (hedonic or nonhedonic),
Sample Type (food or no food), and Block as within-
subjects factors. The results showed significant main effects
of sample dimension, F(1, 7) 0 118.68, and block, F(9, 63)
0 17.46. In addition to all of the two-way interactions being
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significant, we found a significant Sample Dimension ×
Sample Type × Block interaction, F(9, 63) 0 5.75.
Accuracy was greater for the hedonic samples than for
nonhedonic samples in each of the ten blocks of training,
Fs(1, 7) 0 19.84 to 237.00. While accuracy for the food
sample was not affected by blocks, F(9, 63) 0 1.01, accura-
cy for the no-food sample, the tone-F sample, and the tone-
NF sample all increased across blocks, F(9, 63) 0 9.76,
12.20, and 9.38, respectively. During the last block of train-
ing, while accuracy was significantly higher for hedonic
than for nonhedonic samples, F(1, 7) 19.84, there was no
significant difference in accuracy between food samples and
no-food samples, F(1, 7) 0 1.54, or between tone-F samples
and tone-NF samples, F(1, 7) 0 1.79.

For rats trained initially with tone samples, accuracy was
maintained on the tone-F and tone-NF samples following
introduction of the food and no-food samples. Accuracy for
the food and no-food samples increased to above-chance
levels by the second block of training. These data were

submitted to an ANOVA with Sample Dimension (hedonic
or nonhedonic), Sample Type (food or no food), and Block
as within-subjects factors. We found a significant main
effect of block, F(4, 28) 0 24.69, and a Sample Dimension
× Block interaction, F(4, 28) 0 43.26. None of the remain-
ing main effects or interactions was statistically significant.
The Sample Dimension × Block interaction primarily
reflected the fact that session block had no effect on accu-
racy for the previously trained nonhedonic samples, F < 1,
while accuracy improved significantly for the hedonic sam-
ples, F(4, 28) 0 52.53.

The mean percentages of correct responding during the
retention testing sessions for the rats trained initially with
hedonic samples are shown in the top panel of Fig. 4, and
the data for the rats trained initially with tone samples are
shown in the bottom panel. During retention testing, the
performance of one rat initially trained with hedonic sam-
ples fell to chance levels on tone samples, so the data for this
rat were omitted from the figure and from subsequent

Fig. 3 Acquisition data for food, no-food, tone-F, and tone-NF sam-
ples during many-to-one training, grouped into blocks of three ses-
sions. The top panel presents data for the rats initially trained with
hedonic samples, and the bottom panel presents data for the rats
initially trained with tone samples. Error bars represent the standard
errors of the means

Fig. 4 Mean percentages of correct responding for the food, no-food,
tone-F, and tone-NF samples as a function of delay interval length
during retention test sessions. The top panel presents data for the rats
initially trained with hedonic samples, and the bottom panel presents
data for the rats initially trained with tone samples. Error bars represent
the standard errors of the means
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analyses of the retention data. For hedonic samples, no
asymmetry emerged for rats initially trained and tested with
hedonic samples (top panel), and only a slight asymmetry
developed for rats initially trained with tone samples (bot-
tom panel). Unlike for the hedonic samples, however, the
retention functions for the tone samples were very similar,
regardless of whether the rats were initially trained with
hedonic or with tone samples. For both groups, accuracy
was equivalent for the tone-F and tone-NF samples in the
simultaneous condition. However, when a delay interval
occurred, accuracy declined to below chance for the tone-F
sample, but it remained high for the tone-NF sample. An
ANOVA was conducted on the retention test data for the
hedonic samples, with Training Condition (hedonic first or
tone first), Sample Type (food or no food), and Delay as
within-subjects factors. Rats trained initially with hedonic
samples exhibited a higher mean accuracy (90 %) than did
rats initially trained with tone samples (84.6 %), F(1, 13) 0
5.19. We also found a main effect of delay interval, F(4, 52)
0 3.61, and a significant Sample Type × Delay Interval
interaction, F(4, 52) 0 2.96. Increases in delay significantly
reduced accuracy for both the food samples, F(4, 52) 0
25.38, and the no-food samples, F(4, 52) 0 5.14. At a 0-s
delay interval, accuracy was higher for food samples than
for no-food samples, F(1, 13) 0 7.33; however, there was no
significant difference at any other delay interval, F(1, 13) ≤
2.27. No other main effects or interactions were statistically
significant.

An ANOVAwas also conducted on the retention test data
for the tone samples, with Training Condition (hedonic first
or tone first), Sample Type (tone-F or tone-NF), and Delay
as within-subjects factors. Rats trained initially with tone
samples exhibited a higher mean accuracy (59.8 %) than did
rats initially trained with hedonic samples (56.3 %), F(1, 13)
0 7.16. There were significant main effects of sample type,
F(1, 13) 0 11.58, and delay interval, F(4, 52) 0 16.55, as
well as a Sample Type × Delay Interval interaction, F(4, 52)
0 4.34. Increases in delay interval significantly reduced
accuracy for the tone-F sample, F(4, 52) 0 21.91, but not
for the tone-NF sample, F(4, 52) 0 2.40. No significant
difference in accuracy emerged for the tone-F and tone-NF
samples at the 0-s delay, F < 1; however, accuracy was
significantly greater for the tone-NF sample than for the
tone-F sample at delays of 1, 2, 4, and 8 s, Fs(1, 13) 0

8.87, 6.33, 8.84, and 13.55, respectively. No other main
effects or interactions were statistically significant.

Following MTO training with hedonic and nonhedonic
samples, the rats exhibited asymmetrical retention functions,
with greater forgetting of the tone-F sample than of the tone-
NF sample. Note that tone frequencies were counterbal-
anced with respect to the food and no-food mappings.
Thus, the tone mapped to the same correct comparison as
food was the high-frequency tone for seven rats (excluding

the omitted rat), and the low-frequency tone for the remain-
ing rats. Greater forgetting of the tone-F sample than of the
tone-NF sample was evident in both groups of rats. In order
to demonstrate that the frequency bias exhibited by rats was
largely eliminated as a result of MTO training with hedonic
samples, the MTO delay data for tone samples were rean-
alyzed in terms of frequency. The top panel of Fig. 5 repro-
duces the retention functions for tone samples obtained in
Experiment 1, while the bottom panel shows the retention
functions obtained for tone frequencies during delay testing
in Experiment 2. As can be seen in the bottom panel,
following MTO training, accuracy for both the high-
frequency and low-frequency tones declined to chance lev-
els as the delay was increased. An ANOVA was conducted
on the MTO retention test data for the tone samples, with
Training Condition (hedonic first or tone first), Sample Type
(2.9-kHz or 4.5-kHz), and Delay as within-subjects factors.
While we did find a significant Sample Type × Delay

Fig. 5 Mean percentages of correct responding during retention
testing for low-frequency and high-frequency tones observed in
Experiment 1 (top panel) and following many-to-one training with hedonic
samples in Experiment 2 (bottom panel). Error bars represent the
standard errors of the means
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Interval interaction, F(4, 52) 0 3.87, this occurred as a result
of higher accuracy for the high-frequency than for the low-
frequency tone in the simultaneous condition, F(1, 13) 0

26.56. At all of the remaining delays (0–8 s), no significant
difference in accuracy was apparent between the two sam-
ples, Fs ≤ 2.54. This indicates that following MTO training
with hedonic samples, a change in the coding strategy for
tone samples resulted in the elimination of the bias due to
frequency that was observed in Experiment 1.

Regardless of whether initial training was conducted with
food/no-food samples or with tone samples, the retention
functions for the nonhedonic samples following MTO train-
ing exhibit asymmetries that are similar to the ones Zentall
et al. (1995) reported for pigeons trained with food/no-food
samples and red/green samples mapped to shape compari-
son stimuli. Both sets of results suggest that hedonic sam-
ples may serve as the basis for the common coding of
nonhedonic samples in MTO delayed matching. In contrast
to the results obtained with hedonic samples in Experiment
1 and in Santi et al. (2011), it appears that MTO training in
rats does attenuate the asymmetry in retention functions for
hedonic samples. More rapid forgetting of the food sample
than the no-food sample was not clearly evident following
MTO training. This result is different from what Zentall et
al. (1995) found for hedonic samples: Their pigeons contin-
ued to show greater forgetting of food than of no-food
samples following MTO training. It is not entirely clear
why the data for our rats differ. It is possible that prior
experience with delay tests involving hedonic samples in
Experiment 1 may have affected the results for the rats
trained initially with hedonic samples. For these rats, accu-
racy with no-food samples at the 8-s delay did not differ
between Experiments 1 and 2 (85.5 % and 81.7 %, respec-
tively), t < 1, but accuracy for the food samples significantly
increased from 57.3 % to 82.1 %, t(7) 0 4.92. The hedonic-
first rats exhibited less of an asymmetry in Experiment 2
than did rats initially trained with tone samples. Previous
research has shown that pigeons show improved retention
accuracy when they receive added experience with delays
(Dorrance, Kaiser, & Zentall, 2000; Grant, 1976; Rayburn-
Reeves & Zentall, 2009; Sargisson & White, 2001).
However, even the rats tested with hedonic samples for the
first time in Experiment 2 did not show a statistically sig-
nificant asymmetry. At the 8-s delay (bottom panel Fig. 4),
these rats have a mean accuracy of 81.7 % for no-food-
sample trials and a mean accuracy of 63.8 % for food-
sample-trials. Although this difference is consistent with
the expected asymmetry, it was not statistically significant,
t(7) 0 1.86. This was primarily due to one rat that showed a
strong reversed asymmetry at the 8-s delay (90 % for food,
60 % for no food). The failure to observe a clear asymmetry
in the group tested with hedonic samples for the first time in
Experiment 2 was probably due to a combination of

individual differences, the maximum delay interval used in
testing, and possibly MTO training. In Santi et al. (2011),
the maximum delay was 15 s, and a clear asymmetry was
observed. In Experiment 1, without MTO training and a
maximum delay of 8 s, a clear asymmetry was also
observed.

General discussion

Experiment 1 replicated the asymmetric retention functions
for food/no-food (hedonic) samples recently reported in rats
(Santi et al., 2011). It also showed that rats trained to
discriminate tone samples exhibited a strong bias to respond
to the comparison lever that was correct for the low-
frequency tone during delay testing at all delay intervals
equal to or greater than 0 s. When both groups of rats were
trained subsequently in an MTO procedure with food/no-
food samples and tone samples, in which tone frequency
was counterbalanced with respect to the food and no-food
mappings, the rats exhibited asymmetric retention functions
for the tone samples, but not for the hedonic samples. The
finding that MTO training changed the nature of the coding
strategy for tone samples from one based on frequency to
one based on the association with food and no-food samples
is consistent with a common-coding explanation. That is,
rats may have learned to commonly code the tone-F samples
as food and the tone-NF samples as no food.

In pigeons, Grant and Kelly (2001) found that regardless
of whether training began with the hedonic or temporal
samples, the codes employed during MTO training appeared
to be different from those established during initial training.
The present results obtained in rats are somewhat surprising,
given these previous results in pigeons. In Grant (1991) and
Grant and Kelly (2001), MTO training generally eliminated
retention asymmetries, regardless of whether the hedonic
sample discriminations were learned first or second. In rats,
the retention asymmetries for nonhedonic samples were
modified from an asymmetry based on tone frequency to
one based on food/no food association, but they continued
to occur following MTO training. Our findings in rats are
also inconsistent with Zentall’s (1998) suggestion that the
initially established representations are subsequently used as
the basis for common codes during MTO training, because
the asymmetries that we observed for tone samples follow-
ing MTO training were the same, regardless of whether the
hedonic samples or the tone samples were trained first. A
definitive resolution of these discrepancies will require ad-
ditional experimentation.

While the present findings appear to suggest common
coding of tone-F samples as food and of tone-NF samples as
no food, this evidence is indirect. More direct evidence
would be obtained if rats were trained to make a new
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response following the nonhedonic samples and were then
tested with transfer to the hedonic samples (see Urcuioli et
al., 1989). That is, following MTO training similar to that
given in the present experiments, the rats could be trained to
respond to a right nose-poke key following the tone-F (or
tone-NF) sample, and to respond to a left nose-poke key
following the tone-NF (or tone-F) sample. Once this interim
discrimination was acquired, the rats could be tested with
food and no-food samples to determine whether appropriate
transfer occurred.

In summary, the present study replicates the finding of
asymmetrical retention functions for food and no-food sam-
ples in rats. It also showed that tones varying in frequency
also result in asymmetric retention functions. However, as a
result of MTO training, regardless of whether the high- or
low-frequency tone was mapped to the food or no-food
sample, or whether prior to MTO training, the rats had been
trained with hedonic samples or tone samples, the rats
exhibited greater forgetting of the tone-F sample than of
the tone-NF sample. This is the first MTO study to suggest
that rats, like pigeons, may use hedonic samples as the basis
for the common coding of nonhedonic samples in many-to-
one delayed matching.
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