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Abstract 

It has .been said that the fundamental frequency (F0) peak determines the location of accent 
in many languages. However, the perceived accentual high tone (H) and the actual F0 peak 
sometimes do not synchronize without listeners detecting this desynchronization. We previ
ously found that the perception of the accentual H in Japanese is determined by both the FO 
peak location, with respect to the syllable boundary, and the F0 fall rate thereafter (post-peak 
F0-fall rate, PFR). For example, if the peak is approximately within the first half of the 
second syllable of a two-syllable word, and the PFR is greater than a certain value, the H will 
be associated with the first syllable (Hasegawa & Hata 1988, Hata & Hasegawa 1988). We 
call this phenomenon perceptual accent shift, because the perceived accent is shifted from 
the location signaled by the actual F0 peak. The present study investigates whether or not 
this perceptual shift also occurs in English. We test the case where the intonational H is on 
the utterance-final syllable, e.g. ''This is my net," where, due to the exaggerated F0 lowering 
at utterance end (the so-called final lowering), the PFR may be so great that the perceptual 
shift can occur, i.e., the utterance may be perceived as ''This is my net." Listening to syn
thesized utterances with varying PFR on net, the subjects in the experiment judged whether 
each utterance was more appropriate to responding to "What's this?" (inducing the accent on 
net) or "Is this her net?" (inducing the accent on my). The results show that English is also 
subject to the perceptual accent shift: the perceived accent is shifted from net to my as the 
PFR increases. Given the peak at the onset of the vowel in net, F0 by itself ceases from 
being a reliable cue in determining the accent location if the PFR is about 7 Hz/csec (csec = 
1 0 msec). Furthermore, if the PFR is greater than 12 Hz/csec, other acoustic cues (e.g. 
longer duration and higher amplitude) may compete against the F0 cue for those who rely 
heavily on F0 in determining the accent location. Elaborate speech synthesizers of English 
utterances should take this effect into consideration because English utilizes F0 to signal vari
ous, and freqently crucial, pragmatic information, e.g. focus. 

1. Introduction 

It has been said that the fundamental frequency (FO) peak determines the location of 
accent in many languages. However, the perceived accentual high tone (H) and the 
actual FO peak sometimes do· not synchronize without listeners detecting this desyn
chronization (Lehiste and Peterson 1961, Neustupny 1966, Sugito 1972, Hasegawa 
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and Hata 1988, Hata and Hasegawa 1988). In Japanese, for example, the listener 
'___,/ perceives an accent on a syllable even when the F0 peak does not occur on it. Sugito 

(1972) found that this illusory H is due to the F0 contour falling after the peak: if the 
peak is followed by a steep F0 fall, the listener perceives an H on the preceding syll
able. Let us call this phenomenon perceptual accent shift, for the perceived accent is 
shifted from the location signaled by the actual F0 peak.1 

In Hata and Hasegawa (1988), we found that there is a positive correlation 
between the F0 peak location and the F0 fall rate immediately after the peak (post
peak F0-fall rate, PFR) in those utterances where the perceptual accent shift was 
observed. If the F0 peak occurred later in the second syllable, relative to the syllable 
boundary, a greater PFR was necessary for the listener to associate the H with the 
first syllable. For example, when the F0 peak is at about 50% of the second syllable, 
the majority of the subjects judged the first syllable accented even when the PFR is as 
small as 4 Hz/csec; whereas, when the peak is at about two-thirds into the second 
syllable, a PFR of 8 Hz/csec or greater was necessary for the same judgment. This 
phenomenon is schematically presented in Figure 1. 

*** Figure 1 *** 

The present experiment investigates whether this perceptual accent shift occurs 
in English as well. Due to the coupling with final lowering, the PFR must be greater if 
the intonational H is on the final syllable than elsewhere in the utterance (Mattingly 
1968, Olive 197 4, Maeda 1976). Thus, the utterances with the intonational H in final 
position are likely candidates in English to observe this phenomenon, if it should 
occur.2 

2. Perceptual Experiment 

2.1. Method 
The focus of English utterance, if there is any, is often expressed by placing the so
called contrastive stress on a certain syllable within the focused constituent. For 
example, the contrastive stress would be on my in 'This is my net" if one were to 
answer the question "Is this her net?" On the other hand, in neutral (unmarked) in
tonation, e.g. responding to "What's this?", the intonational H occurs on the last 

1 Fujisaki et al. (1976) have suggested that the desynchronization of the FO peak and the syllable 
boundary in acoustic data is not psychologically real but a mere reflection of different processing time 
between detecting FO changes and segmental boundaries. The former is faster than the latter, and thus, 
they synchronize in perception. Javkin (1976), and Maddieson (1976) conducted experiments to 
determine when FO changes and segmental boundaries are recognized, but their results do not provide 
conclusive evidence for this hypothesis. 

2 The fall rates which we calculated using the FO data of English utterances in Maeda (1976) show 
that they are greater in sentence-final position (10.2-14.5 Hz/csec) than in other positions (8.4-13.3 
Hz/csec). 
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stressed syllable, net. 
In ordinary situations, the contrasted syllable is also longer in duration, higher in 

amplitude, and more likely to have different spectral patterns than non-contrastive syll
ables. Nevertheless, F0 is frequently the most significant cue for the English stress 
(Fry 1958), even though the rating of these four acoustical cues {F0, duration, ampli
tude, and spectral patterns) may vary from person to person (Beckman 1986). There
fore, if the perceptual accent shift occurs in English, simply manipulating the PFR on 
some syllable in an utterance will change the perceived intonational pattern. 

We synthesized ten variations of the English utterance, ''This is my net", with dif
ferent PFR's on net. The duration and amplitude of each syllable were kept constant 
across utterance-stimuli, and the F0 peak always occurred at the onset of /e/ in net. 
The F0 contour of the utterances starts at 121 Hz, linearly rises to 150 Hz at the onset 
of /e/ in net, and ends at 102 Hz. Figure 2 illustrates the F0 contour, the duration, and 
the amplitude envelope of each segment of sample stimuli. 

*** Figure 2 *** 

The PFR {in Hz/csec) of each stimulus is shown in the following table. Two sets of 
differently randomized stimuli were prepared for presentation. 

Token PFR (Hz/csec) Token PFR (Hz/csec) 
1 4.4 6 8 
2 4.8 7 9.6 
3 5.3 8 12 
4 6 9 16 
5 6.9 10 24 

Table 1: PFR's of stimuli 

After familiarizing themselves with the synthetic voice by listening to the syn
thesized instructions of the experiment, thirty-four native speakers of American English 
judged whether each utterance is more appropriate to responding to "What's this?" 
(inducing the accent on net in "This is my net") or to "Is this her net?" {inducing the 
accent on my). Each subject judged the same stimulus twice in different sequences. 
Hereafter, we will call the former net-response and the latter my-response. 

2.2. Results and Discussion 

Because subjects' responses were occasionally arbitrary, we counted only consistent 
judgments {i.e. the same judgment on both sets). This is summarized in the following 
table. The first column indicates the PFR, and the second column indicates the 
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percentage of consistent judgments (the number of subjects appears in parentheses); 
the third and fourth columns indicate the percentage of the net- and my-responses, 
respectively, against the total number of the consistent judgments. 

PFR(Hz/csec) Consistent iudqments net-responses mv-responses 
4.4 91 %(31) 97%(30) 3%(1) 
4.8 79%(27) 96%(26) 4%(1) 
5.3 79%(27) 96%(26) 4%(1) 
6 74%(25) 84%(21) 16%(4) 
6.9 65%(22) 73%(16) 27%(6) 
8 59%(19) 79%(15) 21%(4) 
9.6 62%(21) 52%(11) 48%(10) 

12 71%(24) 50%(12) 50%(12) 
16 71 %(24) 33%(8) 67%(16) 
24 79%(27) 41%(11) 59%(16) 

Table 2: Comparison of the net- and my-responses 

As is shown in the second column, the consistency of subjects' responses is 
highest at the two extreme PFR values: 91 % when the PFR is smallest (4.4 Hz/csec), 
and 80% when the PRF is greatest (24 Hz/csec). The farther away the PFR value is 
from these extremes, the less the consistent responses. The judgments fluctuated 
greatly between 6.9 and 9.6 Hz/csec. This indicates that if the PFR is significantly 
small or great, the listener can determine the location of accent consistently from F0 
information alone, but if the PFR is close to 8 Hz/csec, the F0 by itself is ambiguous 
as a cue to the accent location. The third and fourth columns show that there is 
asymmetry between the two responses with greater and smaller PFR's. At the PFR of 
4.4 Hz/csec, 97% of the consistent judgments are net-responses. In contrast, at the 
PF'R of 24 Hz/csec, the subjects' judgments split between net- and my-responses. 
This implies that if the PFR is small, the H is perceived on the syllable where the 
actual F0 peak occurs, but if the PFR is great, the H is likely, but not necessarily, to 
be perceived on the preceding syllable. 

The following figure plots the percentage of the responses with respect to the 
total number of consistent judgments. The general tendency for the greater PFR to 
trigger the perceptual accent shift observed in the data is in accordance with the 
results of our previous experiments with Japanese accent. However, the proportion of 
the perceptual shift is smaller in English than in Japanese: the maximum percentage 
of the shift is close to 100% in Japanese, whereas it is only 67% at the PFR of 16 
Hz/csec in this experiment. 

*** Figure 3 *** 
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In order to account for this difference, it is· necessary to compare the prosodic 
structures of these two languages. Unlike Japanese, in which F0 is by far the most 
prominent indicator of accent, English makes use of four orthogonal acoustic cues: F0, 
duration, amplitude, and spectral patterns, e.g. in the distribution of energy among the 
formants in the vowel or in the aspiration of· voiceless stops. The ranking of these 
cues varies significantly among native listeners as well as among the syntactic struc
tures where the word in question appears (Nakatani and Aston 1978, Beckman 1986). 

In the present experiment, two subjects (out of 34) never exhibited a perceptual 
shift. It may be the case that F0 is a lower-ranking cue for these subjects, and there
fore, perhaps it might have been more appropriate to exclude them from the data. 
However, because we have no evidence for their internalized ranking, we included 
these subjects in the analysis. 

It is also necessary to point out the fact that the net-response is unmarked, 
whereas the my-response is highly marked; i.e., net is the neutral location to place the 
intonational H in the utterances without a special focus. Many subjects commented 
after the experiment that some tokens were not as natural as they should be for "This 
is my net", but that they nevertheless gave a net-response because the H they per
ceived on my was not sufficient for carrying a contrastive accent. Therefore, if the 
subjects' task had been to judge the naturalness of utterances with the intonational H 
on net, the percentage of the net-response would have been much lower than the 
present results. 

Taking these considerations, we conclude that the perceptual accent shift is 
observable in English. Similar to native Japanese listeners, native English listeners 
utilize the F0 peak location and the PFR as cues to determine the location of accent. 

2.3. Implications in Speech Synthesis 

In synthesizing English utterances, the placement of the F0 peak of intonational H 
(also called nuclear H) continues to be controversial. Ashby (1978) claims that the 
nuclear H occurs at a fixed location in the vowel regardless of the vowel length, 
whereas Steele (1986) claims that the peak location should vary according to the 
vowel duration. Furthermore, some researchers have reported that the F0 peak loca
tion varies between the nuclear H and other (prenuclear) H's. The F0 algorithms for 
synthesizing English intonation written by Pierrehumbert (1981) and Silverman (1987) 
place the peak earlier in the nuclear H than in prenuclear H's. 

Although Olive (1974) mentions that the PFR of the nuclear H must be greater 
than that of prenuclear H's, no study, to our knowledge, has ever mentioned the rela
tionship between the peak location and the PFR. Because the perceptual accent shift 
does occur in English, elaborate speech synthesizers of English utterances should 
take into consideration the fact that the PFR values which trigger the shift vary accord
ing to the F0 peak location.3 

3 The authors occationally observe that some synthetic utterances are unnatural and/or ambiguous 
due to inappropriate PFR's .. This observation may, however, due to the fact that native speakers of 

~,., Japanese rely more heavily on FO than native speakers of English in determining English accent, as 
reported in Beckman (1986). 
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Let us reexamine th~ results in Table 2. Given the peak at the vowel onset in net 
and the 6.9 Hz/csec PFR, 73% of the consistent judgments were net-responses. 
However, this high percentage is due to the low consistency in judgments (65%). If 
we consider the total number of judgments, less than a half of the subjects (16 out of 
34) perceived the Hon net. This indicates that, as the PFR increases, approximately 7 
Hz/csec is where F0 by itself ceases being a reliable cue to accent location. More
over, if the PFR is greater than 12 Hz/csec, other acoustic cues (i.e. longer duration, 
higher amplitude, and different spectral patterns) may compete against the F0 cue for 
those who rely heavily on it in determining accent. We, therefore, suggest that in 
order to avoid the effect of1 perceptual accent shift, the PFR should not exceed 12 
Hz/csec when the peak location is at the onset of the vowel of the syllable which car
ries the nuclear H. 

3. Conclusion 

In the present study, we examined whether or not native speakers of English are sub
ject to the perceptual accent shift which is observed in Japanese. The results show 
that manipulating the PFR alone can cause an accent shift in perception of English 
utterances. Because English provides other acoustic cues in addition to F0, the 
occurrence of the perceptual accent shift is less frequent than in Japanese. However, 
the fact that the majority of the subjects exhibited the shift indicates that the relation
ship between the F0 peak location and the PFR must be taken into consideration in 
F0 algorithms. Otherwise, synthetic speech may result in an unintended accent place
ment. 
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Figure 1 

Perceptual Shift of Accent 

Perceived accent is shifted from the location 
signaled by actual FO peak. 

FO 

Perceived Accent 

i 
I 

H 

.m a 



( 

Hz 
150 

125 I 

I 

100 

Hz 
150 

125 

100 

C 

0 L s L z m a L n 8 th 

~ 

-------

Figure 2: Stimulus with 4.4 Hz/csec Fall Rate (top) and 
Stimulus with 24 Hz/csec Fall Rate (bottom) 
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