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The purpose of this paper ig to furth-
er examine the nature of aspirated and un-
aspirated stops and affricates of Armenian
presenting new data and re-evaluating the
VOT as the only cue for differentiating
these two categories of sounds. Generali-
zed VOT + K I parameter is suggested for
reliable distinction of both groups of so=-

unds.

INTRODUCTION

During the last two decades aspiration
has attracted the interest of phoneticians
in meny countries. This jg partly due to
the use new methods of articulatory in-
vestigation, such as electromyography,
glottogréphy. fiberscoping alongaide with

the more traditional acoustic ones, such
as spectrography, oscillography.
This increase of interest is partly

upheld by the cross-language study of as=

piration in stops carried out by L.Llisker
and A.Abramson, who have guggested & mnew
cue - voice onset time ( VOT ) for dis-
criminating the three categories of stops
- voiced, voiceless and aspirated (1),
Aspiration has been gtudied from differ-

ent aspects: its theory (2), mechanisms
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of production (3), its glottal and supra-

‘glottal articulation timing (4}, its rela-

tionship to other phonetic features, such
as fortis/lenis (5}, acoustic expression
and perception.

It has been mentioned that in such
languages as English and Swedish, aspira-
tion being the expression of lenis/ fortis
feature is concomitant and differentiates
voiced and voiceless stops. In Danish it
is the only distinguishing feature between
the sets ptk and bdg.

It is worth mentioning that the first
experiments in voice timing in stops were
carried out by H. Adjarian at the Rousse-
lot laboratory as far back as 1898(7) His
kymographic tracings were published in the
journal "Revue internationale de Rhinolo =~
gie, Otologie, Laryngologie et Phonétique
expérimentale” in 1899 and were furnished

with Rousselot's commentaries. Yet the pur.

pose pursued by the author was somewhat
different from nowadays studies. Adjarian
intended to show thegradual development of
devoicing (1énition) which in the long run
brought to the shift of voiced stops and
affricates of 0l1d Armeniaen into voiceless
ones in many modern dialects and vice ver-
sa. Thus Adjarian paid attention to the
fact, that in some dialects the voicing
of b,d,g,j,j may lag a little, in others-

still more, whereas in some others - too

much, which has brought to the gshift of
voiced consonants into voiceless aspirat-
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ed ones. Actually, from the phonological
point of view this difference is one of
the maijor phonetic differences existing
between Eastern and Western dialects of
Armenian as well as between the two liter-
ary variants., .

A new impulse to the study of this
feature was given by Leigh Lisker and Ar-
thur Abramson, who carried out cross-lang-
uage experiments and a more detailed exam-
ination of this variable terming it VOT.
This cue proved to be valid to distinguish
the three main categories of stops: a)tho-
se with voice lead (fully voiced b d g ),
b) with short-lag voice (voiceless p t k )

and c¢) with long-lag voicing ( aspirated
ptk). The authors showed the validity

of this variable ag compared to fortis/le-
nis or voiced/voiceless features used by
most linguists. Of particular interest

for us is that the author's investigation
included the data concerning Eastern Ar-
menian literary language.

Our first spectrographic experiments
in consonants of Armenian were carried out
in late 60-ies in Tallinn at the Ingtite-
ute of Language and Literature. Even the
limited data we got brought us to the con-
clusion that the distinction between as-
pirated and unaspirated stops of Armenian
was bound primarily to the duration of re-
lease, which later on came to be known as
voice onset time - VOT. But since our pri-
mary pupose was to prove the monophonemic
nature of aspirated stops as opposed to
the traditional view that considered trem
compound ones consisting of one stop and
the glottal fricative (h), we were inter=-
ested in other features as well, particu-
larly the timing relationship between the
closure and release and the total dura-
tionof both series of consonants (6]).

A reverse relationship between closure
duraticn and releas time has been estab-
lished.

LINGUISTIC MATERIAL

Unlike English and some WesternEuropean
Janguages, in which aspiration is & pe-
dundant feature, in Eastern Literary Ar-
menian it is an independent distinctive
feature differentiating homorganic stops
and affricates. Aspirated sounds form
oppositional pairs with unaspirated vo-
iceless cognates in all positions in mo-
nosyllabic and disyllabic words. Thus
the Armenian stops and affricates can be
prasented in the following way:
t
b~ /p\pc d/\‘t‘ g/)\kﬁ
c ¢
J/ \cc 3’/ \‘éc
In some dialects the fourth series
has been claimed to exist by some lingu-
ists, but these sounds have been proved
to have no phonological value, being on-
ly allophonic by nature and quite dis-
tinct from aspirated voiced sounds of
Hindi,
In the first series of experiments mono-
syllabic or bisyllabic words with aspir-
ated stops and affricates were used. They
were presented to the speakers either in
oppogitional pairs or independerntly em~
bedded in the carrier sentence "Sa ...e"
'This is +...'. The 1list of words includ-
ed such words as payt - E‘azt "horseshoe’
- 'wood', tar - t‘ar 'letter’-'stack’ ,
akama - ak‘a;a; ‘unintentional'~'cock’,
cec - c‘ec® 'beat' - 'moth', canf - §:§£§
'fly' - ‘'palm', etc. T
In the second series of experiments
we chose words in which the phonemes un-
der examination were in nost unfavour -
able conditions for the realization of
aspiration, such as unstressed syllables,
words, in which aspirated stops were pre-
ceded by fricatives (s) or {8), in words.
with two or three aspirated sounds. The
stimuli were pronounced at a normal rate.
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A computor integrated distinctive feature
analysing device was used with subsequent
gegmentation of speech signal into eliemen
tary segments corresponding to speech so-
unds. The accuracy of segmentatlion was be-
ing controlled visually on the screen of
the display. The time quatization is equal
$o 10 milliseconds (ms). The release time
(VOT) of stops was measured according to
gampling intervals. The intensity of theA
noige above 2000 Hz was measured: on loga-
ale.

rythzi;ai: and 4 female native untrained
speakers of Armenian served as subjects
for this experiment. The 8
into mierophone being directly put into

the analyser.

RESULTS

We were mainly concerned with differ-
ences of VOT and intensity of noise in
aspirated and unaspir
cates. Though we did not pay gpecial
tention to the duration of burst,
tain differences which relate to place of

articulation wil : ives
the duration of burst in labial plos

at-

ig 5§ - 10 ms, in dentals - 15-20 ms,
in velars -~ 30-35 ms. In aspirated cog-

f
nates this burst is followed by noise ©
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ferent phonetic contexts.
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Fig. I The gcatter diagram of VOT on a
gingle timeline for unaspirated and as-
pirated stops (a) labials p - p ; (b)
dentals t - t; (c) velars k - K.

distinction of these stops - a matter of
no less importance in automatic segm?nta-
tion of speech sounds. From this point
of view the overlap cf the ranges of VOT
in aspirated and unaspirated affricates

(in Armenian linguistic tradition terms)

is very typical. In fig 2 the scatter

diagram of VOT in affricates shows the

degree of overlap. It is quite evident

that VOT alone is not gufficient for
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and Intergity (I) for the aspirated and
unaspirated affricates is plotted. The
dots present unaspirated stops and the cir
cles - corresponding aspirated ones. Tho-
ugh VOT may serve as a cue for differen-
tiation of these categories of stops,ptk
and p° t°k$ which corresponds to the divis-
ion of the planes by the line parallel to
the abacissa axis, there is a noticeable
correlation between VOT and intensity,and
an oblique line serarating them increases
the reliablity of differentiation.

If.in the cagse of aspirated and unas-
pirated stops the intensity cue is redun-
dant or additional, in the case of affric
ates it is indispensable, as important

Fig. 3. A two-dimensional scatter dia-
gram of VOT measurements and : intensity
values of stops : k - k(a), p - p¢ (b)
and t - t(c) .The dots indicate unaspir-
ated sounds, circles - aspirated ones.

as VOT. In fig. 4 a two-dimensional plot
distribution of VOT and intensity values
of aspirated angd unaspirated affricates
is given. There ig a clear-cut correla-
tion with linear regression of VOT and
intensity with the corresponding line se-~
parating the two areas. The equation of
this correlation is as follows:

VOT + K I = ¢

where X and C are écale coefficients de-
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fined by the sensitiveness and dynamic
range of intensity measurement channel.
In our experiments K= 0,05, and C= 6. The
parameter VOT + XI may be considered as
generalized cue characterizing the degree
of aspiration in aspirated stops and af-
fricates.

CONCIUSION

It is obvious that acoustic differences
of aspirated and unaspirated stops are
bound primarily with the parameter VOT.
Among different local stops voT is most
valid for differentiating labials P -p€
and dentals t - to It is somewhat 1€ss
valid for k - k¢pair. For the affricates

the variable VOT is an ambiguous cue for
| ¢ ‘ discriminating the voiceless and aspirated
‘é ° ¢ I ¢ \\f ° c-e° categories. For differentiating them tre
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