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Abstract

Sonority and its various aspects, in addition to affecting the structure of a syllable can trigger some phonological and
morphophonological processes. The foundation of these sonority-based processes is that the sonority scale of all the
phonemes should be determined in a hierarchical order. To achieve this primary goal, a sonority hierarchical model of
Persian phonemes was proposed according to the theoretical foundations previously clarified about sonority,. Then,
all the 23 Persian consonants were used in the onset and coda position of the CVC syllable. The 6 vowels of this
language were also used in this syllable. In the next step, all the data were put in carrier sentences, then read and
recorded three times by 10 monolingual native Persian speakers. Since according to Parker (2008), there is a direct
relationship between intensity and sonority, so the intensity of all phonemes was measured in Praat software (version
6.1.42). Following that, through Pearson's correlation coefficient, the relationship between the intensity and sonority
scale proposed in the hypothesis was calculated. In doing so, the calculations were done for individual phonemes and
phonemic classes and the results were 0.90 and 0.91 respectively and the hypothesis of the research was statistically
attested. Finally the hierarchical sonority model of Persian phonemes was presented. Moreover, the comparison of
this model with the model suggested by Parker (2008) showed that it is completely consistent with it, and it can be
claimed that Parker's model (2008) is also confirmed in Persian.
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Introduction
Sonority, as an interface between the phonetics and phonology of a language, can affect the syllable structure and its
production. Moreover, sonority and its various aspects such as Sonority Sequencing Principle, Syllable Contact Law,
Minimum Sonority Distance and Sonority Dispersion Principle can trigger some phonological and morphophonological
processes of a language. Some linguists (Clements, 1990; Ohala, 1995; Parker, 2003; Zolfaghari & Kambuziya, 2005; Rahili,
2016; Mahmoodi, 2017; Wulfert, 2017; Salimi & Kambuziya, 2019) believe that some processes such as assimilation,
dissimilation, metathesis, deletion and insertion also happen under the influence of sonority. The foundation of these
sonority-based processes is that the sonority scale of all the phonemes in a language should be determined in a
hierarchical order.

From articulatory point of view, sonority indicates the greater openness of the vocal tract and from acoustic point of
view, it is related to the greater intensity of the sound signals (Parker, 2002: 41-49). Ladefoged and Johnson (2010: 245)
believe that the sonority of a sound is its loudness relative to that of other sounds with the same length, stress, and pitch.
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They (ibid) state that the sonority of a sound can be estimated from measurements of the acoustic intensity of a group of
sounds that have been spoken on comparable pitches and with comparable degrees of length and stress. Parker ( 2008)
also focusing on the direct relationship between intensity and sonority proposes a hierarchical model of sonority as in
table 1 and claims that it can be a universal model.

Table 1- Parker's hierarchical model of sonority (2008)
Phonemic Classes Sonority index
Low vowels 17
Mid-peripherial vowels(not a) 16
High- peripherial vowels(not ) 15
Mid- interior vowel ()
High- interior vowel (i)
Glides
Rhotic approximant (4)
Flaps
Laterals
Thrills
Nasals
Voiced fricatives
Voiced affricates
Voiced stops
Voiceless fricatives
Voiceless affricates
Voiceless stops
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The present study was acoustically conducted to firstly determine the sonority scale of Persian phonemes based on
intensity and secondly to compare the obtained scale with that of Parker's (2008).

Materials and Methods

To determine the sonority hierarchy of Persian phonemes based on intensity, in the first step, according to the
theoretical foundations previously clarified by scholars (Clements, 1990; Parker, 2002) about sonority, a sonority
hierarchical model of Persian phonemes was proposed as a hypothesis. Then, all the 23 Persian consonants were used
once in the onset position and once in the coda position of the CVC syllable. The 6 vowels of this language were also
used in this syllable. To maintain the consistent articulatory conditions for all the consonants in this syllable structure
(CVCQC), they were used adjacent to the same vowel /a/, i.e. when they appeared in onset position, the nucleus and coda
were (—am) and when they were employed in coda position, the onset and nucleus were (ba-). All the vowels were also
alternatively used between /s/ and /r/ in s—r frame. The data gathered in this way were either monosyllabic Persian
words or Persian syllables. In the next step, all the data were put in carrier sentences, then read and recorded three times
by 10 monolingual native Persian speakers ranging from 30 to 40 years old from both genders. Following that, using
Praat software (version 6.1.42), the audio files were acoustically analyzed, and all the target phonemes (tokens) were
measured in terms of intensity variable. In doing so, according to Parker (2002: 107), peak intensity was measured for
vowels since this was the point when they were most distinct from consonants. Conversely, for consonants minimum
intensity was measured because the most consonant -like point of consonants was when their intensity marked the
minimum. Following that, Mean Values for individual phonemes, Grand weighted Means for phonemic classes and
Standard Deviations for both groups were calculated.

Discussion of Results and Conclusions

After extracting the Mean Values and Grand weighted Means, the relationship between intensity measurements and
sonority indices proposed in the hypothesis was calculated through Pearson's Correlation Coefficient for two
approaches (individual phonemes and phonemic classes) for both genders (male and female) and for both positions
(onset and coda). Because of this, 8 Correlation Coefficients were obtained as in table 2:
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Table 2- Final correlation between intensity and sonority

Onset consonants plus Coda consonants plus
vowels vowels
men women men women | Mean
Individual phonemes 0.92 0.84 0.95 0.90 0.90
Phonemic classes 0.93 0.87 0.94 0.88 0.91

As it is seen in table 2, the Correlation Coefficients for individual phonemes and phonemic classes were 0.90 and
0.91 respectively. These measurements show that intensity has a positive, direct and meaningful relationship with

sonority. Accordingly, the hypothesis of the research was statistically attested and the hierarchical sonority model of
Persian phonemes was presented as in table 3:

Table 3- Sonority hierarchy of Persian phonemes

Phonemic Classes Phonemes Sonority index
Open vowels la,al 13
Mid-open vowels /e, ol 12
Closed vowels /i, ul 11
Approximant Ijl 10
Lateral n 9
Thrill Ir/ 8
Nasals /m, n/ 7
Voiced fricatives v,z,3/ 6
Voiced affricate /dz/ 5
Voiced stops /b,d, 5, G/ 4
Voiceless fricatives 8,0, h,y/ 3
Voiceless affricate 1tf/ 2
Voiceless stops Ip,t,c,? 1

Moreover, the comparison of this model with the model suggested by Parker (2008) showed that it is completely
consistent with it, and it can be claimed that Parker's model (2008) is also confirmed in Persian.
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Figure 1- Intensity spectrum of [d] for the word “dam”
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Figure 2- Intensity spectrum of [a] for the word “sar”
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Figure 3- Grand weighted means of intensity for voiceless stops in coda position of CVC for female participants
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Table 10- Intensity of onset consonants for Table 9- Intensity of onset consonants for
males females
slag | Szl lag | Sl
Olgson R g0l Slxo Olgeon oSle 4igod e
p -15.4 15 6.20 p -15.49 15 5.71
t -14.63 15 6.98 t -16.44 15 5.92
c -7.58 12 3.83 c -13.97 15 7.31
? -10.99 15 | 11.86 ? -3.64 12 3.51
b -3.51 15 8.12 b -5.08 15 8.77
d -11.01 14 7.65 d -8.03 15 10.34
¥ -7.43 14 6.98 ¥ -11.23 15 9.22
G -8.96 14 5.92 G -7.71 15 9.00
tf -11.14 15 4.79 tf -11.04 15 6.25
dz -7.96 15 7.29 dz -6.58 13 6.22
f -20.24 14 5.43 f -22.08 15 9.14
S -10.33 15 8.80 s -14.79 15 9.21
I -11.81 15 6.45 I -13.07 14 7.61
h -14.26 14 4.72 h -19.64 15 8.08
X -14.58 15 5.38 X -18.52 15 9.15
v -7.34 15 4.15 v -5.25 15 6.96
z -6.95 15 2.22 z -8.59 15 4.05
3 -7.42 15 8.97 3 -8.11 15 7.22
m -0.39 15 2.98 m 2.07 14 5.32
n -0.41 14 3.34 n 1.69 15 6.49
r -2.56 14 3.11 r -13.82 15 9.97
| -0.82 15 2.86 | -2.13 15 8.38
j -3.99 15 3.68 i -5.92 14 7.33
Sl Slaws | Sl il 095 Sl oy B il
Olgon 03 $39 | 4ge | ke Olgeon $39 | Nee | b
ptc? -12.39 57 | 3.042 pte? -12.84 | 57 4.882
tf -11.14 15 4.79 tf -11.04 15 6.25
fsh[x -14.16 73 | 3.381 fshfx -17.68 74 3.272
bd¥G -7.65 57 | 2.803 bd}G -8.0125 | 60 2.200
d3 -7.96 15 7.29 dz -6.58 13 6.22
VZ3 -7.23 45 .208 vz3 -7.31 45 1.491
mn -0.39 29 010 mn 1.87 29 193
Ir -1.66 29 .885 Ir -7.97 30 5.945
j -3.99 15 3.68 i 5.9 15 7.33

d
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Table 12- Intensity of coda consonants for Table 11- Intensity of coda consonants for
males females
slaws | Syl slaws | Syl
OlgSeed rSileo Gg0i | sl Olgseed | uSlo | diged Jbxe
p -15.93 15 4.11 p -19.07 15 5.88
t -16.89 15 6.32 t -18.57 15 6.18
c -16.16 15 5.48 c -21.55 8 3.10
? -16.5 15 9.27 ? -20.22 12 6.68
b -10.47 14 5.89 b -13.09 13 4.24
d -14.81 15 7.47 d -17.17 12 4.61
¥ -12.47 15 4.81 ¥ -17.42 15 6.50
G -18.49 13 5.34 G -17.27 15 6.68
tf -11.74 13 4.23 tf -17.04 15 8.53
dz -11 15 5.98 dz -15.49 15 5.76
f -15.43 12 4.36 f -21.79 15 9.14
s -12.45 14 7.56 s -18.97 15 11.45
I -11.67 15 8.86 I -19.32 13 9.21
h -10.89 15 7.48 h -16.07 13 7.03
X -12.71 15 8.17 X -22.75 15 9.45
v -8.8 15 5.36 v -14.18 15 7.00
z -10.22 15 10.18 z -14.95 15 8.29
3 -3.79 15 4.52 3 -13.4 15 4.72
m -1.91 15 5.52 m -2.44 15 6.23
n -0.45 11 4.59 n -8.93 15 7.95
r -3.67 14 5.92 r -15.99 15 5.63
| -0.61 9 4.25 | -11.79 15 7.73
i -3.83 14 5.96 j -10.28 15 7.83
095 Sl slag | iyl 095 obe | Slax
Olgon <33 w903 Slzo Olgseen 33 dgad | Hlxo Sl il
ptc? -16.37 60 365 ptc? -19.59 50 1.061
tf -11.74 15 4.23 tf -17.04 15 8.53
fshfx -12.51 71 1.478 fshfx | -19.89 71 2.341
bd¥G -13.96 57 2.932 bd¥G -16.30 55 1.805
dz -11 15 5.98 dz -15.49 15 5.76
vz3 -7.60 45 2.789 vzy -14.17 45 640
mn -1.29 26 736 mn -5.685 30 3.300
I'r -2.47 23 1.527 Ir -13.89 30 2.136
j -3.83 14 5.96 j -10.28 15 7.83
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Table 14- Intensity of vowels for males females
Slows | Sl =il Slows
a1 v x| ) LY o oMy v W) 45903 Ilo Bl il
a 12.77 15 6.68 a 11.40 15 6.36
a 12.18 15 6.56 0 10.66 15 5.82
e 11.87 15 5.12 a 10.61 15 5.61
0 11.57 14 5.18 e 10.51 15 6.15
u 9.79 15 2.25 u 9.68 14 3.89
i 9.27 15 2.54 i 9.57 15 4.56
S lasi | Il il 09§ Sk | Slows
419095 39 dged | sl 1y 9| Need | shre S il
i,u 9.53 30 264 i,u 9.62 29 .056
€0 11.72 29 | .1583 e,0 | 1058 | 30 076
aa 12.47 30 | 300 a,a 11 30 402
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(1) s )3 ooz rhae a3 slie (o503 S Ll o ol a3 U 8 ol y Comn O g2 53 ool s 151 Il
03,5 2 (55 e L zls sa o80he 5 aley 53 o (Smad 8 st LY 3 5 Sl 0 03,57 (andie j25m)
Wl e 53 sl 03 g1 Jl3line 030l (Bl 2700 51 a8 S (g Isken pebans ol 0 sl s

d https://doi.org/10.22108/jrl.2023.137338.1747


https://doi.org/10.22108/jrl.2023.137338.1747

Vo sl de Jg 5 (gl 5 smmme 2008) Sk Jua b 0T amglin 5 (S ST aalllan &G olal 0yl 0L slagls by 453 s
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Table 16- Correlation coefficient between Table 15- Correlation coefficient between
intensity of onset consonants and vowels with intensity of onset consonants and vowels with

the sonority indices of the hypothesis (males, the sonority indices of the hypothesis
individual phonemes) (females, individual phonemes)

9 311 Olgseod 9 311 Ol gseod Loy a0
1y OSle | 4o ol az &My Sl 4o B
p -15/4 1 p -15/49 1
t -14/63 1 t -16/44 1

-7/58 1 -13/97 1

-10/99 1 -3/64 1

tf -11/14 2 tf -11/04 2
f -20/24 3 f -22/08 3
s -10/33 3 s -14/79 3
I -11/81 3 I -13/07 3
h -14/26 3 h -19/64 3
X -14/58 3 X -18/52 3
b -3/51 4 b -5/08 4
d -11/01 4 d -8/03 4
¥ 7143 4 ¥ -11/23 4
G -8/96 4 G -7/71 4
ds -7/96 5 ds3 -6/58 5
% -7/34 6 v -5/25 6
z -6/95 6 z -8/59 6
3 7142 6 3 -8/11 6
m -0/39 7 m 2/07 7
n -0/41 7 n 1/69 7
r -2/56 8 r -13/82 8
I -0/82 9 I -2/13 9
i -3/99 10 i -5/92 10
i 9/27 11 [ 9/57 11
u 9/79 11 u 9/68 11
0 11/57 12 0 10/66 12
e 11/87 12 e 10/51 12
a 12/18 13 a 10/61 13
a 12/77 13 a 11/4 13

Total Correlation = 0/92255 Total Correlation = 0/8439
Sig = 0/000 Sig = 0/000

ojjf).sg;i?dgj.pq LSy 5 03T GOl Brar Sds Ol jme clas e Ol amTwqu;’ﬁ\,@ do e YU J gl s

Syl ans b ys el sley Glaale b (g i ks Ols 4
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Table 18- Correlation coefficient between
intensity of coda consonants and vowels with

the sonority indices of the hypothesis (males,
individual phonemes)

SBOged DUl o (Sned o 3o -1V 90>
055) 40 9 Gb LT (2le) 4353 b aaslg g b

(9 5595 b))

Table 17- Correlation coefficient between
intensity of coda consonants and vowels with

the sonority indices of the hypothesis (females,
individual phonemes)

9 bl Olgod 9 bl Ulgon LR ST
My Ol | 4o P ol a0 &My ke 4o B
p -15/93 1 p -19/07 1
t -16/89 1 t -18/57 1

-16/16 1 -21/55 1

-16/5 1 -20/22 1

tf -11/74 2 tf -17/04 2
f -15/43 3 f -21/79 3
S -12/45 3 S -18/97 3
I -11/67 3 I -19/32 3
h -10/89 3 h -16/07 3
X -12/71 3 X -22/75 3
b -10/47 4 b -13/09 4
d -14/81 4 d -17/17 4
¥ -12/47 4 ¥ -17/42 4
G -18/49 4 G -17/27 4
dz -11 5 dz -15/49 5
% -8/8 6 v -14/18 6
z -10/22 6 z -14/95 6
3 -3/79 6 3 -13/4 6
m -1/91 7 m -2/44 7
n -0/45 7 n -8/93 7
r -3/67 8 r -15/99 8
I -0/61 9 | -11/79 9
j -3/83 10 j -10/28 10
i 9/27 11 i 9/57 11
u 9/79 11 u 9/68 11
0 11/57 12 0 10/66 12
e 11/87 12 e 10/51 12
a 12/18 13 a 10/61 13
a 12/77 13 a 11/4 13

Total Correlation = 0/94809 Total Correlation = 0/8999
Sig = 0/000 Sig = 0/000
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Table 20- Correlation coefficient between
intensity of onset consonants and vowels with

the sonority indices of the hypothesis (males,
phonemic classes

SBOIaZed DUl g ( Sod Co 30 - 11 J9u>

095) 4o Gb BOT ole) 4350 b baslg g 03T

(P95 25595 0k
Table 19- Correlation coefficient between

intensity of onset consonants and vowels with
the sonority indices of the hypothesis (females,

phonemic classes

9 Olgon 09 5 2@l 4z ) 9 Olgon 09 5 PRISRE ST
) 39 Sle 40 g ol 1y &9 (Sl 4o p bl

ptc? -12/3905 1 ptc? -12/8453 1
tf -11/14 2 tf -11/04 2
fshfx -14/1616 3 fshfx -17/6815 3
bd¥G -7/65351 4 bd¥G -8/0125 4
dz -7/96 5 dz -6/58 5
vVz3 -7/23667 6 vz3 -7/131667 6
mn -0/39966 7 mn 1/873448 7
Ir -1/66 8 Ir -7/975 8

j -3/99 9 j -5/92 9
i,u 9/53 10 iu 9/623103 10
, 11/72517 11 oe 10/585 11
a, a 12/475 12 a,a 11/005 12

Total Correlation = 0/927531 Total Correlation = 0/866611
Sig = 0/000 Sig = 0/000

u:‘MJ@QWQ‘)ﬁ}QL)o);jJ)Q&b)4>).>Lu«s‘j}aJL&Tdhu‘MQMW@J;@%ﬂwuﬁ
2 SO g0ty Srmcar b SMie O gz b odalie on F i oS 5 gb Oler el .ol 065 03,8 51 YL Ol e 0 8 55 5lde
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Table 22- Correlation coefficient between
intensity of coda consonants and vowels with

the sonority indices of the hypothesis (males,
phonemic classes

SBOIgRed O (o ( Saod Co yo -1 Jgue
095) dud $ Gubo LT gluy dry0 b yasly g SbL
(B95 22095 b3
Table 21- Correlation coefficient between
intensity of coda consonants and vowels with

the sonority indices of the hypothesis (females,
phonemic classes)

9 Olgsen 09 5 FREL"SE ST 9 Olgsen 09 5 P lyae

) ISl | Ao el «’13 SISl | Ao el
ptc? -16/37 1 ptc? -19/5928 1
t -11/74 2 tf -17/04 2
fshfx -12/5142 3 fshfx -19/8975 3
bd}G -13/9675 4 bd}G -16/3011 4
ds 11 5 ds -15/49 5
vZzZ3 -7/60333 6 vz3 -14/1767 6
m n -1/29231 7 mn -5/685 7
Ir -2/147261 8 Ir -13/89 8
j -3/83 9 j -10/28 9
i,u 9/53 10 iu 9/623103 10
0,e 11/72517 11 oe 10/585 11
a,a 12/475 12 a,a 11/005 12

Total Correlation = 0/94036 Total Correlation = 0/8783
Sig = 0/000 Sig = 0/000
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Table 23- Final correlation between intensity and sonority
LaSTl s+ 0T slady] sean
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Figure 4- Intensity regression scatterplot
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sonority = 8.14 + 0.36 X dB
(R?=0.89)
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Table 24- Final sonority hierarchy of Persian phonemes

2T wlb by 450
LSy /a, al Y
Sbass caeST1s €, 0f 1Y
a1, fi, U/ 3
e fjl ).
el q
37 A
b e si/M 0/ v
SISy gl ol IV, Z, 3/ 4
SISy sla s Luil/d3/ o
SISy saeslailb , d L 5, G/ f
oSy gl /fs, [ h, ¥
&S g gla oo i /)7 \
&S gm slagslstIp, t, e, ¥/ )
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Table 25- Intensity correlation in men (initial and final positions)

LSy + 0BT Slad) sean LaSTly + Sl ol pean
Ol ,e Ol ,e
S Sy ok s +/8Y - /40
@,5%,@\#5\, /AY /A¥
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Table 26- Intensity correlation in women (initial and final positions)
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