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i in the material. The material was recorded Table 1: Statistical results for Fo, inten-
i CH. LANGME . : on tape in Bgroda, India. One speaker ] sity, and harmonics H1 anq H2
N . IER U. LUDERS L. SCHIEFER BH. MODI 1 (male) from Rajkot and one from Ahmedabad . D=dialect, P=place of articula-
L ‘ served as informants for tight and murmured tion, H=harmonics.
o 1 : " . phonation. e mmmmmmmmemm-—me—o—o—-—ommoooSSTET T
. . nstitut fir Phonetik und Sprachliche Dept. of Linguistics ( Fo intensity H1/H2
Kommun1ka§1on“dep Ludwig Maximilians- Dept.of Linguisties L wmE  Intemaeriews T
I Universitdt Miinchen, FRG M. S. University,of ; PROCEDURE INTERACTIONS
1 Baroda, India . D-P-H --- --- n.s
The acoustic analysis of the data was run H-P - _—— n. s.
. | in Munich, where the words were digitized D-H —— ——— < .001
Iid | {using a sample rate of 20 KkHz) filtered D-P <. 001 <. 001 n.s
¢ ‘ with a cut off frequency of 8 kHz and  —-cccce-mm--emem-----o--oos-oosSosSmomTEmETT
¢ ; stored on a PDP11/50. The periodic portions H1/H2 - - <. 001
ﬁ ABSTRACT Ege,g}{gzzenggif betweep the subjects seem of the initial CV syllables of all words DIALECT <. 01 <. 001 <. 001
it popreflect different dialects, as RD and were segmented into single pitch periods by PLACE-OF-ARTIC n.s . <.001 <. 001
1 The purpose of our study was twofold: (i) of Gu'arat)rn in Saurashtra (western part the help of a segmentation routine (for e mmm—eme—om—oooooo-sosooommSmmSTmT T
L to defime. “tight" phonation in acoustic  (Surat) N U e e B janarodar, K further detail cf. (81) and stored for fur- between the stops at P14 is greater and Fo
i terms and (ii) to examine the acoustic dif- bad) ori ?:at r(northern Gujarat, Ahmeda- ther analysis. The fundamental frequency seems to depend on the apicality of the
ferences between murmured and “tight" tern g‘ £ ¢ from the mnorthern and eas- was calculated from the segmented material stop rather than on its position: [-apic)
phonation in Gujarati. The analysis was en pa; Go‘ Gujarat. The dialectal differ- and measured for the first 14 pitch periods stops show slightly higher, [(+apic] stops
based on the parameters: Fo contour ver- fonss ujarati have been subjected to an ; after the burst of the stop. The intensity lower values
all intensity, amplituﬁe of the isg :gd z;tinSIXEtStUdy by one of us (Modi,.5), who { was measured for the same vowel portion. .
2nd harmonic, the frequency of F1 and F2 angloyg hit method of tomography in her ‘ The same (segmented) material was used to Intensity. Fig. 4 displays the results for
and the bandwidth of F1 and F2. The ampli: rouys1;. appeared that two dialect ! calculate the contribution of H1 and H2 to the intensity averaged over all places of
tude of the first two harmonics as well as 2ordps 2ve to been treated separately ac- | the overall intensity of all pitch periods articulation for both speakers, whereas the
the bandwidth of F1 and F2 turned out to ro ing h9 the phonation types used. One l of the vowel. A second analysis was run on influences of the place of articulation are
serve best in distinguishing murmured from g up, which she calls “murmur", shows a ! the unsegmented data in order to gain F1, plotted separately for murmur and tight in
tight phonation. ow larynx position, whereas the other 1 F2 data and their corresponding bandwidths Figs. 5 and 6, respectively. The statisti-
group ("tight") has a high larynx position ‘ by the use of a LPC procedure. The follow- cal results are given in Table 1. The in-
tn orgep t? avoid murmur phonation. "As the ! ing adjustments were made: frame size = 512 tensity is lower in tight than in murmur
INTRODUCTION erm "tight" for the non-murmur dialects . samples (this is equivalent to a segment phonation. In both dialects the intensity
was introduced impressionistically by Modi ‘ duration of 25.6 ms) window shift size = is lowest at vowel onset, increases rapidly
{51 it still lacks definition in terms of : 128 samples filter degree = 22, Hamming towards P3/P4, and increases slowly towards
Gujarati -an Indo-Aryan language- is usu- aEOSStlc features. The aim of our present : window size’= 542 samples, preemphasis fac- the end of the contour in murmur, whereas
ally treated as a member of that group of study was therefore to examine the influ- tor = 0.7. There was a limitation for band- in tight phonation the amount of increase
languages which contrast murmur phonation ence of several acoustic parameters in mur- j width of the formants, which could not ex- is greater from P8 to P14, which 1pd1cates
and normal voicing. Both phonation types mur and tight phonation. The following pa- : ceed 2/3 of the Fformants value. Greater a change in the underlying phonation pro-
are used on the one side to separate %gr- rameters have been examined: (i) the course bandwidth led to a rejection of the formant cess. In murmur the 1nf}uenceiof ;he place
mured from c¢lear vowels, on the other side of the fgndameptal frequency (Fo), (ii) the ‘ proposed by the routine. As great problems of articulation on the intensity is small,
they serve to distinguish murmured sto overall intensity, (iii) the amount of en- : were involved in the calculation of F1 in smallest at vowel onset and 1ncreases
from voiceless, voiceless aspirated apz ergy in the first (H1) and second (H2) har- murmur ( for detail see below) this prelimi- slightly towards the end of the contour
voiced ones. Acoustical analyses of Eurmﬂ monie, and (iv) the frequency of F1, F2 as 1 nary analysis was run on the velar stops The increase in intensity over the contour
which have been carried out since the 1 tr well as (v) their corresponding bandwidths only, Separate multivariate two factorial is nearly the same for all stops. At P14
fifties revealed several acoustic . f B1 and B2. ' mml&sis of wvariance were run for (i) FO, [ +ant] stops show a somewhat gregter inten-
;ers by “wnich murmur mey be distinguised : (ii) intensity, (iii) H1 and Hz, (iv) Fi, iity Egan ~d?1L;i2§’o?t°{’§; é?o;}ghglgggngg
rom norma ici ; : p . ion e 1in
rized by the forsondy Murmur is characte- MATERIAL AND INFORMANTS (v F2, (vi) B1, and (vil) BZ. srticulation is greater at vowel onset as
of fundamental frequezc e?Fgrei, a lowering well as at the end of the contour. The in-
[21, Ohala ([6), Schieer [gff er-J@rgensen RESULTS . tensity is greater in [ +ant) stops and less
in the amplitude of the first in increase Our analysis was based on a rather limited in {-ant] ones. The intensity course after
relation to the second one (Biciiggnlf1;n ::terlal,land the results should be taken { /gh/ differs s@gnificintlz from the.other
Ladefoged [4), Huffm ; > a preliminary report on the selectivity results are ones as there is an abrupt increase in in-
mants (2], a later on::tlgz)higgggaggﬁmfog of the acoustic parameters for the separa- gfsgﬁmfgt“%- fregueg%xé anghfn Table 1. The tensity after P9. This agailn can be ex-
(21, a lowering of the second fopzn i tion between murmur and tight phonation. We differenc 1gs.Fo between both speakers are plained by a change 1in ‘the underlying
( Pongweni, 7). an irregular inte ?2 based our analysis on murmured stops rather small., F es ;n 1 onset is 1low in both phonation type, as we believe that murmur
course [ 21}, and a lowering of the 0v2811{ than‘v0wels as we felt that the stops would speaké ° 3 vowe ases towards Pi14. In the can be §ust81ned after /gh/ oply if it is
intensity (8], One of the most exten;?ve provide the most stringest test for the murmurgz :9 1 lzcrg Fo fall from P1 to P3 accompanied by a low larynx position
acoustic studies on Gujarati. and a quite saliency of the single acoustic parameters. can be bla ced. which is obviously not . .
early one, is that of E. Fischer-Jorgen Murmured stops occur in both dialects and prod do seryee th speaker. Concerning Amplitude of H1 and H2. Figs. 7 and 8 dis-
(21, who examined the differences bgt sen are contrasted from the other stops by 2 ! tn uced by the o eih stop's place of play the results for H1 and H2 for both
murmured and clear vowels pences ea:ee: distinctive release of the stop, which is ; ar:' lnflgence of d'f?erences petween the dialects, whereas the statistical results
that the seven subjects used in herpgnv:n— characterized by an incomplete closure bet- I diaicutat1on great bl rved The murmured are again given in Table 1. We have mea-
tigation showed great variability in rods— ween the vocal folds during the phonatory ! SDeaiC s can be Qtse reghlar pattern as sured the amount by which the single bhar-
cing murmured vowels. As Fischer—Jwrpensu cycle. ! for i{ shows a q?lli from P1 to p2/P3 can monics congrlbute .to the oyerall intensity
points out "all informants have mugmurzg zgitmétgrialt consisted of isolated words ; be fzund S:ﬁgsaaqua:i—linear rising towards of t:g stﬂgleamgizghofpzzlggi'1512112;325
vowels in their natural speech, and this alning the murmured stops in five : P14. The Fo differences at vowel onset are phonation the ; " t ;
pronunciation seemed to be very constant places of articulation (labial, dental, . smaller th a t the end of the contour. At higher in H1 than in H2. This feature is
for PvVvB, SK. and GU. In RD's and PEP' s retroflex, palatal, and velar) followed bY . th an a 4) vowel portion associated, as ment}oned above, y1th mur-
s i . w the vowel i i e he end of the (measure 3 mur phonation. The difference remains rela-
peech murmur is optional 02, p.741. Each CV sy{?gblénocX3§d ;n}?131 p?ilz%::é ; higher Fo values are assigned to ::Z {tzﬁtl tivegy constant throughout the vowel. In
o tve te ' ' géggsbh(/gﬁ’)‘ Loyer ¥:tuest§ght—phonation murmur on the othey hand the difference
gh/). ter Fo differ- between H1 and H2 is much greater. Wheregs
speaker shows somewhat greate Fo after /bh the course of H1 and H2 is nearly level in
. igjez :t vowel QnSftt ?nrlszggtegn (from P1 tight phongtion, the amount of energy in H1
\ to P4? a?tgil};;g S;Sdh? The difference increases in murmur from P1 to P14. H2, on
3
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hand, shows a rising-falling-
jevel pattern. The influence of the stop’'s
place of articulation 1is significant in
poth dialects, where [ +ant] stops again
have somewhat higher values than { -antl}

stops.

the other

F1, F2, B1 and B2. As the LPC failed to
calculate F1 precisely for about 250 ms of
the vowel after the stop's release, F1 and
B are measured for the steady vowel por-
tion only. The results for F1 differ ex-
tremely between the murmured and tight
speaker: F1, averaged over 368 ms is 660.0
Hz in murmur and 906.5 Hz in tight phona-
tion (for details ecf. Table 2). The corres-
ponding bandwidth is 370.9 Hz in murmur and
203.3 in tight phonation. The bandwidth de~

Table 2: Averaged formant- and bandwidth

values and standard deviations for
the murmured and tight dialect in
Hz; minimum and maximum values of
the formants and bandwidth; level
of significance from the analysis
of variance for F1, F2, B1, and

B2.
F1 F2 B1 B2

murmur

X 660.0 1373.7 370.9 125.1
sd 86.1 60.5 130.5 76. 4
MIN 622.0 1331.3 294.0 91.3
MAX 708.0 1450. 3 495. 2 183.5
tight

X 906. 5 1383.9 203. 3 152. 0
sd 57.3 111.9 76.1 84. 4
MIN 872.0 1293.2 150.1 80. 4
MAX 1002.0 1485.0 265.0 254.8
P < .001 < .001 < . 001 < .01

(427.4 Hz at the

creases slowly in murmur

beginning and 347.0 Hz at the end of the
contour) and in tight phonation, where B1
is 257.8 Hz at the beginning and 149.8 Hz

at the end of the contour. The frequencies
of F2 are rather comparable: F2 = 1373.7 Hz
in murmur and 1383.9 Hz in tight phonation,
whereas the mean of B2 of tight phonation
(152.0 Hz) is higher than that of murmur

(125.1 Hz).
DISCUSSION

The acoustic parameters involved in this
study contribute in different degree to the
separation between murmur and tight phona-
tion. The overall Fo cannot be used to
distinguish between murmur and tight as it
is rather a feature of the speakers voice
than of the underlying phonation type. On
the other hand, there are great differences

in respect to the influence of the stop's
is small 1n

place of articulation, which

murmur, great in tight phonation. The same

is true for the overall intensity, which

first of all reflects differences in the

recording level, more than differences due

to the underlying phonation tyPe. 2:2
o

again, the place of articulation

stop influences the intensity course more

murmur phonation. Taking
together, we argue that

different degrees of -
variability 1in the phonation, showing
greater variability in tight phonation
(with a high larynx position) and. less
variability in murmur, where the larynx po-
sition is low.
The results of the analysis of H1 and H2
show that in both dialects Tmurmur® occurs.
Whereas the degree of murmur is high 1in
murmured it is low in tight dialects. This
difference in the degree of murmur is re-
flected by the results from bandwidths B1
and B2. In both dialects the bandwidth of
F1 is much more greater than found in other
languages, a fact that accounts for less
sharp boundaries in the spectrum. On the
other hand B1 remains great throughout the
contour in murmur, but decreases in tight
phonation. The results from B2 again re-
flect a higher degree of murmur in the mur-
mured speaker, as the bandwidth is smaller
compared to the ‘tight' speaker
In summary, the murmured stops are produced
with a murmur release in both dialects. But
there are differences in the degree and du-
ration of murmur between the speakers. The
amplitude of the first and second harmon-
ics, as well as the bandwidths of F1 and F2
are the most efficient acoustic parameters
to distinguish between tight and murmur
phonation in Gujarati.

in tight than in
both parameters
they reflect
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