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INTRODUCTION

A persistent problem in the psychology of perception is to discover what
conditions must be satisfied for the listener to accept that different
frequency canponents come fran the same sound source. voiced speech, like any
periodic sound, has frequency components that are integral multiples of its
period, and it has been known for some time that a single sound will be heard
when cunponents that are multiples of a common fundamental but which lie in
different frequency bands are lead simultaneously to opposite ears (1,“). When
the two ears do it receive the same periodicity, subjects report hearing two
sounds located one at each ear. The question remains, however, whether the
timbre of each of the latter sounds is determined solely by the frequency
canponents reaching the ear in question. Cutting (2) claims that it is ,not.
He played the first formant of a voiced-stop-vo'wel syllable to one ear of his
listeners and the second and third formants to the other ear, and found no
decrease in subjects' ability to hear the original consonant when the ears
received different periodicities, although they invariably heard two sounds.
This result suggests an interesting distinction between mechanisms responsible
for deciding "how many" sounds and those that determine "what" sounds- it also
questions the use of periodicity in the latter but not the former. Cutting's
experiment failed to use an appropriate control, since he did not ask subjects
to identify the stop—consonant on the basis of the second and third fomants
alone, so the following experiment was run to check the efficacy of periodicity
in perceptual grouping.
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METHOD

Two first-formants (F1) and two second—farmants (F2) were chosen so that their

conbinations made four plausible English diphthongs /ea,ia ,oe,ue/ (Figure 1).

Eight subjects listened binaurally and then dichotically to a number of different

combinations of these formants with different or identical pitch contours on the

formants. The full list of conditions is shown as part of Tables 1 & 2, with

the exception of an isolated fomants condition in which subjects heard only a

single formant at a time, binaurally. Every token in each of the 10 conditions

was heard 5 times (randomized within binaural and dichotic). The subjects

(after practice in identifying the four diphthong categories) were told to tick

the appropriate category boxes on their response sheets for E the sounds they

heard that could be categorised as one of the four diphthongs; they were.also

told to write down the total number of sounds they heard (i.e. the number of

ticks plus any other uncategorisable scunds).

RESULTS

figure 2A shows the number of diphthong responses given to the isolated fomants

and to their various binaural pairingst There is essentially the same pattern

of responses whether the binaural pairs are on the same pitch or on different

pitches. The important point is that the responses to the pairs cannot, in

general, be predicted firm the responses to the individual formants presented in

isolation. This result validates the experiment as a test of timbre fusion.
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FIGURE 2

At the top and sides of each figure are shown the total number of

diphthong responses given to each of the four fomants when played

in isolation. The remainder of each figure shows for binaural (Fig 2A)

or dichotic (Fig 25) presentation the total number of diphthong

responses for formants presented in the pairs shown in Figure 1.

Pairs presented on the same pitch and those presented on different

pitches are distinguished by light and dark bars on the histogram. 
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Table 1 shows thatalthough the total number of sounds heard increases slightly
when binaural formants are on different pitches, the proportion of trials with at
least one response corresponding to the fused percept is no lower.

A similar pattern of results is found, confirming Cutting's findings, when
formant pairs are presented dichotically. There is a marked increase in the
number of sounds heard when the ears receive different periodicities but again
no reduction in the probability that at least one of the responses will be the
fused category.

TABLE 1

Results for two fomants presented binaurally or dichotically.
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The same conclusion can be drawn fran the results of the more cunplex stimulus
conditions (Table 2) where four fomants are simultaneously presented. when two
pairs of fomants are presented binaurally, each pair on a different pitch. there
is no suggestion that subjects are more likely to report the categories formed by

the pairs which have thesame pitch. Additionally, in the split formant
conditions, there is no evidence that a common pitch can override a common ear in
determining which pairs of fomants will be categorised. There is only very weak
evidence - an increase of 10% — that a pair of fomants presented to one ear will
be categorised together more often if it differs in pitch from the pair on the
other ear than if it has the same pitch as the other ear. Rather than reflecting
pitch relations, the detailed pattern of results is dominated by particular
formants on particular pitches, the low F1 on the high pitch being particularly
weak.

TABLE 2

Results for four fomants presented binaurally or dichotically.  
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DISCUSSION

Our results so far have confirmed Cuttingis and support his conclusion that a
common pitch provides little justification for perceptually grouping together two
formants. However, both my experiment and Cutting's used short sounds — mine
lasted only l|+0 ms. I am sure thata common pitch does contribute to perceptual
grouping for longer sounds. My own observations. which have proved difficult to
demonstrate experimentally because of the lability of the grouping effects, are
that when sounds lasting over about 500 ms are used, then a pair of fomants

presented dichotically with a different pitch on each ear will pull apart to give
two veridical timbres. For example, with Plb on one ear and F2b on the other
ear, an initial impression of lua/ corresponding to timbre fusion gives way to
/i9/ (the dominant response to Flb) plus some other sound like loa/ (the dominant
response to F213) when the pattern is continuously repeated about '4 times. Such
decomposition does not occur when the dichotic pair has the same pitch.
Binaurally. repetition gives rise to a more distinct impression of two sounds.
but perhaps surprisingly, the timbre does not appear to separate veridically.
In terms of our previous example lua/ is still the dominant percept. Repetition
of the split—formant condition causes the formants to group by ear rather than by
pitch.

The effects have only beeninvestigated subjectively by myself and much more.
careful experimentation is needed before they can be confirmed reliably. But
there is an interesting analogy with another psycho-acoustic fusion effect which
has received quite extensive study. Fellows(3) has recently found evidence that
the central pitch phenanenon (S) is heard much more easily forshort than for
long sounds, and claims that this might explain the failure of some workers to
confirm the existence of central pitch (5).

The general picture emerging from Cutting's and my results is that it takes the
perceptual systen some time to use harmonic structure to separate the timbres of
sounds arriving at opposite ears, and it is questionable whether it can do this
at all for sounds which do not differ in location, or in any of the other
dimensions which can be used to pemit grouping, such as onset time. This bias

towards hearing sounds from a common source despite the lack of a caumon harmonic
structure should perhaps be welcomed since for all unvoiced speech, and indeed
for a substantial part of what is normally classified as voiced speech a regular
harmonic structure is not found throughout the first few fomants.
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