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ABSTRACT

Following a survey of sex-specific duration differences
(restricted mainly to vowels) found in a number of lan-
guages, data from 48 speakers of American English
and 9 speakers of Central Standard Swedish are in-
vestigated for sex-specific differences in segment dura-
tion. A set of complex patterns arise from the data.
Greater female durations are mainly confined to places
of prominence, greater male durations to consonantal
material. Since differences in whole-utterance duration
are found to be the exception, intra-utterance duration
differences result from differences in temporal distribu-
tion.

1 INTRODUCTION

In recent years it has become common in experimental
phonetic studies to see subject samples being equally
divided between the sexes, even if the analysis of sex-
specific differences is not a primary aim of the study.
This development has led to a steadily growing body of
data from a number of Indo-European and non-Indo-
European languages which is revealing an interesting
set of sex-specific differences in durational patterns.
Two main patterns are coming out of these data:

• female vowel durations are longer than their male
counterparts.

• female speakers produce greater differences be-
tween long and short vowel categories

In a large scale acoustic investigation of American En-
glish vowels [1], female speakers exhibited longer vowel
duration consistent across all categories. In a study
of German approximately 60,000 vowel tokens from
the read and spontaneous speech of 25 female and
29 male speakers of Northern German [2], all female
vowel durations were longer. The proportional differ-
ences were maintained across the two speaking styles
despite the expected reduction in average durations for
spontaneous speech. Results from investigations of the
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ecan French vowel system [3, 4] are less clear-cut.
e female vowel durations were found to be longer
rtain front vowel categories, no significant differ-
were found between back vowel categories [o, O,

d male [ø] was found to be longer.

vestigation of acoustic vowel systems in 20 speak-
rom Jamaican Creole-dominant and Jamaican
sh-dominant communities [5] found that female
ers from both groups exhibited greater durational
ences between long and short vowel pairs.

nce from a recent study of Creek [6] shows that
durational patterns are also to be found in non-
European languages. The female speakers in this
(4 female, 4 male) also produced greater dura-

l differences between long and short vowel cate-
s.

study aimed specifically at investigating sex-
fic duration patterns in Swedish [7], besides find-
reater vowel durations, female speakers were also

to have greater duration differences between
ed and unstressed tokens of vowels in the same
syllabic words.

r patterns are more contradictory. Female utter-
durations were found to be longer in the American
sh TIMIT corpus [8], in Northern British English
well as in the German data cited above. How-
Simpson [10, 11] found no significant utterance

h differences in a part of the University of Wis-
n X-ray Microbeam Speech Production Database
henceforth UWDB)1 .

ossible explanation for greater vowel durations as
s for greater durational differences between cat-

es is sociophonetic. Producing longer durations
reater durational differences can be seen as one
correlates of speaking more clearly, an attribute
has been assigned to female speech [13]. It has
een suggested that duration differences may be
sequence of cross-sectional vocal tract dimension
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differences between males and females [10, 11].

The present study is a preliminary examination of the
distribution of segmental duration patterns through-
out English and Swedish utterances using two datasets
employed in previous studies for which sex-specific
vowel duration differences have already been reported
[7, 10, 11]. In particular American English data from
the UWDB were chosen to allow for subsequent anal-
ysis of articulatory parameters.

2 DATA AND METHOD

2.1 American English
The UWDB contains synchronous recordings of artic-
ulatory data and acoustic signals of 26 female and 22
male speakers carrying out a range of linguistic (read-
ing telephone numbers, word lists, and short texts) and
nonlinguistic (swallowing, tongue protrusion).

From this data base nine sentences from three tasks
(see Appendix) read by each subject (9 × 48 = 432
tokens) were chosen for analysis. Three of the sen-
tences are repetitions of the sentence “The coat has a
blend of both light and dark fibers” used in a previous
study [10]. The acoustic signals were automatically
segmented and labelled using the Aligner [14] software
provided in the ESPS/waves+ package. Segmentation
and annotation was then manually checked using xassp
[15].

2.2 Swedish
Ten speakers of Swedish (5 male, 5 female) were
recorded producing the sentence Här bor en tok med
en tik p̊a sitt tak. ([hæ:r bu:r En tu:k me: En ti:k pO
sIt: t6:k] “A madman with a she-dog on his roof
lives here.”) in response to three different questions
which were designed to elicit contrast accentuation of
the monosyllabic words tok, tik and tak. Due to con-
sistent misreadings of the sentences one female speaker
was excluded from this study. Five repititions per
speaker and accent position give a total of 135 tokens.
Utterances were manually segmented and labelled us-
ing xassp.

2.3 Duration normalization
In order to compare the relative temporal contribution
of a segment to an utterance across speakers segment
durations were normalized as follows:

• calculate the mean utterance duration for each
sentence from all male and female tokens of that
sentence;

• express individual segment duration as a fraction
of the duration of the utterance containing it;

• multiply segment fraction by mean utterance du-
ration.
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3 RESULTS

durations calculated for each of the 12 sen-
s, none of the English and only one of the Swedish
nces showed a significant male-female difference,
the male duration being longer. This implies that
egment duration differences found result from dif-
ces in temporal distribution within an utterance.

attempt to compare male and female durations
ghout an utterance, percentual differences be-
female and male mean segment durations for a

nce were calculated2. These have been plotted for
nglish (“The coat has a blend of both light and
fibers”, top) and one Swedish (“Här bor en tok
en tik p̊a sitt tak”, bottom) sentence in Figure 1.
ive excursions indicate greater female, negative
sions greater male durations.

main patterns arise from the English data, both
ich are illustrated in Figure 1. First, in syllables
ing a degree of stress female vowels tend to be
r than their male counterparts. The vowel in the
syllable of “fibers” (see Figure 1) is one excep-
o this as are many of the back rounded vowels in
utterances. So, for instance, it is either the male

ls of the underlined syllables in “The point of the
am will be told before long” which are longer or
is no male-female difference. This is in line with
ilar finding for French described above. The sec-
eneral pattern we find are greater male durations
ch of the consonantal material, e.g. in the words
d”, “both”, “dark” and “fibers”.

wedish data had been originally collected to ex-
e specifically gender-specific vowel duration dif-
ce in different accentual environments. All three
e vowels [i:, 6:, u:] in the target words were sig-
ntly longer than their male counterparts in focus.
urational differences between male and female to-
of the target vowels out of focus were insignifi-
with the exception of longer mean female [6:] in
entence (see Figure 1). The other pattern which
from the Swedish data, and which can also be

in Figure 1 is the duration of the unstressed por-
[e:Ent] after bilabial release in “med” up to and
ding the initial plosive of “tik”. The male dura-
f this portion is consistently longer than the same
e portion. Only when “tik” is in focus do we find
fferences in initial plosive duration of “tik”.

4 DISCUSSION

description of the patterns described in the pre-
section is unsatisfactory in many respects. Sub-
g general findings, such as overall longer female

0 × (female/male − 1)%



Figure 1: Differences between female and male mean normalized durations for the English sentence “The coat has a
blend of both light and dark fibers” (top) and the Swedish sentence “Här bor en tok med en tik p̊a sitt tak”
(bottom). A positive value indicates a greater female duration, negative a greater male duration.
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vowel duration to closer scrutiny uncovers notable ex-
ceptions e.g. the stressed diphthong in “fibers” which
exhibits no sex-specific difference. However, the appar-
ent complexity of the patterns arising from both the
Swedish and English data do allow us to draw certain
conclusions.

Sex-specific differences in utterance duration in this
data set are the exception. This has two interesting
consequences. First, as stated earlier, any sex-specific
durational differences at one point in utterance must
be compensated for elsewhere. It follows from this that
no single factor will simply derive the durations of one
sex to another. It should be said that the general lack
of sex-specific differences in whole-utterance duration
is at odds with other findings for English [9, 8] as well
as for German [2]. For both languages female utter-
ance durations were found to be longer than their male
counterparts.

The main question posed by the patterns found in these
data is why should males and females exhibit different
temporally distributions in the way they do? There
are a number of factors which need to be considered.

A possible sociophonetic explanation is that female
speakers are ‘speaking more clearly’. An obvious cor-
relate of this is to take more time to produce the
same phonetic content. However, if both the English
and Swedish females in these data are speaking more
clearly, the durational correlate of clarity would seem
to be restricted mainly to places of prominence, places
which are informationally most salient. This is com-
pensated for by employing shorter durations at other
places in utterance. Does this render such portions
less clear? Looked at from a male perspective, why
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e vowels, in particular back rounded vowels are
er or insignificantly different in length from their
counterparts, similar to the patterns found for
h [3, 4]. Why should these vowels be produced
learly if this is what greater duration implies?

actor directly related to this is that female speak-
ave been found to use less reduced forms [8, 9].
is only partly borne out by our data. Although
reater female vowel duration in “and” may be a
quence of a tendency to reduce less, much of the
unstressed grammatical material was found to

nger for the males, which segment durations are
ent patterns of reduction.

her possible account for sex-specific durational
rns resides in the consequences of differences in
and female articulatory dimensions [10, 11]. Al-
h males traverse greater distances to attain the
phonetic targets, they do so using greater artic-
ry speeds, which may in turn give rise to an over-
mporally shorter movement. Looked at from the
of view of stressed vowel production this could
e factor leading to shorter male durations. How-
a study investigating a number of kinematic pa-
ters involved in the diphthong production [16] in-
es that sex-specific differences in the movement

chief articulator associated with diphthong, the
e dorsum, are not sufficient to account for the dif-

ces in acoustic vowel duration. Instead, it would
to be differences in the synchronization of the
e dorsum with the other articulatory and phona-



tory gestures which gives rise to discrepancies in acous-
tic duration.

Sex-specific differences in phonation may give rise to
different voicing and resonance patterns during por-
tions such as the nasal-plosive sequence in “blend”.
Figure 1 shows the male and female nasal-plosive se-
quence to be complementary in their durational differ-
ence.

These are very broad statements and inadequate in
many ways, but they do lead to the conclusion that
sex-specific durational differences and simiarities are
complex and multi-facetted. They clearly show that
no single factor can be used to derive male durations
from their female counterparts.

Perhaps the most important finding of this study was
that the elicited material is too complex. The choice
of the data used in this study was driven mainly by
the prior observation of sex-specific vowel differences.
However, the apparent complexity of patterns we have
outlined indicates the need for a greatly simplified
and more controlled set of elicitation materials spread
across a number of different experiments. The use of
reiterant speech is one possibility, a technique which
has been successfully employed in cross-linguistic in-
vestigation (e.g. [17]). However, the use of nonsense
syllables may only be appropriate for the examination
of certain aspects and the relationship of nonsense syl-
lable production to the mother-tongue phonetics and
phonology is unclear. Also, the patterns we have de-
scribed indicate that different durational patterns may
be related to place in syllable structure, to a syllable’s
place in the rhythmic structure, as well as to the syl-
lable’s place in the grammar and lexis.
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APPENDIX

sh sentence material taken from task tp019, tp020 and
in the UWDB.:

coat has a blend of both light and dark fibers. (×3)
ss the street stands a country school.
dormitory is between the house and the school.
ume moisture will damage this ship’s hull.
had that much cash I’d buy the house.
these two back.
point of the program will be told before long.
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