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Abstract

In languages and varieties, the exact locations of the alignment of fO transition points differ from those of the
segmental string (Ladd, 2006). The differences of inter-languages or inter-varieties are sometimes so small that it is not
possible to identify a deep representation. We conducted a production experiment with 40 speakers of two regional
varieties of Persian language. The aim of the present study was to investigate the strategies used by the speakers of
the varieties in response to the time pressure caused by reduced sonorant rime of target words by adopting
autosegmental-metrical theory (Pierrehumbert, 1980). For this purpose, 20 Isfahan speakers and 20 Tehrani speakers
were asked to repeat the three target words, which were accompanied by a decrease sonorant rime, in the positions of
nuclear pitch accent twice. Three prosodic parameters, such as contour conditionm alignment, and duration of the
segments containing pitch accents, were mainly considered. The results showed that in each contour condition, the
duration of the sonorant rime of the nuclear accented word was varied. In the phonetic domain, the range of
adjustments fell into three broad categories. First, the speakers of Isfahani variety took more time by increasing the
duration of the rime in the fall-rise condition while retracting the peak of the fall-rise contour. However, the speakers
of Tehrani variety worked harder by compressing contours in the fall contour. Both speakers of the two varieties took
shortcuts by truncating responses of the final pitch movements. The responses were shown to be dialect-specific and
contour-specific.
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Introduction

Speakers of different varieties produce the same intonation contours, which are phonetically differently. One of the
factors influencing on the realization of contours is the time available for execution. Movement fO requires the
minimum amount of time to be executed. Productions of the targets can be compromised under tonal crowding
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(Pierrehumbert, 2000). The magnitude of time pressure in intonation-only languages like Dutch and English firstly
depends on the available spaces between tonal targets, for example between a prenuclear and nuclear pitch accents or
between a nuclear pitch accent and a phrasal boundary. There is less time available for executing the prenuclear and
nuclear accents in a skittish kitten, which has shorter vowels and less voicing as compared to a roaring lion, with an
identical syllable structure but more voicing. The available time in the black cat is, in turn, less compared to the
situation of a skittish kitten, which follows a lack of intervening unaccented syllables (accent clash) (Silverman and
Pierrehumbert, 1990) and a shorter space between the nuclear accent and the intonational phrase edge. The shorter the
stretch of sonorant segmental material is, the more the realization of nuclear and boundary tones will be under pressure
(Grabe, 1998b). Also, tonal crowding will be more problematic in fast speech compared to normal or slow speech
because the time to produce tonal targets is reduced due to shorter segmental durations (Caspers and van Heuven, 1993 for
Dutch).

Hanssen (2017) mentions that speakers use 3 economizing mechanisms for FO adjustments in response to time
pressure. The first is “truncation”, whereby speakers produce an incomplete version of the contour, leaving the speed of
the f0 movement intact. The second is “compression”, whereby the full contour is produced but at a higher speed. The
third one is that speakers can respond to time pressure by increasing the duration of the available sonorant material so as
to create more time for the execution of the pitch movement. Speakers may add duration when a movement is
physiologically more difficult to produce.

Figure 1 shows the economic strategies that speakers use in response to time pressure: Schematic illustrations of
truncation, undershoot, and compression (columns) for falls, rises, and fall-rises (rows). The gray uninterrupted lines
represent an fO contour on a long sonorant portion, while the black interrupted lines represent an fO contour on a short
sonorant portion. The arrows and scissors illustrate how the fO contours have been affected by time pressure. An
undershoot can affect a fall-rise in two ways; it affects either the dip between two high tones or the initial high tone.

This paper reported what strategies speakers adopt in response to time pressure due to limited sonorant material in
IP-mid nuclear contour. In this study, we sought to respond to the strategies used by the speakers of two species
(Isfahani and Tehrani) in response to the time pressure caused by reduced limited sonorant material and find the answer
to this question: what strategies do the speakers of the two varieties of languages use to deal with time pressure?

Material and Methods

To conduct this research, we presented 3 utterances that had different sonorant rimes to 20 Isfahani (10 males and 10

females) and 20 Tehrani language speakers (10 males and 10 females) to produce them during a production

experiment. This research investigated the regional variation in the realization of intonation contours in Isfahani and

Tehrani varieties in the framework of autosegmental-metrical theory. The autosegmental-metrical theory is basically
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based on the principle that the intonation is completely systematic and has a phonological structure; that is, the
intonation forms a hierarchical prosodic structure in the form of a sequence of tonal units (L, H, and a combination of
these two tones). The intonation contour (a type of contour that shows the pitch excursions of an utterance over the
time) is represented linearly through autosegmental tones, each of which is aligned with a specific syllable or a specific
place in a segmental group. The combination of these tones determines the prosodic structure of the speech.

Each dataset contains several contour pitches that are phonologically identical, but differ in rise, fall-rise, and rise
type. A total of 240 sentence samples (1 sentence * 3 target words * 40 speakers * 2 repetitions) were recorded. Then,
using Praat speech processing software (Boersma and Winink , 2019), the intonational pattern of the extracted sentences
and the intonational variables were coded manually. To observe and study the changes of FO along the pitch contour,
the average values were obtained from the difference between the minimum base frequency and the maximum base
frequency of the sonorant rime. In this study, for the nuclear pith accent state, the 3 variables of pitch contour, duration,
and alignment were measured. The statistical analysis of the data was carried out by using SPSS.

Discussion of Results & Conclusion

The purpose of this study was to investigate the effects of time pressure on the parameters of pitch contour, alignment,
and duration. By examining the research data, th following result was obtained: In the two Isfahani and Tehrani
varieties, the three target words had a significant effect on the sonorant rime (p<0.05). The sonorant rimes of coda in the
fall and rise contours, were more in "Yam" compared to "Yar" and "Yab" in both varieties, respectively. However, in
the fall-rise contour, the sonorant rime of coda was higher in "Yar" compared to "Yam" and "Yab", respectively. The
statistical results related to the time pressure between the two contours, simple contour (fall), and complex contour (fall-
rise) showed that the type of contour in terms of simplicity and complexity had an effect on the average sonorant rime
of coda so that in Isfahani and Tehrani varieties, the average sonorant rimes of coda in the fall-rise contour were longer
than those of the fall contour. Also, adaptation of alignment under time pressure due to complexity of the contour
showed that the speakers started the fall-rise contour earlier than the fall contour. The data related to the investigation of
the effect of the boundary of the next intonational phrase on the time pressure in thr fall, fall-rise, and rise contours in
the two varieties showed that the type of sonorant rime of the word had a significant effect on the peak alignment in the
fall contour. This issue confirmed that the sonorant rime in the fall-rise contour was significantly longer than that of the
fall contour. In addition, the influence of the contour type on the relative alignment in Tehrani and Isfahani varieties
revealed that the peak in the fall-rise contour started earlier than the peak in the fall contour. In both varieties, the peak
in the relative alignment was influenced by the word, while the speakers adjusted the peak according to the sonorant
rime and placed about 20-30% of it at the end of coda, which indicated late occurrence of the H tone. Comparison of the
peak delays between the words in the fall-rise contour in Isfahani and Tehrani varieties showed that the differences in
peak delays in Yar-Yam, Yar-Yab, and Yam-Yab were significant. Yar-Yam and Yar-Yab were not significant in the
word Yam-Yab. Also, the results showed that the type of sonorant rime had a significant effect on the relative peak
alignment in Isfahani and Tehrani varieties (p<0.05). The comparison of the relative peak alignments in Isfahan and
Tehrani varieties in the words "Yar, Yam, and Yab" revealed that the difference in the relative peak of Yar-Yam was
not significant, but it was significant in the words of Yar-Yab and Yam. The comparison of the relative valley data
between the words in the rise contour showed that in Isfahani and Tehrani varieties, the words had a significant effect
on the relative valley (p<0.05). Comparing the relative alignments of the valley between the words "Y ar/Yam/Yab" in
Isfahani variety showed that the difference in the relative valley of the words Yar-Yam was not significant, but this
difference was significant in the words of Yar-Yab and Yam-Yab. In Tehrani variety, the comparison of the relative
alignments of the words "Yar/Yam/Yab" showed that the difference in the relative valleys of Yar-Yam and Yam-Yab
was significant, but this difference in the words Yar-Yab was not significant.

The results indicated that the speakers of Isfahani variety spent more time in the fall-rise contour and used the
undershoot phenomenon, leading to an earlier occurrence with lower scaling on the affected units. While the speakers of
Tehrani variety worked harder by compressing the contours in the fall contour. Both speakers of the two varieties took
shortcuts by truncating responses of the final pitch movements. According to the observations of the authors in the main
data, it seemed that the speakers’ choices in the diversity of contours were quite systematic. According to PFitzinger
(2009), the choice of diversity of contour is special and systematic.
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Table 1- Dependent variables and how to calculate them
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Fig 3- The waveform and pitch contour in "ye yar resid" is produced by a female Isfahani speaker, in which the
noun group "yar" (subject) has fall pattern and has L*+H pitch accent.
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Fig 4- The waveform and pitch contour in "ye yam resid" is produced by a male Isfahani speaker, in
which the noun group "yam" (subject) has rise pattern and has L*+H pitch accent.

0.1991

0 Ili'u'r- N
0.1918] |
300 Hz
\/V 206.6 Hz
] D 40 Hz
7 d
= 1 ye yab resid ::O:)
5 sone.. rime
< §:)3e)ak delay
3 8 3)
4 valley dela'
e
5 10 ;
%c?um
6 11 (31
7 12 :';)Iey dela:

| 1.017200
09 55 OT 13 9 ol ousilas Jilgao!l 350 5ais 55 tawgi 45« y Db 45 HLET ol 30 (099 9 (S0 § (g0 JCI -0 s
el LEHH (0009 525 45 9 Ol 3 —~ O oouzmy (53591 (51518 (el Jo) « lo» ool
Fig 5- The waveform and pitch contour in "ye yab resid" is produced by a male Isfahani speaker, in
which the noun group "yab" (subject) has fall-rise pattern and has L*+H pitch accent.
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Table 2- Comparison and effect of the target word on sonorant rime in fall, fall-rise, and rise of Isfahani and
Tehrani varieties
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Fig 6- The average of sonorant rime in the target words "yar/yam/yab" in fall contour
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Fig 7- The average of sonorant rime in the target words "yar/yam/yab" in fall-rise contour
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Fig 8- The average of sonorant rime in the target words "yar/yam/yab" in rise contour
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Table 3- The effect of fall and fall-rise contour on sonorant rime
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Table 4- The influence of fall and fall-rise on the relative alignment
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Fig 9- The mean relative alignment in fall and fall-rise in two varieties of Isfahani and Tehrani
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Table 5- Comparison and effect of the target word on the absolute alignment and the relative alignment in the
fall contour in Isfahani and Tehrani varieties
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Fig 10- The absolute alignment in fall contour of the target words "yar/yam/yab" in Isfahani and Tehrani

varieties
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Fig 11- The relative alignment in fall contour of the target words "yar/yam/yab" in Isfahani and Tehrani

varieties
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Table 6- Comparison and effect of the target word on the absolute peak delay and the relative alignment in fall-
rise contour in Isfahani and Tehrani varieties
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Fig 12- The absolute alignment in the fall-rise contour of the target words "'yar/yam/yab™ in Isfahani and
Tehrani varieties
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Fig 13- The relative alignment in the fall-rise contour of the target words "yar/yam/yab" in Isfahani and

Tehrani varieties
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Table 7- Comparison and effect of the target word on the absolute valley delay and the relative valley location in
rise contour in Isfahani and Tehrani varieties
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Fig 14- The absolute valley location in the rise contour of the target words "'yar/yam/yab" in Isfahani and
Tehrani varieties
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Fig 15- The relative valley location in the rise contour of the target words "yar/yam/yab" in Isfahani and

Tehrani varieties

S5 4o § om0
Sty 53 35 (omie (555U 5 (651 e cSbl sl s 218 sla el Slej 5L 6 sy g ol plil ) o
ﬂd,u@”o,y4_,,,.4_;:@51,M@\,g,@wm;pﬁuyu@gwﬂm6\;@;1;@,)3;&@\(@‘
s o L s Sleiol 45 55 a3 Ol mmte 5 OBl oie 53 bl oluy B s s (p<0/00) WlasliE 5T abl ol
Slasjly ys s i am bl gley o s Ol — Ol gete s Ll (OL <)L <CLL) Sl ol 9 5Ly glaejly 31 i «tb"» o3lg 4o
o3l gowis gove 95 Cp 33 Sl Hlad sy 2k 4 bg e g olT @‘.:3 Lol <r\i <) ol ("'T)tijrti» laoily 5l ziw Ly
S S Ol ol 503 S0l 3 03 g sk 5 031 03l a5 51 cote £ 48 303 OLES (D135 0N ko Smie 5 (O151)
33 0bL ol 503 Kl 3 01Ol omte 53 6Ll ol i3 ke SLe 5 Slieol 68 55 13 &8 (6, ba el
e 5 Oy g S 48Tl Ol immte S domy s 4 Sloj Ll 5b Cow () en B ¢ pmman (ol 5 SV g O e
,;@L»;,L:‘;ﬁ‘_;.\xwﬁﬂo,fjfj;uw)x4;_Jgﬁf‘_;uu\uw..\;S@C,J..:ol:;l@m,'\p,,'\,o\}:;-otél
AU als 5mes 1 ojlsy ola g0 OB goia 53 1313 DL g8 5 Sldoal 65 55 33 Ol 5 01— 0Ll OLSI (gla sowie
3 S Y sb ola ian Dy go 4 D15 OB ote 55 L (gl B34S el OT o 5o g0 ol ol azlils s gine
B La0T 53 a8 313 0L Glehol 5 G145 48 33 53 (ool B (S5l en Ly omie p 5 S e Dol QBB gt 53 SLL g
S8 Dol laojly 53 i oo (531 en (o (9305 Ol 3l 358 o 35 OB gt 53 4l 1 5355 0= OB ot 3
3,05 5,5 050y 50 S 3oyl s 68 93 a3 Sl i SLg 65 55 sl pl Lol 63,10 5 g 5 Slghos!
D5 Loea aSbl 53t )3 ¥ LY sads 1 0T 5 aS oo GLail 5 (stu0le) abl ol S5 s 4ty b1y al Jous 01y 520 S5
Ol 0L (iomte 55 Laols s 4 b (laosls dglie . Conlonn 6l 5350 53 H ol 5 50 3 585 sulia iLis o ilesls
BERGIR| W g g% 43; 235 Sl Hld fae ““r‘li‘(‘li”}““r‘li‘)li” g«(ali—)li» sWejls 415_/.:;-‘\3 5 S a5 sl Ol Sleaa! 45}?):
65 55 348 sl ol T et i 13 e (L= pb (slaeSls 53 Lol 6l Sl sime (b= 5 tpb— b slael &b
&wdj\f.@ww.(p<~/~b)@\o:ﬁ)‘;\§j;t’Ls.w;'&ng‘J:«.&ﬁng\.\siaaQ)yQaj\j&b)&jc@ljgﬁ')@LW\
Lol 6 1 gmn a5 (slaels oo 4B 53 sl 45757 adeia (O /el /b slao3ls o S 5 Sl 45 53 53
8 935348 313 LS Oyt domta 53 o3y oy oomd 033 (Lol Al . Conl s dmn 1b=ply 5 (b=l glacSls 55 sl

G5 3303 o S iad Ao (P<H/00) ol 03 5 SIS 5T o 03 (gl et (613 smn oy geo w0515 ¢ S 5 Sk
d https://doi.org/10.22108/jr1.2023.134154.1700


https://doi.org/10.22108/jrl.2023.134154.1700

Y O 5 g g5 asil il 4 Slehol 5 e 58 53 s S olsT Glageal o)

=l slae3ly 53 sl ol Ll s s ime 1l 5l (slas3ls gomd 055 53 gl 4 5ls 0L O /ol /b slaells o Sledeol
s 033 53 3L 48 15 DL O /el /5b sl )3 g (651 e il (15 48 53 Tl Jls me 10bmply 5 (0L
i I3 g (b5l baoSls 5o Sl sl (g el ls pme Sl—pl 5 pl- 0L slaeSls

s Glaasl sl o goie 5 05 50b5 21T Bt 4 (65 men b gun0le; GLl o das o 0L 5 pl oD sb
G 1y 8 e Oloj 01— Ol omie W 5 53 gl 558 01y s 8 .ol (2017) a5 (2009) Koo j2d 5 sl o€ s b guan
Sty Sy 2 (6 ,5S a9 anls (ali;.a.sjj Cjéj 4 ele (0ds 5 ey L Liles S eslinal JH\AJQJ&A\)J’U J..Sld\:é)f)lf
G5 5 aS I 3 cmulansls JUs 4 ) ols doly oLl 5 asls Coldal (650 men Bl 53 ok ¢ Soke 4 .l w228 215
503,5 Jos S i A5 03 )5t 84S fme iy bl Soslinal (515 oy 51 OB te 15 53 Ol sie £ ¢ SN
35N o SaaT come ¢l by ool 8 plonil (6 s S L5 (U587 OLej Dote 3 (S5 JolS sb s 4l 31873 i i
S 3lusli 58 By 1Ol somte W5 55 S 5 Sleiel 658 53 58 0l 8 el 28 W5 VL o b 5 JolST 5 b 4 0L
S o Lo J5t03 S 5 1) (ST gomie I Bl B g5 5 8 oS FO IS 487 e oty il SToslizal o 5
(Lo L a el 53 558 53 0l 5t 8 Gla ety Sl 4 ¢ 55 45 i 015 o § gmma)s pl ol (ol 03 S5 kO
33 Oly st 8 Ol a8ty o o 0 oy 2 5550 Slaosls bkas 53 OB L, Sldaline 3o ol 03 54658 505 50L 5 (Slalis
3l lols (ol (sla i g 55 53 Ol (2000) K i 5 sl &S 4 . losles gy dinplles SIS 6511 a4 e (6 SN Sole g3
L 3l s ol 5 ool ol (sutteplls 5

References

Araniti, A., Ladd, D. R., and Mennen, I. (1998). Stability of tonal alignment: the case of Greek
prenuclear accents. Journal of Phonetics 26, 3-25.

Bannert, R. and Bredvad-Jensen, A. (1975). Temporal organization of Swedish tonal accent: The
effect of vowel duration. Working papers 10, Phonetics Laboratory, Department of General
Linguistics, Lund University (pp. 1-36) Sweden: University of Sweden Press.

Erikson, Y. and Alstermark, M. (1972). Fundamental frequency correlates of the grave word accent
in Swedish: the effect of vowel duration. STL, Quarterly Progress and Status Report 2(3), 53-60.

Grabe, E. (1998a). Comparative intonational phonology: English and German. PhD thesis, Max
Planck Institute.

Hanssen, J., Peters, J., and Gussenhoven, C. (2007). Phrase-final pitch accommodation effects in
Dutch. In J. Trouvain & W. J. Barry (Eds), Proceedings of the 16th International Congress of
Phonetic Sciences (pp. 1077-1080). Saarbriicken: University of Saarbriicken Press.

Hansen, J. (2017). Regional variation in the realization of intonation contours in the Netherlands.
PhD thesis, Utrecht University.

Issatchenko, A.V. and Schadlich, H.J. (1966). Untersuchungen uber die deutsche Satzintonation,
Stud. Grammatica 7, 7-64.

Ladd, D.R. (1996). Intonational phonology. Cambridge: Cambridge University Press.

Ladd, D.R. (2008). Intonational phonology (2" ed.). Cambridge: Cambridge University Press.

Ohl, C. and Pfitzinger, H. (2009). Compression and truncation revisited. INTERSPEECH 2009,
2451-2454,

Peters, B .and Pfitzinger, H. (2008). Duration and FO interval of utterance-final intonation contours
in the perception of German sentence modality. Proceedings of the Annual Conference of the
International Speech Communication Association, INTERSPEECH (pp. 65-68). Helsinki:
University of Helsinki Press.

Pierrehumbert, J. B. (1980). The phonetics and phonology of English intonation. PhD thesis, MIT.

Pierrehumbert, J. B. (2000). Tonal elements and their alignment. In M. Horne (Ed.), Prosody:

d https://doi.org/10.22108/jrl.2023.134154.1700


https://doi.org/10.22108/jrl.2023.134154.1700

Vo Ols 5 5l oYY (o 5 o)led 3 o )led cons sl Jlo clginn! ol (B 0L sla Lty YF
Theory and Experiment. Studies Presented to Gosta Bruce (pp. 11-26). Dordrecht: Kluwer.

Sadat-Tehrani, N. (2007). The intonational grammar of Persian. PhD thesis. University of
Manitoba.

Sadeghi, V. (2017). The timing of pre nuclear pitch accents in Persian. Journal of International
Phonetic Association 49(3), 1-25.

Silverman, K. and Pierrehumbert, J. B. (1990). The timing of prenuclear high accents in English. In
J. Kingston and M. Beckman (Eds.), Papers in laboratory phonology I (pp. 72-106). Cambridge:
Cambridge University Press.

Xu, Y. (2013). ProsodyPro — A Tool for Large-scale Systematic Prosody Analysis. In Proceedings
of Tools and Resources for the Analysis of Speech Prosody (TRASP 2013), Aix-en-Provence,
France. 7-13

Xu, Y. and Sun, X. (2002). Maximum speed of pitch change and how it may relate to speech.
Journal of the Acoustical Society of America 111, 1399-1413.

d https://doi.org/10.22108/jrl.2023.134154.1700


https://doi.org/10.22108/jrl.2023.134154.1700



