
Perception of the missing fundamental by cats* 
Henry Heffner t and I. C. Whitfield 
Neurocommunications Research Unit, University of Birmingham, Birmingham. BI$ 2TJ. England 
(Received 20 May 1975; revised 20 October 1975) 

Two cats were testexi on their ability to perceive the missing fundamental through the use of an avoidance 
technique. The an/msia were trained to discriminate between rising and falling pitch sequences first with 
single and then with multiple tones. They were then tested by presenting them with tone triads known to 
produce the p•rccption of the missing fundamental in humans. In these traids the pitch of the frequencies 
composing the triad either remained the same or shifted in the direction opposite the shift of the The phenomenon of the missing fundamental can be 

demonstrated with a complex tone made up of sinusolds 
with frequencies such as 1600, 2000, and 2400 Hz 
which, when presented to human subjects, g/yes rise to 
the perception of a "fundamental" tone of 400 Hz (e. go, 
Schouten, 19'/0; Schouten, Ritsma, and Cardozo, 
1962). The missing fundamental has been considered 
to be one example of the more general phenomenon of 
periodicity pitch, in which the ear appears to assign 
pitch to the signal on the basis c/the periodicity of its 
amplitude envelope (for a review, see 1•1omp and 
Smoorenburg, 1970). 

Because of the importance of periodicity pitch to 
theories situation on the hy- 

pothesis that its response will depend on whether it is 
assigning pitch on the basis of the harmonics or of the 
"fundamental." In describing the detailed procedure, 
we propose to avoid the periphrasis "a pitch equivalent 
to that of a single tone of__Hz" and to speak simply of 
the "frequency" of the missing fundamental. This is 
merely a convenience and we are not addressing our- 
selves to the question of whether the perceived pitch 
does or does not have any equivalent frequency repre- 
sentation in the nervous system. 

A. Subjects 

Two cats were used in the experiment. The animals 
were maintained on dry food (Purina Cat Chow), and 
their individual daily water consumptions and drinking 
patterns were recorded. Following this procedure, the 
time during which the animals had access to water was 
restricted over a period of five to seven days until the 
anitasis had one hour to drink--a condition to which the 

animals rapidly adjustedø Once this procedure was 
completed, the cats were ready for introduction into 
the experiment. 

B. Apparatus 

The animals were tested in a rectangular cage, 30.5 
cm long, 43 cm high, and 43 cm wide, which had a 
stainless-steel-bar floor and wire-mesh sides and 

top. A brass water cup (4 cm diam) was placed on 
the floor o• the aa•e at one end and connected with rub- 
ber tubing to a water bottle via a solenoid water valve. 
The entire arrangement was placed in a soundproof 
chamber and monitored by closed-circuit television. 

An electronic circuit was connected to the water cup 
and grid floor in order to detect when the cat licked 
the bowl. A constant-impedance shock source was 
used to provide the electric shock, which was admin- 
istered through the grid floor and controlled by a vari- 
able transformer. 

The tones used were produced by either one or two 
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•n this case, the frequencies of the triads andthemiss- 
ing fundamental produced by the triads change in the 
opposite direction relative to the standard. Thus, for 
example, a person who perceived the missing funda- 
mental would say that the comparison tone of the pair 
was of higher frequency than the standard when in fact 
two of the tones in the triad were lower. This stimulns 

condition was therefore crucial in determining whether 
a subject perceived the missing fundamental. 

During initial training, it was discovered that the 
cats tended to respond to changes in the absolute fre- 
quency of the tones as well as to the direction of the 
shift in pitch. To reduce the possibility of an animal 
responding to changes in absolute frequency, the set- 
tings of the two oscillators were randomly varied by 
as much as 10% for the stimuli listed in categories (a) 
and (b) [but not (c)]. This procedure also served to re- 
duce the possibility that the task could be solved on the 
basis of changes in intensity which might have been 
associated with changes in frequency. 

O. Procedure. 

Briefly, the cats were trained to maintain contact 
with the water cup for a water reward. After a rea- 
sonably steady rate of contact was attained, trials were 
begun which consisted of the presentation of one of two 
tone patterns for 10 sec. - If the tone pattern had a 
rising pitch sequence, the cat had to cease licking with- 
in 3 sec of tone onset in order to avoid an electric 
shock which would otherwise be delivered to the ani- 

mal's feet at tone offset. This conditioning procedure 
soon resulted in a cessation of contact with the cup 
during such a trial. However, if the tone pattern had 
a falling pitch sequence, it was never followed by shock 
and cats soon learned to maintain contact with the cup 
during these trials. Evidence that the cats had learned 
the discrimination was provided by demonstrating that 
the animals broke contact when a rising pitch sequence 
was presented and maintained contact when a falling ß 
pitch sequence was presented. 

1. Details of training and testing 

The cats were piaced in the cage for a period of one 
ho•r and allowed to drink from the water cup. Water 
was delivered into the cup at a rate of 100 drops/turn 
(00 025 ml/drop) as long as the animal maintained con- 
tact with the cup. If the animal broke contact with the 
cup for more than 0.25 sec, the flow of water was 
automatically stopped. As a reset, the cats soon 
learned that steady contact with the cup would deliver 
the maximum amount of water. 

Once the animal had learned to maintain constant 

contact with the water cup, a four-stage training and 
testing procedure was begun. 

First stage: The 400-458-Hz tone pairs were pre- 
sented for 10 sec and, unless the animaI ceased drink- 
ing within 3 sec of tone onset, were followed at the end 
of the 10-sec period by an electric shock delivered 
through the grill floor. After several such tone-shock 
pairings, the cats learned to cease drinking when the 

"warning" stimulus came on and thus were usually able 
to avoid the shock. The warning stimulus was pre- 
sented at random intervals varying in 15-sec blocks 
from 45 to 180 sec following the previous warning sig- 
nal. Thus, there were generally 10 intervals in which 
a warning signal could occur (i.e., 45, 60, 75 .... , 
180 sec) though longer intervals were occasionally 
inserted. 

Second stage: Once the cats had learned to avoid 
the 400-458-Hz tone pair, they were trained to ignore 
the 400-343-Hz tone pair, the "safe" signal [Table 
I(a)]. This was accompUshed by presenting this tone 
pair during the 10-sec intervals in which a warning 
signal might have, but did not, occur. Thus, the cats 
were continuously presented with 10-sec tone pairs 
separated by 5 sec of silence, with the warning signal 
randomly interspersed among the safe signals. This 
stage of training was completed in approximately 20 
sessions. 

Third stage: When the cats had learned to discrimi- 
nate reliably between the two signals, the triad pairs 
[Table I(b)] were introduced. The procedure used here 
was the same as in stage 2 in that the animals were 
trained to avoid the triad pair in which the pitch se~ 
quence of the component frequencies, as well as the 
missing fundamental, was rising and to ignore the 
triads in which the pitch sequence of the component 
frequencies and the missing fundamental were falling. 
Though the anitasis learned to perform this discrimina- 
tion within three to five sessions, training was con- 
tinued until the animals had received at least 20 train- 

ing sessions. 

Fourth stage: When the cats had learnedtodiscrimi- 
nate the triad pairs, they were presented with the test 
for the perception of the missing fundamental. This 
consisted of presenting "test" triad pairs iTshie I(c)] 
in which the pitch sequence of the component frequen- 
cies was in the direction opposite the pitch sequence 
•g the missing fundamental. 

The test triads were presented by inserting them 
within sessions consisting primarily of the original 
triads with which the animals had been trained. Since 

the nature of these test triads (i.e., safe or warning) 
depended upon the cue the animal was using, these 
triads were never followed by shock regardless of the 
animal's response. Testing was complete once an 
animal had received 10 of each of the two test triads 

for a total of 20 test trials. For comparison, the 
performance of the cats on the original training tri•ls 
was determined on the basis of the 60-80 trials which 

.they received during the test sessions. A further test 
was given cat 2 to determine the range of frequencies 
over which the missing fundamental might be perceived. 
This test consisted of triads in which the center fre- 

quency was 3, 4, 5, or 6 kHz and the upper and lower 
frequencies were the center frequency plus and minus 
400 Hz. To produce the comparison frequencies, the 
nsciliator outputs were increased and decreased by 
58 Hz, as in the 2-kHz center frequency test. 
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