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Abstract

This study investigates the effect of speaking rate variations on the formant frequencies of Persian vowels using acoustic
analysis. Initially, the first to fourth formant frequencies were extracted using long-term analysis techniques. Subsequently, a
comparative assessment was conducted across three distinct speaking rates: normal, slow, and fast. The statistical
significance of differences between these speaking rates was evaluated using multivariate analysis of variance (MANOVA).
A random forest algorithm was utilized to assess the capability of formant frequencies in capturing speaker-specific
variations across the three speaking rates. Based on the results, the second formant frequency demonstrated the most
substantial sensitivity to speaking rate modifications. Regarding the role of speaking rate on speaker-specific characteristics
of formant frequencies, it was found that at slow speaking rate, first and third formant frequencies exhibited superior
performance in showing speaker-specific characteristics, whereas in normal and fast speaking rates, third and fourth formant
frequencies emerged as more significant indicators of individual variations. These findings indicate that acoustic parameters
are affected by speaking rate variations and highlight the necessity of considering this factor in acoustic analyses and
speaker identification studies.
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Introduction:

Speech production is a complex, multidimensional process involving precise coordination of dynamic articulatory
movements and speech organs to achieve specific targets in the geometry of the vocal tract (Guenther & Hickok, 2016;
Kearney & Guenther, 2019). This process, driven by physiological and neurological mechanisms, generates idiosyncratic
acoustic features that convey not only linguistic messages but also speaker-specific information such as the speaker’s
gender, age, emotional state, and health condition. Such speaker-specific details are crucial for applications like speaker
identification and forensic analysis. However, speaker identification faces significant challenges due to variability in
speech patterns, particularly speaking rates, which can change depending on context, emotional state, or physical
condition. For instance, spontaneous conversations often involve faster speaking rates, while slower rates are more
common in reading prepared texts. Moreover, individual differences in speaking rates add another layer of complexity.
These variations affect key acoustic parameters, such as formant frequencies, which are critical in distinguishing
speakers. Despite their importance, the influence of speaking rate on these frequencies, especially in Persian speakers,
remains underexplored. This research addresses this gap by systematically investigating how speaking rate (slow,
normal, and fast) impacts the formant frequencies of Persian vowels and their effectiveness in speaker identification.
Formant frequencies, chosen for their proven ability to differentiate speakers, exhibit high inter-speaker variability and
low intra-speaker variability, making them ideal parameters for such analysis. The study also aims to identify which
formants (F1-F4) undergo the most significant changes across varying speaking rates and assesses their reliability in
encoding speaker-specific information. The findings of this study could enhance the understanding of the effects of
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speaking rate on the acoustic properties of voice, offering valuable insights for fields such as acoustic phonetics and
speaker identification.

Materials and Methods:

This study employed a controlled experimental design to investigate the effects of speaking rate on formant frequencies
and their role in speaker identification. Eighteen male Persian speakers with a Tehrani accent, aged 25-36 years,
participated. All participants reported normal hearing and speaking abilities with no history of speech or hearing
disorders. Speech data were collected using a standardized method inspired by the BonnTempo Corpus (Dellwo, 2010).
Participants read the short, standardized text "The North Wind and the Sun™ at three distinct speaking rates: slow,
normal, and fast. Prior to recording, participants rehearsed the text multiple times to ensure fluency and familiarity.
Recordings were conducted in a controlled acoustic chamber using a Shure SM7B microphone with a sampling rate of
44.1 kHz and 16-bit quantization. Audio data were processed using Praat software and the WebMAUS automatic
segmentation tool. The first four formant frequencies (F1-F4) were extracted using long-term analysis methods,
capturing dynamic changes in formant frequencies over time. Vowels were extracted and concatenated for each speaker
to optimize the dataset for analysis. Formant frequencies were calculated using the LPC-Burg algorithm in Praat with 5
ms frame intervals, supported by a custom script. Statistical analyses were conducted using R (version 2.2.4). A
MANOVA test was performed to examine differences in mean formant frequencies across the three speaking rates.
Shapiro-Wilk tests were conducted to ensure data normality. Significant findings were further analyzed using one-way
ANOVA and post-hoc tests. A random forest model was used to assess the ability of formant frequencies to
differentiate between speakers. Feature importance analysis within the random forest model identified the formants that
most significantly contributed to speaker differentiation at each speaking rate. Parameters with higher mean accuracy in
decrease scores were deemed most effective for speaker identification.

Discussion of Results and Conclusions:

Results indicated that formant frequencies exhibited significant variability across different speaking rates, with varying
degrees of sensitivity among formants. Consistent with Wismer and Barry (2003), the second formant (F2)
demonstrated the highest sensitivity to speaking rate. As F2 is closely associated with the front-back dimension of
vowels (Madresi-Qavami, 2014), these findings suggest that speakers may produce vowels with increased frontness at
slower rates, potentially due to a greater emphasis on precise articulation. Conversely, the first formant (F1), primarily
linked to tongue height and mouth opening (Nourbakhsh, 2013; Madresi-Qavami, 2014), showed the least sensitivity to
speaking rate changes. This suggests that speakers maintain greater consistency in tongue height and mouth opening
across different speaking rates while adjusting the front-back articulation more significantly.

Regarding speaker-specific characteristics, formant contributions varied across speaking rates. F1 and F3 exhibited
the highest speaker-specific characteristics in slow speech. In fast speech, F1 measures were higher, indicating less
tongue elevation and greater mouth opening, while slower speech revealed greater individual differences in tongue
height and mouth opening. In contrast, F3 and F4 demonstrated better speaker discriminatory potential at normal and
fast speaking rates. Notably, F3 and F4 consistently exhibited high speaker-specific characteristics across all speaking
rates, corroborating previous findings (Goldstein, 1976; McDougall, 2004, 2006). These results highlight the robustness of
F3 and F4 for speaker identification across varying speaking rates.

This study has limitations. The data was collected from only 18 male Persian speakers, limiting the generalizability
of the findings. Including female voices and expanding the dataset would provide more comprehensive and robust
results. Despite these limitations, the findings have significant implications for speech-processing technologies, speaker
identification, and linguistic studies. By considering the acoustic properties of vowels and consonants across different
speaking rates, researchers can improve speech and speaker recognition systems and gain a deeper understanding of
inter- and intra-speaker variability.

d https://doi.org/10.22108/jrl.2025.143702.1884


https://doi.org/10.22108/jrl.2025.143702.1884

0L Sl iass 4
V00 e AF0 L“F&é‘j oyleis «J sl o lais cr.h-\ah ]
VESRIV VY e VBN s A Sl G VBN oY i gy

@:&93.3 o
b Ob) ATy (Slao sl (Wil P by d g S s g W

© sawltoa™

h.asadi@fgn.ui.ac.ir (J gme 0k $)0) 1 Olgins! (lginnl o83 ¢ sl (SO 5 0 dSls ¢ ouwliBOl 03,8 Hlsliwl 3

OO

2322-3413 © University of Isfahan BY _NC__ND
This is an open access article under the CC BY-NC-ND/4.0/ License (https://creativecommons.org/licenses/by-nc-nd/4.0/).

@ https://doi.org/10.22108/jr.2025.143702.1884


https://portal.issn.org/resource/ISSN/2322-3413
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.22108/jrl.2025.143702.1884
https://orcid.org/0000-0003-1655-1336

VF 0 XF o) oyled (J sl oyleis LV.AJM J gwl..&ub) Sl i OA

dodo .4
o glis sl LS ol 5 by ke DI G Sialen Jald o Sl Slmpdir g ok Sl (Sl S1S A 5
bugas sl ol (Guenther & Hickok, 2016; Kearney & Guenther, 2019) 5 5% s (& 32 (S} 2es Lwda ys RS 3l
QLS 53 (nge 5 48T LS on 3Loml (63 bt paammin (St ST (sla S 55 0055 o0 Sula (nae 5 (S50 58 sla,lS o5l
S o izt OE Wb 4 1) (ol ot i€ i) H1E S5 (sl U5 &8 (San ST (sla S35 ol S o il L5 slaply
olan b (St ile ) (053 Ll 3 o 5 ible Condy ( F o e (S ) 0ln £ 0305 6 Ko b DledIbl S,
ol S Cogn Jdou 5 olulis 55 S JE (L gd e s ld 55 N0 93 5 Db Ol s Lo S (Dledbl ol s e &1
Ll
oo 5 (litily ) ¢ liBOLS Lae) s OLiioms 4 5 S 0 )3 0xlsmn 03,3 (98 S0 S35 0n ok 5| (S Ol yea I
3 ) Slabal oy 56555 (sutia )l DAl ¢ Gloj b 5 ks o il 3 ki o (S ST (sla S35 .l 031 5 5ralS
Wyl ol 3 el Tl 8 LS A lie oy 8 o lalid b s o (sla i 15 31 (S s oo 1)) (55 Dl Conds
o) L e dwlie Calibes DU S L oy S 65w 0T Gl Jlaisl b)) Coca b ait il g odbanstlid 5 s (SladS gos
ails [y 05 53 3 Ol €1yl Ul (gt oS LS oo olizal gla el Sl e plonil (S ST gy 4 45 (3550 )3t
sl a5 ¢SO )3 5 (SUl les 6w OB s 8 Ol (Gla 5l 0315 Ol o 3Me Ll b (gla ol sl sl
(Nolan, 1983; Rose, 2002) L5l
3 S s 8w nl 655 P 2L L oslpen 53,8 ol D)o ST 0B A S LS A lie I ol b
Sl o calibee (ladie 5 (Bl Lol 3 4 d 08 8l JES e e S (L (slodiy 0555 DIk cpge sla Sl
Al S r S G T @3laT 0520 0155 53 (S S e il SLISG 53 ool (Sees cJlin ol 6ukins o o 1 355
ARs 5 a8y 48 b o i o D6y S (5 Hn ks Dslite o U SS e 53 0 15 b 08y S
b s 33 (6 s O s AN 5 o0 5 ST sible SV b s o i (lasslaws Al ol 58 ¢ pimman . L)ls (6 S atuaT sy
03 sl anihliis Saw STl S5y K5 5 bojle W85, g5 b6 50 cul S Sl ks ol S 5wl ki
3ol (LS 3 1 LS S e S Sl s plite (glanglie Slalllan ol ol b s S 31 5oy £ G lalis S5s o
Lloile  BU 3 gdoun g ¢ oyl O3 3 0354 oy S plulis
(o9 5 ol o 35l e s 0L slaaSTl Glojle W8 5 kil ce o 5b woop alaly e ps 5l tags
) @UI5 Bl ol S b5l (m w5 63l cama) Calibes (las o 53 STy (lao sl (S5 (slacslis plulis
315 ke Gl ol (Sla ey Tl 0y 8 S Lalid 53 La el sl
Sl yls (6 lsline gl Caliies (Gals w53 o yB 0L GlaaST (slaolu uilS 5 LT L)
n it ol 83l LSS g e g 83l IS5 0ps3 83le iS5 e sl 53le IS g Lol ST 1 eSalus” LY
Suias o 0l 0SS slace o yo 1y O ks
Sl IS 5T oy & Slulis s b mell ol oUls p bojle iS5 5 e i LT LY

u\.vﬂf@)‘); J..LLA)TJJ}A | Lg)bﬂfgjlbuébuﬁb@h“.vw J"’U‘KLS“M‘;"")’ u;_\jTéL&oJ‘J)J L“J"“’j.’. U'l‘

J.lLJJ;L;h}?JLl @Uj: L“J:"“)ng)'.'.‘ 41.._!" dj‘ .b)‘b JAJM&)}_{J‘)J Gw)j.ﬁ)}d LgL&JZabLLQ‘}«.GQ L@GJLM U’”‘l{.}é \_)‘bﬁd‘

! speaker-specific information (indexical information)
2 forensic voice comparison
d https://doi.org/10.22108/jrl.2025.143702.1884


https://doi.org/10.22108/jrl.2025.143702.1884

04 bl Lo B 0L sy slaejlu W55 ety i e 30

Alderman, 2005 ; McDougall, 2006; Jessen & Becker, 2010; Gold et al., 2013; 44 si5 Jle 5 ) Llosls Ol Qlf.\;wf
(Rose, 2002; Gold et ol 035 oS OT (lods L0955 Sl i 5 YU 0T (gloks L0ke Ol i K3 (65w I 5 Goldstein, 1976)
ol 0L St 3L Jol 63l S5 el (gl Ll HbiS s Jalge b caniiios DL baojle L85 ¢ puioman al., 2013)
7 poler 5 pae slaosl 5" 3 .(Ladefoged, 2006) ol LUl 5 j,uuw 5 ey Olgn b s S5l S 5 syl WSe
okasl 3L Lao sl ws\fjé s&;{\ 4 4> L .(Rose, 2002; Gold et al., 2013; Asadi et al., 2018) Llo % 93 2 SleMb| Jiu s
St 35500 a5l (Uil o OLLS o 35 1) 0395, Sl Jbm e )3 5 Lt S oSaws (5 S > I s
255 S35 2l 315 30K S laejle S alie ool Lo e s $ Slaplll D o 55 Do | ks ) sbay o gy
28 1 Al ol 6 o ey S gLl 555 e
S o (S ST sl S5 1 S o 36 51 jGeee &30 4 il (rasy ol 1 ol il 45 55500 1
S5 35 53 fin o g 0l ol LS 15 eslinad 3 g0 0y S el 5 (St ST owlilsT d5le gladi 53 5035

ML_,:JLAM[ALA d‘))‘MJ:l’d‘th})iM}i‘jo%;dbu Lglﬁ:v.:m:.w

L 5l 3L 5 Sy calitee lale 3 5L S slaplll gud 5 S~ Sl b s e s 3T Dlidos
Slapltl laie S5 > S e Ok S Wlesls Ol Sldlas ol S e SIKET i 5l e 1y 0Ll Lk g
dox .l odalie LB S > 5 olsT Calises C,lw,;,_:‘u ol 5505 gldamDe b6 56 0L 5 ¢SS dacd dhex 3 g,k
W5 ki 5 Gyl 5l S5 a4 5 S 0,1 (1973) s 5| S s 4 015 el 2l 3 (‘iw Slalllas
a3 4SS o gy 5 s ($313 010 55 5T (IS rlos SN ST s g s WOT sty (S Dl sean
gl SRl S e 211 0L el 5 87 eslizl (S a0l smen W5 b s e 26 o5 Gl (S 5
LSS o 2131 oS sl OLES e OT .l ol o S1iS (G 5 (laplolil &S o o 213 e 5 e b
3 995 SOl Bean 53 Slas 2is a5l s ) i dbany Jold Ol il .l ol o Sae CJleb )5 Glodony O i
5 Tomle s g 3 el Sgline (6,8 lace b 1S oins Sdomy Gk b0l & AL e 3 8 slasSTy
20 (S3505,m g wsblys LOT bl Cas g sl SIS 4 b G Sy 683 e p b (1997) 0K
i 5 ool g (LB pde ST SRS Sl (ol ysba 3 ls (o 5 BB Ok 5 s b e J1iS gl e
315 LS e 5 (931 (ST s I ki S 3 15 6
S S &S Wlosls O 5 gadaze g kslsT Sldlas (g kS Slaplll SIS > 3 eddodalin Glacsls , osdle
s Sl ok gy 4 355 dalllae 3 (2003) Vs 57 s (e Ol 4 50K 5T 5 i San ST gl S5y 5 L5
5 e LOT )8 o 56 Al Sl (sla s (siaplas sb 4SBT oo oS Lisls OIS 5 Azstls o3 5l 1S3

o;uL;mfi“;)uf;;ﬂQ\J,ﬁjisu“;,ub:@&,u;;gﬂ&,s;ﬁf}uéiiot,-.w\,“r};:;uu.;lf,;z;u_g

! Gay, T.
2 Hirose, H.
3 electromyography
4 Shaiman. S
5 lip protrusion
6 Weismer. G
" Berry. J
8 Formant trajectories
9 F2 offset
d https://doi.org/10.22108/jrl.2025.143702.1884


https://doi.org/10.22108/jrl.2025.143702.1884

VF 0 XF o) oyled (J sl oyleis LV.AJM J gwl..&ub) Sl i 7o

onl 4 Gl (658 e 03 53 5o S 93 g (slakiS ol dadllae L 35 (2000) ) e s clialy e 3 3l OB U S Ol
on 4 oS 3 dalllae 53 55 (2004) TSl s 5 T0slr S o i VL alie 53 033 5 sl B3l IS S oS Aoy 4
S st F BB sba b 3 s A5 55 a1 e 3 68 sl Ol s g aitla  WST 5 Sk e e 30
—03 8 a6l o 3 (5115 (L Cmls S Wisls OLES pwoman LOT b oo S28lS (o)l U sane 5 (g3le St @0
0T izt sy a0 aan 5 STy (Sl Son o SbiS o S o) 0355 dlllan s 55 (2009) O, a5 7 L ST 558 0 5
G 38 st e st 3 e (8308 SBT3 |y SO I T B S 28 b5 i 5 gla ki
_,;Lf;z;mol}:a,;s,;:ﬁL;&K‘Gﬂ@ufauﬁ&sdw,ug@@Kjé}ﬂggua\w&mowg;&,}@t
C.,..Aj:g:;_-; L5°L°J\3K“{¢r~5fc,ﬂ)tg)° &Sy slas Comlue Lisls OLas OT claaSTly b sl s ..Ul«:&bb(:}: o5l
A o 4 b S ST sl S5s 5 S W5 Ole Jold (s o bags Shagy 3 55 (2010) p 8 575
Gl sl s aSTy w5 531y 0b5 oS o LT sl JiS Saw ST gl S5 s td s O >,k e
S S TG g o 53 gatr 3 0L (olrlor o5 315 OLE gl s 87 (s @l 5y 8 03 53 il 5 o T (300
o) Sl 3 bl UL 5 5 etie 4l S Co w3 baojla LWl 5 Aol 45T Lsls OLE Cpuioman LOT L5505 LaaSTl
..\.zgmmx;)uaf}g}@ﬂjmT‘@uJqu;uaﬂﬁgu
o ols 5 W g Calites laair g5 b6 ST 5 o Sk oS Wlesls O Cpudi glata s caods sk 4
($Lb 5 05l sla iS5 Asle) i San ST gl S5 o 5 (65 5 lad asle) g8 (slaphtsl (So58 5 o y oa 5T
ol r S o 3B G35 s 4 S Pl s e padsn ol Seal ks de Wb ol bl 3 seia (15T
blis o83 b 0S5 o (slandllan L ol 0kt plonil oty 8 S Lalid Jate 3l03 e 3303 o O 3 03l sla uilS 3
andllan pl ol 03 gy (5 pmil b 5 ST SOLS 555 2 (2018) O 5 (Sl o 5 ok plowl aizes ol )3 oy S 5,
SIS 5T e & Lasets S5 sladis 83 o 5 aaSTTy (i sas Lanis p Llg e i S Sl i &S sl Ol
B oz rimeen 5 0B 0L STy (Saw STl S5 5 S0l o itns 136 () 4 ol g coll (0
333 0 oy 0L SaaSTls (slaojlu LIS 55555 5 sl S5y 0T

PBIR (b 09 I
LW..L&J.Jsb:’-us\:ﬁﬁj}_;ab:n\.é:.w\:)y&\)TsLaa:bZJ\U:G.’?}S)Q@M@fﬁgﬂq|.L:;.\cu,f.$r_ﬁ&i\).s
Jsl glaeile il 5 ol Sl 5 o 5 aalsl 553 5 o0 o 25 S ST o (1 uoTé,uuuT,@bTéuuu@us},a
GJ_JJJ:_M'Mcu\;u\_&;b&LPC:LDQJ)}TQMM&‘J;KQS)&T‘SL&J&J&\fﬂdl{_h)))é}&deaé\bc‘.&j r)l.g.?u

.JJ;@

2197 osls g plFws s 4 AT
S azals 513 I ¥F B YO o 53 5ds 3 5131 cpl . dimils Sl Sl g5 dongd b 0L gyl 5,0 5SS 5 WA canlllas ol s

G 5 olss ol Sl 51 OB S ES E el s dbue TV 3lbkul O3l 5 Jle YIX 0T e Sl

1 Pitermann. M.
2 Tjaden, K.
3 Wilding, G.
4 Agwuele, A.
5 F2 Onset
6 Mefferd, A. S.
7 Green, J. R.
d https://doi.org/10.22108/jrl.2025.143702.1884


https://doi.org/10.22108/jrl.2025.143702.1884

1 ol Los B 0L SlaeSTy slaolu 1S3 &Sl 51 e 3T

(i) pblis omtils San OB WSS 5 Wi S S 3 5 O L gt OB S gl 5 sy s, s
oo b alie 5 5kl sl pa, 5l 5,80, b alsT laesls pl Lz Slides 0SS lawi,y 5o 185 L Ls )l wlis,ls
08w & 5 claesls $osT e 1z L3Sl by eds SosTpar SWIT O 4 & Dellwo, 2010) ' saiy (15T 5,5
G e 53 (sl 1T Slallan (g1 o Il 5o sS 20 K &S 1y (i) g 5 Jled 3L Cog e e b A diul g5
b b Tl 51 (86 St sl 68 8 065 5 e b O84S o8 5 JalS GUET ) glatens cladans g3 5 1 ol o Sglie
@3l o b1 20 45 A il g5 OB i S 11l A8l g S35 L1y e b i A il g5 0T 1 eDes Sl b OB 31
wal g OB a8 51 eulg 5o dias 2l Saw o B 1) 355 ki oo 45T b el g5 OT I dmy Al o 3 il gy 545

.u&:ﬁj\auomf‘.AsmsMﬁ\;,.a'CJ;.M”.\.:L;Ji;\imsagﬁ;ﬁx”almﬁdﬁuaﬂ;ﬂbpb&usu

Bodld xubadi § davo Sguds V-V
L ¢S ST &Sb1 S5 s ladans b 5 1 5 0 287 5 51kl a&isle}T Lames ¢ 55 08 AS'CS 5 cbaosls Lans (1
g o S o VP B3 b (g5l oS 5 5 A S PR (g5, (6015 04 seS £ 5 s plenil SHURE SM7B Je O 95 e 31 oslil
LaoT M  r 5 (3w Jo 0 b s (Boersma and Weenink, 2023) 22, RIS ESIE T slaesls cal e oy plst )
oS 55 3l el p oml 3l Sa 55 Hskneas o5 § Oy lsT Jide e o\ig}@,’:;}bw\wuﬁA;J_\J;@l.;ﬁfrt?;\
Sl gl cal o sl 55555 o8 o gims 28T (Slaesls S35 A5 6l calie (5,05l &S s 03LizuPWEDMAUS
0L ambus abans 5 bl p o 35 Lo 5 20 (lbois ol i 4 IXE oo 3 b 0 5.5 S OB S ES 8 Lo g sl 5
oo 335,815 55ls, B 5 oIkl CIB 5 baesls b s (gilueslel o35 o @150 o 55 ol gomny (sled sl 53 87 oo )6
pipeline without ASR 2 5 b 51 5LS ol ot 551y WEDMAUS 0o a5 5 blze cne Jib ol jonay (G s J16 2 ony
TextGrid (sla blb US> 5 5 sbas atmam (2515 pladl 1 g 38 Sl Coda 0L Ol ey o b 0L A S 528 S ol
S 4 3 Bl TEXMGH 6 & (Gso S 2 Il & e s 35 &) (s 5 Ol s M5 ) Ge S o L bl
o3 S sl TeXGrid sla Jsbb 50 s Oy geots skinws 35 clronls 3515 5 Comes 5 033 51 Oliabsl (6l s ¢ olg o s T
L mlsT gla S diamy oan cmal o SKen 58355 Al b 45 48T o s plosl Jlaz slallas #3ol 5 olulis s b LIS

wsle cMT))L:gc&ﬂ Ol yets s 4 ccpl oo das C)§)|f%ﬁ}§xgﬁ)> el (g e Jtifwdu&|x

35 1y (6 e Sl i pl 53 (3l (s Ll LS S e a ol (gl Sy 5 (e s

S gs T Sl ol )b !l il S92 ¥V
o 53 3 S ol LSy Sl esler U Jsl slaesle it 5 (S ST sla elyly claosts 55155 s 5 5buosleT I ey
gy o5 4ok 8 olalid Sllas )3 05 28 ) sba & (s pl (258 oo Sdedi s 4 bl o Sl candllas
@l sl S b 6l Sk e,k a3 (Ol Jsb 53 sl iS5 aa gy Slid (5,5 050N (Sl (5,8 o501
o 53 (Asadi et al., 2018; Gold et al., 2013; Moos, 2010) 3,13 Csasl 5 (5la gy 4 S (& 2y 53 5 LS o 03lizul okts S

Sle3 33L& (b sl i OB 53 55 plie Kile aralone Ly (Seolys Oy gty baojle (sla puilS 3 (ol

L BonnTempo
2 Praat

el n;r.al)é@]a[)l{j e SIE R ITE og“}wﬁjo‘;ﬁﬁ}xé‘ﬂdéﬁ)géj‘ﬁ“kf)& 0L ¢l nj;_jm"&le‘sLau\:)lf:ﬁchﬂg&al 45\)11{4415).5 J‘S
Wl 0t Gimme il Il 93 53 )b o (Slaesls G55 0328 p5seT b 5l b ol
d https://doi.org/10.22108/jrl.2025.143702.1884


https://doi.org/10.22108/jrl.2025.143702.1884

VF 0 XF o) oyled (J sl oyleis LV.AJM J gwl..&ub) Sl i Y

QS s 5 g Sk s UlS e b, o .(Gold et al., 2013; Rose, 2002) LT o s 4 4k Laws 51 GY b
o8 55 el b ol sl (sl ol nlin s STy (S ST, o 5 08 wu 8 (S50 8 5 58 b sy
Sl JolS paz shaten oo ol s 5 pp o Tty D ppots 5 il (Jae GBS Sl STy alas e
Praat 051, &5 53 51 @ sbaie pl 6l Nsd (iluaig o sla Julos (51 olsT Glaosls b3 8 &y 0l S o 51 lsT
Sheslemal b lasjle i85 5islas ¢ (alf 23 A8 ookl 4Bl ann g Dl ) Bl L 3 «SVocal Toolkit (Corretge, 2022)
b 3lS 3 ol il 3 ik |l SIS 5 gbay il e 5 suu B b s by JlBle s 55 LPC-BUIG 2 gne 05831

W23 K el o (b Dl Jaoms gl ol b S adbant 5ty Sl Sl 6K Ly

Sobol oy £V
&l b8 Sy d 2.2 51,5 R (R Core team, 2022) A le s 3l eslizal b hags ol 1T sladsad gl T sl oo solas
&l s L3 & o s 51 jlas O3l il s (5la ylins 31 eslizal b sy slaests il (g )bT w51 Waesls (g 5LuesleT
Yo ez il ls Jlos Sl (e 5 S8 caa) S o a3 pler B Ul slaesle 1SS oSle Dl g
58 s 5 (Lojle Gl w8 3) dimly ke o Olajon gy p 53 OT oUls W5 & osy opl otd eslizal (MANOVA)
S S a5 ol B sl slaejle S5 pslie Julb wly (gla ki s 8 DBl (0T Obe 8580l (sla Koo
—5mls 05a3T b Wosls w55 039 o coitacinr il ls Jubod ! 51ty g (o 5 531 caean) mlas a | e
3 ST Golalinn pela) Sl gme Dol Bdalie o) o 3w piitadinr il sls Jdod (gl Sl ey i o 2 (Shapiro-wilk) S
3 8 oslinal i glad a3 T Sl eslizal b anl ;e uibls s LSS gla o 3 i s Lol Jole 3155 (0.05
S Lot & olelis 4 Al g o do 4 b Calibes (6,1 S a3 ITE L PPV W g Y
IS 4 by e a8 alaw A L) oy 8 Gy it (o nl 53 ki eslizad T dalat (sla K 05a3T S S
SIS o el oD ids 3 8 5 s pyler U sl slaele IS5 pslie Jels fites sla e 5 (Gl 08y 8
B A (S 5535 Ol s p Jebous ) s ST 51 s S Jile s (S8 e K5 Ol e 4 (e cs0le ian)
S s baojle S5 (\Jﬁazfda}wbuwuuw”;}_};?w\ Do ) el 039 (5 lES o a5 o)l
domlon Calien (S S s 53 03k IS (S5 535 Ol 5583 b5 Sl s 08w S L 53 15 ST o i
Gl K 0037 3 Teds Jals oKk s 8 ) 81 jsba Co gl OB S Hls 5 OT Coenl 5 Ab
C3s Al sde iy (¢ ph 28 OB UL S pla 53 45 gla el ol o3 9358 i el plST S das e 0L sl
rbelid 53 (6 2 S8 (1S o a5 Lol (IS B ST 55 painia b ST e 0SS o ol il (5L S0

..-U)‘) ""‘t‘i}?

@ il L
wlyl 5568 Lo g a3 p5ler U sl slaeslo 15 lae Ol il 5 ke polin 4 b o oo s 1S el 2o ol )3
o ol B dsl Slasjle IS5 Sk S 36 e et bl o O g5 T Sl eslizal L aslsl )3 ¢ 355 o0
s 5 45 Caleen (6588 Sale o )3 (s 3550 ol p U1 (B3l (sla [ Jee Sl elizl 35 OT 51 gy 2555 08

JJ_SJLSG

! Multivariate Analysis of Variance
2 Random Forest
3 Feature Importance
4 Mean decrease in accuracy
d https://doi.org/10.22108/jrl.2025.143702.1884


https://doi.org/10.22108/jrl.2025.143702.1884

W Gl Lo B 0L SlaeSTy slaolu 1S3 &Sl 51 e 3T

e S v Do (SiwgS T Ol okl Anogi ki V¢
I s 83l 383 ey 83l T3 el Bl IS B s (o) 23500 (S ST Sl L SIS 8 4 b e o
.Qw‘au\.i:ﬁb‘(cﬂjéélﬁcw—‘r)wjﬂa)yé‘)hgéuuﬂj‘r‘fﬁ@Q()L@%-Zj\.w

SIS Sl g )0 bxd (0 18 Hlro Il il 9 Sl SO ‘Sé.gas.:)'.e-"—\ Jov=>
(3w 9 SO it T) Lilisko

Table 1- Descriptive statistics showing the mean and standard deviation of
syllable duration at different speaking rates (slow, normal and fast)

e Sl e S s g
CI0A N its oy
vave A KK sl
00 CAYY o

2 F B e il U Ul Sloile (il 5 slre SI ool 9 (Sl SO (woyd ST -F Jgue
(2w 9 &3k i) Cilisee (&L S g

Table 2- Descriptive statistics showing the mean and standard deviation of the first to
fourth formant frequencies in Hz at different speaking rates (slow, normal and fast)
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Table 3- The results of the multivariate analysis of variance in examining the effect of speaking rates on
the first to fourth formant frequencies
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Formula 1- Calculation of the accuracy decrease percentage for feature i based on mean decrease in accuracy
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Table 4- The results of measuring the feature importance based on the mean decrease in accuracy in
terms of percentage
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Figure 1- Bar graph showing the ability of the acoustic parameters of the first to fourth formant frequencies at
three different speaking rates (normal speaking rate is shown in orange, slow in blue and fast in gray)
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