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Abstract

We have investigated utterance-initial du-
ration of non-plosive consonants in two
qualitatively different Finnish speech cor-
pora. The goal has been to identify any
possible lengthening or shortening effects
the domain edge (here, the beginning of
an utterance) might have on segmental
duration. Duration was observed at phone
level. The results indicate that cases of
lengthening, shortening, and absence of
any effect all occur. Those are determined
by the speech sounds phonemic identity,
and the results were similar in both cor-
pora. For instance /s/ and /r/ are length-
ened while /j/ and /m/ are shortened.
Contrasted with previous research on
various languages, the phonetic universal-
ity associated with final lengthening does
not apply for initial duration processes.

1 Introduction

Several domains (levels of phrase or utterance)
have been credited to show initial domain-edge
processes in various languages. These processes
have mainly been referred to as either initial
lengthening or shortening. Lengthening refers to
cases in which speaking rate is briefly decelerated
right as the speaker commences articulation.
Shortening is the opposite; the speaker accelerates
(producing relatively short segments) before re-
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suming normal pace. Final lengthening, a domain-
edge process involving considerable slowing down
at the ends of utterances, has been found in practi-
cally all languages investigated. Yet initial effects
have produced contrasting results depending on the
language in question and the methodology used.

Initial lengthening has been reported in Chinese
(Zu & Chen 1998, Cao 2004; syllable duration).
Languages with reported shortening include Swed-
ish (Hansson 2003; syllable duration at word
level), Japanese (Kaiki et al. 1990), and Eskimo
(Nagano-Madsen 1992). Venditti & van Santen
(1998; phone duration) report initial lengthening of
consonants and shortening of vowels in Japanese.
White (2002) has found differences between vari-
ous English consonant sounds.

The phenomenon is likely to be related to initial
strengthening, a stronger contact between associ-
ated articulators such as the tongue and palate.
These two effects, however, have been connected
in no uniform fashion. For instance, Fougeron &
Keating (1997) found that while for American
English /n/ there is spatially greater linguo-palatal
contact initially than medially, the acoustic dura-
tion is in fact shorter. The opposite was found in
Korean by Cho & Keating (2001); in Korean initial
strengthening and lengthening appear to correlate.
Fougeron (2001) has suggested strengthening may
be language-specific. Fougeron also (2001) claims
articulatory variations in initial position are not
conditioned by pauses but occur also internally at
boundaries. In another tradition of terminology,
boundary-adjacency is the common name for final-
ity and initiality.
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Previous investigation (Saarni et al. 2006) into
the matter has revealed what could be considered
initial domain-edge effect on segmental duration.
Lengthening was found in all utterance-initial
vowels (diphthongs included) in syllables such as
V or VC. The lengthening did not extend to the
entire first syllable (such as CV or CVC); cf. Byrd
(2000) for similar observation in English. There
was also shortening of phonologically long plo-
sives, but the general category of non-plosive con-
sonants was hardly affected. The category contains
many articulatorily diverse sounds, however. Since
edge effects in them has been documented in other
languages (cf. White 2002), we decided to examine
them phoneme by phoneme to find out if there are
contrasting qualities that were neutralized in the
former categorical examination.

The potential of corpus studies and phone-level
approach have been mostly overlooked in previous
research. Syllable-level studies, mainly on tradi-
tional elicited laboratory speech, have dominated
duration research. Our previous results have led us
to believe a syllable-level examination will miss
some of the finer details of domain-edge processes.
Not only can the observed phenomenon operate on
a finer time scale than the syllable, but phonemi-
cally specific behaviors do not show if syllables
consisting of different sounds are treated equally.

The study at hand covers the native Finnish
consonants with the exception of plosives and any
phonemically long consonants. Plosives are usually
impossible to measure in initial position since the
sound signal carries no trace of the initiation of the
implosive phase. Long consonants, on the other
hand, are geminates and may not occur in initial
position.

This study is limited to the paradigm of corpus-
based speech acoustics, and cannot as such address
the question of initial strengthening. However,
acoustic duration of speech segments will be care-
fully examined, allowing us to contribute to the
controversy around the seemingly language-
dependent domain-initial edge effects.

At this point, when little conclusive has been
presented on the subject, we need to recognize the
possibility of two different kinds of initial edge
effects. First, the first position is articulatorily pe-
culiar in that there is no excitation sound until the
contact between articulators is already made. For
instance, plosives usually do not have audible im-
plosion phases. Fricatives and approximants may

also start out “half-way”, at the point when a con-
striction of the vocal tract is already reached. Sec-
ond, a longer lasting compression or expansion
may take place (cf. Hansson 2003) independently
of the above-mentioned effect, just like final
lengthening usually increases segmental duration
over a number of phones. White (2002) also points
out that utterance-initial syllable onsets are shorter
than word-initial onsets utterance-medially.

First, the speech corpora used in the study are
briefly described. Second we explain the way in
which the statistical analysis was run on the cor-
pora. Both the numerical results and some descrip-
tion of the figures follow third.

2 Speech Material

Two kinds of Standard Finnish speech corpora
were studied. The first one (‘single-speaker’, or
SS) consisted of sentences picked from a periodi-
cal and read aloud by an adult male speaker. The
reading was done with intent to prepare a corpus
for research use. SS is comprised of 967 utterances
with 41 306 phones. Of these 14 170 are non-
plosive consonants and thus investigated here.

The second (‘multi-speaker’, or MS) consisted
of television news reading, field and weather re-
ports, and oral presentations by 9 men and 6
women, all of whom were professional speakers.
Unlike the individual in SS, these speakers were
not aware their speech would be used for research
purposes. There were a total of 1 148 utterances
and 31 414 phones including 10 584 short conso-
nants.

All in all, there were about one and a half hours
of continuous speech with any and all pauses
eliminated. The corpora were annotated by hand
and improved and rechecked several times both by
a trained human annotator and by computer scripts
designed to detect suspicious annotation. Scripts
were designed for preparing the corpus information
for phone-level statistical analysis, as ~73 000
phones cannot be entered manually.

3 Methods

To examine how duration in utterance-initial
environment develops as closely as possible, we
chose a phone-level approach. It is our conviction
that researchers should not restrict themselves to
syllable and word-level measuring exclusively, as
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has been the trend. Our previous research has
shown that not all phenomena of segmental dura-
tion operate on syllable level. Conversely, some
information may actually be overlooked unless
phone-by-phone calculations are run on the test
material. We organized all the phones into separate
data sets by their phonemic identity and their dis-
tance from the beginning of the utterance. For in-
stance, 22 utterances in SS and 34 utterances in
MS began with the phoneme /r/. All these were
then put into their respective slot “position 17 (see
graphs 1-8 in the results section). In 30 and 39 of
the utterances the second phone was /r/, and all
these were assigned into “position 2”. This was
done to the first 15 positions and all the phonemi-
cally short non-plosive consonants,
/s,r, m, j,n, hyv, 1,1, /. The few and far between
non-native sounds (such as /f/ and /f/) were not
studied, and neither at this point the phonologically
long variants (/s ni, .../) of native consonants. As
geminates, the latter may occur at the earliest be-
tween the first and the second syllable (i.e. position
2). Finally, the mean duration and 95 % confidence
interval were calculated for all positions. The con-
fidence intervals are shown as error bar graphics; if
two error bars do not overlap, their difference is
statistically significant at p<0.05 level. For com-
parison, there is a horizontal line indicating the
mean duration of the phoneme in question. It is the
mean calculated from the entire corpus, not just the
first fifteen positions in the figures.

A caveat on terminology is in order. We prefer
to use the word utterance in the purely phonetic
sense of a single, continuous flow of speech inter-
nally uninterrupted by pauses. There is no refer-
ence to a syntactic unit, such as sentence, made
here. Terminal and non-terminal intonation units
are treated equally, which is not necessarily the
most informative alternative.

4 Results

The results show there is both significant
lengthening and shortening in utterance-initial con-
sonants, depending on what phoneme is examined.
In the figures, the vertical axis shows the mean
duration of applicable segments in milliseconds
and their 95 % confidence intervals; the horizontal
axis describes the position from the beginning of
the utterance. The horizontal line is the mean dura-
tion of all the phonemes in question that can be
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found in the corpus, even those that are beyond the
15 phone scope of the graph. Please bear in mind
that the overall mean is somewhat high due to
segments that have been significantly affected by
final lengthening (Hakokari et al. 2005).

The phonemes can be divided roughly into four
groups. First, the sounds /s/ and /r/ are significantly
lengthened in both corpora. Second, the sounds /m/
and /j/ are significantly shortened in both corpora.
Third, the sounds /n/, /h/, and /v/ are shortened to
some degree in MS but not in SS. Fourth, the
sounds /y/ and /1/ are not affected in either one. The
latter are not shown in the figures below.
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Figure 1. /s/ in SS (left) and MS (right) corpora.

The alveolar fricative /s/, of which there are dis-
tinct rounded and unrounded allophones, is length-
ened initially in the first position and to some
degree in the second. In both corpora there is a
gentle shortening (of dubious significance, though)
after the lengthening before the mean line is
reached. There were a total of 177 utterance-initial
items in both corpora combined, but only 38 in the
second position.
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Figure 2. /r/ in SS (left) and MS (right) corpora.

Phone Position

The medioalveolar trill /r/ shows similar behav-
ior in both corpora. It is considerably lengthened in
the initial position, after which there is no effect.
There were a total of 56 utterance-initial items in
both corpora combined, and 64 in the second posi-
tion.
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Figure 3. /m/ in SS (left) and MS (right) corpora.

The results for the bilabial nasal /m/ are near-
identical for the three first positions in both cor-
pora. Unlike with /s/ and /r/, the first position is
significantly shorter than the following ones. There
were a total of 199 utterance-initial items in both
corpora combined, but only 16 in the second posi-
tion.

soever. There were a total of 112 utterance-initial
items in both corpora combined, and 62 in the sec-
ond position.
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Figure 6. /v/ in SS (left) and MS (right) corpora.

The initial labiodental approximant /v/ is again
slightly shorter than the rest in MS (significance
unclear), but not in SS. There were a total of 144
utterance-initial items in both corpora combined,

-
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but only 12 in the second position. Also /v/ can
only occur in syllable-initial position.
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Figure 4. /j/ in SS (left) and MS (right) corpora.

The palatal approximant /j/ is shortened to some
degree in SS for both initial and second position,
but only for the initial MS. However, the second
position has only one item in MS and three in SS,
making it impossible to hypothesize anything. All
in all, there is much variation in the sound’s dura-
tion beyond the initial position, and the sound is
very hard to segment objectively. Furthermore, /j/
may only occur syllable-initially and its sample
size is relatively low. The first position has 257
items in both corpora combined; we can only con-
clude those are significantly shorter than the mean.
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Figure 5. /n/ in SS (left) and MS (right) corpora.

The alveolar nasal /n/ is slightly shorter initially
in MS than the rest, but its statistical significance is
not clear. In SS corpus there is no shortening what-
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Figure 7. /b/ in SS (left) and MS (right) corpora.

Also /h/ shows no shortening in SS but some in
MS. The second position is particularly pro-
nounced. The sound is frustratingly difficult to
segment accurately due to the variety of strategies
that can be used to produce it, including a variety
of non-modal phonations.
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Figure 8. /I/ in SS (left) and MS (right) corpora.

The lateral approximant /l/ (fig. 8) showed no
effect on duration in either of the corpora.

There was a slight downward trend for /n/ in

MS, though, which might marginally contribute to
initial shortening in a word level examination. /n/
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does not occur in the initial position in Finnish due
to phonotactic restrictions. In educated Standard
Finnish /r/ is mostly realized as a single trill (flap),
but it cannot occur word-initially or finally. It is
very often credited to be a voiced alveolar plosive
/d/ mainly for orthographical reasons. It may be
produced as a true voiced plosive by some speak-
ers, especially in foreign names and recent loan
words, but that is uncommon. In vernaculars it is
either omitted or it has become assimilated with
other sounds; consequently, a variety of strategies
are used to produce the phoneme (see Suomi 1980
for a detailed account). In any case it is marginal in
frequency (only ~2,9 % of all the non-plosive con-
sonants in the material) and does not produce very
reliable results. There were 6 counts of initial /¢/ in
the material showing a high mean duration but lit-
tle consistency.

5 Discussion

As described in the results section, many of the
phonemes displayed deviant duration in the first
(onset) or the first two positions within an utter-
ance. The question of stress must be addressed
first, as stressed syllables are generally expected to
undergo lengthening. Unstressed utterance-initial
speech sounds are next to impossible to study for
reference, since Finnish has an invariable first syl-
lable stress. Unlike in some other first syllable-
stressing languages, such as the closely related Es-
tonian, even foreign loan words are forced into the
same stress pattern in Finnish. Furthermore, the
lengthening as witnessed in /r/ applies to the first
position only (syllable onset) while the second po-
sition represents overwhelmingly the syllable coda
(syllable-initial consonant clusters are not native to
Finnish). Thus, lengthening can be expected in
words such as /ro.po/ (‘a coin, mite’) but not in
words such as /or.po/ (‘an orphant’). Obviously, the
fact that some phonemes are shortened and other
lengthened is equally difficult to explain away in
terms of stress or accent. On the other hand, a fu-
ture study should be done on the corpora to deter-
mine whether any of these effects can be
reproduced with a word-initial instead of an utter-
ance-initial examination.

Another issue is segmentation. The corpora had
different annotators, but the results are still mostly
comparable. However, certain speech sounds are
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more difficult to objectively segment than others.
The trill /r/ makes the following vowel r-colored
making it often a subjective task to determine
where the sound ends. The true approximants /v/
and /j/, well described as glides, are notoriously
difficult to segment, especially in a medial posi-
tion. Neither has any fricative noise in Finnish.
However, the shortening of /j/ and the lengthening
of /r/ are so clear in both corpora it is fairly safe to
say they are not solely products of segmentation
strategies. /v/ and /j/, being phonotactically re-
stricted in Finnish, are unfortunately very rare in
position two and not that common elsewhere either
(in fact may only occur syllable-initially); hence
the great variation in both corpora. The sample size
for the first-position /j/ is considerably greater for
the multi-speaker corpus; being of more informal a
nature, it contains many utterances beginning with
the word /ja/ (‘and’).

Nasal coarticulation may affect adjacent sounds
as well, much depending on the speaker. True na-
sal articulation is still easy to tell apart from nasal-
ized vowels because the oral closure and release
may be pinpointed accurately in the speech signal.
The shortening of /m/ is especially significant,
since the two other nasal phonemes /y/ and /n/
show little or no shortening. White (2002) has re-
ported very similar results for /m/ in his English
test material.

/h/ was slightly affected by shortening in multi-
speaker but not to a slightest degree in the single-
speaker corpus. Since segmenting the sound is an
extremely subjective task, we hesitate to draw any
conclusions on the subject. There is a variety of
allophones and articulatory variation in how the
sound is realized, ranging from breathy phonation
to fricative noise.

The alveolar fricative /s/ was significantly
lengthened initially. The sound also underwent an
exceptional amount of final lengthening as both
phonologically short and long in a past study by
Hakokari et al. (2005). That suggests the sound is
more liable to vary in duration according to its po-
sition in prosodic structure. Shadle & Scully
(1995) have suggested the exact opposite; the
fricative is presumably insensitive to vowel con-
text. Fougeron (2001) has found the sound fairly
insensitive to prosodic context as well, and charac-
terized it as having “few degrees of articulatory
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and acoustic freedom”. The reason for such differ-
ences between languages cannot be answered at
the moment. Differences in method alone do not
feel adequate to count for the discrepancy. On the
other hand, in English, there is no such allophonic
variance (cf. “articulatory freedom™) in /s/ as in
Finnish. In Finnish the labialized allophone [s%] is
acoustically very distinct, with energy at relatively
low frequencies; it is easily interpreted as /{/ by
English speakers. In the absence of a
voiced/voiceless distinction of consonants in the
language it may be produced voiced.

Given that all vowels have been found to un-
dergo lengthening in initial position (Saarni & al.
2006), it is worth noting that either lengthening or
shortening are more common than no modification
of duration at all.

6 Conclusion

This study has observed the duration of short
consonants (plosives excluded) in two qualitatively
different Standard Finnish speech corpora. The
goal has been to identify any possible durational
effects an utterance-initial position has on these
speech sounds. Previous studies have indicated
both language-specific and, within language, pho-
neme-specific initial manipulations of segmental
duration.

The results suggest there is no reason to posit ei-
ther a feature initial shortening or lengthening in
Finnish, as both kinds of durational patterns occur.
Lengthening or shortening seems governed by the
phonemic identity of the segment occupying the
initial position in an utterance. The voiceless sibi-
lant and voiced trill were lengthened, while nasals
and approximants showed various amounts of
shortening. The lateral approximant was the only
sound unaffected in both corpora, although there
was considerable variation in its initial position
that sample size alone does not explain.

The results are not all similar to those obtained
in other languages, which supports the view that
initial duration is not based on strictly universal
premises. Some level of individual variation may
be expected as well, since 2 of the consonants
were, on average, shortened by the 15 speakers of
the multi-speaker corpus, but not by the individual
in the single-speaker corpus.

The instantly visible lengthening and shortening
affect only the first or the first two phones of the

utterance. Word-level examinations were not run
on the corpora at this point, but none of the results
rule out the possible shortening or lengthening of
the entire first word or so. Statistically significant
compression or expansion of the beginning of the
utterance (as in narrow confidence intervals) may
be established only with a great amount of data,
since the intrinsic durations of speech sounds will
induce variation.

Perhaps the greatest contribution of this study is
pointing out that the most common approach used
today, limiting oneself to the syllable level and
making no distinction between different speech
sounds (operating on “syllable duration™), is prone
to miss even the most robust characteristics of du-
ration near the edge of the domain. The results pre-
sented in this paper may be useful for instance in
speech synthesis. On the other hand, the methods
and analysis may be used by researchers in speech
technology to produce viable speech scientific in-
formation (provided they have a corpus readily
available), even when their primary concern is
technological development.
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