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Pe3sume

Bosen: 3nauajna nHboOpManuja 3a KBaiw-
TETOT Ha TOBOPOT ce nobuBa ox ¢opmara Ha
CIIEKTPOTpaMoOT KOjIITO COAPIKH KBAHTUTATHUBHU
TOJIaTOLIH 32 3BYKOT. CITEKTPAIIHHTE KAPAKTEPHC-
THKY Ha KOHCOHAHTUTE MOXKE J1a Ce aHATTM3UpPaaT
CO OfipellyBame Ha CIICKTPAIHUTE MOMEHTH.

Ilea: Ilenra Ha cTynujara Oemre na ce Kai-
KyJMpaaT CIIEKTPaTHUTe MOMEHTH Ha MaKeIOH-
CKUTE KOHCOHAaHTH M (peKBEeHIHTe Ha (op-
manTHTe oA F1 o F5 n ocHOBHaTa dpekBeHIHja
(Fo) Ha Ha3anuTe ¥ narepaiure.

Marepujan m merogu: Oaa crymuja
BKJIy4yyBa 15 U3BOpHU rOBOPUTENH HAa MaKeIOH-
CKH ja3WK, TIeT MaXky, MET )KEeHHU, Ha BO3PacT Off
26 no 50 ronunu (cpeana Bo3pact 38,9+9,6 ro-
JIUHK) | TIET Jiella, IBeé MOMYHba ¥ TPH JEBOj-
4Wmka, Ha Bo3pacT of 9 mo 14 rogwam (cpemHa
Bo3pact 10,6+1,9 ronuau). Konconanture Gea
CHUMEHH KaKo M30JUpaHu (POHEMH W aHaTH3U-
paHu BO KOMIIjyTepckara nporpama Praat.
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Abstract

Introduction: Significant information about
the quality of speech is provided by the shape of
the spectrogram that contains quantitative data
of a sound. Spectral characteristics of conso-
nants can be analyzed by determining the spec-
tral moments.

Objective: The objective of the study was to
calculate spectral moments of Macedonian con-
sonants and formant frequencies from F1 to F5
and fundamental frequency (Fo) of nasals and
laterals.

Material and methods: This study included
15 native speakers of Macedonian, five males,
five females, aged 26 to 50 years (mean age of
38.949.6 years), and five children, two boys
and three girls, aged 9 to 14 years (mean age of
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JE®EKTO/TOLLUKA CTPY4YHO-HAYYHA NPOBIIEMATUKA

Pesynrarn: CpenHara BpeHOCT Ha LIEHTa-
pOT Ha rpaBHTalMja Kaj CUTe KOHCOHAHTH Oere
Bo orcer o 428 Hz no 4021 Hz. Cpennara Bpen-
HOCT Ha CIEKTpaJHaTa CTaHJAapiHa AeBHjalyja
6ewe Bo omcer ox 363 Hz no 3108 Hz. Hajsuco-
KH BpeqHOCTH Oea noOWMeHH Kaj GpHKaTuBoT /c/
kaj neuara. CpemHaTta BpeIHOCT Ha HaKJIIOHOT Ha
CTIEKTapoT Oellle NO3UTHBHA Kaj CHTe KOHCOHAH-
ti. CpeiHaTa BPEHOCT Ha KypTO3MC Oellie HCTOo
TaKa TMO3UTHBHA Kaj CHTe€ KOHCOHAHTH OCBEH Kaj
¢bpukaruBot /my/ (-1,4) Kaj )KEHCKUTE TOBOPHTEIH.

3akayuok: lleHrapor Ha rpaBuTanMja H
CIeKTpaJlHaTa CTaHJap/Ha JeBUjalja Kaj KOH-
COHAHTHTE, aHAJIM3UPAHU KaKO H30/IMpaHu ¢o-
HEMH, Ce TIOHUCKH O]l BpeIHOCTHTE 100HEeHH BO
KOHTEKCT Ha BOKaJIM 3apaJil e(eKTOT Ha Koap-
THKyJIalljata BO Koja eqHa ¢oHema BIHjae Ha
NpOAYKIMjaTa HAa NMPETXOJHaTa U Ha CJeaHara
¢onema. HaknoHOT Ha CHeKTapoT M KypTO3HC
ce TO3WUTHUBHH Kaj HajroneM Opoj roBopUTENH
TO yKa)KyBa Ha KOHLIEHTpal{ja Ha eHepruja
BO HHUCKHTE ()PEKBEHLMH U PEJaTHBHO BUCOKHU
MTHUKOBH BO CIIEKTApOT.

Kayunu 300poBuM: cilekiipaniu MOMeHilu,
MakegoHcKu Konconaniiu, Praat

‘.

Boeeg ;

IMponykuujata Ha roBOpOoT Gapa mpenu3Ha
KOHTpOJIa Ha JIBWXKEHaTa Ha BOKAJIHUOT TPAKT
3a J]a ce reHepupaaT roBOpPHH 3ByLH ((oHEMH)
KOUINTO C€ OpraHM3MpaHU BO KOMIUIEKCHHU
cexBeHiM (1). ToBopoT ce Kapakrepusupa co
6p3u MPOMEHU BO apTHUKYJALKjaTa ¥ HEJ3SUHUOT
aKyCTHYeH NpOAyKT. /[MHaMukata Ha TOBOpOT
NpeTcTaByBa rojieM MPEeIU3BHK 3a HErOBa aHa-
nm3a (2). Kako koMIiekceH 3ByK, TOBOPOT MOXKe
Jla ce aHaJM3upa BO OJHOC Ha MHTEH3UTETOT M
(dpexBenjara. OBHUE aKyCTUYHHM KapaKTepHcC-
THKA Ha TOBOPHHOT 3BYK 3aBHCAaT OJf IOJOT,
¢doHemara, comp)kKMHAaTa Ha KOHBep3alujara H
emouwmjara (3).

ToBOopHHTE 3ByLH, T€HEpaJHO, MOXeE Ia
ce KiacHpHUUUpaaT BO JBE LIMPOKH KaTero-
puH: BOKainu U KOHCOHAHTH (4). KoHconaHTHTE
ce KapakTepu3HpaaTl CO KOMIUIETHa WIM Map-
[{jajlHa KOHCTPYKIHja HA BOKAJIHHUOT TPAaKT
NpU MPOAYKLHjaTa U BUCOKO(PEKBEHTHA €HEp-
ruja (5). Tue, reHepanHoO, c€ MHOTY TOKPaTKU
Ol BOKaJUTe M BPEMEHCKHM IOBapHjabWIHU

10.6+1.9 years). The consonants were recorded
as isolated phonemes and analyzed in computer
program Praat.

Results: Mean center of gravity in all con-
sonants was in the range from 428 Hz to 4021
Hz. Mean spectral standard deviation was in
the range from 363 Hz to 3108 Hz. The highest
values were obtained in fricative /s/ in children.
Mean skewness was positive in all consonants.
Mean kurtosis was also positive in all consonants
except in fricative /[/ (-1.4) in female speakers.

Conclusion: Center of gravity and spectral
standard deviation in consonants analyzed as
isolated phonemes are lower than values ob-
tained in vowel context because of the effect
of coarticulation in which one phoneme affects
the production of preceding and upcoming pho-
neme. Skewness and kurtosis are positive in
most speakers indicating concentration of en-
ergy in the low frequencies and relatively high
peaks in the spectrum.

Keywords: spectral moments, Macedonian
consonants, Praat

Introduction

Speech production requires a precise con-
trol of vocal tract movements to generate speech
sounds (phonemes) which are organized into
complex sequences (1). Speech is characterized
by rapid changes in articulation and its acous-
tic product. The dynamics of speech poses great
challenges to its analysis (2). As a complex
sound, speech can be analyzed by the intensity
and frequency. These acoustic features of speech
sound depend on gender, phoneme, content of
conversation, and emotion (3).

Speech sounds can generally be classified
into two broad categories: vowels and con-
sonants (4). Consonants are characterized by
complete or partial vocal tract constriction
in production and high frequency energy (5).
They are generally much shorter than vowels
and more variable overtime (6). Consonant fre-
quencies can vary depending on the preceding
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(6). ®pexBeHIMUTE HA KOHCOHAHTUTE MOXE J1a
BapHpaaT BO 3aBHCHOCT O[] NMPETXOJHHUTE M Of
CJIE[IHUTE TIacOoBH (KOApTHKYyJalMja) U ce jaBy-
BaaT PasJIMKU IOMery TOBOPHTEIHTE, OCOOCHO
BO omHOC Ha monoT (7). MakenoHCKHUTE KOHCO-
HaHTU ce Kilacuuiupaar CHopes 3BYyYHOCTa,
MECTOTO Ha apTHKyJal{ja ¥ HAYMHOT HA apTH-
kynaugja (8). Cmopex HauyMHOT Ha apTHKYIa-
1fja, THE MOXeE Ja ce IoJeNlaT Ha OKITy3WBH,
¢dpukaruBu u appukatu (9).

3HavajHa MHGOpMaLMja 32 KBaJIUTETOT Ha
TOBOPOT ce NoOMBa of] popMaTa Ha CIIEKTPOrpa-
MOT KOjIITO COMNpP)KH KBAaHTUTATHBHHU IOAATOIH
3a 3ByKOT (10). CnekTporpaMoT € CeKTpo-TeM-
TopaJiHa MpeTcTaBa Ha 3BYKOT. XOpHU30HTaHaTa
HacoKa Ha CIEKTpOrpaMoT ro MpeTcTaByBa Bpe-
METO, a BepTHKaJHaTa HACOKa ja MpPeTCTaByBa
¢pekBenmjara (11). CnekrporpamMute ce Kiia-
cuHLIMpPaHU BO [Ba [IABHU THIIA, IIUPOKOIOja-
CEeH M TeCHomojaceH cnekrporpam (12).

CrniekTpajHUTe KapaKTEpPUCTHKU Ha KOHCO-
HaHTUTE MOXeE Jla ce aHaJU3Upaar co OApemy-
Bambe Ha CIIEKTPaTHUTE MOMEHTH. [IpBHOT criek-
TpajieH MOMEHT yeniap Ha cpasuiayuja (1)
WK TeXHILTE € CpeHa BPeIHOCT Ha (peKBEH-
LUUTEe BO CIeKTapoT. Toj ja peduiekTupa LeH-
TpanHaTa KOHIEHTpaluja. BTopHoT crekTpa-
J€H MOMEHT cilangapgua gesujayuja (CI)
WM BapWjaHca ja pedumexTupa aucrep3ujara
Ha ¢pexkBeHuuute Bo oxHoc Ha L. Tperwor
CIIEKTpaJIEH MOMEHT HAKIOH HA CUeKUapoiu
ja pedunektrpa acuMmeTpujaTa Ha (PpeKBEHIH-
UTE BO CHEKTapoT. AcUMeTpHjara e MepKa IITOo
yKakKyBa Kako ce AUCTpUOyHpaHu (ppeKkBeHIIH-
WTE Ha CHEKTapOT OKOJIy CpeIHaTa BPEOHOCT.
YeTBpPTHOT CHEKTpalleH MOMEHT KYpillo3uc
€ WHAWKATOp 3a MHKOT Ha OUCTpUOyIHja Ha
(pexBenuuTe Bo crniekrapor (13,14).

CriexTpaTHUTe THUKOBH Ha 3BYYHHOT CIIEK-
Tap Ha BOKaJIUTe ce HapeKyBaat ¢popmaHTH (15).
@opMaHTOT € KOHLEHTpalyja Ha aKyCTHYHa
eHepryja OKOoNy ofpefeHa (QpeKBeHIMja Ha
3ByYHHOT OpaH M TOj € TeMEH I10jac Ha IIHUpPO-
KOTIOjJaCHHOT ~CIIEKTPOrpaM, IITO KOPECIHOH-
I¥pa CO Pe30HaHIMjaTa Ha BOKAJHHUOT TPAKT.
®opmanTuTe ce o3HayeHu kako F1, F2, F3,
F4 wuTH. mMoYHYBajK# CO HajHHCKata (peKBeH-
upja (10). 3By4HHMTE KOHCOHAHTH, Kako Hasza-
JIMTE W JIaTepajliTe, UCTO TaKa MMaaT CIEIH-
GwyHu HOPMHU Ha BOKATHHUOT TPAKT KOUILUTO Ce

and following sounds (coarticulation) and dif-
ferences occur across talkers, especially across
gender (7). Macedonian consonants are clas-
sified according to the voicing, the place of
articulation, and the manner of articulation (8).
According to the manner of articulation, they
can be divided into occlusives, fricatives, and
affricates (9).

Significant information about the quality of
speech is provided by the shape of the spectro-
gram that contains quantitative data of a sound
(10). The spectrogram is a spectro-temporal rep-
resentation of the sound. The horizontal direc-
tion of the spectrogram represents time, and the
vertical direction represents frequency (11). The
spectrograms are classified into two major types,
wideband and narrow band spectrogram (12).

Spectral characteristics of consonants can be
analyzed by determining the spectral moments.
The first spectral moment center of gravity
(COQG) or centroid is a mean of frequencies in
the spectrum. It reflects central concentration.
The second spectral moment standard deviation
(SD) or variance reflects the dispersion of fre-
quencies in relation to the COG. The third spec-
tral moment skewness reflects asymmetry of the
frequencies in the spectrum. The asymmetry is
a measure that indicates how the frequencies of
the spectrum are distributed arround the mean.
The fourth spectral moment kurtosis is an indi-
cator of the peak of the frequency distribution in
the spectrum (13,14).

The spectral peaks of the sound spectrum of
the vowels are called formants (15). A formant is
a concentration of acoustic energy around a par-
ticular frequency in the speech wave, and that
is the dark band on a wideband spectrogram,
which corresponds to a vocal tract resonance.
The formants are labeled as F1, F2, F3, F4 etc.
starting with the lowest frequency (10). Voiced
consonants such as nasals and laterals also have
specific vocal tract shapes that are characterized
by the frequencies of the formants. They differ
from vowels in their production, but they can be
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JE®EKTO/IOLIKA CTPYYHO-HAYYHA IPOB/IEMATHKA
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KapakTepu3upaar co (QpekBeHIEHUTE Ha (op-
MaHTUTE. THe ce pa3luKyBaaT Ofi BOKAJIUTE BO
HUBHATa MPOAYKIIMja, HO MOXKAT Ja Oumar cre-
uuUIHUpaHAd BO OJHOC Ha HHUBHHTE (DpeKBeH-
nmu Ha hopmanTH (16).

Ilenra Ha crygujara Oemne na ce aHaIU3U-
paar CreKTpajJHHTe KapaKTepUCTHKH Ha Make-
JIOHCKUTE KOHCOHAHTH, ONHOCHO J1a CE KaJIKYJIH-
paar crnekrpanaure Mmomentu: LI, CJI, HakioH
HA CIIEKTapOT U KypTO3UC, KAKO M (PPEKBEHIIH-
ute Ha popmanTuTe on F1 mo F5 u ocHoBHara
¢dpekBenimja (Fo) Ha Ha3auTe U aTepantuTe BO
KoMIIjyTepckara nporpama Praat.

Maiuepujan u meiiogu

OBaa ctynMja BKIydyyBa 15 HM3BOpPHH T'OBO-
pHUTENH Ha MaKeIOHCKU ja3WK, MET MaxKH, IeT
JKeHH, Ha Bo3pacT ox 26 go 50 ronunu (cpegHa
Bo3pact 38,9+9,6 roguHM) U TIET Jiena, Be MOM-
Yumba U TPH JAEBOjYrmba, Ha Bo3pact ox 9 no 14
roaunu (cpenHa Bospact 10,6+1,9 rogunn). Tue
O0ea CHMMEHHM NpPU H3TOBapame Ha MaKeIOH-
CKHTE KOHCOHAHTH KaKO W30JMpaHU (POHEMH.
AxycTHYHaTa aHajii3a € W3BeieHa BO KOMIIjy-
Tepckara nporpama Praat, Bepsuja 6.0.43 (17).
MP3 MOHO3BYYHHTE ¢dajioBu Ha CHHUMEHHTE
KOHCOHaHTH Oea mpBO OoTBOpeHH BO Praat 3a na
ce CerMeHTHpa M MeMOpHpa KOHCOHAHTOT KaKo
WAV  ¢ajn. T'm mpecmeraBMe CIEKTpaTHHUTE
MoMeHTH Ha koHcoHaHTuTe: LI, CJI, HakiI0H Ha
CIEKTapOoT ¥ KypPTO3HC KaKo ¥ (PpeKBEHLIMUTE HA
tdopmanture ox F1 no F5 u Fo Ha Hazanure u
JaTepasmre.

[Tapamerpure 3a aHamW3a T'M MOCTaBUBME
Ha CJIeqHUOT HauuH: Maxcumanen 6poj Ha gop-
maniu: 5 v Makcumym gopmaniu (Hz): 5000
Hz 3a maxxute, 5500 Hz 3a xxenure 1 8000 Hz 3a
neuara. BpenHocra Bo [lociiagyearse Ha ciiek-
wwpocpam: Ilpecneg na oiicez (Hz) Geme ucra
Kako BpenHocTa Bo Makcumym ghopmanin (Hz).

Pesyniuaiuu

Amnanusupanu ce BKymHO 390 WAV dajnou
Ha CHHUMEHH KOHCOHaHTH. BO MakKeqOHCKHOT
jasuk mMa 26 KOoHCOHaHTH. Bo Tabemute
MPUKa)KaBME MAaKEJOHCKUTE KOHCOHAHTH H
HUBHAaTa TPAaHCKpHUIIHja BO CHMOONWTE Ha
Merynaponnara ¢onercka a3dyka (M®PA), a Bo

specified in terms of their formant frequencies
(16).

The objective of the study was to analyze
spectral characteristics of Macedonian conso-
nants, i.e. to calculate the spectral moments:
COG, SD, skewness and kurtosis, as well as,
formant frequencies from F1 to F5 and funda-
mental frequency (Fo) of nasals and laterals in
computer program Praat.

Material and methods

This study included 15 native speakers of
Macedonian, five males, five females, aged 26
to 50 years (mean age of 38.9+9.6 years), and
five children, two boys and three girls, aged 9
to 14 years (mean age of 10.6+1.9 years). They
were recorded saying the Macedonian conso-
nants as isolated phonemes. The acoustic anal-
ysis was performed in computer program Praat,
Version 6.0.43 (17). MP3 mono sound files of
the recorded consonants were first opened in
Praat to segment and save the consonant as a
WAV file. We calculated the spectral moments
of the consonants: COG, SD, skewness and kur-
tosis, as well as, formant frequencies from F1 to
F5 and Fo of nasals and laterals.

We set the analysis parameters in the fol-
lowing way: Maximum number of formants: 5
and Maximum formant (Hz): 5000 Hz for males,
5500 Hz for females and 8000 Hz for children.
The value in Spectrogram settings: View range
(Hz) was the same as the value in Maximum for-
mant (Hz).

Results

A total of 390 WAV files of recorded con-
sonants were analyzed. There are 26 conso-
nants in Macedonian. In the tables we displayed
Macedonian consonants and their transcription
into International Phonetic Alphabet (IPA) sym-
bols, and in the text we used Macedonian pho-
nemes with IPA symbols in parentheses. Mean
spectral moments were calculated separately for
all three groups: males, females and children.
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TEKCTOT T KOPUCTEBME MaKeIOHCKUTe (OHEMHU
co M®A cumbonu Bo 3arpagu. CpenHata Bpel-
HOCT Ha CHEKTpaJlHUTE MOMEHTH Oele Ka-
KylIMpaHa OAJENTHO 3a CHUTEe TPH TPYIH: Maxku,
JKeHH U Jiena.

Bo TabGema 1 ja mnpukakaBMe cpegHara
BpPEIHOCT Ha CIEKTPAJIHUTE MOMEHTH Kaj IUIO-
susute: /6/ (b), /t/ (g), /0/ (d), /x/ (k), /n/ (p) u
/1/ (t). Kaj cute m10o3uBH, CpeHaTa BpPEAHOCT Ha
TexumTeTo Geme Bo ormcer ox 456 no 557 Hz
kaj maxure, 601 Hz no 773 Hz kaj xenute u
673 Hz no 788 Hz kaj nenara. CpeqHara Bpen-
Hoct Ha CJ] Gemre Bo omcer ox 479 Hz mo 727
Hz xaj maxwure, 632 Hz no 999 Hz xaj >xeHure
u 363 Hz no 985 Hz kaj nenara. Cute roBopu-
TEeJIM MMaa TIO3UTUBHH BPETHOCTH Ha HAKJIOH Ha
CIIEKTapOT U KypTO3HC.

Tabena 1. CpegHa epegHOCiU Ha clekiparnHuile MOMEHIU Kaj

In Table 1 we displayed mean spectral
moments in plosives: /6/ (b), /t/ (g), /n/ (d),
/x/ (k), /m/ (p), and /1/ (t). In all plosives, mean
COG was in the range from 456 to 557 Hz in
males, 601 Hz to 773 Hz in females, and 673
Hz to 788 Hz in children. Mean SD was in the
range from 479 Hz to 727 Hz in males, 632 Hz
to 999 Hz in females, and 363 Hz to 985 Hz in
children. All speakers had positive skewness
and kurtosis values.

Table 1. Mean spectral moments in plosives

Unosusuite
Donemu / TI'oBopuresn / Texmnmre / CHo/ Haxnon / Kyprosuc /
Phonemes Speakers COG (Hz) SD (Hz) Skewness Kurtosis
6/b Maxxu/Males 503 479 8.5 166.2
XKenn/Females 601 632 8.6 164.2
Hena/Children 709 555 57l 61.4
r/g Maxxu/Males 468 554 8.1 114.4
HKenn/Females 709 999 5.3 47.6
Hena/Children 680 570 9.2 148.6
n/d Maxxu/Males 456 511 9.4 167.7
XKenn/Females 611 750 7.0 81.0
Jena/Children 673 686 8.4 108.2
k/k Maxxn/Males 557 727 7.4 92.3
XKenn/Females 718 904 5.3 65.4
Hena/Children 688 712 7.1 73.3
u/p Maxwu/Males 514 512 7 100.1
XKenn/Females 617 696 6.3 80.4
Jeua/Children 696 363 8.1 140.6
T/t Maxxu/Males 551 692 6.1 57.6
JKenn/Females 773 865 5.8 77.4
Hemna/Children 788 985 6.7 65.3

I'm nmpuka)kxaBMe OCIIJIOTPaMOT M CIIEKTPO-
rpaMoOT Ha IUTO3MBOT /T/ (t) Kaj MamKk TOBO-
puten (Cnuxka 1). Usmepenu ce: Texwumre 535
Hz, CI 633 Hz, nakinoH Ha crnekrapotr 7,2 u

We displayed waveform and spectrogram
of the plosive /1/ (t) in male speaker (Figure 1).
COG 535 Hz, SD 633 Hz, skewness 7.2, and
kurtosis 75.9 were measured. There is a concen-
tration of acoustic energy in low frequencies in
spectrogram.
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JEQEKTO/TOLIKA CTPYYHO-HAYYHA MPOBIIEMATUKA
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Cnuka 1. Ocyurnorpam u cliekiporpam Ha KOHCOHaHowW /i/ (f)
Kaj MawKu rogopuiuen

Kypro3uc 75,9. Ha cmekrporpamMoT MMa KOH-
LIEHTpalLyja Ha aKyCTUYHa €Hepryja BO HUCKHUTE
(bpeKBeHIHH.

Bo Tabena 2 ja npuka)caBMe CpeiHaTa Bpe-
HOCT Ha CIEKTPaJHATE MOMEHTH Kaj (pukaru-
Bute: /B/ (v), /x/ (3), 13/ (z), /j/ (), /p/ (v), /c/ (s),
/®/ (), /x/ (h) m /w/ (). Kaj cure dppuxarusmy,
CpeAHaTa BpPEAHOCT Ha TEXHIUTETO Oelle BO
omcer on 491 mo 2207 Hz kaj maxwurte, 529 Hz
1o 2842 Hz xaj xenute 1 590 Hz no 4021 Hz
kaj nenara. CpenHata BpegHoct Ha CJ] 6eme Bo

Tabena 2. CpegHa 8pegHOCl Ha clekipaHuiue MOMEHIU Kaj

Figure 1. Waveform and spectrogram of the consonant /iw/ (t) in
male speaker

In Table 2 we displayed mean spectral
moments in fricatives: /8/ (v), /x/ (3), /3/ (z), /j/
G), /p/ (x), I/ (s), /d/ (F), /x/ (h), and /mw/ (f). In
all fricatives, mean COG was in the range from
491 to 2207 Hz in males, 529 Hz to 2842 Hz
in females, and 590 Hz to 4021 Hz in children.
Mean SD was in the range from 504 Hz to 2421
Hz in males, 672 Hz to 3076 Hz in females, and
533 Hz to 3108 Hz in children.

Table 2. Mean spectral moments in fricatives

¢hpukaiuusuie
®onemu / ToBopuresn / Texumre / ca/ Haxunon / Kyprosuc /
Phonemes Speakers COG (Hz) SD (Hz) Skewness Kurtosis
B/V Maxxu/Males 515 504 8.9 167.8
Xenwn/Females 692 682 7.1 122.0
JHena/Children 759 1007 7 89.1
xK/3 Maxxu/Males 1395 1651 2.8 16.7
JKenn/Females 1763 1969 17 6.0
Jena/Children 1024 1490 3.0 10.5
3/z Masxn/Males 874 1546 3.9 197
XKenn/Females 1312 2299 2.9 8.9
Jena/Children 1592 2262 4.8 371
i’] Maxxu/Males 491 657 6.4 55.4
JKenn/Females 529 745 6.6 93.2

JE®EKTOJIOLIKA TEOPHJA U IIPAKTHKA 2019; 20(1-2):46-62

E5)



AN
: SPECIAL EDUCATION PROFESSIONAL AND SCIENTIFIC ISSUES

Iema/Children 590 748 6.2 5905

p/r Maxwu/Males 542 630 7 117.8
XKenn/Females 607 672 6.5 91.2
Hena/Children 723 533 8.9 145.4

c/s Maxwu/Males 2207 2421 2.0 9.3
XKernu/Females 2380 3076 1.9 4.0
Hena/Children 4021 3108 1.8 7.3

¢/f Maxu/Males 589 755 ) 9719
XKenn/Females 820 1035 7.8 123.7
JHena/Children 947 1339 5.4 41.4

x/h Maxxun/Males 549 641 6.3 72.7
Kenn/Females 801 834 S 89.1
Hena/Children 734 708 7.2 81

m/f Maxxu/Males 1919 1881 53 44
XKenun/Females 2842 2320 0.4 -1.4
Hena/Children 1606 1999 2.3 6.4

omncer on 504 Hz no 2421 Hz kaj maxwure, 672
Hz no 3076 Hz xaj xenute u 533 Hz mo 3108
Hz xaj neuara.

CpenHara BpeOHOCT HAa HAKJIOHOT Ha CIIEK-
TapoT Oellle MO3UTUBHA Kaj CUTE (PpUKATUBH, HO
€/1eH MallIK{ TOBOPUTEN U J]BE KeHH UMaa Hera-
THBEH HAKJIOH Ha CIIEKTApOT Ha (PUKATHBOT /mm/
(J) 1 nBe nena MMaa HeraTHBEH HAKJIOH Ha CIIEK-
TapoT Ha ¢pukatusot /c/ (s). Enen mamku roso-
puTeNn MMalle HAaKJIOH Ha CIEeKTapoT Hyjia Ha
¢dpukatuBOT /c/ (S) M €HA JKeHa UMaIlle HAaKJIOH
Ha CIIEKTapoT Hyna Ha ¢ppukatusot /my/ (f).

CpenHata BpemHOCT Ha Kypro3uc Oere
NO3UTUBHA Kaj cHTe (PUKAaTUBH, OCBEH Kaj
¢puxatuBor /m/ (f) kaj >xkenure. IloennHeuHo
NPUKa)KaHO, HajJOBME HETraTHMBEH KypTO3HC Ha
(bpukaTtHBOT X/ (3) Kaj eeH MallKi TOBOPHUTEI
¥ TPY )KEHCKH TOBOPHTEIIH, HETaTUBEH KypPTO3HC
Ha (QpuKaTHBOT /3/ (z) Kaj emHO JeTe, HeraTH-
BEH KypTO3HC Ha QpuKaTUBOT ¢/ (S) Kaj Tpojua
MalllK¥ TOBOPHUTENX W JBE Jella U HEeraTUBeH
Kypro3uc Ha ¢pukaruBor 1w/ (f) kaj Tpojua
MallK{ TOBOPHUTENHN, YETUPH JKEHHU H €IHO JeTe.

Bo Taberna 3 ja npuka)kaBMe cpeiHaTa Bpea-
HOCT Ha CIEKTpallHUTe MOMEHTH Kaj adpuka-
ture: /t/ (3), /s/ (&), /%/ (c), '/ (8), /4/ () u //
(d&3). Kaj cure adpuxaru, cpegHara BpeTHOCT
Ha TEeXUINTETO Oemre Bo omcer ox 496 mo 1741
Hz xaj maxxure, 881 Hz no 2041 Hz kaj >xeHute
u 690 Hz no 2208 Hz kaj memara. CpemHara

Mean skewness was positive in all frica-
tives, but one male speaker and two females had
negative skewness of the fricative /m/ (J), and
two children had negative skewness of the frica-
tive /c/ (s). One male speaker had skewness zero
of the fricative /c/ (s), and one female had skew-
ness zero of the fricative /m/ ([).

Mean kurtosis was positive in all fricatives,
except in fricative /m/ (J) in females. Separately
displayed, we found negative kurtosis of the
fricative / (3) in one male and three female
speakers, negative kurtosis of the fricative /3/ (z)
in one child, negative kurtosis of the fricative c/
(s) in three male speakers and two children, and
negative kurtosis of the fricative m/ (f) in two
male speakers, four females and one child.

In Table 3 we displayed mean spectral
moments in affricates: /t/ (3), /s/ (dz), /%/ (c), /1/
(), /9/ (), and /i/ (d3). In all affricates, mean
COG was in the range from 496 to 1741 Hz in
males, 881 Hz to 2041 Hz in females, and 690
Hz to 2208 Hz in children. Mean SD was in the
range from 667 Hz to 1986 Hz in males, 1262
Hz to 2288 Hz in females, and 826 Hz to 2511
Hz in children.
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Tabena 3. CpegHa 8pegHocill Ha clekiparnHuiie MOMEeHIU Kaj

Table 3. Mean spectral moments in affricates

apukaiuuive
®onemn / T'oBopuresu / Texumre / CAa/ Haxkuon / Kyprosuc /
Phonemes Speakers COG (Hz) SD (Hz) Skewness Kurtosis
/3 Masxn/Males 496 667 6.8 87.3
XKenn/Females 881 1262 3.7 25.1
JHena/Children 690 826 6.6 58.5
s/dz Maxxu/Males 876 1534 4.1 23.5
Xenu/Females 997 1490 5.4 70.8
Jena/Children 1585 2209 4.6 30.7
K/ Masxun/Males 519 703 77 107.4
Kenn/Females 1091 1366 3 30.4
Hena/Children 795 980 5.6 459
o/t Maxu/Males 1741 1986 3.9 50.8
JKern/Females 1282 1992 3.0 10.1
Heua/Children 2208 2511 3.4 14.2
g/ Masxn/Males 1359 1794 2.2 8.4
Xenwn/Females 2041 2288 0.8 0.6
Heua/Children 1158 1431 3.8 26.9
n/d3 Maxwu/Males 957 1373 3.7 28.1
Kenn/Females 1755 2030 2.0 6.2
Heua/Children 772 980 5.5 42

Bpennoct Ha CJ] Geme Bo omcer ox 667 Hz no
1986 Hz xaj maxxute, 1262 Hz no 2288 Hz kaj
xenure U 826 Hz no 2511 Hz kaj nenara.

Cpennarta BpegHOCT Ha HaKJIOHOT Ha
CHeKTapoT Oelle TO3WTHMBHA Kaj cHuTe adpu-
kati. CpenHaTta BpeNHOCT Ha KypTo3uc Oemie
HCTO Taka NO3UTHBHA Kaj cuTe adpuKaT#, HO
HajI0OBME HEraTMBEH KypTO3WUC Ha adpukaTror
/u/ () Kaj Tpojia MalIKK TOBOPHUTENHA W €IHO
IieTe, HeTraTuBeH KypTo3uc Ha adpukaror /da/
() xaj nBajua MamIK¥ TOBOPUTEIH M TPHU JKESHH,
KaKo M HeTraTHBEeH KypTo3uc Ha adpukarot /1y/
(d3) kaj emeH MamIKu TOBOPUTEN M TPH HKEHCKU
TOBOPHUTEIH.

Tabena 4. CpegHa 8pegHOCl Ha clekiupanHuiie MOMEHIU Kaj

Mean skewness was positive in all affri-
cates. Mean kurtosis was also positive in all
affricates, but we found negative kurtosis of the
affricate /1/ (5) in three male speakers, and one
child, negative kurtosis of the affricate /4/ (ff) in
two male speakers and three females, and nega-
tive kurtosis of the affricate /1r/ (d3) in one male
and three female speakers.

In Table 4 we displayed mean spectral
moments in nasals: /m/ (m), /#/ (n), and /®/ ().

Table 4. Mean spectral moments in nasals

Hasanuie
®onemu / ToBopuresn / Texumre / Cca/ Haxunon / Kyprosuc /
Phonemes Speakers COG (Hz) SD (Hz) Skewness Kurtosis
M/ m Maxwn/Males 471 532 7.4 111.0
XKenn/Females 564 650 5.8 108.3
Jena/Children 587 614 6.2 80.9
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H/n Maxu/Males 428 549 8.3 113.6
XKenn/Females 479 605 6.2 90.5
JHena/Children 529 658 7.3 82.8

B/ Maxwu/Males 435 651 8.9 1597
XKenn/Females 502 708 6.6 93.4
JHeua/Children 566 618 6.1 61.3

Bo TaGena 4 ja npuka>kaBMe cpeiHaTa Bpe/-
HOCT Ha CIIEKTPaJHUTE MOMEHTH Kaj Ha3aJIuTe:
/m/ (m), /8/ (n) u /w/ (n).

Kaj curte Hazamm, cpemHata BpegHOCT Ha
TexumreTo Oeme Bo omcer ox 428 mo 471 Hz
kaj maxxure, 479 Hz no 564 Hz kaj xeHute u
529 Hz no 587 Hz kaj neuara. Cpennara Bpen-
Hoct Ha CJI Geme Bo ormcer on 532 Hz mo 651
Hz xaj maxxute, 605 Hz no 708 Hz xaj xennre
u 614 Hz no 658 Hz xaj nenara. Cure ropopu-
TENM UMaa NO3UTUBHY BPETHOCTH Ha HAKJIOH Ha
CIIEKTApOT M KYPTO3HC.

Bo Ta6ena 5 ja npukakaBMe cpeHaTa Bpe/-
HOCT Ha CIIEKTpaJHHTe MOMEHTH Kaj JlaTepa-
mure: /n/ (1) u /1/ (K). CpenHara BpeqHOCT Ha
TexureTo 6eme Bo omcer ox 480 mo 526 Hz
kaj maxkute, 606 Hz no 631 Hz xaj xenute u
547 Hz no 621 Hz xaj nenara. CpenHara Bpen-
Hoct Ha C/I 6efie Bo omcer ox 549 Hz no 591
Hz xaj maxxure, 689 Hz no 871 Hz kaj xennre

Tabena 5. CpegHa 8pegHOCl Ha clekipanHuile MOMEHIUU Kaj

In all nasals, mean COG was in the range
from 428 to 471 Hz in males, 479 Hz to 564 Hz
in females, and 529 Hz to 587 Hz in children.
Mean SD was in the range from 532 Hz to 651
Hz in males, 605 Hz to 708 Hz in females, and
614 Hz to 658 Hz in children. All speakers had
positive skewness and kurtosis values.

In Table 5 we displayed mean spectral
moments in laterals: /n/ (1) and /m/ (£). Mean
COG was in the range from 480 to 526 Hz in
males, 606 Hz to 631 Hz in females, and 547
Hz to 621 Hz in children. Mean SD was in the
range from 549 Hz to 591 Hz in males, 689 Hz
to 871 Hz in females, and 458 Hz to 598 Hz in
children. All speakers had positive skewness
and kurtosis values.

Table 5. Mean spectral moments in laterals

natiepanuide
Donemu / T'oBopurenu / Texumre / ca/ Haxuion / Kypro3suc /
Phonemes Speakers COG (Hz) SD (Hz) Skewness Kurtosis
n/l Maxwu/Males 526 591 7.4 100.5
XKenn/Females 606 689 7.0 115.9
Jena/Children 621 598 8.2 101.7
B/K Masxn/Males 480 549 8.2 135.7
XKenn/Females 631 871 5.6 52.4
Heua/Children 547 458 11.6 350.4

u 458 Hz no 598 Hz kaj neuara. Cute roBopu-
TeNIH MMaa NO3UTHBHU BPEAHOCTY Ha HAaKJIOH HA
CIIEKTapOT U KypTO3HC.

Bo Tabena 6 ru npukaxasme Fo u ¢ppeksen-
nuute Ha popmanture of F1 mo F5 Ha HazanuTe
u narepanure. CpenHata BpenHocT Ha Fo kaj
HazanuTte Oere Bo orcer of 102 Hz kaj maxkurte

In Table 6 we displayed Fo and formant fre-
quencies from F1 to F5 of the nasals and later-
als. Mean Fo in nasals was in the range from 102
Hz in males to 252 Hz in children, and mean Fo
in laterals was in the range from 99 Hz in males
to 245 Hz in children.
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Tabena 6. Fo u chpekseHyuu Ha hopmaHiuilie Ha Hazanuiie u

Table 6. Fo and formant frequencies of the nasals and laterals

naiuepanuiue
®ounemu / Fo F1 F2 F3 F4 F5
Phonemes
ToBopuTenn/
Speakers*
Cpenna Cpenna Cpenna Cpenna Cpenna Cpenna
BpEAHOCT / BpenHoCT / BpeqHocT / | BpemHocT /| BpemHOCT/ | BpemHOCT /
Mean+SD Mean+SD Mean+SD | MeantSD | MeantSD | Mean+SD
M/m M/m 102+17.8 471x114.7 | 1293+£147.2 | 2573+221.9 | 3535+£116.6 | 4547+73.4
x/f 201+20.9 696+127.1 | 1575+297.8 | 3145+280.3 | 4076+258.6 | 4856+172.7
a/ch 249+28.5 758+79.7 | 1925+214.3 | 4067+393.8 | 5518+531.5 | 6383+536.3
H/n M/m 107+11 4224+41.5 | 1372+48.9 | 2586+115.6 | 34554285 | 4595+201.6
w/f 197+22.3 525+67.4 | 1626£173.7 | 3049+176 | 4211+114 | 4758+283.8
n/ch 2474257 591472 | 194442229 | 3650+224.2 | 5112+234.1 | 6449+492.7
B/N M/m 104+15.8 420+88.6 | 15414+49.6 | 2433+114.2 | 3395+93.9 | 4488+252.5
x/f 201£19.9 478+48.7 | 1779491.8 | 2946+68.4 | 4081+127.6 | 4934+146.9
1/ch 252423 581+83.7 | 2216+126.3 | 3691+172.9 | 5393+221.3 | 6627+470.7
1/l M/m 103£17 4514548 | 1073+85.2 | 2713+196.9 | 3551+204.1 | 4514+171.7
w/f 191+23 540+40.2 | 1239+155.9 317+83.4 | 4119+223.4 | 5026+239.1
a/ch 245+19.3 683+121.9 | 15754+408.3 | 4143+155.5 | 52514327.8 | 6411+506.6
I6/K M/m 99+11.9 392432.2 | 1649+133.4 | 2530+175.3 | 3397+191.5 | 4496+160.4
x/f 197+17.1 475+£81.8 | 1959+82.8 | 2980+68.8 | 4150+259.6 | 4974+166.5
n/ch 243+15.8 676+219.1 2321+£152 | 3761£394.4 | 5334+413.9 | 6654+479.8

¢

* M-maxu/m-males, x-xeHu/f-females, g-geya/ch-children

no 252 Hz xaj meuara, a cpeiHaTa BPeAHOCT Ha
Fo kaj narepanute Geme Bo oncer ox 99 Hz kaj
Maxkute 10 245 Hz kaj nenara.

Bo omgHOoC Ha cpemHara BpegHOCT Ha
¢bpekBeHuTe Ha (QopMaHTUTE, Kaj Ha3aluTe,
F1 6eme Bo omcer ox 420 Hz xaj maxute 10
758 xaj menata. Hajauckara ¢ppexkBenuuja Ha F2
Oeme 1293 kaj MaxxuTe U HajBUCOKaTa (PpeKBEeH-
umja 6eme 2216 kaj nenara. F3 Geme Bo omcer
on 2433 Hz xaj maxxute no 4067 kaj nenara. F4
6emre Bo omcer ox 3395 Hz kaj maxure 1o 5518
kaj neuara. F5 Geme Bo omcer oxn 4488 Hz kaj
MakuTe 10 6627 Kaj menara.

Kaj narepanure, F1 Geme Bo oncer on 392
Hz xaj maxwure no 683 kaj nenara. Hajauckara
¢bpexBenumja Ha F2 Geme 1073 kaj maxkurte
U HajBucokara (¢pekBeHIHja Oeme 2321 Kaj
nerara. F3 Geme Bo omcer ox 2530 Hz kaj
Maxkute 10 4143 kaj neuara. F4 Gemre Bo omcer
on 3397 Hz xaj maxxute 1o 5334 xaj neuara. F5

In terms of the mean formant frequencies, in
nasals F1 was in the range from 420 Hz in males
to 758 in children. The lowest frequency of F2
was 1293 in males and the highest frequency
was 2216 in children. F3 was in the range from
2433 Hz in males to 4067 in children. F4 was
in the range from 3395 Hz in males to 5518 in
children. F5 was in the range from 4488 Hz in
males to 6627 in children.

In laterals F1 was in the range from 392
Hz in males to 683 in children. The lowest fre-
quency of F2 was 1073 in males and the high-
est frequency was 2321 in children. F3 was in
the range from 2530 Hz in males to 4143 in
children. F4 was in the range from 3397 Hz in
males to 5334 in children. F5 was in the range
from 4496 Hz in males to 6654 in children.

HAE®EKTOJIOLIKA TEOPHJA H IIPAKTHKA 2019; 20(1-2):46-62

55




SPECIAL EDUCATION PROFESSIONAL AND SCIENTIFIC ISSUES

6ewte Bo oncer ox 4496 Hz kaj maxxure no 6654
Kaj Jenara.

Huckycuja

I'm aHanu3upaBMe CHEKTpaJHUTE Kapak-
TEePUCTUKM Ha MAaKeJIOHCKUTE KOHCOHAHTH.
CriekTpanHUTE MOMEHTH Kaj CUTE KOHCOHAHTH,
Fo n ¢pexBennuure Ha QopmaHTHTE Ha Haza-
JuTe U natepanure 6ea KankynupaHu Bo Praat.
Praat e xommjyTepcka mporpama 3a aHaJH3H-
pame, CHHTETH3Hpalke W MaHHIYJIUpame CO
rosop (18).

TexuiTeTo Kaj IIO3MBUTE BO HallaTa CTY-
nvja Oeme BO OTCET HAa HUCKUTE (PPEKBEHIIWH.
Hue ananusupaBme wmzonmpanu Qonemu. Tue
He Oea BO KOHTEKCT Ha Bokanu. [lno3uBute ce
NPOAYLHPAAT CO 3aupame Ha MPOTOKOT Ha BO3-
IyX BO BOKQJTHHOT TPAKT, JIM HA IIOYETOKOT I
Ha kpajoT Ha ciorot (19). Botinis u cop. ja aHa-
JU3Mpaje aKyCTHYHaTa CTPYKTypa Ha TpUYKHUTe
TUTO3MBH BO BOKaJieH KOHTeKCT /o/. be3Byunure
aJIBeOJIapHH IUIO3MBH TIOKa)Kalle CHEeKTpaJieH
UK Bo (pekBeHTHHOT omcer nomery 3000 Hz
n 4000 Hz. 3ByuyHuTe aiBeoNapHHU IUIO3UBU
NOKakaJle MK BO (PEKBEHTHHUOT OIICEr IoMery
2500 Hz u 4000 Hz. Be3ByuHuTe BelapHH IUIO-
3UBHU NOKaXkase efeH nmuk okoiy 2000 Hz u enen
okony 4000 Hz. 3ByuyHure BenapHU ILIO3MBH
nokaxkane ik Ha 1000 Hz u 4000 Hz. (20).
Xonanackure 1io3uBu /t/ w /d/ Gune wcnm-
TyBaHM BO HHHUIMjalHa IO3UIMja BO 300pOT.
Texwumrero kaj /t/ 6uno 5038 Hz u kaj /d/ 6uno
4933 Hz (21). OBue BpeAHOCTH Ha TEXKHILITETO
ce MHOTY IOBHUCOKH 0J] ()PEKBEHIIMUTE KOMIITO
ce U3MEPEeHHU BO HallaTa CTyAMja Kaj U30IHpaHH
honemn.

Lousada u cop. cCHUMMIIE KOPITyC Ha €BPOII-
CKM TOPTYTaJICKA pealHHd 300pOBH KOHIITO
conpxene mect rwiosusw /p/, /b/, /t/, /d/, /k/
U /g/ BO WHMLMjallHA, MeaWjanHa W (UHAIHA
nosunuja. [1n03uBOT /p/ mMOKaXkanm BpPeIHOCTH
Ha HaKJIOH Ha CIIEKTapoT OJIMCKH [0 Hyla HIH
NO3UTHBHHU BPEIHOCTH, IUTO Cyrepupa IO3u-
THUBHA aCHMETpHUCKa IUCTpHOyLMja, Taka IITO
HajBUCOKHUTE BPEIHOCTH Ha CIEKTpalHa aMILIH-
Tyna Oune yieBo KoHUeHTpupaHu. CHpOTHBHO,
/t/ 0OMYHO TOKa)XkKyBajl BPEIHOCTH Ha HAKJIOH
Ha CIIEKTapoT OJIMCKM 1O Hylla WM HeraTMBHHU
BPEIHOCTH, YKa)KyBajKH Ha BHCOKH BPEOHOCTH

Discussion

We analyzed spectral characteristics of
Macedonian consonants. Spectral moments
in all consonants, Fo and formant frequencies
of nasals and laterals were calculated in Praat.
Praat is a computer program for analyzing, syn-
thesizing, and manipulating speech (18).

COG in plosives in our study was in low-fre-
quency range. We analyzed isolated phonemes.
They were not in vowel context. Plosives are
produced by stopping the flow of air in the vocal
tract, either at the beginning or end of a syllable
(19). Botinis et al. analyzed acoustic structure
of the Greek plosives in the vocalic context /o/.
The voiceless alveolar plosives showed a spec-
tral peak in the frequency range between 3000
Hz and 4000 Hz. The voiced alveolar plosives
showed a peak in the frequency range between
2500 Hz and 4000 Hz. The voiceless velar plo-
sives showed one peak around 2000 Hz and
one around 4000 Hz. The voiced velar plosives
showed a peak at 1000 Hz and 4000 Hz. (20).
Dutch plosives /t/ and /d/ were examined in
word-initial position. COG in /t/ was 5038 Hz
and in /d/ was 4933 Hz (21). These COG values
are much higher than frequencies measured in
our study in isolated phonemes.

Lousada et al. recorded a corpus of European
Portuguese real words containing the six plo-
sives /p/, /b/, t/, /d/, /k/, and /g/ in initial, medial
and final position. Plosive /p/ presented values
of skewness close to zero, or positive values,
which suggested positive asymetric distribution,
so the highest spectral amplitude values were
left-concentrated. In contrast, /t/ usually exhib-
ited skewness values close to zero or negative
values indicating high spectral amplitude values
concentrated to the right. Plosive /k/ had neg-
ative values of skewness in most speakers and
/p/ had positive values of skewness (22). In our
study all plosives had positive skewness values
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Ha CIIEKTpajHa aMIUINTYJa KOHIIEHTPUPaHH KOH
necHo. [Tno3uBor /k/ Manm HEraTHBHH BpPEIHO-
CTH Ha HaKJIOH Ha CIIEKTapoT Kaj HajroieM Opoj
TOBOpUTENY U /p/ ¥MMan TO3UTHBHH BPEIHO-
CTH Ha HaKJIOH Ha cnekrapoT (22). Bo nHamara
CTyAMja CHTE IUIO3MBHM HMMaa TMO3WTHBHA BpeE-
HOCT Ha HAaKJIOH Ha CIEKTapoT, YKa)XyBajKu
Ha KOHLEHTpal{ja Ha EHepruja BO HHCKHUTE
(bpexBeHIHN.

Hamara ananu3a Ha CIEKTpaJIHUTE MOMEHTH
Kaj (puKaTHBUTE NOKa)Ka HajBUCOKA CpeaHa
BpenHoct Ha Texxumre 4021 Hz kaj ¢puka-
TUBOT /c/ (s) m3roBopeH on aeuara. Gordon u
COp. MpHKaxkajie MPOCEYHH LIEHTPU Ha TPaBH-
tanyja 3a /f/ 4562 Hz, 3a /s/ 5163 Hz u 3a /f/
4679 Hz xaj Yukaco roBopurenu. OpukaTuBUTE
BO HUBHATa CTygWja ce IOjaByBalie BO HEIO-
cpenHa OnMM3MHA Ha BOKAJOT /a/ WM BOKAJOT
/i/ (23). ®pukaruBute /z/ 1 /s/ IMaaT eHepruja
BO (hpexBeHTHHOT perroH on 3500 mo 8000 Hz.
Konconantute /h/ u /f/ umaat moManky eHep-
ruja of ocraHatute ppuxatusu (24).

Puni$i¢ u cop. ja ompenmne cpenHara Bpea-
HOCT Ha NHKOT Ha IpBaTa KOHLEHTpauuja Ha
aKyCTU4Ha eHepruja kaj ppukatuBot /[/ Ha 2800
Hz n Bropara koHuenTpaumja Ha 5600 Hz (25).
Cnopen Guduri¢ u Petrovi¢ 3ByuHara eHepruja
Ha CpIICKHOT KoHCoHaHT /f/ e Bo omcer ox 400
Hz no 7000 Hz co cunHa KOHLIEHTpaluja Ha
enepruja Hag 1500 Hz, nonexa /h/ nMa KoHIEH-
TpaL{ja Ha aKyCTHYHAa €Hepruja BO HEKOJIKY
nojacu, nounyBajku on 140 Hz mo 4800 Hz
(26). BesByunute (puxatuBu /s/ u /[/ wmaar
IIOTOJIeMa €HEepruja, Co Toa IITOo /S/ e moBeke BO
OIICeroT Ha BUCOKH (hpekBeHLInH ox okoimy 3500
Hz n moBucoko, a /f/ nMa HajMHOTY eHepruja
HewrTo moHucko, okoiny 3000 Hz (27). Hue ucro
Taka M3MEepHUBMe TOHKMCKA CpeIHa BPEOHOCT Ha
TeXHLITETO Kaj Pppukarusot /ur/ (f) Bo ormcer ox
1606 Hz no 2842 Hz.

Crnopen Maniwa u Jongman, 0e3Byd-
HUTe (QpUKaTHBH Ce KapaKTepu3upaar Cco
TOBHCOKH BPEIHOCTH Ha CHEKTPAITHO TEXHUIITE
U NHK, ToBeke NehUHUpaHW NHKOBH, IOMaia
BapujaHCa, HEraTWBEH HAKJIOH Ha CIEeKTa-
pOT, morojieMa BKyIIHa aMIUIATyAa M IOZOJTO
Tpaeme BO cropenda co HUBHHUTE 3ByYHM Hap-
Huim (28). Ferreira-Silva u cop. ru aHanu3u-
paJie CIeKTpaJTHUTe MOMEHTH Kaj OpasuicKuTe
nopryrajicku ¢ppukatusu. CpeqHuTe BPEJHOCTH

indicating concentration of energy in the low
frequencies.

Our analysis of spectral moments in frica-
tives showed the highest mean COG 4021 Hz
in fricative /c/ (s) produced by children. Gordon
et al. reported average gravity centers for /f/
4562 Hz, for /s/ 5163 Hz, and for /f/ 4679 Hz
in Chickasaw speakers. The fricatives in their
study occurred adjacent to the vowel /a/ or
vowel /i/ (23). Fricatives /z/ and /s/ have energy
in the frequency region of 3500 through 8000
Hz. The consonants /h/ and /f/ have less energy
than the rest of the fricatives (24).

PuniSi¢ et al. determined mean peak of the
first concentration of acoustic energy in the
fricative /[/ at 2800 Hz and the second concen-
tration at 5600 Hz (25). According to Gudurié¢
and Petrovi¢ the sound energy of Serbian con-
sonant /f/ ranges from 400 Hz to 7000 Hz with
strong concentration of energy above 1500 Hz,
whereas /h/ has concentration of acoustic energy
in several bandwidths starting from 140 Hz to
4800 Hz (26). Voiceless fricatives /s/ and /f/
have greater energy, with /s/ being mostly in
the high frequency range from about 3500 Hz
upwards, and /[/ having most energy somewhat
lower, around 3000 Hz (27). We also measured
lower mean COG in the fricative /m/ (f) ranging
from 1606 Hz to 2842 Hz.

According to Maniwa and Jongman voice-
less fricatives are characterized by higher spec-
tral mean and peak values, more defined peaks,
less variance, negative skewness, larger overall
amplitude, and longer duration compared to
their voiced counterparts (28). Ferreira-Silva
et al. analyzed spectral moments in Brazilian
Portuguese fricatives. Mean values of the cen-
troid of labiodental, alveolar and postalveolar
fricatives in the context of /a/, /i/ and /u/ were
5003 Hz, 7417 Hz and 4608 Hz. Mean values of
variance were 2862.8 Hz, 1952.8 Hz and 1850.8

HAEDEKTOJIOLUIKA TEOPHJA H ITIPAKTHKA 2019; 20(1-2):46-62

37




SPECIAL EDUCATION PROFESSIONAL AND SCIENTIFIC ISSUES

Ha TeXXHIITETO Ha JIaOMOAEHTaTHHTE, aJIBeoJiap-
HUTE U TOCTaJBeoNIapHUTE (PPUKATUBH BO KOH-
TeKCT Ha /a/, /i/ u /u/ 6ume 5003 Hz, 7417 Hz
u 4608 Hz. CpenHure BpemHOCTH Ha BapHjaH-
cara owne 2862,8 Hz, 1952,8 Hz u 1850,8 Hz.
CpenHure BpemHOCTHM Ha acuMeTpujata Owie
0,25, -0,39 u 0,88. CpemHute BpeqHOCTH Ha
Kypro3uc owne 0,74, 2,76 u 1,85 (13). Camo
MIET TOBOPHUTEJIM BO HaIllaTa CTy[I{ja MMaa Hera-
TUBEH HAKJIOH Ha CIEKTapoT Ha (pHUKaTHUBUTE.
Toa yka)kyBa Ha KOHIIEHTpalMja Ha EHEPTHja BO
BUCOKUTE (PPEKBEHIIUH.

Tabain ro mnpecmerana TEXHWIITETO Ha
HEKOJIKy KOHCOHaHTH 36MEHHU 0] KOHCOHAaHT-BO-
kan (KB), cnoroBm wu3roBopeHHW Of KEHCKH
TOBOPHUTENIM Ha aBCTPAJIMCKM AHIVIMCKH ja3uK.
CpenHaTta BpeIHOCT Ha TEXHILITETO Ha /s/ Omia
6582 Hz, Ha /f/ 5323 Hz, na /z/ 5885 Hz u Ha
/3/ 4521 Hz (29). Kopejckuor ¢puxarus /s/ e
WCIINTYBaH BO KOHTEKCT Ha BOKamurte /i/, /a/ u
/u/. CpenHata BpeAHOCT Ha TEXHUINTETO Owia
6133,9 Hz u 7280,2 Hz xaj maxxute u 8248,6 Hz
u 8321,2 Hz xaj xeanre. CpeqHara BpeqHOCT Ha
HaKJIOHOT Ha criekrapot 6una 0,37 and 0,08 kaj
maxwure u -0,44 u -0,31 xaj xenure (30). [Ipu
aHanu3ara Ha (PpPUKATHBUTE, HHE H3MEPHUBME
HAKJIOH HA CIIEKTapoT eJHAKOB HA HYyNa Kaj
IBajua roopurenu. Toa ykaxkyBa Jeka IUCT-
pubynujaTta Ha (peKBEHIMHATE OKONY CpenHara
(dpexBeHIMja € CHMETPpUYHA.

Koenig u cop. ru m3Mepuie CreKkTpaaHuTe
MOMEHTH Ha aHIJIMCKHOT (ppukatus /s/ BO 300-
poBU H3roBOpeHM of amonecueHTH. CpemHara
BPEAHOCT Ha TEXHINTETO Owia BO OICET Of
4433 Hz no 7643 Hz. Cpennara BpegHOCT Ha
CJ1 6una Bo omcer oxm 1492 Hz mo 2092 Hz.
CpenHara BpeAHOCT Ha HAaKJIIOHOT Ha CHIEKTapoT
6mna Bo omcer ox -0,102 mo 0,926 u cpenHara
BpPEIHOCT Ha KypTO3UC OMiia MO3UTHUBHA Kaj CUTE
roBoputeny, Bo omcer ox 0,184 no 3,389 (31).
Jongman u cop. TM aHanNHM3Wpalie aHTIUCKUTE
(bpUKaTHBY M NPHUKaXKajIe IIOBUCOKO CIIEKTPATHO
Texxumre 3a /s/ u /z/ (6133 Hz) u monHucko 3a
/f! m /3/ (4229 Hz). HakioHOT Ha CrIeKTapoT 61
TOBUCOK Kaj /[/ W /3/, ykaxKyBajku ieka Iana-
TO-aJIBeOJIapUTe HMaaT HajCUJIHA KOHIIEHTpa-
L[Mja Ha eHeprHja Bo HUCKUTe (pekBeHuH (32).

Vujasi¢ ru aHanu3mpana XpBaTCKUTE JIMHI-
BanHu $pukarusy /s/, /f/, /z/ u /3/ Bo noratomu
co KBKB ctpykrypa. Taa pukakana HajBUCOKa

Hz. Mean values of asymmetry were 0.25,
-0.39 and 0.88. Mean values of kurtosis were
0.74, 2.76 and 1.85 (13). Only five speakers in
our study had negative skewness of fricatives.
It indicates concentration of energy in the high
frequencies.

Tabain computed COG of several conso-
nants taken from CV syllables produced by
female speakers of Australian English. Mean
COG of /s/ was 6582 Hz, of /f/ 5323 Hz, of /z/
5885 Hz, and of /3/ 4521 Hz (29). Korean fric-
ative /s/ was examined in vowel context /i/, /a/
and /u/. Mean COG was 6133.9 Hz and 7280.2
Hz in males and 8248.6 Hz and 8321.2 Hz in
females. Mean skewness was 0.37 and 0.08 in
males and -0.44 and -0.31 in females (30). In
fricative analysis we measured skewness equal
to zero in two speakers. It indicates that distribu-
tion of frequencies around the mean frequency
is symmetrical.

Koenig et al. measured spectral moments of
English fricative /s/ in words produced by ado-
lescents. Mean COG was in the range from 4433
Hz to 7643 Hz. Mean SD was in the range from
1492 Hz to 2092 Hz. Mean skewness ranged
from -0.102 to 0.926, and mean kurtosis was
positive in all speakers, ranging from 0.184 to
3.389 (31). Jongman et al. analyzed English
fricatives and reported highest spectral mean
for /s/ and /z/ (6133 Hz) and lowest for /f/ and
/3/ (4229 Hz). Skewness was highest for /[/ and
/3/, indicating that the palato-alveolars had the
strongest concentration of energy in the lower
frequencies (32).

Vujasi¢ analyzed Croatian lingual fricatives
/s, /f], /z/ and /3/ in logatomes with CVCV struc-
ture. She reported the highest average COG value
for /s/ 8641 Hz, and the highest average SD for
/z/ 3130 Hz. Average skewness was positive for
/[l and /3/, and negative for /s/ and /z/. Average
kurtosis was positive for all fricatives (33).
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MpoceyHa BpeJHOCT Ha TexxuInTe 3a /s/ 8641 Hz
M HajBUCOKa npoceuyHa BpenHoct Ha CJI 3a /z/
3130 Hz. IIpoceuynara BpegHOCT Ha HAKJIOHOT
Ha CHEeKTapoT Owia Mo3uTWBHA 3a /[/ u /3/, n
HeraTuBHa 3a /s/ u /z/. IlpoceunaTta BpeqHOCT Ha
KypTO3MC Omiia MO3HWTHBHA 3a CHTEe (PUKATHBH
(33).

Bo Hamara ctyamja, Hajrogem Opoj TOBO-
pUTENH MMaa MO3UTHUBEH KypTO3UC Kaj (puKa-
TUBUTE. T0a 3HaYM PENIaATUBHO BUCOKH ITUKOBU
Bo cnekrapor. CpenHara BpemHOCT Ha Kyp-
To3UC Oelle HeraTWBHa caMoO Kaj (pHUKaTUBOT
/m/ (f) M3roBOpeH Of >KEHCKHUTE TOBOPHUTEIH.
HeraTuBHHOT KypTO3HC yKa)KyBa JeKa JUCTPH-
Oylujara uMa TOBeKe 3apaMHETH IHUKOBU WM
cnekrap 6e3 nobpo nedunupanu nuxosu. Ilpu
aHanmu3aTa Ha adpuKaTUTe, HCTO TaKa H3Me-
pUBME NO3UTHBHA CpEeHA BPEIHOCT HAa HAKIJIOH
Ha CMEKTapoT U KypTO3HC Kaj CUTEe TOBOPHUTEIH.

Hamara cnekrpanHa aHanu3a Ha Ha3ajuTe
NOKa)ka CpellHa BPEIHOCT Ha TEXHIITETO BO
HHUCKHTE (PPEKBEHLIMM 33 CHTE TOBOPUTENH. 3a
KOHCOHaHTOT /m/, Tabain u cop. mpukaxaie
texxumre 2657 Hz u CJ1 1139 Hz. 3a koHCOHaH-
TOT /n/ Texwumrero 6mno 2708 Hz, a CJ] 6una
1130 Hz (34).

Hue ru usmepuBMe NpBHOT U BTOPHOT CIEK-
TpaJieH MOMEHT Kaj JiaTepajiiTe BO OICEroT Ha
Huckure (ppexBenumu. Tabain u cop. u3mepuie
texxumre 2704 Hz u CII 1100 Hz Ha natepanot
/1/ Bo noeguneunn 360poBH (35).

Bpennoctute Ha NPBUOT U BTOPHOT CIIEK-
TpajJieH MOMEHT MNpUKaXaHW Of APYTH aBTOPH
KOWIITO TH aHaJu3Hpalie KOHCOHAHTHTE BO
BOKaJIeH KOHTEKCT Oea IMOBHCOKH Ol BPEIHO-
cTuTe NoOMeHM Bo Hamiata ctyauja. Hue rm
aHaJM3UpaBMe KOHCOHAHTHTE KaKO W3O0JIHMPAaHU
¢onemu u ro nzberHaBMe eheKTOT Ha KOAPTH-
kynanuja. Toa e peHomeH kaj koj enHa hoHema
BIMjae Ha MpOAYyKIHMjaTa Ha MpPETXOJHATa H
crepHata GpoHemMa. ApPTUKYIaTOPHUTE JABIKEHa
MpH TIPOAYKIMja Ha ofpeneHa GoHeMa ja MEeHY-
BaaT apTHKYJalKjaTa Ha coceqHUTE (POHEMH.

I'm um3mepuBme Fo um ¢pexBeHuuure Ha
tdopmantute on F1 no F5 xaj Hazanute u nare-
panure. 3a MpOAYyKIMja Ha Ha3aJTHUTE KOHCO-
HAHTH NPOTOKOT Ha BO3JYyX BO ycTara € Bpe-
MEHO 3anpeH. MeKoTo HeIlle € CIyIITeHO TakKa
IITO BO3AYXOT MOXE Ja WH3je3e eIUHCTBEHO
npeKky HocHara mpasHuHa. Hasamute OGapaar

In our study, most of the speakers had pos-
itive kurtosis in fricatives. It means relatively
high peaks in the spectrum. Mean kurtosis was
negative only in fricative /m/ () produced by
female speakers. Negative kurtosis indicates
that the distribution has more flattened peaks, or
a spectrum without well-defined peaks. In affri-
cate analysis we also measured positive mean
skewness and kurtosis in all speakers.

Our spectral analysis of nasals showed mean
COG in low frequencies for all speakers. For the
consonant /m/ Tabain et al. reported CoG 2657
Hz, and SD 1139 Hz. For the consonant /n/ CoG
was 2708 Hz, and SD was 1130 Hz (34).

We measured first and second spectral
moment in laterals in low-frequency range.
Tabain et al. measured COG 2704 Hz and SD
1100 Hz of the lateral /1/ in single words (35).

First and second spectral moment values
reported from other authors who analyzed the
consonants in vowel context were higher than val-
ues obtained in our study. We analyzed the conso-
nants as isolated phonemes and avoided the effect
of coarticulation. It is a phenomenon in which one
phoneme affects the production of preceding and
upcoming phoneme. The articulatory movements
in production of certain phoneme change the artic-
ulation of neighbouring phonemes.

We measured Fo and formant frequencies
from F1 to F5 in nasals and laterals. For the pro-
duction of nasal consonants the oral airflow is
temporally blocked. The velum is lowered such
that air can escape only through the nasal cavity.
Nasals require the use of two resonance cavities,
oral and nasal, v‘\(hich are combined in a com-
plex way (36).

Tabain et al. measured nasal formants of the
nasal /m/ N1 308 Hz, N2 1402 Hz, N3 2603 Hz,
and N4 3726 Hz (34). In laterals Tabain et al.
obtained the following formant frequencies: F1
374 Hz, F2 1619 Hz, F3 2839 Hz, and F4 3804
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KOpHUCTEH€e Ha JIB€ Pe30HAHTHH MPa3HUHH, YCHA
U HOCHAa, KOWIITO Cce KOMOWHHMpaHW Ha KOM-
mieKceH HauuH (36).

Tabain u cop. ru usmepuiie HazaaHUTe Gop-
MaHTH Ha Ha3anoT /m/ N1 308 Hz, N2 1402 Hz,
N3 2603 Hz u N4 3726 Hz (34). Kaj narepanure,
Tabain u cop. ru nobuie cienHuTe GPEKBEHITUH
Ha Qopmantute: F1 374 Hz, F2 1619 Hz, F3
2839 Hz u F4 3804 Hz 3a anBeosapHHOT JiaTe-
pan /l/ u F1 339 Hz, F2 2104 Hz, F3 2896 Hz u
F4 3998 Hz 3a manaranauot narepan /A/ (35).
Rodrigues u cop. ru usmepune (peKBeHLUHTE
Ha ()OpMaHTUTE HA NPBHUOT, BTOPUOT U TPETHOT
¢dhopmaHT Ha arepanort /1/ Bo BOKajeH KOHTEKCT.
Cpennara Bpennoct Ha F1 Guma Bo omcer on
371,79 Hz no 554,77 Hz, cpeanara BpegHOCT Ha
F2 was 6una Bo oncer ox 947,70 Hz no 1108,67
Hz u cpennara BpenHoct Ha F3 6mna Bo omcer
on 2831,37 Hz no 3147,89 Hz (37). OBue Bpen-
HOCTH C€ CIIMYHH Ha BPEIHOCTHTE TOOWEHH BO
HallaTa CTy/auja.

Kosti¢ ja mcnuryBan akyCTHYHaTa CTPYK-
Typa Ha CpPIICKATe KOHCOHAHTH. 3a Ha3ajauTe
/m/ m /n/ TOj ja ompenwn mpBaTa KOHLIEHTpa-
1lMja Ha aKyCTH4YHa eHepruja Ha okoiny 500 Hz,
BTOpaTa KOHHeHTpanuja 6wna ox 1000 Hz no
1200 Hz u Tpetara koHuentpauuja ox 2200 1o
2500 Hz. 3a Ha3anoT /j/ IpBaTa KOHIEHTpaLHja
Ha aKyCTH4YHa eHepruja Owina Ha HHUBO OKOILY
500 Hz, Bropara koHueHTpaja 6mna ox 600
Hz no 1000 Hz u Tperata koHuEeHTpamyja Ha
aKycTHM4YHa eHepruja Ouia Bo orceror ox 2700
no 3000 Hz (38). OBue Haomu ce CIMYHHA Ha
(pekBeHIHTE Ha TIPBHOT, BTOPHOT W TPETHOT
¢bopMaHT HOOWMEHM 3a Ha3allUTe Kaj MAIIKUTE
TOBOPHTEIIM BO HAlllaTa CTyAHja.

3akny4ok

IleHTapoT Ha TpaBUTalHja W CHEKTpal-
HaTa CTaHAapAHA JAeBHjalMja Kaj KOHCOHAaH-
TUTE aHAJM3MPAHU KaKo H30IUpaHd (oHeMu
ce TIOHUCKH Ofi BPETHOCTUTE J0OWEeHH BO KOH-
TEeKCT Ha BOKallM 3apagd e(peKTOT Ha KoapTH-
Kynalujara BO Koja efHa (oHeMa BiHMjae Ha
NpOAyKIMjaTa Ha NMpEeTXOqHaTa W Ha CleqHaTta
¢onema. HakioHOT Ha CIIEKTapoOT U KypTO3HC
ce TO3UTHBHU Kaj HajrojieM Opoj TOBOPHUTETH
IITO yKa)kKyBa Ha KOHLIEHTpalWja Ha eHepruja
BO HHCKHTE (DPEKBEHLIMH W PEJIAaTHBHO BHCOKH

Hz for the alveolar lateral /1/, and F1 339 Hz,
F2 2104 Hz, F3 2896 Hz, and F4 3998 Hz for
the palatal lateral /£/ (35). Rodrigues et al. mea-
sured first, second and third formant frequencies
of the lateral /l/ in vowel context. Mean F1 was
in the range from 377.79 Hz to 554.77 Hz, mean
F2 was in the range from 947.70 Hz to 1108.67
Hz, and mean F3 was in the range from 2831.37
Hz to 3147.89 Hz (37). These values are similar
to values obtained in our study.

Kosti¢ examined the acoustic structure of
the Serbian consonants. For the nasals /m/ and
/n/ he determined first concentration of acoustic
energy at about 500 Hz, second concentration
was from 1000 Hz to 1200 Hz, and third concen-
tration from 2200 to 2500 Hz. For the nasal /p/
first concentration of acoustic energy was at the
level of about 500 Hz, second concentration was
from 600 Hz to 1000 Hz, and third concentration
of acoustic energy was in the range from 2700 to
3000 Hz (38). These findings are similar to first,
second and third formant frequencies obtained
for nasals in male speakers in our study.

Conclusion

Center of gravity and spectral standard devi-
ation in consonants analyzed as isolated pho-
nemes are lower than values obtained in vowel
context because of the effect of coarticulation
in which one phoneme affects the production of
preceding and upcoming phoneme. Skewness
and kurtosis are positive in most speakers indi-
cating concentration of energy in the low fre-
quencies and relatively high peaks in the spec-
trum. The highest mean Fo and formant fre-
quencies of nasals and laterals are measured in
children.
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MUAKOBM BO CrekTapoT. HajBucokara cpemHa
BpenHoct Ha Fo u ¢pexBeHuuute Ha hopmaH-
THTE Ha Ha3aJUTe W JIaTepaJIuTe Ce M3MEpPEeHH
Kaj Jerara.
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