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Thefirg three formants of the ten Korean monophthongs were sudied. The vowes were
produced by 20 mae and femde speskersinan |hVd a | (V = vowd) context. Then the mae-
femde variaionsin the Korean formant datawere examined. The uniform scaling method
resulted in less than a 6% difference between the scaled and reference data. A regression
andydis showed that the dope of aregresson equation with asmal intercept near the origin
could be usad for the uniform scde factor.

INTRODUCTION

Previous studies have shown that formant frequencies
areimportant factors in determining the perceptud quality
of avowd. Hence, each vowd phoneme hasits characterigtic
formant patterns within a given language. However, spec-
trographic sudies of vowels produced by different speskers
of agiven language show gregt variation in formant frequent
cies dependent on age and gender. This spesker variation
causes many problems in determining the acoudtic correlates
of the vowd qudities of alanguage. These sources of spesker
vaiation are divided into linguigtic and nonlinguistic factors
(Traunmller, 1988). Linguidtic factors are didectd, socio-
lectd, idiolectd, and phonogyligtic differences. Nonlinguis-
tic factorsinclude the differencesin age, gender, and the
emotiond date of the gpeskers. Since the vowd formants
depend on the length and shape of the vocd tract, amgor
source of nonlinguistic spesker differencesistheindividud
peaker's vocd tract anatomy (Fant, 1960, 1968; Nord-
strsm and Lindblom, 1975; Nordstrsm, 1975).
The god of factoring out these nonlinguidic factorsisto
edablish a"pure” linguisticaly rdevant acoudtic spedificar



tion of the vowd qudities of any given language. This proce-
dure has been cdled "normdization " (Fant, 1968). Various
proposas for the normaization of vowd qualities have been
explored, but the problem has not yet recaived its definitive
solution. Some proposals are articulatorily based (Nord-
strsm and Lindblom, 1975; Fant, 1975), while othersare
auditorily based (Miller et d., 1980; Miller, 1989; Syrda

and Gopd, 1989), involving the transformation of the for-
mant vaues into auditory units. Auditory normdizations

are based on the beief that there is a congtancy in the patid
pattern of excitation in the peripherd auditory sysem for a
given vowe produced by different speskers. In this study the
discussion is limited to the two articulatorily based propos-
as uniform and nonuniform scaling methods. Nordstrsm

and Lindblom (1975) proposed a uniform scaling based on
an estimate of the length of the speeker's vocd tract.
According to their claim, al observed spesker- dependent for-
mant frequency differences can be satisfactorily accounted
for soley in terms of vocd tract length. Assuming that over-
al vocd tract length variations affect dl formant frequency
vaues by the same scde factor (that is, in auniform way),
the same scale factor was gpplied to dl formants. Therefore,
the term "uniform scding' waas used. It involved estimating
thetotal length of asubject'svocd tract from an average of
F3in vowedswith F1 greater than 600 Hz. Because the length
of the spesker'svocd tract isinversaly related to formant
frequency, the ratio of the length of the average mdevoca
tract (Lm) to the average femde vocd tract length (L) can
bewritten:

k = Lf/Lm = F3mav/F3fav , D

in which F3mav and F3fav indicate an average of the third
made and femde formant vaues, respectively. Then, the nor-
madized nth femde formant frequency is denoted as Fnf
(scaled) and can be determined according to

Fnf(scaled) = kFrf, )

On the other hand, Fant (1968) observed that femae
Speekers have proportionately shorter pharynges and ar-
gued that the scaling of formant vaues mugt be nonuniform.
In other words, it must congder not only differencesin the



overd| vocd tract length between mae and femae speskers
but aso the complex formant-cavity rdaionships There-
fore, Fant (1975) recommended using scale factors thet are
both vowd and formant pecific. His method gpplies a dif-
ferent scae factor to each individua vowe and individua
formant category. A tentdive reference table of "universa™
scale factors was proposed based on the gatistica study of
9x languages. Swedish, American English, Danish, Estoni-
an, Dutch, and Serbo- Croatian ( Fant, 1975, p.5, Table I-A-
). Because the table was derived from the average differ-
ences of mae and femde formant frequencies only for those
9x languages, it may not be proper to use those factorsin
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normdizing the Korean data

In this paper, the firg three formants of the ten Korean
monophthongs produced by 20 mae and femde speskers
were sudied while contralling the linguigtic factors as ho-
mogeneoudy as possible in each group. Second, the male-
femde variationsin the Korean datawere examined. Third,
the data were scaed using the uniform scaling method.
Fourth, regressond andyses were conducted on formant
vaues of mae and femde groups.

. METHOD
A. Subjects and speech samples

A totd of 20 subjects were chosen from alarger group
participating in recording and ligening sessons at the Uni-
vergty of Texasa Augin. They formed two groups. ten
Korean maes and ten Korean femaes. Subjects were Su-
dents atending the University of Texasa Augtinand dl hed
norma hearing and hedlth. All the Korean subjects spoke
Standard Korean. Two screening instruments were used to
make each group linguistically homogeneous

First, subjectswere grouped

homogeneoudy on the bass of collected infor-
metion from a questionnaire. The questionnaire included
ubjects name, age, 32X, height, native language, fluency in
other languages, didect, and history of speech and hearing
disorders. Second, peer judgment was employed to screen



out those subjects who hed different didects. Five peersin
eech mde and femde group were randomly chosen from
among the subjects. Then the ten peers were asked to listen
to four sets of tokens consgting of the vowds|[i ea u]. Each
St is composd of different male and fema e subjects saying
the same token. In the listening sesson, the peers put a check
mark on each token that sounded different from their own
didect. All the marks were counted to find four peers (two
-mdes and two femaes) who had the fewest marks. Findly,
marks by the four peers were used to regject those subjects
who had more than 80% of the total tokens perceived asa
different didect.

The speech samples consgsted of 52 Korean words. Each
Korean vowd occurred in an [h(V)da| (V = vowe) con
text. In this context, the following vowd formant can be
eedly identified because the |h| noise on the spectrogram
shows smilar petterns of the following vowd formants. Ten
Standard Korean monophthongs studied were/ a e€ 0
o Uii I 4 . Theseten Korean vowels gppeared five timesin
random order. Later, three out of the five productions of
each vowd were randomly chosen for the average data s&t,
avoiding unnaturd tokens at the beginning and ending of the
recording.

B. Procedures

The recording was done in a sound-proof booth in the
Phonetics Lab of the Universty of Texasa Audin (UT).
The experimenter asked the subjects to produce each word at
anormd rate and as naturaly as possible. Speech samples
were picked up by a condenser microphone at a distance of
about 15 cm. A professond cassette recorder (Modd CD-
330) was used for recordings. The recording level was care-
fully monitored by the experimenter throughout the record-
ing session to avoid ultrawesk or overloaded sgnds The
recording took 2-3 min per subject.
The recorded samples were andyzed usng the VAX
computer in the UT Phonetics Lab. The KLSPEC software
package written by D. H. Klait and modified by J. Lame was
used to interactively examine, measure, and andyzethere
corded samples. The samples were played from a'Y amaha
(model KX-800U) cassette deck. The input samples were
low passfiltered a 4 kHz and digitized a a 10-kHz sampling
rate. Spectrograms were made using a 256-point discrete



Fourier transform (DFT) andyss with a 6.4-rms Hamming
window once every millisecond. The dynamics of the vowd
formant pattern madeit difficult to find acongsent time
point for spectrum andyss. Therefore, the author cacula-
ed thetotal duration from the vowe onset and offset time
points. Each time point was determined by adding one-third
of the totd duration to the vowe onset point.

C. Formant decisons

In this study, a spectrogram of each vowe was used for
the fird reference and find decison on formant vaues. Firg,
formant vaues on the spectrogram were estimated by draw-
ing apendl line through the center of each formant band
with aruler. Then, visud estimates were compared with two
DFT harmonic spectra (average envelope and LPC enve-
lope) estimates. The output of the software package listed
esimates of three or more feasible formant values dong with
amplitude levels. These methods amogt away's converged.
However, when formant values of the same vowd for a sub-
ject showed a difference of more than 500 Hz, they were
rglected under the assumption that the subject produced a
different target vowd. For rdigbility, the meassurements
were checked by an independent observer. There was an
agreement of more than 97% in the formant decison.

I1.RESULTS AND DISCUSSION
The average vaues of the firg three formants (FI, F2,

and F3) and their sandard deviation (s.d.) of the Korean
monophthongs are ligted in Tables| and 1. Asisshownin
the tables, the deviation within malesis generdly lower than
that of femades Fgure 1 illudrates the vowe space of mdes
and femades in which adjacent vowd points are connected
peripheraly. Phonemes are given near various symbols. The

TABLE |. Average vaues of the firg three formants (F1,F2,F3) and their
sandard deviation (s.d.F1, sd.F2, s.d.F3) of the Korean femae speskers.

Vowd F1 s.d.F1 F2 s.d.F2 F3 sd.F3

a 986 107| 1794 108 2957 227

677 108 2285 169 3063 141

344 48 2814 168, 3471 177
499 60 1029 143 3068 159

€

e 650 113 2377 77 3068 117
|

[0}




o 602 109 2195 152 3013 132
u 422 83 1021 139 3024 138
i 373 62, 2704 95 3222 108
A 765 125 1371 108| 3009 183
i 447 68 1703 106 2901 173
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TABLE Il Average vaues of thefirg three formants (F1,F2,F3)and their
sandard deviation (s.d.F1, sd.F2, s.d.F3) of the Korean mae speakers.

Vowd F1 s.d.F1 F2 sd.F2 F3 sd.F3

a 738 81 1372 124 2573 127
€ 591 75 1849 106 2597 110,
e 490 105 1968 150 2644 94
i 341 29 2219 176 3047 146
0 453 47 945 134 2674 156
o] 459 69 1817 163 2468 134
u 369 43 981 141 2565 173
i 338 30 2114 140 2729 213
A 608 76 1121 110 2683 145
i 405 37| 1488 176 2497 80

same symboal indicates the same phoneme. The two vowel

Spaces gppear triangular. A thicker line connects mae vow-

es while athinner line connects femae vowes. The vowd

paces show some systemdic reaionship. Itimpliesatrend

toward higher formant frequencies for femae spegkers. This

tendency may be largely due to nonlinguistic factors because
linguigtic factorsin this experiment were homogeneoudy

controlled in each group as much as possble. To examine

that relaionship, the percent difference (Diff. ) inthemde

and femde formant frequencies across vowd formant was caculated by

Diff (%) ={ (Fnf -Fnm)/Fnm} X 100,  (3)

in Which Fnf denotes the nth femde formant vaue. The aver -
age Diff. across dl the vowes comes out to 18% which
equasthe average difference of F1. In F2 and F3 the Diffs.
are 20% and 17%, respectively. In addition the greatest
vaidion within each formant wasin F1 (sd.= 12%) fol-



lowed by F2 (s.d.= 9%) and F3 (s.d.= 3%). Thisimplies

that mde datamay be uniformly shifted to the femde data or
vice versa. Thus the uniform scaling method was gpplied to
the Korean data. The uniform scde factor is 0.87 estimated
from Eq. (1) .Thisratio corroborates the sudy by Chiba and
Kgiyama( 1941) who esimated overal vocd tract length
assgning the relative numbers of 1.0 to males and 0.87 to
femaes. The datawere scded by Eq. (2). Then, anumerica
criterion was used to see how closdy the femae datawere

FIG. 1. Mde and femde vowd space of ten Korean monophthongs. X axis
shows the firg formant frequency in kiloHertz ( kHz ) whiley axisindicates

the second formant frequency.
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scaed to the mae reference data (Fant, 1975). For that
purpose, Fnf in Eq. (3) wesreplaced by Fnf (scded). The
uniform scding method hed an average Diff. of lessthan 6%
across al the vowds. Specificaly, there was morethan a
10% Diff. in F1 of the uniformly-scaled deta, but less than a
5% Diff. was observed in back vowes. In F2 the point vow-
es[i a U] showed a10% Diff. while the otherswereless
than 10%. In the vowe A/ a perfect match occurred. In F3t
an average Diff. of 2% was observed which stands to reason
gnce the scde factor was derived from theretio of maeto
femae averages of F3.

The question arises as to whether the nonuniform sca-

ing greatly improves the uniform scding method in the Ko-
rean data. Fant ( 1975 ) suggested that the gender variation
can be best resolved by formant-number and vowe- spedific
scaefactors. Certain Korean vowds show grester mae-
femde difference. For example, F1 in the vowd [0] showsa



34% Diff. while that of the vowd [ishows lessthan a1%
Diff. Since the scdle factors in the nonuniform methods were
derived from the average variaion of the Sx European lan
gueges they may not be, proper to usein the scaling of the
Korean data. However t one can reason that if one employsa
formant-number- Specific method, the average Diff. would
improve around 1% becauise there was about 1% difference
among F I' F 2t and F3 in the previous andyds. Moreover if
bath the formant- number and vowek specific scalefactors
are usd, then it will improve less than 6%.

Findly regressiond anayses were conducted to find
regression equations or the best-fitting lines for the relaion-
ship between dl the femae formant vaues (Fif) and those
of mdes (Fnm) or vice versa

Fnm =0.85 Fnf- 5/ Fnf =1.18Fnm + 19 (r* /0.99)

The dope 0.85 is similar to the average of F3f/ F3m (r°= 0.87)
for the uniform scaing method. With smdl intercepts, both
equations imply that one may expect a good fit with aregres-
son equation through the origin (zero intercept). Thusthe
uniform scae factor can be easily determined through the
regresson. The I* indicates that female formant values can

be accurately predicted from maevauesor viceversa In
addition, aregresson andyds between femde formant fre-
guency and the mae-femde difference in percent reveded a
grong corrdation (Fnf againg Diff., r <0.78). This cor-
roborates Fant's observation (1975) that the gender differ-
ence in F1 and F2 increases with formant frequency. OLeary
(1989) has aso observed a strong correlation between scde
factors obtained with Fant's scaing method and femde for-
mant vaues. Fant's scale factors were higher than the aver-
age for high vowels while those for lower vowels were lower .
Using the regression equaions rdaing Fant’ s scale factors

to femde formant frequencies, O'Leary scded femde for-
mant frequencies to match more dosdy those of maes.

In concluson the firg three formants of the ten Korean
monophthongs were sudied. Because the linguidtic factors
were controlled to be as homogeneoudy as possible in eech
group, the mde-femde difference was atributed to nonlin:,
quistic factors. The uniform scaling method resulted in less
than a 6% difference between the scded and reference data
A regression andys's showed thet the dope of aregresson
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equation with asmadl intercept near the origin could be used
for the uniform scae factor .
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