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ABSTRACT 

There is a perceptual difference between male and 
female speech in fbndamental frequency and, less 
significantly, in formant frequencies. These characteristics 
are physiologically determined to a great extent, and thus 
speakers exert little control over these characteristics in 
their normal utterances. The present study investigates 
whether some characteristics of hndamental frequency are 
also manipulated by speakers to make speech quality more 
feminine. The results of our experiment show that the 
delay of the FO fall that signals a lexical accent is 
associated with femininity in Japanese. 

I. INTRODUCTION 

1.1 Comparisons of Male and Female Speech 

Because male speech and female speech are evidently 
different, people usually have no difficulties in 
identification of a speaker's gender. On average, female 
speakers have higher fbndamental frequency (FO) [I] and 
higher formant frequencies [Z], the former being more 
significantly different than the latter between male and 
female groups [3]. Male speakers typically use low FO, 
which is associated not only a large body size but also 
character traits such as aggressiveness, assertiveness, self- 
confidence, and so forth [4]. By contrast, high FO 
suggests that the speaker has a small body, is non- 
threatening, submissive, subordinate, and in need of 
others' cooperation and good will [4]. 

FO is certainly influenced by anatomical differences 
between male and female speakers; however, it has also 
been reported that observed FO differences are much 
greater than those that can be attributed to anatomy. 
Many researchers have pointed out that FO differences are 
more of a social phenomenon, reflecting different social 
norms laid down for men and women [5-111. Society 
assigns different social roles to men and women and 
expects different behavioral patterns fiom each group; 
language simply reflects this social fact [5]. American 
females, for example, make great use of rising intonation 
[6], and, when using formal and polite register, Japanese 
female speakers use higher FO than female speakers of 
other languages [lo, 1 11. 

The frequent use of higher FO and rising intonation 
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are non-physiological aspects of female speakers. In this 
article, we present yet another gender difference observed 
in Japanese speakers; viz., Japanese female speakers tend 
to delay the FO peak that signals a lexical accent. This 
phenomenon is known as the delayed F O  fall (oso-sagari 
in Japanese). which is explained in the next section. 

1.2 Delayed FO Fall 
The Tokyo dialect of Japanese is a prototypical pitch- 

accent language in which accent is realized solely by a 
change in pitch, not by a change in loudness or duration 
such as found in English. Phonologically, it is widely 
assumed that the accented syllable in Japanese has a high 
tone. and the post-accent syllable a low tone; phonetically, 
the accentual high tone is realized by a higher FO value on 
the accented syllable than on surrounding syllables [12]. 
This accentual FO peak, however, frequently occurs on the 
post-accent syllable, without listeners detecting any 
change in accent placement. For example, in lnamidd 
'tears' (Noun) the lexical accent falls on the first syllable 
lnd, however, the actual FO peak may occur on the 
second syllable /mi/, and yet /na/ is perceived as accented. 
This phenomenon, originally called oso-sagari (delayed FO 
fall), was first reported by Neustupnf 1131. 

Investigating the delayed FO fall phenomenon, Sugito 
discovered that the most significant acoustic correlate of 
the Japanese accent is a falling FO contour of the post- 
accent syllable, rather than the FO peak location; i.e., 
native speakers of Japanese perceive an accent on a 
syllable when it is followed by a falling FO contour [14]. 
In the lnamidd example above, if the post-accent syllable 
lmil contains a FO fall, lnal is perceived as accented, even 
if the FO peak occurs on /mi/. 

Although its occurrence varies between speakers as 
well as between words uttered by the same speaker, 
delayed FO falls are more fiequently observed in words 
with an accent in certain positions or segmental 
environments. In Sugito's data, about 36% of 3-, 4-, 5- 
syllable words with the accent on the initial syllable had 
delayed FO fall [14]. In Hasegawa and Hata, we reported 
that 37% of the words beginning with l(C)VmVl were 
uttered with delayed FO fall [IS]. We also found in the 
same experiment that the phenomenon occurs much more 



frequently in female speakers' utterances than those of 
male speakers (38% vs. 5% of the time). Our subsequent 
experiment confirmed the same tendency [16]. 

Based on our previous experiments, we have 
hypothesized that the delayed FO fall is associated with 
femininity in Japanese. i.e.. it makes speech sound more 
feminine. To test this hypothesis, we conducted a 
perceptual experiment using a synthetic voice. Subjects 
were asked to evaluate femaleness for each pair of 
sentences which was prepared with and without a delayed 
FO fall. The result has supported our hypothesis. 

11. Experiment 
2.1 Materials 

Using a MITalk-based system, we synthesized the 
following sentences. Each sentence contains a target 
word (shown in Italics), which has the lexical accent on 
the first syllable. 

B.  frrmari kore desu ne. 'You mean this, don't you?' 

C. kutagaitai. 'I have sore shoulders.' 

D. kcuiari omosiroi. 'It's fairly interesting.' 

The FO contour of sentences A, C, and D was a rise- 
fall shape with the starting FO at 230 Hz and ending at 
about IS0 Hz. Sentence I3 contains a tag question, and 
thus had a slight rise at the end of the sentence. The 
global FO peak always occurred within the target word. 

Each sentence had two variations: in one the target 
word was made with a delayed FO fall @-token), and the 
other without it (ND-token). Figures 1 and 2 represent 
the two types of FO contour within a target word. 

In the D-tokens, the peak (300 Hz) occurred at 30 
msec into the second vowel, followed by a 7-semitone FO 
fall. Once the fall reached 200 Hz, the FO was sustained 
into the third syllable. The ND-tokens had the peak (270 
Hz) in the middle of the vowel of the lexically-accented 
first syllable, decreasing to 200 Hz at the onset of the third 
vowel. 

Figure 1: FO contour of a target word 
with a delayed FO fall @-token) 
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Figure 2: FO contour of a target word 
without a delayed FO fall (ND-token) 

We have chosen two different peak frequencies for 
the D- and ND-tokens in order to balance the perceived 
overall pitch ranges. Because the ND-tokens have more 
gradual FO change, if the peak 6equency were 300 Hz, as 
is the case for the D-tokens, each ND token as a whole 
would sound much higher than the corresponding D- 
token. Comparing several ND-tokens with varying FO 
peak fiequencies, we have determined that a 270-Hz peak 
renders a voice range most compatible with the D-tokens. 
Other characteristics (e.g. formant frequencies, amplitude, 
speech rate) are identical in both types of tokens. 

Having obtained eight distinct sentence-tokens (4 
sentences x 2 variations), we coupled the D-token and 
ND-token of the identical sentence in two orders: (1) the 
D-token first and then the ND-token and (2) the ND- 
token first and then the D-token, as shown below. 

BE. D-ND B2. ND-D fumuri kore desu ne. 

C1. D-ND C2. ND-D kalagaitai. 
Dl. D-ND D2. ND-D kmmi omosiroi. 

These eight pairs were duplicated and then 
randomized. We then added four red-herring pairs at the 
beginning and recorded a total of 20 pairs. The general 
instructions of the experiment were given to the subjects 
in written form as well as in spoken form using the 
synthetic voice. This precaution was taken in order to 
familiarize the subjects with the synthetic voice quality. 

2.2 Procedure 
32 subjects (19 males and 13 females, all native 

speakers of Japanese) participated in this experiment. 
They were told that one of the tokens in each pair was 
uttered by a male speaker and the other by a female 
speaker, and that the.recorded voice was normalized with 
respect to pitch and length. The subjects then listened to 
the stimuli and decided which one sounded more female- 
like. In answer sheets they circled 1 if they thought that 1 
was likely to be uttered by a female speaker, and circled 2 
otherwise. 



2.3 Results 

- Figure 3 summarizes the results. The abscissa shows 
how many D-tokens each subject identified as uttered by a 
female speaker, and the ordinate shows how many 
subjects obtained the indicated score. 

Dtd<errs judged as uttered byfer* 

Figure 3: Results of the experiment 

There were 16 token-pairs, half of which had the D- 
ND order and the other half the ND-D order. Therefore, 
if there is no perceptual difference between the D-tokens 
and ND-tokens, we expect the average of the subjects' 
judgments of D-tokens as more feminine to be close to 8 
(50%). The result, however, shows that the responses are 
skewed: the average is 9.47 (59.19%) with a standard 
deviation of 2.2 1. The difference is highly statistically 
significant (t (3 1) = 3.7526, two-tailed p C 0.001). This 
result was surprising because all subjects expressed, after 
the experiment, that they could not hear any difference 
between the two tokens in each pair, and that they circled 
numbers randomly. The statistics, however, strongly 
suggest that the difference was perceived, although the 
subjects were not consciously aware of it. 

It has been reported in the literature that not all 
listeners utilize the same strategy in detecting FO 
prominence. For example, among four cues for English 
accent (FO. duration, amplitude, spectral patterns), FO is 
reported to be most significant [17], and yet, other cues 
being equal, some listeners do not respond to FO changes 
alone in determining pitch peaks [18]. Therefore, it is 
important to separate the subjects according to their 
strategies in FO-perception experiments [19]. 

As seen in Figure 3, there is a great variability in the 
result of our experiment. One subject associated D- 
tokens with a female speaker 14 times out of 16. It is 
unlikely that the subject obtained this score by mere 
guessing. We investigated how consistent the subjects' 
responses were. Because each order of tokens was 
duplicated, if subjects unconsciously perceived D-tokens 
as more feminine, they would give the same 
responses for the identical pairs. 

For this purpose, we counted only those 
responses, that indicated (A) the D-token more 
feminine twice (consistent D-feminine responses) or 
(B) the ND-token more feminine twice (consistent 

ND-feminine responses) for each identical pair of 
stimuli. We then divided (A) by the total consistent 
responses (A + B) and obtained the result shown in 
Figure 4. 

The average of consistent D-feminine responses 
was 67%, the mode was 80%, and five of the 32 
subjects gave 100% consistent D-feminine responses. 
On the other hand, one subject each delivered 0, 20, 
and 30% consistent D-feminine responses. We 
conclude, based on this result, that delayed FO fall is 
a significant cue to femininity in Japanese, but not all 
native listeners are sensitive to it. 

% of consistent D- fema le  

Figure 4: Consistent D-female Responses 

III. Discussion 

Delayed FO fall has been discussed in the literature for 
some time to account for intonational meanings. Ladd, 
for example, proposes a binary feature [+/-delayed peak] 
for the relative temporal alignment of the H-tone and the 
accented syUable [20]. If the H is late in the syllable, i.e. 
[+delayed peak], we get a rise; if it is early, [-delayed 
peak], we get a fall. He claims that the difference between 
Swedish Accents 1 and 2, as well as the accentual patterns 
in Norwegian and Serbo-Croatian, can be represented 
with this feature. 

Gussenhoven, who proposes the feature [delay] to 
operate not only on falls but also on rises, claims that the 
modification delay has some intonational meaning: This 
manipulation is very non-routine, very significant' [21]. 
He notes that delay in speech to children, where it 
generally occurs more frequently than in other types of 
speech, indicates the adult speaker's concern for being 
understood by the inexperienced and possibly inattentive 
language user. For example, when the sentence Would 
you rather have your Mummy take you to the hospital?' is 
addressed to a sobbing child, the adult speaker may utter 
the word Mummy with a rise-fall contour ([+delay]) rather 
than with an unmodified simple fall . 

These works have demonstrated that delay in the 
alignment between H-tones and accented syllables can be 
significant in language; however, how this significance 
actually signals mky differ according to language types. 
Because all languages cited above can be categorized as 



intonation languages [22], delays in the alignment of H- or 
L-tone and accented syllables are less restricted than those 

P in pitch-accent languages like Japanese. For example, the 
English word rafher. which has the lexical prominence on 
the first syllable, can be uttered with a noticeable FO peak 
(and a subsequent fall) on the second syllable. This 
difference was exploited in British English until the early 
twentieth century to indicate an upper-class pronunciation 
of the exclamation meaning 'Yes, very much so' [21]. 

In Japanese, on the other hand, if the FO peak is 
detected on the post-accent syllable. the perceived accent 
will inevitably shift to that syllable, resulting in an 
anomalous pronunciation. Therefore, when the peak is 
delayed, the fall rate after the peak must be significantly 
great to "compensate for" the delay. The later the peak 
location, the greater the fall rate required to maintain the 
accentual pattern of the word [23]. Furthermore, the 
magnitude of delay has an absolute limit beyond which the 
delayed FO fall phenomenon does not occur [23]. 

Based on the result of the present experiment, we 
conclude that the feature [delay] is a legitimate property 
of language, which can be exploited in language-specific 
ways, and that in Japanese, this feature is used to express 
femininity. 
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