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Abstract — This paper presents the results of investigation
in duration of fricative /[/ on isolated word corpus. It was
analyzed the initial, medial and final position of /[/ in the
words, and effects of word duration, syllable accent and
coarticulation. Results showed the least duration /[/ in medial
position, largest and most stable in final position, and a
larger one in shorter words and syllables with short accent.
Coarticulation effects are different and significant depending
on articulation distance of /f/ and following voices.
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[. INTRODUCTION

HONEME duration is an inherent characteristic of every
language’s phonetic system. It is a significant
characteristic of every phoneme in realisation of continual
verbal communication, not only in the linguistic, but also
paralinguistic and extralinguistic aspect. Research on this
phoneme dimension in the linguistic domain has lasted
some time [1], [2] and, with development of contemporary
speech technologies, has gained significance in the
domains such as speech and speaker recognition, speech
synthesis and natural language processing [3]. On the
other hand, duration as a trait arouses interest in analysis
of deviation and pathology in phoneme articulation [4].
Phoneme duration in spoken language is dependent on
numerous factors such as position of phoneme in a word,
the phonetic context, influence of accented syllable in a
word, whether it is positioned before or after a pause, etc.
[5]. Complexity of this issue lead to extensive research
specific to every language, such as American English,
Dutch, Spanish, German, French [6], etc., as well as
comparative analysis for these languages [7]. Phoneme
research on the linguistic level [8], [9] is also present for
the Serbian language on the technological level, in
optimisation of a TTS (text-to-speech) synthesis of the
Serbian language [10], and research on distortions in
articulation of certain phonemes [11].
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This study is focused on analysis of fricative /f/
duration, in isolated words in Serbian. Fricative /[/ has
been selected as a typical representative of unvoiced
fricatives, being the most intense, of most greatly defined
articulation and easily segmented in the context of other
phonemes. Analysis was carried out for the position of /f/
in a word and influence of three dimensions on /[/
duration: word length, accented syllable where /f/ is
located and coarticulation of /[/ with closest phonemes.

II. EXPERIMENT ORGANISATION

A. Creation of the speech corpus

The speech corpus for the study’s needs consists of 85
two-syllable isolated words, 3 three-syllable words and 2
one-syllable words. The speech corpus is presented in the
appendix. All the words in the speech base are accented
with four Serbian accents:” - short-falling, — short-rising, "
- long-falling and ~ — long-rising.

The speech corpus words have been chosen with the
fricative /[/ being in all three positions: initial, medial and
final. For the initial position, there are 25 words with /[/
five times in front of all five vowels of the Serbian
/a, e, 1, 0, u/. In the third position, there are consonants (C)
from all phonetic groups (plosives, fricatives, affricates
and sonants) behind the vowel (V), but only those which
can form a combination /[VC../ which can be found in the
Serbian language. The next 25 words with the initial /f/
have one of the plosives or sonants in the second position.

In the medial position, /[/ has been placed in 20 words
between the same vowels, different vowels or consonants
and combinations of vowels and consonants. In the final
position, /[/ has been placed in the next 20 words, always
following the vowels, which is the most frequent form in
the Serbian language. This selection of words was used for
analysis of coarticulatory effects between /[/ and other
voices.

B. Recording of the speech corpus

There were 12 speakers with standard Serbian
pronunciation, producing words for the speech corpus (4
men and 8 women). Their ages were from 24 to 60.
Pronunciation of all speakers was correct without
distortions or pathological deviations.

The speech corpus has been recorded on a standard PC
with 16 bits resolution and sampling frequency of
22050 Hz. The recording was carried out in a soundproof
room with microphone type AKG C568EB. The speakers



pronounced the words with a neutral tone, without
emotions, using their own tempo and intensity with a
pause of 3 to 5 seconds.

C. The segmentation procedures

The segmentation of fricative /[/ for the whole corpus
(1080 words) was carried out auditorily and visually by a
phonetician with the help of Praat software [12]. The
greatest problem in segmentation was establishing the
final boundary of /f/ at the end of words, as well as
prolonged duration of friction in occlusions of unvoiced
plosives behind /f/. The main criterion of cessation of final
/[/ articulation was ending of its spectral structure
consistency.

III. EXPERIMENT RESULTS

A. Position in the word

Mean duration of fricative /[/ in the initial, medial and
final position in isolated words of the recorded speech
corpus is presented in table 1. Average values have been
given for every position by stimulus and by speaker. The
table also shows standard deviations for each three
positions: the standard deviation for all measured results
SD,;, the standard deviation between average values of
stimulus SDg;mu; as well as the standard deviation between
speakers SDgpeaker-

TABLE 1. DURATION OF FRICATIVE /f/ IN (ms).

Initial Medial Final
Mean 188,24 177,01 272,64 (266,17)
SD.; 41,72 34,2 46,43 (40,82)
SDimuti 23,43 19,96 22,82 (11,71)
SDgpeaker 26,64 24,1 33,43 (32,30)
SD,; /Mean 0,2216 0,1932 0,1703 (0,1534)

Results show that duration of fricative /[/ is the shortest
for the medial position, to some extent longer for the
initial position and the longest for the final position. The
difference between the initial and medial position is not
statistically significant and is generally caused by stressed
pronunciation of the first sound in a word pronounced

isolated.

When duration of fricatives /7 in all three positions are
compared based on coefficient of variation, defined as a
ratio between the standard deviation and mean
(SD,/Mean), it can be seen that fricative /f/ in the initial
position is liable to greatest changes.

Results show that duration of fricative /J/ in the final
position is the greatest and most stable. This result can be
explained by the fact that in the final position, /[/ only has
vowels which precede it, which is a characteristic of the
Serbian language. In addition, for the final position,
results have shown that duration of the final /[/ in one-
syllable words /tuf/ and /kuf/ are much greater compared
to all other two-syllable and three-syllable words and is
about 330 ms (this result will be discussed later).
Excluding these results from the analysis, the values are
lower for all results in table 1 for the final position. They
are lower especially for standard deviation between the
stimuli SDg;mu and coefficient of variation. These results
show a great level of autonomy in articulation of the final
/1.

B. /[ in initial position

Figure 1 shows the distribution of average durations of
all 50 initial fricatives /[/ presented by a growing trend.
The distribution is nonlinear. Three segments of the
distribution can be interpolated by linear regressions with
significantly different slope coefficients. This fact points
to different effects of coarticulation of voices following
the initial /J/.

In the first word group, where the mean duration of /J/
is the shortest, there are 9 words with plosives /p, t, k/ in
the second position following /f/ (combination /[P../, P -
plosive) not appearing in other words in the second and
third group. This is, therefore, a highly compact group.
The second group is also compact (having the regression
line with the smallest slope) having words with a vowel or
sonant in the second position. The third group consists of
four two-syllable words, which is to be discussed later.
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Jpalir |
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Strajk |
Jpijun |
Jteta 1
Jtuka 1
Jvertser 1
fefek 1
Jraf |
fvrga 1
[lager 1
JAunak |
Jafav 1
JmokAan 1
Jloser 1
Jvaler 1
ferpa |
Jefir |
JAaka 1

Fig. 1.

fapat

Jarka
Inisla

Jmizla
Jleper 1
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fiba |
JoAa 1
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Mean duration of /[/ in initial position for all 50 words in the speech base.



C. /[/ in medial position

Figure 2 shows the distribution of mean duration of all
20 medial fricatives /[/ presented by a growing trend. Like
with the initial position, the distribution is nonlinear. The
shortest duration for /[/ is shown in words where it is
followed by a plosive (or affricate), while duration is the
longest in words where it is followed by a sonant. The
greatest duration of /[/ is seen in the two-syllable word
/arfin/.
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Fig. 2. Mean duration of /[/ in medial position for
all 20 words in the speech base.

D. /[/in final position

Distribution of mean durations of all 20 final fricatives
/[/ presented by a growing trend is shown in graph 3. The
distribution is highly uniform with a minimal slope, which
is confirmed by the result in table 1 where we concluded
great stability in articulation of the final /f/. The only
deviation from this distribution is shown by monosyllable
words /tuf/ and /kuf/.
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Fig. 3. Mean duration of /[/ in final position for
all 20 words in speech base.

IV. DiscussioN

Results of fricative /[/ duration, when being in the initial
position preceding a vowel (combination /[V./), are
shown in table 2. The table shows duration of fricative /[/
sorted by a growing trend from 1 to 5. We can note
grouping of fricatives /[/ in front of vowel /a/ and /e/, /o/
and /u/, and /i/ especially. The result for /i/ can be
explained by usage of words with four voices ([iti, [ iba,
Jina), not seen in other vowels, and will be explained in
discussion of the example presented in table 3.

Table 3 includes words with the initial /[/ in front of the
vowel /u/ with different number of phonemes, 5 or 4.
Duration of these words was measured, showing that
words including 5 phonemes have duration over 800 ms
with the initial /f/ lasting somewhat more than 200 ms.
Also, all four words following the initial /[/ include the
vowel /u/ with the long accents (two long-rising and two
long-falling). The fifth word /fuma/ is phonetically shorter

TABLE 2. DURATION OF FRICATIVE /f/ IN FRONT OF VOWELS IN (ms).

/[/ in front of /a/ /] in front of /e/ /f/ in front of /i/ | /[/in front of /o/ /[/ in front of /u/
I | fafav | 17675 | Jefeh | 170 | [ipka | 193,58 | Jofer | 199.58 | Jafq | 199,17
2 | fapat | 18533 | férpa | 18225 | [iti 212 | fokats | 200,75 | fatpa | 2025
3 farka | 18592 | [efir 182,75 | [iba | 214,66 | [orka | 202,08 | [dfan 202,67
4 Jamar | 197,75 | [Jétger | 192,33 Jina 241 foder | 211,42 | [inka 208,5
5 Jala 205,42 Jéma 204,17 [ilo 242,16 | [6Aa | 221,08 Juma 230,25
Mean 190,56 186,3 220,68 206,65 208,62
TABLE 3. /f/ IN FRONT OF VOWELS /u/. explains the previous result for vowel /i/.
Table 4 shows 5 words with the same content,
No | Word | NmPer O iy gy | Word consisting of 4 ph ds from the fifth row i
phonemes duration g of 4 phonemes (words from the fifth row in
1 fafti 3 199,17 827,58 table 2 with the greatest duration of /f/). The difference
2 Jatpa 5 202,50 819,83 between words is that the words /[ ilo/ and /fuma/ have
3 [ifan 5 202,67 838,75 short-falling accented vowels after /[/, while other words
4 | Jonka S 208,50 810,25 have vowels with long-falling accents following /f/. It can
5 Juma 4 230,25 684,83 be pointed out that words /[ ilo/ and /[uma/ with short-

and includes 4 phonemes lasting under 700 milliseconds,
the vowel /u/ has a short-falling accent and duration of the
initial /[/ is about 230 ms.

These results show that shortening of words by number
of phonemes, is followed by growth of duration of
fricative /[/ with initial position in an isolated word. This

falling accented vowels are of shorter duration (under
700 ms), that vowels with the short-falling accent
following /f/ are significantly shorter (about 146 ms)
compared to vowels with a long-rising accent (over
230 ms) and that duration of initial /f/ is significantly
longer than in other words with long-rising accented
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vowels.

TABLE 4. DURATION /f/ & ACCENTS.

Number of | Word Duratio | Duration of
No | Word phonemes |duration|. n of accented

initial /[/|  vowel
1 Jala 4 725,25 | 205,42 262,17
2 | féma 4 729,92 | 204,17 232,00
3 [ilo 4 688,50 | 242,16 146,83
4 JoAa 4 762,00 | 221,08 254,17
5 | Juma 4 684,83 | 230,25 146,67

These results show an effect of accented vowels behind
the initial /[/ on its duration. Namely, appearance of the
vowel with a short-falling accent in the second position in
an isolated word prolongs the duration of the initial /[/.

Result in table 3 concerning the duration of /J/ which is
significantly greater compared to other examples (in the
word /fuma/) can be interpreted as an integral effect of
word shortening and the influence of short accent on
duration increase for /f/.

The coarticulation effect can most easily be noted in
figure 1 in group I words, where the initial /[/ is found in
front of unvoiced plosives /p, t, k/; the same phenomenon
can be found in medial /[/ (figure 2). We derived the
following hypothesis.

In articulation of the Serbian fricative /[/, the frontal
part of the tongue is raised towards the alveoli and is
slightly thrust backwards. From this position, the
articulatory organs need to reach (acquire “articulatory
distance”) the new position for generating an unvoiced
plosive /k/ in the word /[kripa/ (the first stimulus in figure
1), for example, where the rear part of the tongue rises
towards the soft palate, creating a barrier, while the tip of
the tongue is lowered to the mouth cavity bottom. This
transformation of articulator positions has an effect on
duration of fricative /f/: more complex transformation
(greater articulatory distance) is followed by shorter
duration of fricative /[/. This hypothesis is confirmed by
an example of the word /opJtost/ (first stimulus in figure
2) where /[/ is located between two unvoiced plosives and
where the medial /[/ has clearly the shortest duration.

V. CONCLUSION

Analysis of duration of the fricative /[/ in isolated
words of the Serbian language shows the shortest duration
in the medial position and the longest and most stable in
the final position. Also, the duration of fricative /f/ is
greater for shorter words by number of phonemes and for
syllables in words with a shorter accent. Coarticulation
effects are different and greatly dependent on articulatory
distance /f/ and voices which follow. The integral effect of
/[/ position in words, word length, accented syllable and
coarticulation, models the inherent duration of /[/.
Influence of sentence prosody needs to be added to these
effects, which is to be the subject of future research.
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APPENDIX

In Serbian, there are 25 consonants grouped in five phonetic classes
according to manner of articulation: plosives (unvoiced /p, t, k/ and
voiced /b, d, g/), fricatives (unvoiced /f, s, [(§), b/ and voiced /z, 3(2)/),
affricates (unvoiced /ts(c), ®(¢), H(¢)/ and voiced /dz(d), d3(d2)/), nasals
(/m, n, N(nj)/) and semivowels (vibrant /r/, laterals /1, A(lj)/, approximants
/v, j/) (all consonants are with IPA notation and with Serbian notation in
parenthesis [13]).

Jetger Jlager vifpja
¢fir oser tdJna
Jefi Jl i
éma iva oJmar
J JAi kof
érpa aka tafta
Jerp [IE A
JefeA Jminka t&fko
Jéla Jmizla kafAe
Jamar [nitsla arfin
Japat Jnéla str[Aen
Jarka Jvaler opJtost
ajav vitea oftea
Jaf: I gof
[iba [raf ima/[
[t Jkémbe nétgef
[Tipka Jkripa sedif
[ina Jléper dlof
ilo mokAan urdu
Til TmokA burduf
JoAa JAunak moraf
Jofer Jnajder zove[
Jéder [palir sletif
orka tra Ono
Jork Jrajk ponof
Jokats Jvertser kuf
Jufti tifina gledaf
Juma kafaA krade[
Jinka Jefeh mislif
Jutpa mufula dodzof
Jufan t0fovite tuf
Jporet kofuAa gadzaf
Jtuka pafite mo3ef
Jieta krifom borif
Jpijun smufen dobof
Jkola meéfatf miAuf
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