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INITIAL AND MEDIAL VOICELESS STOPS IN
SERBIAN: AN ACOUSTIC ANALYSIS

Stops make up a class of consonants that can be found in virtually
all languages of the world. Their significant role in phonemic invento-
ries is further supported by the fact that they are acquired at an early
stage of language acquisition. This paper looks into the nature of the
production of the voiceless stops /p t k/ in word-initial and word-me-
dial positions in the Serbian language. A list of selected Serbian words/
pseudowords is recorded and analyzed acoustically in terms of Voice
Onset Time (VOT) and some conclusions reached as to the importance
of VOT in Serbian, where it is not distinctive. Four different contexts
are studied: word-initial accented, word-initial unaccented, word-me-
dial accented and word-medial unaccented. The present data shows
that Serbian is a short-lag language, as expected, but that VOT is not a
function of stress, which would hardly be hypothesized. Furthermore,
word-medial positions almost invariably show longer VOTs compared
to the word-initial positions. The gradient scale of rising VOTs starts
with the initial accented positions, to initial unaccented contexts, fol-
lowed by medial accented and medial unaccented phonetic contexts.

Key words: stop consonants, voiceless, Serbian, VOT, aspiration,
initial, medial, reverse pattern

1. Introduction

All languages contain a category of stops in their phonemic inventories,
which makes a stop a typical, optimal or ideal representative of the consonan-
tal class. Various parameters are implemented when describing stops in the
world’s languages: phonation type, airstream mechanisms, relative timing of
the onset of voicing, and relative timing of velic closure. The relative timing
of the onset of voicing is in the focus of this paper. Accordingly, stops can be
classified as unaspirated, aspirated and pre-aspirated. We will concentrate on
unaspirated and aspirated voiceless stops, even though aspiration is not pho-
nological in Serbian. However, pre-aspirated stops form phonetic inventories
of a very limited number of world’s languages, and Serbian is not one of them.
Preaspirated stops® are best described as “voiceless stops which are preced-
ed by a period of glottal frication [hp ht hk], as in the Scottish Gaelic words

1 biljana.cubrovic@fil.bg.ac.rs
2 For a full account of the origin, evolution and phonological behaviour of preaspirated
stops, see Clayton (2010).
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bata [pahta] ‘stick’ or put [p"uht] ‘buoy, or the Icelandic words kappi [k"ahpi]
‘contest’ or epli [ehpli] ‘apple™ (Clayton 2010: 2) and are typically found in
word-medial position, even though word-final preaspirated stops also occur,
but less frequently.

The parameter of Voice Onset Time (VOT), which is defined as the time
interval between the stop release and the onset of vocal fold vibration for the
following vowel (Lisker and Abramson 1964) has been a matter of debate in
phonetic studies since it was first introduced in the 1950’s in an attempt to deal
with some heated issues in acoustically-based speech synthesis. Although the
concept was originally designed for initial plosives, it was later implemented
in other contexts, becoming the means of differentiating between voiced and
voiceless stops in a large number of languages. Such a phonetic parameter as
VOT was needed because acoustic measurements at the time were insufficient
to account for the absence of vocal fold vibration in typically voiced conso-
nants. In English, for instance, word-initial and word-final voiced stops may
lack voicing, e.g. [ben], and this triggered the question about a phonetic fea-
ture or features that may play the role in distinguishing between the initial
devoiced [b-] and initial voiceless [p-]. Acoustic studies also relied heavily on
the state of affairs in English, which differentiates aspirated voiceless stops and
unaspirated voiced ones. The answer lies in a timing cue that is referred to
as VOT, and is expressed in milliseconds (ms). It measures the delay of the
onset of voicing following a stop release burst. A longer delay is associated
with voiceless stops, the stage at which the vocal folds remain open for a short
period of time after the release of the stop. Johnson (2012: 101) draws some
attention to VOT measurements, emphasizing that “many languages have a
boundary between aspirated and unaspirated stops at about 30 ms VOT”, the
30 ms VOT being the most common boundary between aspirated and unaspi-
rated stops. This is where auditory phonetics may intervene and we will not
further elaborate on this matter.

Generally speaking, some languages seem to make more use of VOT,
where others do not. Starting from this assumption, Lisker and Abramson
(1964) look into the VOT values for 11 different languages and set up a scale
which has come to be used in later research on stop consonants. To sum their
research up, Abramson (1977: 296) later pointed out that they adopted “the
convention of assigning a timing value of zero to the moment of stop release,
negative values to voicing lead, and positive values to voicing lag”. What they
found was “a tri-modal distribution of VOT values” (ibid: 296). The first cat-
egory centers at -100 ms for a range of values by which voiced unaspirated
stops are represented. The second mode amounts to +10ms and corresponds
to what we know as voiceless unaspirated stops. The category of voiceless un-
aspirated stops seems to be present in the phonetic inventory of Serbian. Last-
ly, the third category of stops centers at +75ms and corresponds to voiceless
aspirated stops. This goes in line with several studies analyzing the delay of
voicing in bilingual speakers, but also providing data for languages that have
unaspirated stops (French, Greek, Spanish), and compared them to the Eng-
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lish long lag realizations. Olson (2013: 414) claims that Spanish-English bilin-
guals perceive aspiration differently in the two languages, and for his Spanish
dominant group the mean value for word-initial /k/ is 35.1 ms in Spanish. This
places Spanish in the group of short-lag languages. An examination of the
French-English bilinguals and their VOT values for French reveal similar re-
sults in one of the experiments where word-initial position was studied (24 ms
for /p/, 19 ms for /t/, and 28 ms for /k/) (Grosjean and Miller 1994: 203). Anto-
niou et al’s (2010) study of VOT of the voiceless bilabial stop /p/ and voiceless
coronal /t/ in word-initial and word-medial in two separate experiments, but
with similar stimuli, reveal the results for Greek monolinguals. Word-initial-
ly, the mean of the VOT for the Greek /p/ is 14.8 ms, and 17 ms for the Greek
/t/. In word-medial positions, the stressed /p/ has a short lag of 14.5 ms, and its
unstressed counterpart is slightly longer (17 ms). In word-medial contexts, the
mean value of VOT for stressed /t/ amounts to 16.3 ms, and it is slightly longer
in unstressed positions, which does not go in line with the expected results for
English VOT. It is widely known that the rise of VOT values is dependent on
the presence of stress. However, this does not seem relevant for Greek stops.

Further research draws parallels with the results that Abramson and
Lisker (1964) obtained in their cross-language study. Their research was only a
trigger for numerous studies in which VOT was measured in normal adult and
children’s monolingual and bilingual speech, and also in a number of speech
disorders both in adults and children. Kent & Read (1996: 108) assign similar
values of VOT for stops, and points out that the delay in voiceless consonants
is on the order of 25-100ms. Kent & Read (1996) truly emphasize that there
can hardly be deduced a single value of VOT that could be used by all speakers
or across phonetic contexts and this still holds true. Various aerodynamic fac-
tors are at play when it comes to the final output of VOT (the mobility of artic-
ulators, effects of the place of articulation of different stops, alongside with the
temporal adjustment between the closure duration and VOT).

Claims are made that VOT also depends on the place of articulation.
Whalen et al (2007: 342) report that VOT values of labial stops are consistently
shorter than the values for lingual stops. However, it seems that some speak-
er variation exists, and some studies show that alveolar stops have a shorter
VOT values than velars (Lisker & Abramson 1967; Zue 1976; Weismer 1979),
whereas others find out that these values are the same (Docherty 1989; Coop-
er 1991). Such differences may be accounted for by the speech rate at which
speakers enunciate the analyzed material. VOT, as a measurement of time
(ms), is dependent on the temporal characteristics of speech. More often than
not, the details of the recording procedures are not clearly stated in articles,
so tempo as a factor in VOT values has to be considered. As briefly mentioned
before, aerodynamics is another factor that explains the differences in VOT
across various places of articulation: the lips are extremely movable due to
their small mass, as compared to the soft palate which is not as agile. Velar
contact is slow and the so-called “double burst” (even triple burst or multiple
bursts) may ensue in the articulation of /k g/.

a(auoeH

Ll-6°€l0C"

111



bumaHa Yybposuh

112

In Serbian there are three voiceless stops: bilabial /p/, dental /t/, and ve-
lar /k/. We will now look into the nature of these three stops in word-initial
and word-medial positions with the aim of measuring VOT values in Serbi-
an speech.

2. Previous research on stops in Serbian

Cubrovi¢ (2012) is a study that looks at VOT values in Serbian and Serbian
English in word-initial stops. Four native speakers of Serbian, whose English
is at the B2 level according to the Common European Framework of Refer-
ence for Languages, are recorded. VOT is measured in word-initial, accented
positions in Serbian and Serbian English. The values for VOT in Serbian are
given in Table 1, whereas the measurements for English as spoken by the same
native speakers of Serbian are summarized in Table 2 below.

STOP Average (ms) Range
Ip/ 221 13:36
It/ 28 21:39
/k/ 52 42:64

Table 1: VOT values for Serbian word-initial stops

STOP Average (ms) Range
Ip/ 31 19:46
It/ 49 34:65
/k/ 63 54:76

Table 2: VOT values for Serbian English word-initial stops

The average VOT values are as predicted. Cumulative values of Serbian
stops seem lower than those typical of Serbian English stops.

What is strikingly noticeable in Tables 1 and 2 is a systematically arranged
increase in VOT values in Serbian English stops, starting from the bilabial /p/,
to the dental/alveolar /t/, ending in the velar /k/. Similar results were obtained
in an earlier mirror study conducted with proficient speakers of Serbian Eng-
lish. The average VOT values for this group of speakers for Serbian English
were slightly higher (39 ms for /p/, 64 ms for /t/, and 71 ms for /k/) (Cubrovi¢
2011: 15). This may lead to a conclusion that aspiration is a phonetic phenom-
enon that is acquired gradually. Non-native speakers of English are obviously
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able to slowly stretch their VOT, until its numerical values reach the point
where native speakers perceive the relevant consonants as voiceless aspirated.

3. Experiment and discussion

In the present study, we will look into the word-initial and word-medial
stops in Serbian, with regard to aspiration. The informants are four native
speakers of Serbian (average age, 20: 9). They were asked to read three trisyl-
lables of Serbian, and wherever possible real words of Serbian were used (e.g.
tatama). However, this was not possible in all contexts so we used pseudow-
ords in such contexts. Stops were produced preceding and following a low
vowel /a/ (low vowels are associated with lower velum positions than high
vowels, which may influence the appearance of a nasal). Target syllables are
embedded in carrier phrases and recorded at a sampling rate of 22,050 Hz.
All stimuli are repeated five times and VOT values measured using Praat
software 5.3.55.

Standard Serbian is described as a language with two types of pitch ac-
cents, ‘falling’ and ‘rising’, and even though these conventional labels often
fail to reflect phonetic reality (Lehiste and Ivi¢ 1986: 42), they are still widely
used. Care was taken that the pitch accent in the corpus is unaltered in all
trisyllables, and that the length of the vowel in any syllable is the same. All
syllables analyzed in the present study have a short vowel. Four different posi-
tions in the trisyllables have been studies: initial accented (abbreviated to IA),
initial unaccented (IU), medial accented (MA), and medial unaccented (MU).

The measurements are provided in Tables 3-6, for any chosen stop, bi-
labial/ dental/ velar respectively, depending on the stress and position in a
particular word/string of syllables:

STOP Average (ms) Range
Ip/ 13 8:18
It/ 16 12:20
/k/ 39 22:60

Table 3: VOT values for word-initial accented stops

It is worth noting that in the word-initial positions (either accented and
unaccented), the bilabial stop has the shortest VOT, followed by the dental
plosive. As expected, due to the aerodynamic conditions, the velar stop /k/ has
the longest lag.
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STOP Average (ms) Range
Ip/ 15 11:35
It/ 20 10:31
/k/ 36 23:48

Table 4: VOT values for word-initial unaccented stops

The measurements for the word-medial positions as given in Tables 5-6.
Serbian medial stops are characterized by slightly longer VOT values com-
pared to word-initial positions. The only exception is the accented word-me-
dial dental /t/ whose average values are equivalent to the word-initial accent-
ed position (20 ms). In the languages which differentiate between voiceless
aspirated stops and voiced unaspirated stops, like English, initial accented
positions are normally characterized by longer lags (Cooper 1991). Accord-
ing to the data, Serbian seems to show a reverse pattern, but the differences

are very slight.
STOP Average (ms) Range
Ip! 17 11:43
It/ 20 13:36
/k/ 44 22:60

Table 5: VOT values for word-medial accented stops

STOP Average (ms) Range
Ip! 18 11:31
It/ 21 12:32
/k/ 43 28:59

Table 6: VOT values for word-medial unaccented stops

114



INITIAL AND MEDIAL VOICELESS STOPS IN SERBIAN: AN ACOUSTIC ANALYSIS

The VOT measurements in all four positions are very similar, to the effect
that if shown on a gradient scale, the difference would most likely be lost. The
lowest VOT values are characteristic of the bilabial stop /p/ for the four posi-
tions are 13 ms (IA), 15 ms (IU), 17 ms (MA), and 18 ms (MU) respectively.
The dental /t/ shows the following values 16 ms (IA), 20 ms (IU), 20 ms (MA),
21 ms (MU). The findings for /p/ and /t/ run counter to what we would expect.
The presence of accent does not seem to influence the rise in VOT values of
Serbian /p t/. Moreover, medial stops, as opposed to initial stops, have higher
VOT values. The results for the velar stop are as follows: /k/ 39 ms (IA), 36 ms
(IU), 44 ms (MA), 43 ms (MU). In this case, accented syllables (both initial
and medial) have a higher VOT value, and the lack of accent affects the de-
crease in VOT values. Graph 1 below presents all the numerical values for the
Serbian VOTs in all four contexts relevant for the present study:
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Graph 1: Cumulative VOT measurements (mean values in ms)

4. Final remarks

The results of the present study show that Serbian is a typical short-lag
language, which is an expected finding. Long-lag VOT is not necessary in the
Serbian realizations of /p t k/ due to the fact that it would not need to be imple-
mented as a distinguishing feature between these three consonants, and their
voiced counterparts /b d g/.

However, we assumed that the VOTs of the initial Serbian stops would
have higher mean values compared to those in word-medial positions. The
present findings are not compatible with this assumption in that the Serbian
medial stops invariably show longer VOT values. Thirdly, stress was manipu-
lated in the data to the effect of checking whether the patterns of VOT vary
as a function of stress. Strikingly, Serbian accented syllables are characterized
by shorter VOTs, unlike the English stressed syllables, for example. This con-
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clusion goes in line with Antoniou et al’s (2010) results for Greek. As a final
note, the present study is only a small-scale pilot study, and for the claims to
be confirmed we would need more informants and more data. Even though
the number of informants is limited in the present study, it is worth pointing
out that Serbian and Greek, show a similar phonetic tendency when it comes
to the relationship between aspiration and distribution and the factor of stress.
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AKYCTUYKA AHAIN3A THUTINJATTHUX 1 MEOUJATTHUX
IVTIO3UBA Y CPIICKOM JE3UKY

Pesume

IT7103MBY Cy KOHCOHAHTY KOjU Cy 3aCTyI/beHM Y GOHETCKOM MHBEHTapy TOTOBO CBAKOT
HaMa ITO3HATOT je3NKa. JeflaH Off pas/ora bIUX0oBe IMPOKe 3aCTYI/bEHOCT! je BepOBATHO U
4MI>EHMIA /1A [Iella OBE KOHCOHAHTE YCBajajy Ha CaMOM IOYeTKY je3u4Kor pasBoja. OBaj 4/a-
Hak 6aBy ce 6e3ByIHUM I/T03UBMMa /P t K/ y CPIICKOM je3uKy U TO Kajja Ce OHU Hajlase y MHNU-
1[MjaIHOj VI/IM MeAMja/THOj HO3UIIMjI Y Pedn, OfFHOCHO cnory. OfabpaHa K1aca pedi, OLHOCHO
HU30Ba C/IOTOBA IIPeIMeT je aHanm3e oBor paja. PoHeTcKa 10jaBa IMO3HATa Yy AHTINCTIYKO]
nutepatypu Kao Voice Onset Time (VOT), 1j. Bpeme HacTyma 3By4HOCTH, IIPeIMET je aKy-
CTUYKIX MEpeba y OBOM pajly, jep Huje IIO3HATO y KOjOj MeEpU FTOBOPHUIM CPIICKOT je3nKa ac-
nupyjy 6e3BydHe IaosuBe. AHaIM3M Cy HOABPTHYTa 4eTHpK POHETCKA KOHTEKCTA y KOjuMa
ce Mory Hahy NIO3MBM CpPIICKOT je3uKa: MHUIIMjaTHM aKIIEHTOBAHM CJIOT, MHUIIMjaTHN He-
aKLIEHTOBAHU C/IOT, Me[MjaTHM aKI[eHTOBAaH!U M MeAMja/IHM HeaKLeHTOBaHM CIOTOBU. AKY-
CTUMYKA aHA/IM3a OffabpaHMX C/IOTOBA yKa3yje Ha TO /ja BpeMe HacTyIa 3By YHOCTH Y CPIICKOM
jesuky Huje 6uraH poHonmomky pakrop, Oyayhu fa Ha wera He yTUUYy HU [TO3ULIMjA AHAIN-
3MpaHOT C/IOTa Y PeYu HM MeCTO akIlieHTa. Hajsuie mpoceuyHe BpeIHOCTY BpeMeHa HaCTyTIa
3BYYHOCTU M3MEPEHe Cy y Me[J/ja/IHOj HEaKLIEHTOBAHO] MO3ULIMjI, IUTO jeé CACBUM CYIIPOTHO
OYEKMBAaHMM pesynraTumMa. HakoH Tora, BpeIHOCTY Cy HEIITO HVDKE Y MeJMjalHOj aKIeH-
TOBaHO] NMo3uLMju. VIHMIIMjaTHa aKlleHTOBaHa MO3MIMja YKa3yje Ha HajHM>Ke BPEJHOCTH, a
671aro cy BUIIIe OHe Koje Cy M3MepeHe Y MHUIMja/THIUM HeaKIleHTOBaHMM IO3NIIMjaMa.

KipyuHe peun: mmo3uBy, 6e3ByuHu, cprucku jesuk, VOT, BpeMe HacTyma 3BYYHOCTH,
acnmpanuja, MHUILMjaIHa II03UIINja, MeiMjalHa II03uLuja, o6pHyTH obpasary
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