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Abstract

In this article, the current Persian phonological contrast system is addressed under the framework of
functionalism. The Degree of Phonological Contrast (DC), as a quantitative index, is determined for
consonants in terms of sonority, manner, and place of articulation, and tongue height, place, and length
for vowels. The findings of this study demonstrate that DC can be explained for consonants and vowels in
similar and dissimilar phonological classes.
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Introduction

The main question in this article concerns the extent to which Persian phonology employs the contrast of a
pair of phonemes in the word formation. This question is already reported for consonants and vowels. The
hypothesis of the research implies that decreasing the similarity of the opposition members in phonological
features increases the prevalence of minimal pairs and vice versa. For this purpose, the phonological contrast
and functional load of the functionalism are quantified according to the formula of the DC. Then, the DC
mean is determined for consonants in terms of initial, middle, and final positions within words, and the
number of syllables for vowels using non-linear mathematical functions. Findings confirmed that the
dissimilarity of vowels in length, along with the similarity of consonants in non-sonority and coronality, are
among the pervasive factors in Persian word formation.

Materials and Methods

Research data include 41718 minimal pairs extracted from the generative lexicon (Eslami et al., 1383) with a
volume of 52858 entries using a computer program. In this program, each entry’s phonological form is
compared with phonological forms of approximately the same length (with one unit of length error). If the
difference is one, the two words are considered a minimal pair. Minimal pairs that differed in consonants
were classified according to their beginning, middle, and end. Moreover, those that differed in vowels were
classified according to the number of syllables. Diagrams of exponential and logistic functions were
employed to study the relationship between the DC in consonants and the position of consonants at the
beginning, middle, and end of words on the one hand, along with the relationship between the DC of vowels
and the number of syllables on the other. To evaluate the research hypothesis, a comparison between the
values of DCs, as well as their descending order, was performed.
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Discussion and Conclusion

Examining the minimal pairs in the Persian lexicon shows that the DC of Persian consonants increases as we
move from the beginning to the end of the word. Moreover, as the number of syllables increases, the DC of
vowels decreases, and the inflection point of DC mean variations rest on three-syllable words. Conversely, as
the number of syllables increases, the DC of consonants decreases, while there is no inflection point of DC
mean variations on three-syllable words. Overall, DC for dissimilar classes is greater than that of similar
classes. Specifically, the DC of vowels (in terms of tongue height and length) for dissimilar classes is more
than that of similar classes, while it is the opposite for the place of articulation. However, the DC of
consonants varies according to sonority, manner, and place of articulation for both similar and dissimilar
classes. Therefore, the members of minimal pairs tend to be non-sonorant and coronal.
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Table 8- DC for the classes of consonant manner of articulation in word initial position in

ESY

terms of the number of the syllables

SP | ebemy | @bl | g | sbwgs | abwes A gi b9
FYYF VAN Y V/5Y0 INAt4d FA/MY o o (5 b
¥154 o/ F¥ VAT A7V F/aFY Yo /AF¥ S lxisl- (5 ylxail
\VoF o/ \F /4 QY < /00V Y/eAQ \7/0VF e b Sl
VP54 /e Y¥ o/ FY C/YFO V/4) \Y/AYS P Y — (S x|
11F4 /¥ /o0 Vatas Y/ # \Y/04% 19— skl
459 VR 2 / F4 Wi V/09A /18y 0 aa>— | i) v
vob /YA Y JYEY V/OAD AAYY Ol9 - sl
Y¥4 : ARL AN /YA /4 F¥ Cdd— (6 ylxai!
\F$ : /v /e FO /YAS \7ANS cdé- il
Yo : /Y /A VEeY /o 09— (h g
4 : . /Y AV . V/ $F Cdé—  0guas
v . . . o/ FF a4 odé-Oley
VY ‘ /ey VAR +/+49 VN R S — S0 S
oY . . VARE 4 AR /NS Ol —-Oley




\Yo L;f'ju":'})*:‘:"\'éﬁdl’u’gbr"‘ )}flw,bub))afl}&lQngﬂ

bxd 3luxi Cw g 4ols” Lawg ol > 50 BOIgsed Wy 890 Olab (Sl (19 B Ol -1 Jou>
Table 9 -DC for the classes of consonant manner of articulation in word middle position in

terms of the number of the syllables

SR | berEs | Gy | gbdd | gbwdgs | gl | Mg be
YSOA /+av /YY4 V/+OA F/FAD §/FFY o b— (S 5 Lxai
VY. AL /) Yann \/Vay Y/IAY R T W
ey /e \F A " VARYs \/¥§ Y/9V 39— (8 skl
110) o/ /YA JAAL4 \/¥7 Y/#9V Ol ol
\YF4 /Y Jalax /Y Y/¥4 YoV Sobxdil- (5 ylxiil
MO Y /e F LYY VY V/VOA 0 S o
aFY Y T4 YPY \Vidis V/gey P Y (S 3 x|
ADY JAN FARYS TART Vidh VN Cdd— (6 ylxail
oYY AR /N0 oA CYAD Visax O19.5— 0 ghius>
Yo ' RN /AN /FVY L /04V A TSpg-2] W
YA : e Y /\FF /Feq cdé-0ley
A AR ey /Y8 /YFA FAAL Sl o0 gius
V4 . JARA Y /Y0 AT APV O19-019)
qf ' JARM /oYY /VE /4Y4 S0 P — o Qs>

Lxd Sl Cws g 4ols” (Sl ol k> 50 BOlgsued wWgi g0 Ol Sl g (19 B Ol -V J9u>
Table 10- DC for the classes of consonant manner of articulation in word final position in

terms of the number of the syllables

S9E | ey | fbiler | b | obwed | gbeh | Wy dgd
YFAY /¥ AYE /030 /Yy Y /0fY e bw— (8 ylxai!
INE AT WANIZ /O VA VE/PAY S olrdil— (5 ylxas
OOA ‘ /AYY /XYY /40 /YO s b= s o
vao ‘ /o8 /Y84 VAAY VO /AYY 193 ol
AA¥ ‘ WANIZ «/F¥ V/EeF Ve/ 39— 8yl
OAD /+A¥ /oYY AT V/1¥4 Mtd PGS — i) b
vay /44 AT WAlZ2 \Vas AIYY 0 G — (S 5 x|
va : . ey BV ¥/\0F odé- ol
FYA : ARV o/ /FA8 Y/AQ¥ 0195 (0 guius>
v\ : . /¥ «/+4VA Y/0%) cdé— (5 ylxail
FA . . +/+Y44 /+ QA V/YAQ cdé-olgy
vf : . ey «/+494 /ATy Sl 0 gt
VPV . AR /0 F VARLS < /AYQ 19—y
A¥ : . /¥ A OV (S0 P — o Q>




VAR Okl 5 ke oYY (o osled el osled 03153 Sl g oKl ¢ B0l (slata g% \YS

LSLJNA;JJLE LSL”‘ ub}; Lﬂ)gc_ﬂw‘ U’-’-‘ ‘&M@U&w&. C)Lq.lf)b g_,.“& &\;J}Q‘SA aJ.AL.'".,.a 45)‘5]0 QLQA
el Sl an Bl Ol o S
(sladm Jlari— J Il o ol 4SS lade (oSl 5 Gl (larg (I 5 el lSla (oo
—oSl 5 Glaa-lan (lans-glans (- (oS- lan (oSl glans (slad-glans (oS-
Sldas (e 9 KNy L;Lg,';:‘ 9 .19...»} “u\:}‘ aliiL?- A = A.Lb A Lg‘J‘f Lg>-‘_9 J;LE: Q‘J:.ﬂ FEtEw ‘_g.x.mé..!a &Lflg-
slasl Cald cuo 5 015 oo 1) Ol sad W 55 Jome Dlab (3 Jgd) ol Sz 4 (V) J g0 3 3l eslinal L OLalS™ (gloma
(e 5 (g d5b) (glars= J it ans 0L b glael &8 Sl Jels Jyl dab s S o s 93 4 &
(3Ll 5 (Lol k) Glad-glans (b 5 (g k) LS - (s 5 5 (55 A5k) slad- I
S Sslb s £33 ab .(«\J...prm 3 «\..L.pv.fn Wle) oSl sla 5 ((ob3,50 5 ()33 dSb) oSl (glans
Like) slad— gl c(loda) 5 (0ds3) Jbe) (slard—(slang o ) 9 (o B d5le) J= I rdmes as 0L L5 glael

Liglsbn 500151 Wle) SUST = LS - 5 (GLs,l s 5 Ly,

Lxd Suwl Cws g 4ols” (STl oS k> 50 Olgod wgl oo Ok (Sl (19 BB Ol -V Ju>
Table 11- DC for the classes of consonant place of articulation in word initial position in terms
of the number of the syllables

SP | Qbemy | il | pede | gobwed | glbee | Wy e
YaAd /R JAt /A o/ay Y¥F/79A Slari— slard
YVYY /28 /YD NS YANAS FE/04F Sl— Sldrd
Yasy A0 CIYOV /AT /1) YY/YYE Slaai—
1Y44 N0 /e F¥ Var-Ye Y/XYY VO/+AY Sldw- 4
\§eY /e OF o/ FA /R Y/04¥ \VF/N 8 Wl sl
fav . */*YA /\PA \VARAS ZIVAY Sldw— sl
vYY /N /A /YA \V/YES F/\AF W - e
) . /400 /YFF \/ f$ AN~ -
YA$ . /o0 YeF \TARY AAR SWe- s
VY /oY YERLY /o FA AN /YAy W oW




\YY L;f'ju":'})*:‘:"\'éﬁdl’u’gbr"‘ )}flw,bub))afl}&lQngﬂ

Lxd 3wl Cws> 9 4ol Lawg oSl 5o BOIgSd wlyi oo Ok Sl g (19 BE Ol —1Y o>
Table 12- DC for the classes of consonant place of articulation in word middle position in

terms of the number of the syllables

SP | b | gy | i | gbwgs | gl | Wyl o
Yef. /v OA /\OY Yi%44 F/YYA £/% Sldrd—(Slard
YFAO /O A0 CIPEA Y/ 0/ ¥ Sldri- (A
VADY /XS AP Y Y/avY ¥/440 Sl Slakd
1Y /oYY VARV /Y0 \/£Y0 \AT4x S - slars
VA Y /0 YWY VAR V/%4) Slawn-
a¥f. /1A YARR FVY Y ani \V/FYE LWl
FYA A /00 Al /EVE ATARYA S e- s
\Aa% VAR o/ FY AKE 4 JEY </VEY Sl sl
2 /Y AL VAN Vias PIVYA -

. /o0 SRRy V0 o \SF /YA SWe- oW

L Sud s 2 4ols” Sl ol 53 BOlgsed Wgi Jomo DB STy (219 S Ol -1V J9o
Table 13- DC for the classes of consonant place of articulation in word final position in terms

of the number of the syllables

G9E | Qe | @bl | b | abwd | b | Wg
Y¥aA /¥ /A /OFY ¥/AYA ARVAR Sldisi— Slas
\VEA /44 VAR <INV Y/MY YF/VY Slari—
\Y¥S ] . +/0\4 Y/ N8 YF/YOF Slan—ldrd
YA . At4s ALY /AVY AR 4 Slaw— A
FA . JYY </YAA \TALR VYA S - slars
YY4 </AVO /R YN LYY F/A0V -y
\\%4 YO a /0N /\OF +/OOA \ARLS We- A
YO ' A VAR Withe Y/48A LU slaw
Veq ' /vy /v /YY Y/AN0 Sldw-slaw
A ' . YN AYE A S o




VAR Okl 5 ke oYY (o osled el osled 03153 Sl g oKl ¢ B0l (slata g% YA

5 b Kaalen (s BB Ol polie Jo5  almagy U olma eSS LS 53 5 40 o0 odalie 457, 5b Oles
Slaxs Bl slael 51 (S Pl das oo e 5 () 0L (s b pllss 4l (g ad Db oo 5 4 8 40D

S 5 domis A
Sl LT 515 3 g5 S ol () 0L (ol BB ol 53 ool oty SR LT o 55 ol bl sy ol Sy
S0l a4 gl 0L Tl GBS )l 0L STy 5 Ol Sran (gl 4nS Glalider LB 5 cxe ol
S Sl ST S FIVIA Izl cla Sty ol & gl 8lyr S o walizal (5luels 53 STl b Olgian 55 2 bl
Slr s P Ol (e Ad il (Joda a (s Spge Jald ¢ Jode OFFAY o w0 s 0L 0515
33 BB 1 Jols S glade sl S Sl hte (pl (6l Al dslos [2ee Dot ()b GaSTTy 5 O Seon
s oslinal (i ph o al LOT 53 (Gasie oSl 0) 55 =ls 33 51 (S5 o SLUS slua 4 21

15 BB Ol ol o 3zl (2S5 A5 e (0L ) Slaaainta Sl aaSly rly Bl Ol sy 2 812
e Sk Gl pberan U eSSty OIS 5 0L FU Gaasin o )b LnS ol 5o
Joer Glaaiie o o)l ST Qa5 (ol BB Oljs ropen Dol ad b g Olje e S A0
4o Aib 5l Olpen a1 il 4 b Slab Gl gl U plass SLIS o (ol DL 2 Al g
b oleacSs SldS s oSy 2iS doduin o p )b LS calis j3 ol b Ol (Culg o Sl
oot 4 U5 olply el s g ad Bb Gl Ol pper S R B4k Ok ol abey
ah e Db Gl 2S5 0L i) laaainia oy STy (s BB Olje 108l Cns sl r by oy
b b Ab (sl Ol e ) i and Oab 6l W5 e e Lol tC il it DB ) Ol e ren S 2
Slaasio o 6 G5k ol ann g Llilr Hme a ) ol S0 el 015 (o0 2l BB SR Sl ol ol ol
AS o Jos A g Joa 5 Do sline STy 2S5 0L ¢ i)

OLa Laadly ol os o3lizel A 5 oo 5 A 55 8y ¢ ol (Slaaainio | Ol gion rls bl Ol oy (61
Loy 5 5T 5o o sl cnl O 5 3505 S sl Ol ean 0350 Ly s ozl (L& ol 55 Wl sheas 039 L b s 0
bea BLY 5 o3BT Aol ST 4 B )b slaOlsivan B ol 53 LI 515 ¢ ey 053] 0 BT 4elST OLL
)03y Jsl Ly S giman L b SlaOl ved Bl Ol oo ¢ 8B 5 Ol e o ¢ pat ool Lot S 0 4 S
Ol o a8 (slhime & B (sliael 03 Ly & Sl pl gl B oSy SIS 55 Il 01 5 s o jle o
D35 lars b bagly (b5 pls 53 Lol pean 0o Glaas U5 Jowe o Sl plonil ol Sl gen bl
S b 0L 53 W5 s 5 o by laaasein s olarl S ol (a1 Sy sl O san

T L)



Y4 S gy Ay deo 9 OB 2 (93 gees 588 e Ob5 s (2l b Ol s

o= s Aol T cul gl S e bob) s i sl Sl Jal il Caanl Sy g3 31 agh ol slaasl
Lsuwli&};f)\;‘u“\g‘i‘f}")"}"';'@LSJB"’?J’UJ‘)bd,}G‘“ c%)ijwSJJ)J&bchﬁ‘A{ﬁﬂQw

Aidu 5 g Ll GIaLy wlid b glawlolu 31y SU5 Jde s Slae Ll o a5

&b
.w)lé ub) Lgb“‘)' Ql_fjb .(\Y’/\V).o,ﬁ\_b (Sl M"Llu\...a cLsJ_guJ oJ\J'_:LG €3 grun ¢ ol/iﬁb"'\- ks‘u")_& 9<=J_‘>u ¢L563L~‘

O o&ils 1005 ALy 5 s 6O iy oIS sl & Vliode garms
(A&l L S a0 e (p33 Sl 3) lwd [T sl 5 Lol T ot 6 OLj e[ T (VWA ) 1y o pod

Eslami, M.; Sharifi Atashgah; M., Alizadeh Lamjiri; S., Zandi, T. (2004). Persian generative
lexicon. Proceedings of the first workshop on Persian language and computer. Tehran:
University of Tehran Press. [In Persian]

Hayes, B. (2009). Introductory Phonology. Oxford: Wiley-Blackwell.

Hockett, Ch. F. (1967). The Quantification of Functional Load. Word 23(1-3), 300-320.

Hyman, L. M. (1975). Phonology: Theory and Analysis, translated by Y. Samareh. (1368). Nezam-e
Ava’i-ye Zaban: Nazariye Va Tahlil. Tehran: Entesharat-e Farhang-e Mo’aser. [In Persian]

Kenstowicz, M. (1944). Phonology in Generative Grammar. Cambridge: Blackwell Textbooks in
Linguistics.

King, R. D. (1967). Functional load and sound change. Language 13: 831 852.

Lazard, G. (1992). Grammar of contemporary Persian. Costa Mesa, CA: Mazda Publisher.

Samareh, Y. (1977). The arrangement of Segmental Phonemes in Farsi. Tehran: University of
Tehran Press.

Samareh Y. (2001). Persian Phonetics: Phonemes and Phonetic Syllable Structure (2" ed.).
Tehran: University Publishing Center. [In Persian]

Surendran D. & Niyogi, P. (2006). Quantifying the functional load of phonemic oppositions,
distinctive features, and suprasegmentals. In O. Nethergaard Thomsen (Ed.), Competing
Models of Linguistic Change: Evolution and Beyond (43-58). Amsterdam/Philadephia: John
Benjamins Publishing Company.

Yu, S.; Xu; C., Liu, H. & Chen, Y. (2011). Statistical analysis of Chinese phonemic contrast.
Phonetica 68(4), 201-14. http://doi.org/ 10.1159/000334548.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Yu%20S%5BAuthor%5D&cauthor=true&cauthor_uid=22286164
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yu%20S%5BAuthor%5D&cauthor=true&cauthor_uid=22286164
https://www.ncbi.nlm.nih.gov/pubmed/22286164

VAR Okl 5 ke oYY (o osled el osled 03153 Sl g o&ils  mlis Ol gla s






