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o. PURPOSE

The aIms of the present study are to examine the perception of fundamental

frequency (Fo) contours by Japanese speakers, specifically to examine the normalization

effect in perception for declination of Fo contours and its relationship with the length

of stimuli. The effect in the perception of prosodic phenomena is one of the issues which

have recently attracted the attention of a number of investigators in the related fields.

Many attempts have been made on the causes of declination in production of Fo contours

and its linguistic significance, but studies on normalization in perception are rather

limited. In the present study, we shall examine how Japanese speakers perceive changes

of Fo contours in relation with the length of stimuli and how they are sensitive to them

in the perception of Fo declination and shall try to clarify the relation between production

and perception of Fo contours.

1. INTRODUCTION

Fundamental frequency is one of the acoustic parameters which form prosodic

patterns such as stress, tone, and intonation in a language and the acoustic correlate is

perceptually manifested as pitch. It is also known that Fo contours carry linguistic

information to phrase the stream of speech sounds and to perceive junctures in utterances.

Studies on the nature of Fo contours in production and perception have been quite

numerous; in production a number of experiments have been made to clarify physio

logical mechanism of vocal-folds vibration (Levitt & Rabiner, 1971; Collier, 1975;

Sawashima & Cooper (ed.), 1977), aerodynamic measurements (Brown et al., 1970;

Brown & McGlone, 1974) and its relationship with linguistic significance, while in

perception there have been reports on the relationship between acoustic parameters and

perception (Lieberman, 1965, 1977; Peck, 1969). Although it is pointed out that there

are considerable variations in the production of Fo contours, it has recently been observed

that Fo contours have a tendency to go downward continuously over the syntactically

significant unit and breath length unit, and there are cases in some languages in Africa

that high tone in the phrase-final position may be lower in physical scale than low tone
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in the phrase-initial position. I ) Downward movement of Fo contours is called decli

nation and is said to have a linguistic function to indicate the presence of syntactically

significant unit. Furthermore, degree of declination is affected by the length of the

unit; the degree is less in longer syntactic unit, while it is greater in shorter one (Maeda,

1976). For the continuously declining Fo contours which may be found as a universal

phenomenon, several physiological explanations have been proposed in terms of the

lowering of larynx height, gradual reduction of subglottal pressure and "purposeful"

changes of vocal-folds tension. 2) Although these may be attributed to the cause of

declination, each explanation has its less convincing aspects and needs further elabo

rations.

In the perception of Fo contours, it has long been known that the perception of

pitch levels does not necessarily synchronize with physical and acoustic scale. 3) It has

also been known that, in relation with the declination effect in production, listeners tend

to judge two syllables in one phrase to be equal in pitch, even if the second syllable is

somewhat lower than the first in the acoustic scale. Listeners tend to normalize for

declination in the perception of Fo contours, and we term this phenomenon perceptual

normalization. In connection with this, Pierrehumbert (1979) carried out the experi

ments on the perception of Fo declination in terms of pitch range of the stimuli and

amplitude contour, and mentioned the same results on the perception of two peaks in

a nonsense sentence. We think it necessary to further elaborate the points made clear

by Pierrehumbert (1979) and to examine how listeners are sensitive to the changes of

Fo contours in initial and final positions and how the length of stimuli affects normali

zation in perception.

2. EXPERIMENTAL METHODS

2.1 General experimental procedure

The stimuli for the experiments consist of three synthetic sets, depending on the

number of syllables; three-syllable set Ii 0 ii, five-syllable set Ii e a 0 ii, and seven-syllable

set Ii e a 0 a 0 i/. The set Ii e a 0 il means "(The) house is blue." in Japanese, if forced,

while the sets of Ii 0 il and Ii e a 0 a 0 il do not make sense. For five- and seven-syllable

sets, two series of stimuli were prepared for each set; concave type contour and convex

type contour. Since each syllable is 250 msec in duration, including onset and offset,

the whole duration is 750 msec for Ii 0 ii, 1,250 msec for Ii e a 0 il and 1,750 msec for

1. A gradual fall of pitch is exhibited in many languages and is called downdrift in African languages,
whose process i~ considered to be automatic and non-morphological. The slope of downward
movement of pitch is over a stretch of speech which Ohala (1978) termed as a "phonological
phrase" , a "breath group", or a "syntagm".

2. The causes of declination of pitch have been one of the controversial issues in phonetics. Ohala
(1978) points out three hypotheses; the first is about the relation between larynx height and pitch, and
the larynx progressively lowers during the breath group. The second is about a gradual reduction
of subglottal pressure due to the pulmonic system. The third is that changes in tension of laryngeal
muscles cause changes of pitch. Collier (1975) mentions that a gradual declination of pitch is con
trolled by subglottal pressure and the rapid changes of pitch are caused by the activity of cricothyroid
muscle.

3. Lieberman (1965), pp. 52-53.
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ji e a 0 a 0 ij. Formant frequencies of jij, jej, jaj, and joj are fixed at some specified

frequencies, and Fo of final syllable jij in each set is a variable and is systematically

varied at 9 equal steps.4) All stimuli were prepared by the terminal analog speech

synthesizer of the Department of Information Science, Kyoto University. The follow

ings are the list of the stimuli for the experiments.

Set of Synthetic Stimuli

Stimulus Contour Fo of Initial Iii Fo of Middle Varying Range
Set Type Syllable of Fo of Final Iii

Ii 0 il Concave 150Hz 130Hz 140-156 Hz

TI~IT
Ii e a 0 il Concave 150 130 140-156

il:_~_~IT
Convex 130 150 120-136

~rea:-oli

Ii e a 0 a 0 il Concave 150 130 140-156

Tie a 0 a olT
Convex 130 150 120-136

~I e a 0 a ol~

2.2 Experiment 1

This experiment was designed to examine the perception of Fo contours in three

syllable ji 0 ij. Fo values of the initial jij (hereinafter jij1) and the second joj were kept

constant to 150 Hz and 130 Hz, respectively. 9 step stimuli were prepared with varying

Fo of the final jij (hereinafter jij 2) from 140 Hz to 156 Hz with 2 Hz equal step. Each

syllable is 250 msec in duration" thus making the whole duration 750 msec. Each of

ji 0 ij stimuli was randomly presented 10 times, totalling 90 stimuli. Subject~ were 30

university students who were phonetically naive, and were instructed to judge whether

pitch of jij2 is higher, equal to, or lower than that of lij1. The results can be shown in

Table 1 and Figure l.

The results of Experiment 1 show that 78.7% of subjects judged that jij2 was equal

to or higher than jij1 in the perception of pitch level when Fo value of jij2 was 146 Hz,

4 Hz lower than lij1. The percentage in which jij 2 is judged equal to jij 1 holds a major

portion of distribution at Fo values of 146, 148 and 150 Hz. Furthermore, 27.0% of

4. All stimuli in the present experiments were synthesized at the Dept. of Information Science of Kyoto
University. Acoustic details of each vowel can be shown as follows:

Formant Iii lei lal 101 I Bandwidth

Fs ] 4. 500 Hz 4, 500Hz 4, 500Hz 4, 500Hz 281Hz

F4 3,500 3,500 3,500 3,500 175

Fs \3,000 2,550 2,600 2,600 200

F 2 2,100 2,100 1,200 880 130
F 1

I

300 510 700 470 80

Duration 250msec 250 250 250
I
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Table 1. The results on judgement of relative pitch of li/2 in comparison

with IiI I in the stimuli of ITI~ITI

Fo of Ii/! I Fo of li/2 I Higher Equal Lower

'+o
c
o

"-§
..cof
V1

is

1001--

150Hz 140Hz 5.3% 12.3% 82.4%

142 6.3 20.0 73. 7

144 6.0 25.3 68. 7

146 14. 7 64.0 21. 3

148 13.3 70.3 16.4

150 27.0 70.0 3.0

152 53.3 43.0 3. 7

154 78.0 19. 7 2.3

156 85.0 11. 3 3. 7

Higher: li/2 is judged higher than Ii/! in pitch
Equal: li/2is judged equal to Ii/! in pitch
Lower: li/2 is judged lower than Ii/! in pitch

.........~............... '.'............... .

o :li/ 2 is judged
lower than Ii/!

CJ: li/2 is judged
equal to IiI I

1;:::::::::1 : li/2 is judged
higher than Ii/!

-10 -8 -6 -4 -2 0 +2 +4 +6

140 142 144 146 148 150 152 154 156

Fo of the final I i/(Hz)
Fig. 1. The distribution of judgement on relative pitch of li/ 2 in three-

syllable ITI~ITI

subjects judged that jij2 was higher than jij1 in pitch at 150 Hz which is acoustically

equal to that of jij1. The results indicate that even if Fo of jij 2 is 4 Hz lower than that

of jij1, more than half of the subjects judged that both jijs are the same in pitch. Taking

50% of equal and higher responses as a base to correct Fo declination, it can be assumed

that listeners normalized for declination of 4 Hz in Fo contours in the three-syllable ji 0 ij.

2.3 Experiment 2

This experiment was designed to examine the perception of Fo contours of five

syllable stimuli ji e a 0 ij. The stimuli were synthesized in the same way as in Experi

ment 1. Two 9-step series were prepared; one series has concave type contour, keeping

Fo of jij 1 constant to 150 Hz and varying Fo of jij 2 from 140 to 156 Hz with 2 Hz equal
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step. Fo values in middle syllables Ie a 01 were kept constant to 130 Hz. The other

series has convex type contour, keeping Fo of lil l constant to 130 Hz and varying Fo

of Iii 2 from 120 to 136 Hz with 2 Hz equal step. Each Fo value of middle syllables

Ie a 01 was 150 Hz. The stimuli in both series were 1,250 msec in whole duration. In

both series, each of the Ii e a 0 il stimuli was randomly presented 10 times, totalling

90 presentations of stimuli. Subjects were 40 university students for the perception of

concave type series, and were 38 students· for the perception of convex type series. In

both series, subjects were instructed to judge the pitch height of li/2 in comparison with

lil l as in Experiment 1. The results for concave type can be shown in Table 2a and

Figure 2a.

As shown in Table 2a and Figure 2a, 79.20/0 of subjects judged that Iii 2 was equal

to or higher than Iii 1 in pitch when Fo of Iii 2 was 146 Hz. The distribution in Figure 2a

shows that more than half of the subjects judged Iii 2 to be equal to Iii 1 when Fo value

Table 2a. The results on judgement of relative pitch of li/z in comparison

with Ii/! in the stimuli of concave type ITI~~~JTI

Fo of Ii/! Fo of li/z I Higher Equal Lower

100~

c:
(\)

E.g 50
.2.
4
o

c:
o

:;::
::l

..0
.........
<fl

'0

150Hz 140Hz 4.0% 16.0% 80.0%
142 7.0 22.5 70.5
144 9.5 31. 0 59.5
146 17.7 61. 5 20.8
148 16.0 72.0 12.0
150 22.0 69.0 9.0
152 58.5 36.5 5.0
154 76.4 17.8 5.8
156 88.5 8.5 3.0

,..,......,-:-\._......";"'"';'-:""

--:.:-:-:.:-:--:-:-:

D: li/z is judged
lower than Ii/!

[J: li/z is judged
equal to Ii/!

t::::::::~: li/z is judged
higher than IiI I

-10 -8 -6 -4 -2 0 +2 +4 +6

140 142 144 146 148 150 152 154 156

Fo of the final / i / (Hz)
Fig. 2a. The distribution of judgement on relative picth of /i/z in five-

syllable concave type /TI~~..IT/
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was 2 to 4 Hz lower than that of jijl- There was a steplike increase for equal judgement

at Fo value of 146 Hz and this indicates that subjects made a categorical judgement

in the perception of two peaks of five-syllable stimuli. Taking 50% as a base as in

Experiment 1, it can be assumed that listeners normalized for declination of 4 Hz in

Fo contours in the concave type jll~_~ITj.

Next, the results in the perception of convex type jiJea0liJ can be shown in

Table 2b and Figure 2b.

The results in Table 2b and Figure 2b show that 51.8% of subjects judged that

jij2 was equal to or higher than jijl in the perception of pitch when Fo of jij2 was 124

Hz, 6 Hz lower than that of jijl. It can be assumed that listeners normalized for

declination of 6 Hz in convex type. The response data for equal judgement showed

successive increments as Fo of jij2 was increased, and more than half of the subjects

judged that jij2 was equal to jijl when Fo of jij2 was 128, 130, and 132 Hz. Contrary

Table 2b. The results on judgement of relative pitch of li/2 in comparison

with Ii/! in the stimuli of convex type IJ..JeaoliJ

Fa of Ii/! I Fa of li/2 I Higher Equal Lower

130Hz 120Hz 11.1% 6.6% 82.3%
122 13.2 18.2 68.6
124 19.2 32.6 48.2
126 18. 7 38.4 42.9
128 16.3 51.6 32.1
130 18.4 68. 7 12.9
132 27.6 58.2 14.2
134 50.8 32.4 16.8
136 57.6 23.9 18.5

100-

~
c
Q)

E
~ 501----

"U
.2-o
c
~
:::l
.c
:E
(f)

is

..................... .
'.' .......... .... .

~-:-:< :-:-:.'-:,:. -:-:-:.................. .. ,.......................... '.'
~.'.'.".'.'..'.'.".'.'~

........................... .

o :li/2 is judged
lower than Ii/!

D : li/2 is judged
equal to Iii 1

m :li/2 is judged
higher than Iii 1

-10 -8 -6 -4 -2 0 2 4 6

120 122 124 126 128 130 132 134 136
Fo of the final I i I (Hz)

Fig. 2b. The distribution of judgement on relative pitch of ji/2 in five

syllable convex type I~leaol~1
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to the prediction, the number of subjects who judged li/2lower than lil l increased in the

range of Fo of lij2 from 130 to 136 Hz.

The differences between concave type and convex type became evident in per

formance. There was a difference in normalization effect between two types; 4 Hz

in concave type and 6 Hz in convex type, taking 50% of performance for equal and

higher judgement as a base. The number of subjects who judged jij2 higher than

JiJ I was relatively small in convex type, compared with concave type, even at 132 Hz.

This may be because subjects had a difficulty in judging pitch height of jiJ 2 when Fo

value of the preceding syllable was always higher in convex type. Furthermore, the

performance for equal responses made a sharp and steplike increase at 146 Hz in concave

type but not in convex type. In judging the relative height of· Fo contours, it seems

that subjects made a categorical-like decision in concave type.

2.4 Experiment 3

This experiment was designed to examine the perception of longer Fo contour of

seven-syllable stimuli ji e a 0 a 0 ij. As in Experiment 2, two 9-step series were pre

pared; concave type and convex type contours. In the concave type stimuli, Fo of Jill
was 150 Hz and each Fo of the middle syllables Ie a 0 a 01 was 130 Hz. Fo of jij2 was

varied from 140 to 156 Hz with 2 Hz equal step. The whole duration of the stimuli

was 1,750 msec. In the convex type stimuli, on the other hand, Fo of jijl was 130 Hz

and each of the middle syllables was 150 Hz. Fo of Ji/2 was varied from 120 to 136 Hz

with 2 Hz equal step. In both series, each of the stimuli was randomly presented 10

times, totalling 90 stimuli. Subjects were 35 university students for the perception of

concave type stimuli, while they were 33 students for the perception of convex type

stimuli. They were naive in the perception test and were instructed to judge pitch

height of lij2 in comparison with jill. The results in the experiment of concave type

IT[ e a 0 a 0 ITj can be shown in Table 3a and Figure 3a.

From the results in Table 3a and Figure 3a, it can be found that about half of the

subjects judged that jij2 was equal to or higher than lijl when Fo value of li/2 was

142 Hz, 8 Hz lower than liJI, and this performance went up to 94.8% at Fo value of

Table 3a. The results on judgement of relative pitch of jij2 in comparison

with jijl in the stimuli of concave type JTI e a a a a IT j

Fa of ji/! Fa of jij2 I Higher Equal Lower

150Hz 140Hz 1.4% 7.1% 91.5%
142 9. 7 42.9 47.4
144 10.3 54.0 35. 7
146 34.9 57. 7 7.4
148 37.7 56.9 5.4
150 51. 7 43.1 5.2
152 66.6 29.1 4.3
154 83. 7 12.9 3.4
156 90.6 8.6 0.8

I
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o :Iii 2 is judged
lower than Iii 1

I·:·:· :1 : li/ 2 is judged
equal to Ii/!

I:::::::::~ : Iii 2 is judged
higher than Iii1

-10 -8 -6 -4 -2 0 +2 +4 +6

140 142 /44 146 148 150 152 154 156

Fa of the final / i / (Hz)

Fig. 3a. The distribution of judgement on relative pitch of li/2 in seven
syllable concave type IT[ e a 0 a olTI

150 Hz which is equal to that of Iii1. As in Figure 2a, there was a sharp increase in the

performance for equal judgement at 142 Hz. It can be assumed that listeners normal

ized for declination of 8 Hz in the perception of concave type ITI~ 0 a 0 ITI.
The results in the experiment of convex type I-.il e a 0 a 0 I~I can be shown

in Table 3b and Figure 3b.

The results in Table 3b and Figure 3b show that more than half of the subjects

judged li/2 to be equal or higher than li/ l when Fo value of li/ 2 was 124 Hz. The

performance for equal judgement exceeded 500/0 in the range from 124 to 132 Hz.

It can be assumed that listeners normalized for declination of 6 Hz in the perception of

convex type I-.il e a 0 .a 0 1~/. Furthermore, it can be noticed that the performance

for higher judgement was extremely low even at Fo values of 132 and 134 Hz. The

same remark as in the convex type of Experiment 2 may be made for this response data.

Table 3b. The results on judgement of relative pitch of li/ 2 in comparison

with Iii1 in the stimuli of convex type I~I e a 0 a 0 I~I

Fo of Ii/! I Fo of li/ 2 I Higher Equal Lower

130Hz 120Hz 1.5% 5.3% 93.2%
122 1.8 23.4 74.8
124 4.2 51. 3 44.5

I

126 5.0 60.3 34. 7
128 5.6 63.8 30.6
130 22.8 68.9 8.3
132 42.1 52.2 5.7
134 57.0 36.8 6.2
136 76.0 17.5 6.5
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100f-
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o -10 -8 -6 -4 -2 0 2 4 6

120122 124 126 128 130 132 134 136

Fo of the finat I i/(Hz)

Fig. 3b. The distribution of judgement on relative pitch of li/2 in seven

syllable convex type I~I e a 0 a 0 I~I

When the utterance becomes longer as in seven syllables, it seems that subjects have

a difficulty to judge whether jij 2 is higher than jij 1 in convex type.

3. DISCUSSION

Five experiments were carried out in the present study to examine how speakers,

specifically Japanese speakers, perceive changes of Fo contours and how normalization

for pitch declination is correlated with such factors as the number of syllables in stimuli,

Fo frequency in the initial syllable and pitch contour types. All stimuli are synthetic

speech sounds consisting of vowels, and two syllables in the initial and final positions

which were used for judgement of pitch were jij. Fo frequency in the final position was

systematically varied with 2 Hz equal step from 140 to 156 Hz for concave type and from

120 to 136 Hz for convex type. Subjects were instructed to judge whether jij2 with

variable Fo frequency sounds higher, equal to or lower than jijl in pitch.

3.1 Normalization effect in the perception of Fo contours

The results in the present experiments show that there exists normalization effect

in perception of Fo contours. More than half of the subjects in each experiment judged

that jij2 is equal to jijl, even if Fo of jij2 is 4 to 8 Hz lower than that of jijl. That is,

two jijs sound equal in pitch, even if jij 2 is lower than jij 1 in acoustic scale, and psycholog

ical judgement in the perception of Fo contours is not directly correlated with acoustic

and physical properties of the stimuli. Normalization in the perception of pitch is

positively related with the number of syllables in stimuli. The experiments were carried

out for three-, five- and seven-syllable length stimuli. It is reasonable to suppose that

the number of intervening syllables affects the perception of pitch of two jijs and normali

zation is less in smaller number of syllables than in greater number of syllables because



A Study on the Perception of Fundamental Frequency Declination by Japanese Speakers 27

(Hz)
o

-2

';;J-4
I

u
~

'to -6
c:
o

15
.~

"0
§ -8oz

Concave Contour

,,,,,,,
,,,,,,

'\,,,,
\ ,

\
\

(Hz)
o

-8

Convex Contour

35735 7
No. of syllable No. of syllable

Fig. 4. The relationship between normalization effect and the number
of syllables in stimuli

of recency effect in memory load. The results show that as the number of syllables

increases, there is a tendency, though not complete, to have a greater effect. In the

concave type contours, this tendency was more clearly manifested; 4 Hz for three

syllable set, 4 Hz for five-syllable set and 8 Hz for seven-syllable set. In the convex

type contours, however, there was no noticeable difference between five- and seven

syllable sets; 6 Hz of normalization effect was observed in both sets. The relationship

between the effect and the number of syllable in stimuli can be shown in Figure 4.

As seen in Figure 4, there was a difference in normalization between concave type

and convex type contours. In the concave type, subjects were asked to judge the pitch

of two peak syllables, and Fo frequency of the syllable preceding li/ 2 was always lower

than li/ 2• On the other hand, in the convex type, subjects were asked to judge the pitch
of two bottom syllables and Fo frequency of the syllable preceding li/2 was always higher
than li/ 2 • The results indicate that Fo frequency of the preceding syllable affects
auditory correction in the perception of pitch, and when it is higher than li/ 2 , subjects
have a difficulty to compare li/ 2 with Ii! 1 in pitch. This seems to cause the difference
in the range of normalization effect between two types of contours.

In connection with the above, it is worthwhile to examine normalization effect

from the point of view of Fo frequency of li/l and the response for equal judgement.
Fo frequency of the initial li/l was set at 150 Hz for concave type and at 130 Hz for
convex type. Based on the response data in which subjects judged two li/s to be equal
in pitch, excluding the data for higher or lower judgement, we examined Fo frequency
of li/ 2, at which highest performance was observed for equal judgement. The results
can be shown in Table 4.

For concave type contours, it can be found that a greater normalization effect was
observed in seven-syllable set than in three- and five-syllable sets. The effect was 3.1 Hz
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Table 4 The results on predicted Fo frequency for equal judgement

No. of
syllable

I i
Fo of /i/2 judged I

F f r; most appropriate Predicted Fo of /i/ 2

I
0 0 1 1 for equal for equal judgement

judgement

I
3

I

150Hz 148Hz (-2) 148. 2 Hz (s.d. 3. 7)
Concave 5 150 148 (-2) 147.8 ( 3.7)
Contour

7 150 146 (-4) 146.9 ( 3.8)

Convex 5 130 130 ( 0) I 129. 2 ( 4.0)
Contour 7 130 130 ( 0)

I
128.5 ( 3.9)

at a 0.01 level of significance in seven-syllable set, while it was 1.8 Hz and 2.2 Hz in

three- and five-syllable sets, respectively. The difference between three- and five syllable

sets was not so significant. For convex type contours, on the other hand, the normali

zation effect was 0.8 Hz and 1.5 Hz in five- and seven-syllable sets, respectively, at a 0.01

level of significance. It can be noticed that the effect in the convex type was less than in

concave type, and, if taken only the data for equal judgement into account, the effect is

not proportionally related with the number of syllables in stimuli.

Through a series of experiments on the perception of Fo contours, it has become

evident that listeners normalize for declination of pitch more manifestly in concave type

than in convex type. Listeners tend to judge that the second peak is equal to the first

peak in pitch, even if Fo of the former is 4 Hz lower than that of the latter. This is in

agreement with previous findings in the studies on perception of prosodic phenomena. 5)

Furthermore, a difference between concave type and convex type can be seen in the

perceptual mode for equal judgement. Examining the distribution for equal judgement

in Figures 1, 2a and 3a, there is an apparent categorical shift in decision, and this shift

took place at -4 Hz in Fig. 1, -4 Hz in Fig. 2a, and -8 Hz in Fig. 3a. On the other

hand, this shift is apparently absent in Fig. 2b and in Fig. 3b for convex type. In

concave type, listeners tend to normalize for declination in a categorical manner. This

implies that they tend to normalize for declination within a limited range of Fo difference

between Iii 2 and Iii1. This perceptual mode is more clearly manifested in concave type

than in convex type.

3.2 Perceptual compensation for pitch declination

As mentioned earlier, it is generally known that pitch contours go gradually down

ward, and its physiological correlates for declination in production have been extensively

studied in terms of the effects of laryngeal muscle activity, subglottal pressure and the

position of larynx. Hakoda and Sato (1976) pointed out that a difference between the

sentence initial Fo frequency and the final Fo frequency is more than 30 Hz in most

cases of utterances, and the difference in production is greater in the case of female

speakers. The normalization effect in perception works in a direction to compensate

5. Breckenridge (1977) and Pierrehumbert (1979) examined the auditory effect of pitch declination,
and mentioned that listeners judged the second peak of pitch to be equal to the first peak even though
the second was a few hertz lower than the first.
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a gradual downward running movement of pitch in production. Since the effect is in

the range from 4 to 6 Hz in perception, the effect to compensate the declination in

production seems to be less influential. However, it is considered that pitch perception

operates by intervals rather than absolute frequencies, and the normalization effect in

perception which works in the upward direction is considered to have a linguistically

significant role in the perception of Fo contours. 6)

In the production of Fo contours, it is also known that the slope is inversely related

to the length of utterance. This inverse relationship is not found in the perception of

pitch; rather normalization seems to be proportional to the length of stimuli in a general

trend, especially in concave type contours. The effect of predicted normalization was

greater in seven-syllable set than in three- and five-syllable sets, but the difference

between three- and five-syllable sets was not clearly manifested. It seems that there is

some limited range for normalization in perception because of the memory load.

The results in the present experiments indicate that there is a considerable difference

between concave and convex type contours; normalization in perception is greater in

concave type than in convex type, and the categorical mode of perception is found in

concave type. In carrying out experiments for convex type, subjects showed a difficulty

in comparing pitch of two syllables separated by intervening syllables. This suggests

that Fo frequency of the syllable preceding Iii 2 give an influence on the judgement of

pitch, and if it is higher than that of Iii 2, a lesser normalization can be observed.

4. SUMMARY

The present series of experiments increase our understanding on the perception

of Fa contours. We have presented data here that speakers of Japanese normalize for

declination in judging pitch height of synthetic stimuli and they judge that the final

syllable is equal to the initial one in pitch even if Fo of the former is 4 to 8 Hz lower than

that of the latter. This effect is more clearly demonstrated in concave type contours

than in convex type contours. In connection with this, it can be argued that Fo of the

syllable preceding, the final one affects the normalization effect, and if the Fo is higher

than that of the final one, the effect is weakened. Subjects tend to normalize for de

clination of Fo contours in a categorical manner in concave type and this implies that

normalization works within a limited range of Fo difference between two peaks. Fur

thermore, normalization is proportional, though not consistent, to the length of stimuli,

especially in concave type. Based on the response data for equal judgement, the effect

was greater in seven-syllable set than in three-and five-syllable sets, but there was no

noticeable difference between three- and five-syllable sets. Normalization in the

perception of Fo contours can be accounted for by perceptual compensation for declina

tion of pitch contours in production. The effect works in the direction to correct

declination of Fo contours in production, and this direction is more perceptually signifi

cant than the absolute frequencies in exerting the effect.

6. Lehiste (1976), p. 230.
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