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ABSTRACT

This paper inspects the details of a phenomenon called pre-fortis short-
ening, the existence of which is widely acknowledged by phoneticians. It
occurs in VC sequences where the final consonant is voiceless (fortis). For
English, the difference in the duration before fortis and lenis consonants
is recognized as a cue of the consonant’s voicing, since the actual voicing
tends to be missing. The study compares the extent to which pre-fortis
shortening is employed by native speakers of English and by Czech stu-
dents of English with different degrees of foreign accent. The results sug-
gest that the difference in the duration of pre-fortis and pre-lenis vowels
is considerably lower in connected speech than in previously reported
results, even in native speakers, with the difference more pronounced in
long (tense) vowels.

Key words: vowel duration, fortis and lenis consonants, pre-fortis short-
ening, Czech English

1. Introduction

The duration of individual segments in speech has been researched from several
perspectives. Leaving aside higher-level cognitive decisions determined by the commu-
nicative intent, it is possible to identify several factors which affect the ultimate duration
of vowels and consonants in connected speech. The following paragraphs will focus on
vowels only, not only because it is their duration that will be investigated in this paper, but
also because studies on vowels are more numerous. Van Santen (1992) lists seven factors
which have quantitative effects on vowel durations, some of which will be discussed here
in some detail.

The effect of the position of the word in a sentence concerns mostly those words in the
vicinity of phrase boundaries. It has been demonstrated that a word-final syllable (or its
nucleus, the vowel) is longer when followed by a syntactic pause than when it is located
within a phrase, a phenomenon called prepausal lengthening or, more appropriately, final
deceleration (Volin and Skarnitzl, 2007). The increase in duration found by Crystal and
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House (1988b) was 40%, and the speakers in Byrd’s (2000) study manifested more than a
50% increase in the duration of vowels before major prosodic boundaries.

The second aspect playing a role in vowel duration relates to the notion of word stress.
Crystal and House (1988b) analyzed vowels in stressed and unstressed syllables, and they
showed that the difference between the duration of an English vowel in a stressed and
unstressed syllable is 70 ms on average, which is quite substantial. Vowel duration is thus
one of the key correlates of stress in English (Cruttenden, 2008: 237; Roach, 2009: 74).

On top of the position of the word within a sentence and of the syllable within a word,
each vowel can be said to have its inherent duration. Klatt (1976: 1213) pointed out that
the vowels /1 € A 0/ are generally shorter than other English vowels. Crystal and House
(1988a) specify these other vowels as /i e & a 0 0 u/ and call them long (tense), as opposed
to the short ones (lax). It is worth noting that the vowel system presented in their study
relates to American English; their /e/ and /o/ correspond to the diphthongs /e1/ and
/avu/, respectively in British English. The term inherent duration, however, is typically
associated with another observation, namely that vocalic duration tends to vary inversely
with vowel height (see, e.g., Lehiste, 1970: 18 or Crystal and House, 1988a and studies
quoted therein). This finding has a natural explanation: low vowels are intrinsically longer
because it takes more time for the articulators (tongue, jaw) to move downwards into the
target position for /e a/ and back up again. Crystal and House put this hypothesis to test
on long vowels and found out that this finding holds only for the high-nonhigh distinc-
tion: vowels in the mid section were not shorter than open vowels.

Consonants have their inherent durations as well, mainly with respect to their voicing
status. In what appears to be a linguistic universal, voiceless obstruents have been shown
to be longer than voiced obstruents (Klatt, 1976; Jessen, 1998; a summary of studies deal-
ing with consonant duration in Czech can be found in Skarnitzl, 2011: 104ff.).

Having mentioned findings about inherent segmental durations, let us turn to the next
factor, namely the effect of combining speechsounds in a sequence. Vowels were discov-
ered to behave in a certain way before certain consonants and that gave rise to the notion
of compensatory shortening. The original underlying assumption stated that the duration
per syllabic unit is relatively constant (Chen, 1970: 146); in other words, the inherent seg-
ment durations would be compromised so that the even flow of syllables is not disrupted
(also called the isochrony hypothesis). Thus, obstruents and vowels are known to mutually
affect each other in duration, as summarized by Macha¢ and Skarnitzl (2007).

On the one hand, obstruents appear to be affected by the (inherent) duration of the
tautosyllabic vowel, being longer in the neighbourhood of close vowels like [i u], which
are shorter, and shorter in the context of (inherently) longer open vowels like [a]. On the
other hand, the duration of vowels has been demonstrated to vary depending on the voic-
ing status of the neighbouring tautosyllabic obstruent: vowels are shorter when flanked
by fortis consonants (which are longer) than when flanked by lenis consonants (which
are shorter). It is this second type of temporal compensation which will be the subject of
our study. In Czech, it manifests itself more in CV sequences, as these are tautosyllabic,
unlike Czech VC sequences (see Machac¢ and Skarnitzl, 2007). In English, however, where
the intervocalic consonant in words like many, discover, or latent is syllabified with the
preceding (stressed) syllable (see Krakow, 1999 or Wells, 2008: XXVTI), the effect is sub-
stantially greater in VC sequences. That is why this compensatory shortening has been
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called specifically pre-fortis shortening: other things being equal, vowels will be shorter
in English words like litre [li'ta] and latter [1&@ta] than in leader [li:da] and ladder [leeds],
respectively. It is the voicing feature of the consonant following the vowel in question
which is the key factor used for interpreting the changes in vowel duration. Van Santen
(1992) showed that the difference in the duration of pre-fortis and pre-lenis vowels can
be up to 120 ms.

The last century has seen several explanations for this phenomenon, which appears to
constitute a linguistic universal. A very influential theory was voiced by Simon Belasco
(1953; in Chen, 1970: 140): Given that a fortis (voiceless) obstruent takes more force to
produce (as the term “fortis” implies), the anticipation of spending more energy on it
shortens the preceding vowel. Similarly to the notion of compensatory shortening, it is
implied here that each syllabic unit takes a constant amount of energy to produce, so that
the energy expended to produce the vowel varies inversely with the energy consumed by
the following consonant.

Chen (1970) proposes his own theory, according to which the difference in the dura-
tion of vowels preceding consonants depends on the speed of the transition from the
vowel to the consonant closure (152). This transition is faster when the speaker antici-
pates greater effort in holding the articulators together (e.g. lips with /p/). Such greater
effort is necessary in the case of fortis (voiceless) plosives, because pronunciation with
an open glottis leads to greater building up of intraoral pressure behind the articulators.
Lenis (voiced) plosives do not require such effort, therefore the transition can be slower.
Compare the duration of the transition phases in Figure 1 below.

Chen investigated various languages and, as Figure 2 shows, different languages
exploit pre-fortis shortening to different extents. While Korean, Russian and French man-
ifest ratios of mean vowel durations before voiceless/voiced consonants between 0.78 and
0.89, the same ratio is substantially lower for English (0.61). This is because in English
the distinction between vowel duration has become a cue of the final consonant’s voic-
ing. English does not neutralize voicing in the word-final position (unlike Czech, for
example), but voicing is difficult to control word-finally and is often lost. In order for the
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Figure 1. Two VCV schemes showing the durations of transition phases from a vowel to a voiced and
voiceless plosive. From Skarnitzl, 2011: 109; adapted from Chen, 1970: 153.
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contrast to be preserved, the difference in the duration of the preceding vowel is greater.
Although there are no data for Czech (also because, as we have mentioned, a consonant
in a VCV sequence typically belongs to the following syllable), it is assumed that Czech
vowels behave similarly to the other languages depicted in Figure 2, with the ratio lying
in the 0.8-0.9 region.

The objective of the present paper, which is partially based on a preliminary analysis
by Fejlova (2012), is, therefore, to compare native speakers of English with Czech stu-
dents of English, and specifically, the degree to which they employ pre-fortis shortening in
English VC sequences. Our hypothesis is that this degree will correlate inversely with the
strength of foreign accent in Czech English: the distinction between pre-fortis and pre-le-
nis vowels will be less apparent in speakers with a strong Czech accent, while native-like
and native speakers of English will demonstrate a clear-cut difference between vowel
duration preceding a voiced and a voiceless obstruent.

2. Method

For the purpose of this paper, we examined recordings of BBC World Service news
bulletins read by 13 female speakers, Czech students of English and American studies at
the Faculty of Arts in Prague, as well as original recordings by four female newsreaders
from the BBC. The recordings of the Czech students were obtained in a soundproof
booth with a studio electret microphone IMG ECM 2000 and digitized at the sampling
rate of 22,050 Hz. These speakers had been previously placed in three separate categories,
A (native-like or near native-like pronunciation), B (discernible but not strong Czech
accent) and C (a strong Czech accent); see Skarnitzl et al. (2005) for more detail.

The nature of the speech material in our study differs largely from studies which
focused on pre-fortis shortening: earlier studies made use of the target words — cognate

Relative duration

English French Russian Korean

Figure 2. The results of Chen’s comparison of vowel duration in minimal word pairs in English, French,
Russian and Korean (see text). Adapted from Chen, 1970: 138.
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pairs of words like /bi't/ and /bi:d/ - embedded in carrier phrases, or even pronounced in
isolation (e.g., Chen, 1970; Wardrip-Fruin, 1984). Our words were extracted from com-
municatively meaningful texts, and the vowels thus appeared in numerous consonantal
contexts and prosodic positions. Naturally, however, this may turn out to be a crucial
factor which may render the results more fuzzy than predicted in our hypothesis.

The recordings were automatically segmented using the Penn Phonetics Lab Forced
Aligner (P2FA, Yuan and Liberman, 2008), and the boundaries of the target speech-
sounds were then manually adjusted following the principles listed in Macha¢ and
Skarnitzl (2009).

In order to reduce the effect of speech rate on vowel duration, the raw vowel durations
were normalized against local speech rate. For each target word, one stress group on each
side was marked and the duration of the target vowel normalized against the number of
syllables contained in the three stress groups.

All the necessary data was then extracted from the material with the help of a script
in Praat (Boersma and Weenink, 2012). We analysed a total of 637 vowel tokens from
the 13 Czech speakers of English and 206 tokens from the newsreaders. These were only
vowels in stressed syllables and breath-group non-final positions (in order to eliminate
the effect of final deceleration). The number of tokens per vowel quality was not equalized
since the material had not been designed with this phonetic study in mind. For the same
reason, the number of tokens in pre-fortis contexts slightly prevailed over the number of
tokens in pre-lenis contexts.

Statistical analyses with the normalized vowel durations as the dependent variable
were carried out in Statistica, version 7; the phonological voicing status of the following
obstruent (fortis or lenis) always served as one of the independent variables. Only the
underlying fortis/lenis identity was decisive, disregarding the sometimes imperfect phys-
ical realisation of voicing, especially in speakers with a Czech accent (groups B and C).

normalised duration

40+ % """"""""""""""""""""""""""""" —§— pre-lenis vowels

...ﬂ..- pre-fortis vowels

C B A N

Figure 3. Mean normalized durations of vowels preceding lenis and fortis obstruents for the individual
categories of speakers: C, B, A, and N (referred to as speaker “quality”). Vertical lines indicate 95%
confidence intervals of vowel durations before lenis and fortis obstruents. The asterisk indicates a
significant result at the p < 0.05 level.
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3. Results and discussion

The first point of interest in our analysis was whether the (normalized) vowel duration
data truly are distinct for pre-fortis and pre-lenis contexts. The results presented in Figure
3 show that they are, with the difference reaching statistical significance (p < 0.05) for
native speakers (group N) and for the Czech group with a recognizable but not strong
Czech accent (group B).

Concerning the way durational difference is pronounced depending on the degree
of foreign accent, we hypothesized that the “gap” between pre-lenis and pre-fortis data
would gradually widen proceeding from category C (strongest Czech accent) to N (native
speakers). Mean vowel durations were indeed most similar in category C (with a ratio
of 0.85, and therefore close to Chen’s data on French and Russian, which we mentioned
in the Introduction). However, category B speakers yielded a lower duration ratio (0.81)
than speakers in the native-like category A (0.83). A follow-up inspection revealed that
this was caused by a single speaker in category B who achieved remarkably significant
results, with the duration ratio of pre-fortis/pre-lenis vowels being as low as 0.67. Had it
not been for this speaker, the ratio for category B would be 0.88. The given values support
the claim that Czech vowel duration ratios are similar to French (see Figure 2). Category
N performed best, although the ratio obtained (0.73) was only halfway between the val-
ues of Czech speakers and the value given by Chen for English (0.61).

The following step was to examine in more detail the categories with the best pronun-
ciation, A and N, to find whether there were any strong influencing factors as in category
B. It is plainly visible from Figure 4 that speakers BCA and HNA in category A essentially
do not distinguish the duration of pre-fortis and pre-lenis vowels, while the data of speak-
ers JLA and KCA are comparable to those of the native speakers. However, in none of the
speakers can we find a clear-cut, statistically significant distinction between pre-fortis
and pre-lenis vowel durations. The lowest ratios of means were achieved by speakers JIA
(0.76) from category A and EMA (0.75) from category N.
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Figure 4. Mean vowel durations (fortis/lenis contexts) for speakers within category A (left side) and N
(right side).
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These results seem to suggest that pre-fortis shortening is hard to detect in fluent
speech. In other words, the differences in vowel durations before fortis and lenis con-
sonants reported from carefully controlled speech are, naturally, somewhat blurred in
communicative contexts, even for native speakers. Speaker MILA, who had caused the
significance of results for category B, was special in that she spoke very slowly and care-
fully.

In the next step, we wanted to examine the possibility that the duration difference
between pre-fortis and pre-lenis contexts may be more manifested in some vowels than
in others. Specifically, we considered it as conceivable that the difference might become
more pronounced in phonologically long (i.e., tense) vowels than in phonologically short
(i.e., lax) vowels. The results in Figure 5 show one noteworthy result, namely the tendency
for the duration of short vowels to increase across categories (from C to N). Within one
category (except cat. A), it seems that short vowel durations are greater in pre-fortis than
pre-lenis contexts (which runs against the rule of pre-fortis shortening), but the difference
is statistically insignificant. More importantly, however, the difference in vowel duration
before fortis and lenis obstruents is greater in the long vowels in all speaker categories,
though reaching statistical significance only in categories B and N. It therefore appears
easier for the phenomenon of pre-fortis shortening to manifest itself on tense vowels with
alonger temporal span; it is possible that the lax character of short vowels does not allow
for fine temporal manipulations, especially when faster speech rates are involved.

4, General discussion and conclusions

As was argued in the preceding section, the fact that some of the results did not con-
firm our original hypothesis appears to owe much to the nature of fluent speech. Category
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Figure 5. Mean vowel durations for categories C, B, A, and N, depending on the “phonological” length of
the vowel. The circles represent tense, long vowels (/a: i: u:/) including the diphthongs (/a1 av e1 o1 2v/),
and the squares correspond to lax vowels (/A & e 1D u/). * = a significant result at the p < 0.05 level; ** =
a highly significant result at the p < 0.001 level.
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5.6

speech rate (syll/sec)

42

Figure 6. Speech rate in syllables per second given for categories C, B, A, and N, organised in order of
proficiency.

A speakers with native-like English pronunciation did not yield the lowest pre-fortis/
pre-lenis vowel duration ratios from the Czech speakers, presumably because the dif-
ferences between vowel durations in the fortis and lenis contexts were obscured due to
faster speech in proficient speakers; as can be seen in Figure 6, speakers in groups A and
N did speak considerably faster.

Category N proved to display the greatest effect of pre-fortis shortening, which was
best visible on its long vowels (Figure 5). However, this category also contained pre-for-
tis tokens of the longest duration (Figure 3). It may be that strong emphasis put on key
words by the newscasters, for the sake of pointing out important information, affected
the overall target vowel durations.

It is clear that in natural, fluent speech, there are many factors which affect the dura-
tion of vowels; some of these were mentioned in the Introduction. Moreover, van Santen
(1992: 533) asserts in his study that when examining vowel duration, two syllable-po-
sition factors have to be taken into account: the stress-interval based factor and the
word-based factor. Integrating the stress-interval based factor agrees with our method of
normalising vowel duration against local speech rate. However, to include the word-based
factor would mean to make separate classes of vowels in word-initial, -medial, and -final
syllables because, according to van Santen, vowel duration depends on the number of
syllables from the word’s end (534).

The same author argues elsewhere in the text that it is the manner of articulation of the
following consonant that matters more than its voicing distinction (ibid: 527). He shows
that the two factors interact, and arranges consonant classes by how the vowel before
them gradually increases in duration: Voiceless stops > Voiceless affricates > (Liquids) >
Voiceless fricatives > (Nasals) > Voiced stops > Voiced affricates > Voiced fricatives (ibid:
529). However, to include such factors in our study would require a considerably larger
speech material.

In conclusion, pre-fortis shortening is a phenomenon easily found when we compare
cognate pairs pronounced in isolation; however, in connected speech and in vowels
extracted from various prosodic contexts, the difference in the duration of pre-fortis and
pre-lenis vowels is much lower. The speech rate of more experienced speakers blurred
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the pre-fortis/pre-lenis difference, so that the data of nearly all speakers maintained some
degree of overlap. The pre-fortis/pre-lenis distinction was manifested in a more stable
manner in tense (long) vowels; the question remains whether it is their tense character
which makes it possible for the distinction to appear, or whether it is the physical short-
ness of lax vowels which does not provide for further shortening.

If we were to suggest directions for future work, it would be interesting to include
van Santen’s criteria when selecting target words for analysis and to come another step
towards disentangling the effect of various factors which define pre-fortis shortening in
commonly spoken English. This could also be done on data from Czech speakers of
English extracted from fluent speech, with respect to the question of how the presence
of pre-fortis shortening better correlates with the speakers’ proficiency in English.
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KRACENI VOKALU PRED NEZNELYM KONSONANTEM VE CTENE RECI:
SROVNANIi CESKYCH A RODILYCH MLUVCiCH ANGLICTINY

Resumé

Dlouzeni vokalu pred znélym konsonantem je foneticky jev, ktery byl pro angli¢tinu popsan jiz
v 50. letech minulého stoleti: rané studie ukdzaly, Ze hraje roli pfi rozpoznani znélostni povahy daného
konsonantu, jelikoz znélost jako takové ¢asto neni fyzicky zachovana. Cim delsi je trvani vokalu, tim vice
je nasledujici konsonant vniman jako znély. Pokud ptistoupime na hypotézu, Ze v feci existuje tendence
k vyrovnavani trvani v ramci slabiky, vyplyva z toho i doplikovy jev kraceni vokalu pred neznélym
konsonantem, nebot se tak kompenzuje deli trvani neznélého konsonantu. Tento druhy jev byl tradi¢né
testovan a potvrzen na sadach oddélené vyslovovanych slov, kterd tvorila minimalni pary. Zda se vsak,
ze neni zdaleka tak stabilni v plynulé fec¢i. Pfi zkoumani ¢tenych vét od ceskych a rodilych mluveich
anglictiny se ukazalo, Ze rozdil mezi trvanim vokalu v neznélém (fortisovém) a znélém (lenisovém) kon-
textu neni pfili§ markantni. Nejlépe $el pozorovat v ptipadé, kdy se zvlast zkoumaly fonologicky dlouhé
(napjaté) vokaly. Je tedy diivod se domnivat, Ze by pro lepsi postizeni kraceni vokélu pred konsonantem
Takovid klasifikace by pak mohla byt pouzZita pfi zkoumani plynule mluvené angli¢tiny ¢eskych mluveich
s cilem zjistit, zda se projevi jednozna¢néjsi pfima umérnost mezi zdatnosti v angli¢tiné a mirou vyskytu
kraceni pred neznélym konsonantem.
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