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Processing of complex auditory stimuli (tunes)
by rats and monkeys (Cebus opel/a)

M. R. D'AMATO and DAVID P. SALMON
Rutgers University, New Brunswick, New Jersey

The degree to which rats and monkeys base their discriminations of complex auditory stimuli
("tunes") on frequency contours rather than on local features was investigated. In Experiment I,
groups of rats and monkeys trained with tunes as S+ and 8- acquired a simple operant diacrim·
ination no faster than groups that received the same notes of each tune but in a new random
order on each trial; neither did the groups differ on two transfer tests devised to detect learning
of frequency contour in the tune-trained animals. Acquisition in the tune-trained and random
notes groups seemed to be based on the overall frequency difference between S+ and 8-, which
was about 1.5 octaves. In Experiment 2, S+ and 8- were similar to each other with regard to
overall frequency and individual notes, the most salient differentiating characteristic of the
tunes being their tonal pattern. The tune-trained groups were clearly superior to the random
notes animals in acquisition, and an initial transfer test suggested that the former might have
learned the discrimination on the basis of frequency contour. However, the detailed transfer
tests of Experiment 3 strongly suggested that the tune-trained rats and monkeys based their
discriminations primarily on local cues rather than on frequency contour. Based on the results
of Experiment 4, the data of an earlier study that suggested frequency contour learning in mon
keys and rats were reinterpreted in terms of control by local cues.

In a previous paper (D'Amato & Salmon, 1982),
we noted that monkeys seem to suffer a certain de
gree of modality asymmetry in their cognitive capac
ities, with vision holding a dominant position over
audition. Thus, most of the laboratory-based infor
mation that we have about the monkey's learning,
memorial, and conceptual abilities has been derived
from vision-based studies. The lack of similar infor
mation in the auditory modalitiy is not for want of
trying. The fact is that, compared with their perfor
mance on comparable visual tasks, monkeys have
often proven relatively indisposed to learn either
simple or complex relations based on acoustic cues
(see Cowey, 1968; D'Amato, 1973; D'Amato &
Salmon, 1982; Dewson, 1979; Thompson, 1980, 1981;
Wegener, 1964). Interestingly, the dolphin shows
the reverse pattern, its cognitive capacities finding
freer expression in the auditory than in the visual
modality (Herman, 1980).

Given the highly developed auditory cortex of
monkeys and the reports of their rich communication
systems based on acoustic signals (see Marler, 1977;
Snowdon, 1983), we thought their auditory cognitive
capacities might have been underestimated by the
general use of simple rather than temporally patterned
acoustic stimuli for which they might have evolved
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neural specializations. As pointed out by Herman,
Richards, and Wolz (in press), the dolphin fares
much better with "dynamic" than with "static" vi
sual cues, which might be an analogous situation.
In any case, we trained monkeys on a simple operant
discrimination based on tunes-computer-generated
patterned sequences of notes (D'Amato & Salmon,
1982). All of the nine monkeys acquired the discrim
ination, and those that were tested showed substan
tial generalization across intensity and octave trans
formations. However, rats learned the same task
much faster than the monkeys and showed similar
generalization to the various transformations of the
acoustic stimuli. Still, the pattern of results observed
on the transfer tests and the fact that control rats
trained with tones learned much more slowly than the
tune-trained rats led us to conclude that the tune
trained rats and monkeys based their discriminations
to some degree on the structures of the tunes.

One disconcerting note remained, however. If both
species had detected and processed the temporal
structure of the tune stimuli, why were the monkeys,
with their more highly developed auditory cortex,
so inferior to the rats in acquisition? More definitive
evidence regarding the extent to which monkeys and
rats are capable of detecting the pattern of notes of
a tune was needed. To what degree does each species
organize the notes of a tune into a tightly integrated
unit based on the "frequency envelope," as humans
do, and to what degree do they respond simply on
the basis of local features? The present experiments
were addressed to these issues.
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EXPERIMENT 1

Two lO-note tunes were constructed that had dif
ferent mean frequencies and formed different pat
terns of notes. To humans, at least, the tunes were
more easily differentiated on the basis of their pat
terns than by the difference in mean frequency. If
rats and monkeys were sensitive to the temporal pat
tern of notes in a tune, then a group of animals trained
with tunes should learn the discrimination faster than
a group trained with the same notes but rearranged
in a new random order on each trial. Moreover, after
acquisition was achieved, the performance of the
tune-trained animals should suffer when transferred
to the random-notes condition, whereas the random
notes group should generalize the discrimination to
the tunes, which simply represented one possible ran
domization. Finally, if the tune-trained group had
the mean frequency difference between S+ and S
reversed while leaving the patterns intact, they should
be far less disturbed by this "partial reversal" than
the random-notes group, which would experience
only the frequency reversal. On the other hand, to
the extent that the tune-trained animals failed to
make use of the patterns available to them, their be
havior would be similar to that of the random-notes
group.

Method
SUbJects. The monkey subjects were laboratory-born, experi

mentally naive Cebus apella, three males and one female, between
24 and 049 months of age at the start of the study. They were ob
tained from another laboratory about 6 months before the begin
ning of the study. They were housed in group cages until the study
began, at which time they were transferred to individual living
cages. Throughout the experiment, they were maintained at 90'10
100'10 of their full-ration body weights.

Twenty female Sprague-Dawley rats, obtained from Blue Spruce
Farms, also served as subjects. They were between 145 and 265
days of age at the start of the study and were maintained at SO"o
85"0 of their ad-lib weights (228-350 g). All had been control sub
jects in a previous, unpublished, T-maze study of conditioned
taste aversion.

Apparatus. The monkey apparatus has been described in detail
(0'Amato" Salmon, 1982). In the present study, as in the earlier
work, the right lever was employed, but the acoustic stimuli were
presented by a speaker (lo-W, 1O-cm, 8-ohm Realistic Model FE
103, distributed by Radio Shack) located directly below the lever
rather than at the top of the chamber. This arrangement has been
found to facilitate auditory discrimination learning (D' Amato"
Salmon, 1982; Segal" Harrison, 1978). A display unit above the
lever was illuminated at the onset of an S+ or S- trial and remained
lit until the trial terminated.

Two of the rat apparatuses (standard operant testing chambers)
were the same as those employed in the 0'Amato and Salmon
(1982) study, except that the speaker (also located below the re
sponse lever) was replaced with the same type as those used in the
monkey chambers. A third chamber, similar to but larger than the
first two, was fitted with the same speaker below the manipulan
dum.

The tunes delivered to each chamber were generated by a PET
computer (see D' Amato " Salmon, 1982) and amplified by the
amplifier portion of an MTU 0/A converter (Model K-l002).'
The high-frequency (HF) tune consisted of 10 monotonically de
creasing frequencies, with note duration increasing monotonically
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from .07 to .27 sec. The 10 frequencies were 4717, 4032, 3521,
3125,2809,2632,2359,2101,1969, and 1761 Hz (mean = 2902 Hz).
(Due to a programming error, the notes of the HF stimulus pre
sented to the random-notes groups were slightly different, result
ing in a mean frequency of 2743 Hz.) The 10 notes of the low
frequency (LF) tune were organized as five pairs of notes, with
the frequency of the second member of a pair higher than the first
and the frequency of each successive pair higher than the preceding
pair. The frequencies were 496, 822, 539, 947, 590, 1116, 651,
1359, 727, and 1736 Hz (mean = 898 Hz). The duration of the
first member of a pair was always .07 sec, whereas the duration
of the second was .27 sec. Each tune was therefore well structured
with regard to frequency and note duration, and the patterns of
the tunes differed sharply. Short, imperceptible off periods sep
arated adjacent notes. One playing of a tune lasted about 2.0 sec,
successive playings of a tune being separated by an interval that
varied randomly between .5 and 1.5 sec. In the random-notes con
dition, on each trial the computer chose a new randomized order
of the 10 notes, which remained fixed for that trial.

The intensities of the auditory stimuli were measured with a
Simpson sound-level meter, Model 886, on the C scale. In the
monkey chambers, the meter was located directly in line with, and
12 em from, the speaker; in the rat chambers, because of space
limitations, it was oriented about 45 deg with regard to the speaker
and 5 em away. The tunes measured maximum readings of 85
87 dB (re .0002 Ilbar) in the monkey chambers and 93-95 dB in
the rat boxes.

During the reversal phase of the study, the notes of the HF tune
were dropped 2 octaves and those of the LF tune were raised by
1.2 octaves. As a result, the mean frequency of the monotonically
decreasing tune, which had been 1.6 octaves above the mean fre
quency of the second tune, was now 1.5 octaves below it (mean
frequencies of 726 and 2178 Hz, respectively).

Procedure. Five rats and one monkey were assigned randomly
to the HF-tune, LF-tune, HF-random-notes, and LF-random
notes conditions, where HF and LF indicate the stimulus that
served as S+. For the HF conditions, the corresponding LF stim
ulus served as S-, and vice versa. (One tune-trained rat died after
completing acquisition.) The same shaping procedure was used
with the monkeys and rats. The animals were shaped to press the
right lever, which was illuminated by a display unit in the case
of the monkey chambers and a white-jeweled pilot light in the case
of the rats. During two 48-trial sessions, the intertrial interval
(ITI) and the duration of the fixed-interval (PI) reward schedule
were gradually increased to 10 and 7 sec, respectively. On the third
and fourth sessions, the ITI and FI schedule were increased to their
terminal values, 30 and 10 sec, respectively (the same parameters
as used in 0'Amato and Salmon, 1982), and the S+ tune was played
on all trials.

Discrimination training began with the fifth session, with the
s- tune introduced on 24 of the 48 trials, quasi-randomly inter
mixed. On an S+ trial, the lever light illuminated simultaneously
with the playing of the positive tune (or randomized notes). Both
stimuli continued until the animal completed the FI lo-sec sched
ule, which produced a food reinforcer (a 190-mg Noyes banana
pellet for the monkeys and a 45-mg pellet for the rats) and ter
minated the visual and acoustic cues. On S- trials, if the animal
failed to press the lever for 10 sec after the trial's beginning, the
trial terminated. Responding on S- trials was penalized by having
each response extend the S- duration for an additional 1 sec.
Two monkeys served in the tunes condition and two in the random
notes group; there were 10 rats in each condition. For half of each
group the HF auditory stimulus (tune or random notes) served
as S+, and for half it was the LF. Acquisition continued until
a discrimination ratio (DR) of .9 or greater was achieved in two
successive sessions; in addition, to facilitate learning curve analy
sis, all subjects remained on acquisition for a minimum of 12 ses
sions. The DR was defined as the number of S+ responses exe
cuted during a session divided by the sum of S+ and S- responses.
Responses were recorded only during the first to sec of an S+
or an S- trial.
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Table 1
Mean Numbers of Sessions to Acquisition and Discrimination

Ratios During Transfer and Reversal Tests for the
Tune and Random-Notes Groups

Tune Rnd Tune Rnd Tune Rnd Tune Rnd

Rats 10.4 14.0 .90 .96 .38 .30 .57 .61
Monkeys 17.0 16.0 .84 .95 .35 .27 .58 .67

tune and random-notes rats in reversal performance
either in Session 1 [t(17) = 1.61] or in Session 8 [t(17)
= .93]. In short, there is no evidence from acquisition
or the transfer and reversal tests that the tune-trained
rats learned anything about the structure of the tunes.

The tune-trained and random-notes monkeys were
closely comparable in acquisition, the two monkeys
of the first group reaching criterion in 15 and 19 ses
sions and the latter two in 14 and 18 sessions. On the
transfer test, the DRs of the two tune monkeys were
.79 and .88, and the values for the random-notes
monkeys were .90 and 1.00, not a very striking dif
ference. With regard to reversal, the tune monkeys
managed DRs of .34 and .36 on the first reversal ses
sion and .56 and .60 on the eighth. The correspond
ing values for the random-notes monkeys were .34
and .19 in Session 1 and .77 and .57 in Session 8.

In summary, except for speed of initial acquisition
which once again was faster in the rats (p = .05 b;
Fisher's exact test), the rats and monkeys produced
virtually the same pattern of results (see Table 1).
Neither species appears to have paid much heed to
the patterns of notes available in the tunes. Their dis
criminations were apparently based on the overall
frequency difference between the tunes, a cue that
was present to an equal degree in the random-notes
condition.

To provide some indication of the animals' re
sponse rates, the mean numbers of responses exe
cuted during the first 10 sec of S+ and S- trials were
obtained for the two critical sessions of acquisition.
As in the D'Amato and Salmon (1982) study, there
was considerable intersubject variability but no evi
dence that speed of acquisition was related to response
rate, and the mean response rates of the rats (S+
rate = 4.24, S- rate = .30) were higher than those
ofthe monkeys (3.10 and .21, respectively).

One possible reason why the tune-trained animals
failed to detect the structure of the tunes is that the
large difference in the tunes' mean frequency simply
overshadowed pattern cues. While the latter are the
dominant cues for human observers, animals may
rely more heavily on nonconfigural properties. The
next experiment tested this hypothesis by employing
tunes that were closely similar except for the pattern
of their notes.
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Results and Discussion
Turning to the rat subjects first, the results of the

tune and random-notes groups over the first 12 ac
quisition sessions appear in Figure 1. An ANOVA
b~sed on condition (tune vs. random-Dotes), S+
stimulus (HF vs. LF), and sessions (12) revealed that
the consistent, but small, difference in favor of the
tune-trained rats was not statistically significant
[F(I,16)=1.30]. S+ stimulus was also insignificant
[F(1,16) < 1], as were all of the interactions. The
only significant result was sessions [P(11,176) = 68.00,
p < .0001]. Analysis of the mean number of sessions
to criterion, 10.4 and 14.0 (including the two criterial
sessi~ns) for the tune and random-note groups, re
spectively, also indicated comparable acquisition in
the two groups of rats [t(18) = 1.33].

The mean DR on the transfer session, in which the
tune rats were shifted to the random-notes condition
and vice versa, was .90 for the tune rats and .96 for
the random-notes group, a statistically insignificant
difference [t(17)= 1.82]. And, as suggested by Ta
ble 1, there was no significant difference between the

After completion of acquisition, a single transfer test session
was given in which the tune animals were shifted to the random
notes condition and the random-notes animals were shifted to the
tunes.

.~l subjects were then returned to their original training con
dition (baseline) until a DR of .9 or better was attained for one
session (which required no more than two sessions). Following
this there were eight sessions of reversal training which employed
the modified auditory stimuli described above. Because the
random-notes group could not have based its discrimination on
pattern, it faced a conventional reversal situation. For the tune
animals, however, although the difference in mean frequency of
the tunes was reversed, the patterns remained unaltered. If, for
example, the monotonically decreasing tune had been S+, it re
mained so, albeit with low- rather than high-frequency notes.
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75 showed Slim's mean DR to be significantly greater
than .50 [t(9) = 3.69, p < .01], whereas none of the
mean DRs of the four random-notes rats were sig
nificantly above chance. It seems clear from these
data that the monkeys fared much better than the
rats when faced with the random-notes discrimina
tion.

Both tune-trained monkeys learned the discrimina
tion, Goldy in 43 sessions and Flo in 62. On the other
hand, only two of the four tune-trained rats clearly
reached acquisition criterion, and they required 98
and 125 sessions. One tune rat was terminated after
100 sessions, at which point it was responding at a
chance level. The response rate of the fourth rat in
the tune group declined to a very low level, with re
sponses occurring on only a small number of trials.
Although it nominally met the acquisition criterion
(in only 49 sessions), it executed a total of only 15
responses during the first criterial session and a mere
6 responses during the second. Moreover, during 35
postcriterial sessions, it never again met criterion, its
DRs fluctuating wildly between 0 and 1.0 because of
its extremely low response rate. If we dismiss this
rat's results, the superiority of the monkeys over the
rats in the tune discrimination is quite clear.

Transfer test. The results of the transfer test, in
which the tune animals were shifted to the random
notes condition and the random-notes monkey was
shifted to the tunes, were substantially different from
those of Experiment 1. Tiny, the random-notes mon
key, completely generalized the discrimination to the
tune stimuli (DR = .92), but Goldy and Flo showed
little or no generalization when shifted to random
notes (DRs of .72 and .57, respectively). However,
the tune rats generalized even less to the random
notes conditions (DRs of .67 and .44).

Although acquisition was considerably more pro
longed in this experiment than in the previous one,
the-rats' mean response rates on the two criterial ses-

Two 7-note tunes were generated that were very
similar with respect to their mean frequency and
component notes but noticeably different in their
patterns. Both began with the same note, and 4 of
the 7 notes appeared in both tunes. Tonal pattern
thus seemed to be the dominant differentiating prop
erty of the tunes. The tune-trained and random-notes
animals that acquired the discrimination were given a
transfer test in which the tune animals were shifted to
the random-notes condition and vice versa.

Method
Subjects. The monkey subjects were four laboratory-born, ex

perimentally naive Cebus apella, two males and two females, be
tween 28 and 56 months of age at the start of the study. They were
obtained at the same time and from the same source as the mon
keys of Experiment I. During the study, they were maintained
at 88%-100010 of their full-ration body weights.

Eight experimentally naive female rats of the type used in Ex
periment 1 served. They were about 285 days of age at the start
of the study, and were maintained at 80010-85010 of their ad-lib
weights (284-325g).

Apparatus. The apparatuses of Experiment 1 were employed in
the present study, except that the third, larger, rat chamber was
not used.

The notes of tune 1 formed a distinctive pattern of alternating
increases and decreases in frequency: 1397, 1572, 1397, 1572, 1984,
2083, and 1046 Hz (mean = 1579 Hz). The pattern of tune 2
was a decrease in frequency followed by a monotonic increase:
1397, 1173,1316,1397,1572,1761, and 1984 (mean = 1514 Hz).
Note duration varied between .07 and .25 sec, with the duration
of the tune being about 1.3 sec. The randomization program em-

. ployed eaused the duration to be somewhat longer in the random
notes condition, about 1.6 sec. The intensities of the tunes were
in the same range as those reported in Experiment 1.

Procedure. Two rats and one monkey were assigned randomly
to four conditions: tune 1, tune2, random notes 1, and random
notes 2, where 1 and 2 indicate the auditory stimulus that served as
S+. Tune2 was S- for condition tune 1, tune 1 for tune2, and so on.
The shaping and training procedures were the same as in Experi
ment 1, except for the following. On Acquisition Day 9, in an at
tempt to increase attention to the auditory stimuli, the light above
the response lever no longer was illuminated during a trial. To
discourage responding on S- trials, on Day 36 the penalty was
changed so that the S- stimulus continued to play for 10 sec after
the last S- response. These appeared to be useful modifications,
although we have no way of objectively evaluating their impact.

As in the previous experiment, the acquisition criterion was two
successive sessions with DR of .9 or better. The tune-trained ani
mals that met criterion were given a single test session with ran
dom notes, and the one successful animal in the random-notes
condition was tested with the tune stimuli.

Results and Discussion
None of the four rats in the random-notes condi

tion showed the slightest sign of learning the discrim
ination. Figure 2 reveals that at the end of 7S sessions
(3,600 trials) they were still responding at a chance
level, at which point they were terminated. Figure 2
also presents the results of one random-notes mon
key (Tiny) that learned the discrimination (in 88 ses
sions). The other monkey (Slim) was terminated after
80 sessions because of his flat, though above-chance
performance. A t test based on the DRs of Sessions 66-
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sions were comparable to those of Experiment 1
(S+ rate = 4.63, S- rate = .40). On the other hand,
by the end of acquisition the response rates of the
three monkeys that reached criterion had declined
well below those observed in Experiment I (S+ rate =
1.65, S- rate = .14).

The acquisition results of the present experiment
represent the first time in our experience that mon
keys were superior to rats in acquiring an auditory
discrimination. Both tune monkeys learned the dis
crimination and in only about half the number of ses
sions required by the (two of four) tune-trained rats
that clearly acquired the task. Even more impressive
is the difference between the random-notes groups.
None of the four rats in this condition was respond
ing above chance at the end of 75 sessions. However,
the performance of both random-notes monkeys was
significantly above chance, and one monkey went
on to reach criterion in fewer sessions than either of
the successful tune rats. It appears from the present
experiments and our earlier work that rats are more
efficient than monkeys in detecting gross frequency
differences between two auditory signals. When a
finer analysis of the acoustic stimulus is demanded,
however, the advantage shifts to the monkey.

But what is the nature of this finer analysis? It is
not necessarily based on the patterns of the tunes, as
the random-notes monkey that reached criterion did
not have the benefit of such cues. Still, the possibility
exists that the tune-trained monkeys, and perhaps the
tune rats as well, based their discriminations on the
temporal pattern of notes, which could account for
their superiority over the random-notes subjects.
Clearly, more information is needed regarding the
specific cues upon which each animal formed its dis
crimination. The next experiment addressed this issue.

EXPERIMENT 3

The three monkeys and two rats of Experiment 2
that acquired the discrimination were tested on a
variety of transformations of the acoustic stimuli in
an effort to pin down the essential controlling cues.
The experiment was quite prolonged, lasting between
7 and 8 months, and involved almost 40 separate tests.
Because we had no clear idea of what we might find,
the strategy was necessarily opportunistic, in that
tests were devised to illuminate results obtained on
previous assessments. To make the description of
the experiment more manageable, tests that were re
dundant or uninformative will not be discussed.

Method
Procedure. Only certain general features of the procedure will

be discussed here. To avoid unnecessary duplication. the specific
transfer tests will be described in the Results and Discussion sec
tion. In most cases, after completion of a transfer test, the ani
mals were returned to the baseline discrimination until a specified

criterion was met before being advanced to the next transfer test.
This necessary procedure contributed considerably to the length
of the experiment. Rat 46, which required 125 sessions to meet
the acquisition criterion, had difficulty recovering baseline and
was therefore given only a few transfer tests.

The training procedures and parameters were the same as those
employed in Experiment 2 with the singleexception that, because
of the decreased response rates noted earlier, the monkeys' FI
lo-sec food schedule was changed to a variable-interval (VI) 7.5
sec schedule. During each session, the same distribution of VI
intervals (between 6 and 10 sec) occurred on S+ and S- trials. This
schedule change was introduced after the first few transfer tests
and resulted in a moderate increase in response rate. Because they
maintained their response rates at a relatively high level, the rats'
food schedule was not changed.

Five types of transformations of the acoustic stimuli were as
sessed. In the octave transformations, the acoustic stimuli were
shifted down or up by 1 octave. The duration transformations
either compressed or extended the duration of S+ and S-. In the
third type of transformation, single notes were dropped from
both S+ and S- (e.g., the first note of each). Changing notes of
S- to make them identical to the corresponding notes of S+ was
the fourth type of transformation. Finally, multiple notes were
dropped from S+ and S-, in the extreme case dropping all but
one. In general, the temporal order in which the various trans
formations occurred corresponds to the above sequence.

Results and Discussion
Duenne recovery. The criterion for recovery of

baseline varied from three successive sessions with
DRs of .85 or greater to a single session with a DR
of at least .9, but the same criterion was always ap
plied to the monkeys and rats. The mean numbers
of sessions required to recover baseline (including the
criteria! sessions) were 2.66, 1.76, and 2.28 for Goldy,
Flo, and Tiny, in that order. Rat 41 averaged 5.10
sessions, and, over its three baselinerecoveries, Rat 46's
average was 16.0. Thus, baseline recovery was sub
stantially faster in the monkeys than in the rats.

Octave transformations. Table 2 presents the re
sults of the transfer tests, in the order in which they
were administered. During all transfer tests, the cus
tomary reinforcement schedules remained in effect
with the transformed stimuli. In the first transfer
test, the notes of S+ and S- were lowered by 1 oc
tave, that is, the frequency of each note was halved.
Three test sessions were given; to conserve space, the
results of Sessions 1 and 3 only are shown (in rows
1 and 2 of the table). The two tune-trained monkeys,
Goldy and Flo, showed little transfer, even in the
third session, when their DRs were .54 and .53, re
spectively. The two tune-trained rats fared no better.
managing DRs of only .52 and .39 in the third ses
sion. This was the first indication that the tune-trained
animals might have learned little about the patterns
of the tunes. If they had, considerable generalization
on the octave transformation would be expected, at
least by the second or third session (see Blackwell &
Schlosberg, 1943). Tiny was not expected to show
much transfer because he was trained and tested with
random notes and therefore did not have any pattern
cues with which to mediate generalization.
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Table 2
Discrimination Ratios on the Transfer Tests of Experiment 3

Subject

Test Row Tiny* Goldy* Flo Rat 41 Rat 46*

Lowered 1 Octave
S+, S- 1 .37 .65 .53 .50 .50

2 .61 .54 .53 .52 .39
S+ Only 3 .92 .50 .80 .90 .53

4 .78 .64 .85 .92 .56
S- Only 5 .74 1.00 .39 .47 .64

6 .76 .89 1.00 .95 .99

Duration (sec)
.75 7 .95 .86 .92

2.10 8 .94 .87 .83

Note 7 Deleted 9 .93 .49 .80 .58
10 .94 .60 .84 .46

.3 sec Duration 11 .67 .90 .70 .94

Lowered 1 Octave
S+, S- 12 .64 .53 .52 .45
S+ Only 13 .41 .49 .93 .90
S- Only 14 .71 .72 .46 .54

S+, S- Raised 1 Octave 15 .42 .48 .75 .52
16 .56 .57 .96 .50

Notes of S- Made Same Frequency as Notes of S+
7 17 .88 .46 .63 .53

18 1.00 .71 .67 .58
6 19 .76 .88 .94 .80

20 .67 .87 .94 .93
6 and 7 21 .64 .50 .46 .59

22 .71 .62 .48 .59
1·5 23 .83 .81 1.00 .84

24 .83 .72 .93 .77
1·6 25 .57 .95 .81 .67

26 .51 .91 .97 .78
Notes 6 and 7 Only 27 1.00 .88 .92 .95
Note 6 28 .68 .94 .97 .88
S+, S- Lowered 1 Octave 29 .51 .55 .76 .47
Notes 6 and 7 Only 30 .77 .93 1.00 .99
Notes 1 and 7 Only 31 .71 .87 1.00 .86
Note 7 Only 32 .59 1.00 .90 1.00

*8+= Tune 1.

In the next octave transformation, S+ was lowered
1 octave while S- remained undisturbed; this was
followed by the reverse manipulation, S- being
selectively lowered 1 octave. Three test sessions were
given on each transformation; the first and third ses
sions appear in Table 2. Rows 3-6 show that some
animals suffered more from the first transformation
than from the second. Goldy and Rat 46 did very
poorly when the frequency of S+ was lowered, show
ing little recovery over the three sessions, but when
S- only was lowered 1 octave, Goldy transferred
completely in the first session and the rat reached a
high level of responding in the last two test sessions.
The other two tune-trained animals, Flo and Rat 41,
performedpoorly in the first session with S- lowered,
but recovered nicely over the next two sessions. Only

Tiny seemed not to exhibit a strong asymmetrical
pattern of performance on the two transformations.
These data suggest that most of the animals' discrim
inative behavior was under greater control by one
stimulus than the other, S+ in the case of Goldy and
Rat 46, and S- in the case of Flo and Rat 41, which
is another indication that the tune-trained animals
did not learn a great deal about the patterns of the
tunes.

Rows 12-14 show the results of applying the same
octave transformations, one session on each, some
40-70 sessions later (by which time Rat 46 was ter
minated). Although the animals had by this time ex
perienced a large number of transformations, their
performance was generally similar to that obtained
on the earlier tests. All animals performed very poorly
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when both stimuli were dropped 1 octave; Goldy's
discrimination was still under greater control by S+
than by S-; and the opposite was true for Flo and
Rat 41. At this point, Goldy and Flo were given a
number of additional sessions with both tunes lowered
an octave, to see whether their depressed perfor
mance would rebound quickly. At the end of seven
such sessions, Goldy was still responding at a chance
level, and it required 16 sessions for Flo's DR to reach
.8.

All animals were then tested for two sessions with
S+ and S- raised 1 octave (rows 15-16). Only Flo
performed at a high level, although her DR on the
first 24 trials of the first session was .69. To what
degree her performance represents rapid learning,
perhaps due to the additional training with the low
octave tunes, cannot be ascertained. But, in any case,
the stark inability of the animals to generalize to a
I-octave transformation is indicated by the final test
given near the end of the experiment. As shown in
row 29, with S+ and S- again lowered 1 octave, only
Flo, who received substantial training in this condi
tion, responded above chance, and only moderately
so at that.

We can conclude from the octave generalization
tests that the tune-trained animals did not learn a suf
ficient amount about the structure of the tunes to
permit substantial generalization when both tunes
were simultaneously increased or decreased by 1 oc
tave. Interestingly, starlings trained to discriminate
rising from falling tonal patterns also failed to gen
eralize to I-octave transformations (Hulse, Cynx, &
Humpal, 1984).

Duration transformations. Rows 7-8 show that
when the tunes, whose normal durations were about
1.3 sec, were either compressed to about .75 sec or
expanded to 2.1 sec, the performance of the tune ani
mals was virtually unaffected. (Tiny did not receive
these tests). Because note duration was so ineffectual,
at this point the duration of the notes was made equal
at a value that maintained the total duration of S+
and S- at about 1.3 sec. All animals generalized im
mediately to this transformation, with DRs ranging
from .87 to 1.00.

In a later series of tests, the duration of the audi
tory stimuli was reduced even further. With dura
tions as short as .4 sec, discriminative performance
was unaffected in all animals. Duration had to be
reduced to about .3 sec before a decrement was ob
served in some animals (row 11). Clearly, then, dif
ferences in note duration or in tempo played no role
in the tune or the random-notes animals' discrim
inative behavior.

Single note deletion. In this series of single-session
transfer tests, one note was deleted from both S+
and S-, always from the same ordinal position.
Note 7 was dropped from both stimuli first, and
row 9 indicates that the discriminative performance

of two of the three tune animals suffered badly; Flo's
loss was small. Tiny, the random-notes monkey, was
completely unaffected by this transformation. Note 1
was next dropped from both stimuli; deletion of note 2
followed, and then note 3. None of these alterations
had any effect on performaance, the lowest DR ob
served being .85. Note 7 was again deleted, with re
sults similar to those obtained earlier (row 10). Later
in testing, when we began to suspect that note 6 might
be a dominant controlling cue for Tiny, we deleted
it from both stimuli. The DRs of row 28 show that
this manipulation exerted a negative effect on Tiny
only.

The results of single-note deletion suggest, then,
that note 7 of S+ and S- was important controlling
cues for at least two of the three tune animals, but
not for Tiny, for whom the dominant note was 6.

Changing S- notes to S+. In the next series of
transformations, by appropriate frequency changes,
one or more notes of S- were made identical to the
corresponding notes of S+, a manipulation that es
sentially degraded the information available in S-.
Because the first note of S+ and S- was already
identical, notes 2-7 of S- were changed, one at a time,
to be the same as the corresponding notes of S+;
two test sessions were given with each manipulation.
Performance was little affected when this manip
ulation was applied to notes 2-5; the lowest DR ob
served was .75. When note 7 was so transformed,
however, an unmistakable decrement occurred in the
three tune animals (rows 17-18), but not in Tiny.
The reverse pattern of results was obtained when
note 6 of S- was changed in this manner (rows 19-20).

Notes 6 and 7 of S+ and S- were then made iden
tical, notes 1-5 retaining their original frequencies.
Performance was depressed in all subjects, severely
so in the three tune animals (rows 21-22). The com
plementary transformation, leaving intact notes 6
and 7 but making notes 1-5 the same, had little, if
any, effect, at least during the first test session (rows
23-24). But when notes 1-6 were made identical, Tiny's
performance fell to near-chance levels. in sharp con
trast to the tune monkeys. whose discriminations re
mained fully intact (rows 25-26). Rat 41, who was
having trouble recapturing baseline during these
tests, did not seem to be differentially affected by
the last two transformations.

We may conclude from this series of tests that
notes 1-5 played very little role in the discriminative
behavior of any animal. Note 7 again seemed to carry
a great deal of the discriminative burden for the tune
trained animals; note 6 seemed to do so for the random
notes monkey.

Multiple note deletion. The aim of this series of
manipulations was to see whether discriminative be
havior could be sustained with only one or two notes
in each stimulus. If, as conjectured, notes 6 and 7
were the important controlling stimuli, substantial



generalization should occur to discriminative stimuli
consisting solely of these notes. This proved to be the
case in two separate tests that employed notes 6 and 7
only (rows 27 and 30).

Inasmuch as Tiny's discriminative behavior seemed
to be largely under the control of note 6, exposing
all animals to notes 1 and 7 should have a depressing
effect only on his performance. Row 31 indicates
such a trend, though not strikingly so. The DRs of
the first 24 of the 48 trials are perhaps more reveal
ing. Tiny's DR was only .33 during these trials, whereas
those of the three tune animals ranged between .98
and 1.00.

The concluding transformations went all the way,
reducing S+ and S- to a single note. Tested with
note 7 alone, the performance of the three tune ani
mals under this extreme transformation was very
high; in contrast, Tiny's performance was quite low
(row 32). When tested with note 6 only, however,
Tiny's DR rebounded to .96 (only Tiny received this
test). These last tests are particularly interesting in
that when the dominant controlling note of each stim
ulus was presented alone, discriminative behavior
seemed to be potentiated, even in the rat. This sug
gests that the other six notes, far from forming part
of a tonal pattern for the animals, detracted from the
discriminability of the auditory stimuli.

Response rates. The similar results obtained with
the tune-trained rats and monkeys emerged despite
different food-reinforcement schedules and a siz
able difference in response rates. For example, dur
ing the last three transfer tests (rows 30-32), the mean
S+ and S- rates were S.S3 and .30, respectively, for
Rat 41, whereas the corresponding mean values for
Goldy and Flo were .89 and .05. The latter S+ value
is lower than usual for substantial DRs, but mean
S+ rate rarely exceeded 2.0 for any of the three mon
keys. Low DR values were often, but not always,
the result of a large increase in S- rate. For example,
the S+ and S- rates associated with the final l-octave
transformation (row 29) were 6.12 and 7.04, respec
tively, for Rat 41; the corresponding mean S+ and
S- rates were .88 and .63 for the three monkeys.

The results obtained on the various transfer tests
indicate that, in spite of more than 2S,000 exposures
to each tune, the tune-trained animals learned very
little about the sequential pattern of notes. They never
organized the notes of a tune into an integral unit
based on the frequency envelope, the way humans
do. Rather, they based their discriminations on local
features of the tune stimuli. Two questions are im
mediately raised by this conclusion. Why, in Experi
ment 2, did the tune-trained monkeys and rats ac
quire the discrimination so much faster than the cor
responding random-notes animals, and why did they
fail to transfer to the random-notes condition? The
nature and location of note 7 of the tunes provide
a reasonable answer to both of these questions. As it
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happened, the frequency difference between note 7
of S+ and note 7 of S- was the largest of any of the
notes. In addition, being the final note of a tune might
have set note 7 off from the others. Thus, a high
frequency note followed by offset of the tune could
have served as one discriminative cue and a low
frequency cue in the same location, as another. The
location cue was not available for the subjects in the
random-notes condition, which put them at a dis
advantage during acquisition. On the other hand, re
liance on this cue would cause a deterioration in per
formance when the tune animals were shifted to the
random-notes condition.

The transfer data of Tiny, the random-notes mon
key, provide additional support for this analysis.
Because the notes of S+ and S- were separately ran
domized on each trial, one would not necessarily
have expected note 7 (as defined by the tunes) to pro
vide the major basis for discrimination, which was
the case. Note 6 seemed to play this role, possibly
because note 6 of the tune 1 was the highest frequency
note of both stimuli.

By emphasizing the dominant controlling role of
note 7 in the case of the tune-trained animals and
note 6 for Tiny, we do not mean to imply that the
animals' discriminative behavior was in all instances
based solely on a single note. Flo's relatively high
performance on the two tests in which note 7 was de
leted (rows 9-10) suggests some control by other
notes, possibly note 6, at least in this point of testing.
The important point is that in all animals a single
note did exert overwhelming control, and where mul
tiple sources of control might have operated, these
very likely were also based on local features of the
tunes.

It was pointed out earlier that certain findings of
the D'Amato and Salmon (1982) study had indicated
that their subjects' discriminations were probably
based on the structure of the tunes. Given the present
data, we are inclined to reinterpret those findings as
follows. That the rats and monkeys might have learned
the structure of the tunes was suggested primarily by
(1) generalization of the discrimination across octave
transformations, (2) substantial generalization to the
first half but not to the second half of the tunes, and
(3) the greatly inferior acquisition rate of rats trained
with broken tones rather than with tunes. All of these
outcomes are accountable in terms of the more local
discriminative mechanisms employed by the subjects
of the present study.

One of the tunes of the earlier research (UgHss")
was approximately 2 octaves higher in median fre
quency than the other tune ("charge"). In the first
octave transformation, the charge tune was raised 1
octave, causing virtually no disturbance in the dis
criminative behavior of the monkeys or the rats
(mean DRs = .89 and .93, respectively). Raising
charge another octave did disrupt performance, but
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Table 3
Mean Numbers of Sessions to Complete Phase 1 and Reach Acquisition Criterion in Phase 2

Experiment

4, Present study
2, D'Amato & Salmon, 1982
3, D'Amato & Salmon, 1982

Phase 1

4.0
3.9
3.2

Phase 2

3.75
4.50

15.00

Stimuli

Tones, 5 octaves apart
Tunes, charge and gliss
Tones, 2 octaves apart

a significant amount of generalization nevertheless
occurred (mean DRs = .69 and .87, respectively).
Given what we know from the present experiments,
it is reasonable to conjecture that the rats and mon
keys of the earlier study based their discriminations
primarily on the first note or two of the tunes, which
formed the greatest frequency contrast (more than
4 octaves) and enjoyed a salient location cue. If such
were the case, one would expect a high degree of gen
eralization to the l-octave transfer test because the
initial notes were still separated by a substantial fre
quency difference (more than 2 octaves). A second
doubling of the frequencies of the charge tune would
narrow the difference considerably and hence lead
to less generalization; the fact that the rats were less
disturbed than the monkeys by this transformation
can be attributed to their generally superior ability
to make frequency difference determinations of this
kind. This interpretation directly accounts for find
ing2.

As for finding 3, two factors could have been re
sponsible. First, considerably more habituation to
the acoustic stimuli would occur in the tone control
group. Of much more importance, the S+ and S
tones were separated by approximately the same fre
quency difference that separated the median fre
quency of the tunes-2 octaves. But, as already indi
cated, the initial notes of the tunes were considerably
further apart in frequency. Thus, a tune animal that
based its discrimination on the first one or two notes
would have a more salient frequency difference cue
than that available to the tone rats. If this interpre
tation is correct, rats trained with tones based on
only the first note of the charge and gliss tunes should
learn the discrimination at least as fast as the tune
trained rats. Experiment 4 investigated this possibility.

EXPERIMENT 4

Every effort was made to duplicate the procedures
employed with the broken-tone group in Experi
ment 3 of the D'Amato and Salmon (1982) study.
In that study, the frequency of the HF tone was
1454 Hz and that of the LF tone was 363 Hz, a dif
ference of 2 octaves. In the present experiment, the
frequencies of the HF and LF tones were 8929 and
243 Hz, respectively, a difference of a little more
than 5 octaves. The latter frequencies correspond to
the first notes of the gliss and charge tunes used in
Experiment 2 of D'Amato and Salmon (1982).

Method
Subjects and Apparatus. Four experimentally naive female rats,

of the same type, and obtained from the same source, as those of
Experiment I, served, half with the HF tone as S+ and half with
the LF tone in this role. The rats were about 80 days of age at the
beginning of the study and were maintained at 80%-85% of their
ad-lib weights (180-240 g). The apparatus differed from that used
in Experiments 2 and 3 of D' Amato and Salmon (1982) only with
regard to the speakers, which were the same as those of Experi
ments 1-3 above. The same program was used to generate the tones
as in the D'Amato and Salmon (1982) study; on an S+ or S- trial,
the tone played for 1.87 sec, with successive playing separated by
off times that varied randomly between .5 and 1.5 sec. The only
difference was in the frequencies of the tones, which in the present
study were 8929 and 243 Hz.

Proeedure. After shaping, which was virtually identical to that
employed in the earlier study, the rats were exposed to Phase I,
followed by Phase 2. In Phase I, tones were presented on S+ trials
only, S- trials being signaled solely by the lever light. Phase I
training continued until a DR of .85 or better was achieved or for
a maximum of five sessions. The S- tone was introduced in Phase 2,
which continued until the criterion of two consecutive sessions
with DR of .9 or better was met. These were the same procedures
as those employed in the D'Amato and Salmon (1982) study.

Results and Discussion
Table 3 presents the results of the present study,

and to facilitate comparison, the corresponding data
from Experiments 2 and 3 of D'Amato and Salmon
(1982) also appear in the table. The four rats of the
present study required only 3, 4, 4, and 5 sessions to
reach criterion in Phase 2. (As in the D'Amato and
Salmon, 1982, experiments, these values include only
one of the two criterial sessions.) The mean, 3.75,
compares favorably with the corresponding mean of
D'Amato and Salmon's (1982) tune-trained subjects
(4.50), and is a great deal less than the mean of their
broken-tone group (15.0). As might be expected from
the fact that the S- acoustic stimulus did not occur
during Phase 1, performance was comparable in all
groups during this phase.

From the present data, it appears that the transfer
and related results of the tune-trained animals of
D'Amato and Salmon (1982) can be accounted for by
a discrimination based on local features of the tunes,
that is, the frequencies of their initial notes.

GENERAL DISCUSSION

When presented with simple or complex acoustic
stimuli that differ significantly in frequency, discrim
inative behavior develops rapidly in rats, consider
ably faster than in monkeys trained under compar
able experimental conditions (Experiment 1; D'Amato



and Salmon, 1982, Experiments 1 and 2). Being noc
turnal animals, rats rely less on visual than on ol
factory and auditory cues, and they make extensive
use of ultrasound as infants, in mating, and in ag
gressive behavior (Sales & Pye, 1974). Possibly their
sensitivity to such a wide portion of the frequency
spectrum predisposes them to attend to this dimen
sion and make efficient use of information encoded
as differences in frequency.

It is entirely another matter when the discrimina
tive stimuli cannot be differentiated on the basis of
gross frequency differences, as was the case in Ex
periment 2. Despite the benefit of 75 training ses
sions, none of the four random-notes rats showed the
slightest sign of discriminating the acoustic stimuli.
On the other hand, one random-notes monkey reached
acquisition criterion and the other was responding
well above chance at the 75-session mark. Whatever
the acoustic analyzers might be that permitted the
monkeys to discriminate between the two random
notes stimuli, they obviously are either absent or less
developed in rats. The tune-trained monkeys also
proved superior to the tune-trained rats, not only in
acquisition (Experiment 2), but also in recapturing
baseline after transfer testing (Experiment 3).

The tune-trained monkeys and rats of Experi
ment 2 were alike in their apparent failure to extract
frequency pattern, or contour, as an identifying fea
ture of each tune. As already mentioned, to humans
this is the dominant property of the acoustic stimuli,
readily recognizable after octave generalizations but
much degraded by transformations that left discrim
inative performance largely untouched in the ani
mals. It should be noted that focusing on local fea
tures was not a particularly efficient way of solving
the discriminative problem, either for the monkeys
or the rats. The mean number of sessions to criterion
for the two tune-trained monkeys was 52.5, com
pared with only 17.0 for the two tune monkeys of
Experiment 1(who had the benefit of a mean-frequency
difference cue); for the tune-trained rats, the corre
sponding values were 111.5 and 10.4. That the rats
failed to make use of frequency pattern is perhaps
not surprising. The monkeys' failure is less easy to
accept, given certain related data in the literature.

As noted by Miller (1977), many animals, raccoons
to elephants, seem capable of learning responses to
spoken commands. Appropriate responding despite
intensity and frequency transformations imposed by
the same or different speakers was reported more
than 70 years ago (Shepherd, 1911, 1912), which sug
gests that the animals were responding to acoustic
patterns in the speech sounds (common names, usu
ally) rather than to limited local features. However,
without a more detailed analysis of the controlling
features of the acoustic signals, the latter possibility
cannot be ruled out. More recently, Dewson, Pribram,
and Lynch (1969) trained rhesus monkeys to discrim
inate between the vowel sounds [i) and [u), each
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having a duration of approximately 300 msec. The
fact that the monkeys generalized the discrimination
from a male to a female voice was regarded as evi
dence that the pattern of the speech sound was learned
rather than any "particular constituent." While this
may be the case, it should be noted that the funda
mental frequency of the female voice was less than .6
octave above that of the male, which might have per
mitted discrimination on the basis of absolute prop
erties of the acoustic stimuli. Moreover, inasmuch as
transfer tests based on only segments of the vowel
sounds were not conducted, the possibility of control
by local features was not ruled out.

Communication among monkeys in the wild also
indicates that these animals are capable of processing
auditory stimuli-their natural calls-at a more com
plex level than might be suggested by the present re
sults. In particular, it has been reported that mon
keys are sensitive to the order in which elements of
a call are arranged, analogous to syntax appreciation
in human language (Robinson, 1979, in press;
Snowdon, 1983). Possibly, monkeys can detect and
integrate temporal order information when the acous
tic elements are in their natural "vocabulary." As
pointed out by Snowdon (1983), there seems to be a
strong innate component to primate vocal communi
cation, which may place limits on the range of audi
tory stimuli that they can process at complex levels.
But even with natural calls, additional research is
necessary to specify the controlling features of the
acoustic stimuli, particularly in view of the evidence
that intraspecific recognition of calls is, at least in
birds, often based on local features of the acoustic
signal (Brooks & Falls, 1975) and that neurons in the
auditory cortex of squirrel monkeys tend to respond
in a similar way to species-specific calls played for
ward or backward (Glass & Wollberg, 1983).

The ability to extract, store, and employ the fre
quency contour of complex auditory stimuli very likely
is intimately related to the capacity to develop lan
guage based on acoustic signals. The necessity to
recognize utterances under a wide range of transfor
mations would seem to require such an endowment.
Papousek and Papousek (1981) have discussed in de
tail the role of musical elements in the early ontogeny
of language, pointing out the parallel development of
both in the infant. At the age of 10 months, the in
fant in their study could imitate "proto-words and
speech-like intonation contours" as well as "tones,
tonal sequences, or short melodies" (p. 194; cf.
Trehub, Bull, & Thorpe, in press). This early emerg
ence of frequency contour discrimination in human
infants contrasts sharply with the failure of our mon
keys to learn the tonal structure of tunes that they
had heard many thousands of times over a period of
almost a year.

The issue is not that the monkey is incapable of
such acoustic processing, for there is evidence based
on discriminating monkey calls that suggests other-
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wise (e.g., Beecher, Petersen, Zoloth, Moody, &
Stebbins, 1979). Rather, the significant issue for
comparative cognition is that the monkey's ability
seems to fall so far short of that evident in young
children and even in infants. Given the present results
and those from related studies based on monkey vo
calizations, a hypothesis worth exploring is that, unlike
the case for humans, frequency contour discrimina
tion in the monkey is largely restricted to species
specific acoustic signals (see Marler, 1983).
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NOTE

1. The PET computer generates a square-wave output, and
sonograms of the tunes (graciously provided by Dr. David Thomas)
showed that the tunes were rich with overtones. Ultrasound, which
w,asdetected in the tunes employed by D'Amato and Salmon (1982),
did not reach measureable levels in the present research.
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