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THE PERCEPTION OF CONTOUR TONES

Jean-Marie Hombert
University of California, Berkeley

0. Introduction

In this paper, I shall address myself to the per-
ception of speech-like acoustic signals with changing
frequency contours. The paper is divided into three
parts: 1) a brief discussion of the relationship be-
tween pitch and fundamental frequency; 2) the presenta-
tion of my data from a perception experiment using syn-
thesized speech; and 3) the linguistic relevance of
these data for a proper understanding of tone languages.

1. Pitch and Frequency

Pitch and frequency are often used interchangeably
in the linguistic literature. In fact, however, they
refer to two different entities and there is not a one
to one relationship between them. Pitch is a psycholo-
gical attribute of tone, referring to the perception of
a stimulus by a subject. Fundamental frequency, on the
other hand, can be measured by instruments without any
reference to our auditory mechanism. In the case of
pure tones, it has been shown by Stevensl (1935) that at
high intensity levels low tones (frequencies up to 1000
Hz) are perceived lower and high tones (above 3000 Hz)
are perceived higher. More recent studies (Cohen 1961)
show that pitch is affected by loudness in the direction
indicated by Stevens, but to a much smaller extent (less
than 2%) than originally claimed. Because of the spec-
tral characteristics of speech sounds, the =ffect of
intensity is even lower than for pure tones and conse-
quently can be judged as irrelevant for the determina-
tion of pitch. For speech, the main correlate of pitch
for voiced sounds is fundamental frequency (which cor-
responds to the rate of vibration of the vocal cords) ,
although we have evidence (Schouten 1940, Licklider
1956) that higher frequency regions (the fourth and
higher harmonics; Plomp 1967) are used for this pitch
perception.? Klatt (1973) indicates in fact that pitch
perception is improved when the fundamental frequency
region is filtered out of the acoustic signal. Unfor-
tunately, most of the experiments dealing with pitch
perception have been done with pure tones. Because of
the acoustic characteristics of the stimuli generally
used in these experiments (wide frequency range, steady
state frequencies) the results are difficult to extra-
polate to speech.
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2. Perception Experiment

In order to obtain data more closely related to
speech in general and to tone languages in particular,
the following experiment was conducted. Ten American
subjects participated in this experiment which was di-
vided into two parts.

2.1, Part I

2.1.1. Experimental Paradigm. The stimuli con-
sisted of 30 instances of the vowel [i] synthesized with
different fundamental frequency patterns. As seen in
Fig. 1 the stimulus was composed by a slope followed by
a level tone maintained constant at 120 Hz. The onset
frequency was one of the following values: 70, 100,
110, 130, 140 and 190 Hz; that is, 3 values below and
3 values above 120 Hz. The duration of the slope (Dt)
was varied at 40, 60, 100, 150 and 250 msec. In other
words, 15 stimuli (3 Fo onset X 5 slope duration) had a
falling fundamental frequency and 15 stimuli had a rising
fundamental frequency. The overall duration of the
stimulus was fixed at 250 msec. Each time the stimulus
was presented, it was followed by a 500 msec pause and
a second vowel [il with a steady state fundamental fre-
quency. The duration of this vowel was also 250 msec.
The level of its fundamental frequency was adjustable by
a knob controlled by the subject. The task of the sub-
jects was to match the pitch of the second vowel to the
beginning of the first vowel. The rate of stimulus pre-
sentation as well as the number of trials for a given
presentation were controlled by the subject. Each one
of the 30 stimuli was presented 3 times in a randomized
order. The subjects heard the stimuli through earphones
at a comfortable level (about 70 dB).

2.1.2. Results. The results of this part are pre-
sented in Fig. 3. On this graph, the subjects' responses
(i.e. the steady state fundamental frequencies of the
second vowel adjusted by the subjects) are plotted as a
function of the duration of the slope. The thin straight
lines represent the ideal responses; the wider lines
with corresponding symbols represent the subjects' actual
responses for this fundamental frequency onset.

This graph suggests that 1) falling patterns (i.e.
vowels with fundamental frequency onset above 120 Hz)
are perceived more accurately than rising patterns (i.e.
vowels with fundamental frequency onset below 120 Hz) ;

2) the longer the slope, the more accurate the matching,
but correlation between slope duration and accuracy of
matching is not linear.
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FIGURE 1. Stimulus Format (Part I)
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FIGURE 3. Subjects' Responses (Part I)
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FIGURE 4. Subjects' Responses (Part II)
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2.1.3. Discussion. These results can be explained
by forward masking. Masking is the obscuring of a sound
by another. Forward masking is the masking that occurs
when the masker tone is terminated before the test tone
(maskee) is begun. Forward masking is the most effec-
tive when the frequency of the earlier tone is lower
than but close to the frequency of the second tone
(Ltisher and Zwislocki 1949, Licklider 1951, Jeffress
1970). If we extrapolate the results obtained with
steady state tones to contours, we can understand why
the onset region of the rising ramp was not accurately
perceived, since each frequency was masked by the pre-
vious lower frequency (since the frequency is going up) .
This is not the case for the falling tone in which each
frequency is followed by a lower frequency.3 Data from
the psychoacoustic literature (Brady et al 1961, Heinz
et al 1968, Pollack 1968, Nabelek and Hirsh 1969, Nabe-
lek et al 1970, Tsumura 1973) can be interpreted as sup-
porting my claim concerning the role of masking in the
perception of changing frequency contours.

In these experiments subjects were asked to match
the pitch of a steady state signal with a changing fre-
quency signal. They consistently adjusted their steady
state tone closer to the final point of the contour.
This fact already shows the role of masking which atten-
uates the effect of the onset region in favor of the
offset region, but furthermore there is a tendency to
match closer to the final point when the stimulus is a
rising contour (as opposed to a falling contour). This
indicates, as I have suggested, that the masking of the
onset region is more effective in the case of rising con-
tours (as opposed to falling contours), and consequently,
this leads to the perception of an averaged pitch closer
to the offset frequency.

These data are also in agreement with the study of
Brady et al (1961) with respect to the role of the rate
of frequency change. They found that the matching of a
steady state frequency with a contour frequency is
closer to the end point of the contour when the rate of
change is high; in other words, the onset region is less
salient at high glide rate. This is shown on Fig. 3 by
responses close to 120 Hz when the slope duration of the
stimulus is short (i.e. the rate of frequency change is
high). This is also in agreement with Pollack (1968)
and Nabelek and Hirsh (1969), whose results indicate
that optimum discriminability of relatively small fre-
quency changes is obtained at relatively slow glide
rates.

2.2, Part II
2.2.1. Experimental Paradigm. The experimental
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paradigm used here is similar to the one used in Part I,
but instead of having a slope followed by a level tone,
now the level tone precedes the slope (see Fig. 2). As
in Part I, the level tone was maintained constant at

120 Hz; the slope duration had one of the following
values: 40, 60, 100, 150 or 250 msec, and the values
for fundamental frequency were identical to the values
used for fundamental frequency onsets in the previous
part of the experiment (i.e. 70, 100, 110, 130, 140 and
190 Hz). The subjects were asked to match the adjustable
steady state fundamental frequency of the second vowel
to the end point of the first vowel.

2.2.2. Results. The results are presented in Fig.
4. As on the previous graph, the subjects' responses
are plotted as a function of the length of the slope.

The thin straight lines represent the ideal responses,
and the wider lines with similar symbols represent the
subjects' actual responses.

Three points should be emphasized: 1) The matching
is more accurate with the end point of the stimulus vowel
than with the onset of the stimulus vowel (i.e. Part I
of the experiment). This can be easily visualized by
the fact that the subjects' actual responses are closer
to the ideal response line (offset frequency) in Part II
than to the onset frequency in Part I. 2) It was men-
tioned in Part I that the onset of a falling pattern was
more accurately perceived than the onset of a rising pat-
tern. This is not the case for the offset point. 3) As
before, the longer the slope, the more accurate the
matching, but it is obvious on this graph that there is
an upper limit in duration above which the accuracy of
matching does not improve; in particular, the change of
slope duration from 150 to 250 msec has very little effect
on the subjects' responses.

2.2.3. Discussion. The explanation based on forward
masking proposed in the first part of the experiment to
account for a different degree of accuracy in the per-
ception of onset frequencies of falling vs. rising con-
tours cannot be applied here (otherwise one would predict
a higher degree of accuracy for the matching of the off-
set falling ramp). Rather, it seems that the final audi-
tory image (the offset frequency) can be processed equally
well no matter what the preceding frequencies are. The
fact that the matching is more accurate than in Part I
can be accounted for by considerations based on memory.
The effect of glide rate on pitch perception is consis-
tent with the first part of the experiment.

3. Linguistic Implications and Directions of Further
Research




These data are of potential interest in the under-
standing of tone languages in two respects: 1) the
development of tones; and 2) the distribution of tones.

3.1. The Development of Tones

The historical development of tone systems from the
reinterpretation of intrinsic perturbations caused by
neighboring consonants on the pitch of the preceding or
following vowel has been suggested for a number of gene-
tically unrelated languages (Beach 1938, Haudricourt
1954, 1961, 1972; Matisoff 1973, Ohala 1973, Purcell
1972, 1974; Purcell et al 1975). In order to validate
such historical developments, two sets of data are neces-
sary: first, data from production tests showing that
these intrinsic perturbations caused by pre- and postvo-
calic consonants do exist (House and Fairbanks 1954,
Lehiste and Peterson 1961, Mohr 1969, LBfgvist 1973,
Hombert 1974); and second, perceptual data showing that
these intrinsic perturbations can be perceived (Haggard
et al 1970, Fujimura 1971, Abramson 1974, Hombert 1974,
1975a) .

3.2. The Distribution of Tones

Data such as those presented in this paper represent
a preliminary step in our understanding of the distribu-
tion of tone shapes in tone languages. For instance, the
fact that languages have a tendency to favor falling
tones rather than rising tones (Cheng 1973, Hyman 1973b)
has been explained in articulatory terms (Ohala and Ewan
1973, Sundberg 1973). It was suggested earlier in this
paper that falling tones are probably more salient per-
ceptually than rising tones because they cover a wider
frequency range (since the onset is more accurately per-
ceived). This indicates a perceptual correlate to the
articulatory constraint generally proposed to account for
the assymmetry between the number of rising tones vs.
the number of falling tones in languages.

Our understanding of the distribution of tones in
tone languages would be significantly improved if we
would be able to develop a theory of tone space based
on perceptual distance analogous to the model proposed
for vowel space by Liljencrants and Lindblom (1972).

For the construction of such a model data from three
sources seem to be relevant: 1) acoustic descriptions

of tones from tone languages; unfortunately, only a
limited number of such studies have been done (Howie

1972, Abramson 1962, Chuang 1972, Han 1969, Gandour

1974, LaVelle 1974); 2) confusion matrices from tone
languages showing how similar or dissimilar different
frequency contours are judged; 3) controlled investigation
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of the different parameters involved in pitch perception:
fundamental frequency onset, speed of pitch change, fun-
damental frequency offset.... It is in this area that
the perception data presented in this paper will be
useful.

4. Conclusion

The data presented in this paper indicate the fol-
lowing: 1) The onset of falling tones is more accurately
perceived than the onset of rising tones. This asymme-
try can be explained by forward masking. This explana-
tion accounts for most of the data reported in the psycho-
acoustic literature. 2) There is no difference in the
perception of the offset of a falling vs. a rising tone.
The explanation based on masking does not hold for offset
frequencies. It seems that the final auditory image is
processed equally accurately independently of the pre-
ceding frequencies. 3) The perception of onset and off-
set frequencies is more accurate for slow rate of fre-
quency change. Finally, the relevance of these data for
the development and distribution of tones in tone lan-
guages is mentioned.
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6. Footnotes

lror low frequencies, Stevens' results are in agree-
ment with Zurmtthl (1930) and Snow (1936).

For a review of theories of pitch perception and
their relevance for speech, see Hombert (1975b).

30bviously this explanation holds only if we consider
forward masking. Backward masking would make the oppo-
site prediction (Massaro 1968).
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