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The Correlations Between Vowel Acoustic Variables
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Purpose : This study calculates the formants of single vowels in school-aged children with
intellectual disabilities in an acoustic way and compares them with normal children with
vowel space areas and variables according to formant frequency F1 and F2 values. It also
analyzes the correlations between vowel acoustic variables and speech intelligibility and
acceptability based on auditory-perceptual evaluations in school-aged children with
intellectual disabilities and the effects of the acoustic characteristics of vowels on their
overall speech intelligibility and acceptability.

Methods : Fifteen children with mild intellectual disabilities who corresponded with 1~4 grade
levels in elementary school and 15 normal children with the same chronological age in vowel
production tests to analyze their formant frequency and compare vowel acoustic variables.
The study also examined the correlations between vowel acoustic variables and speech
intelligibility and acceptability of children with intellectual disabilities.

Results: First, the study compared the formant frequency F1 and F2 values of five
monophthongs in Korean produced by the group of children with intellectual disabilities
and those of normal children. There was a significant difference in F1 /a/, F2 /a/, F1
Ju/, F2 /u/, and F1 /e/. Secondly, children with intellectual disabilities had a significantly
smaller vowel space than normal children. Finally, correlation analysis was conducted to
examine the correlation between vowel acoustic variables and speech intelligibility and
acceptability. The results showed significant correlations between all of the vowel acoustic
variables and speech intelligibility and acceptability.

Conclusions : The findings of the study may serve as basic data to make treatment plans
and assess the effects of treatment based on vowel articulation interventions for speech
sound disorders in children with intellectual disabilities.
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Table 1. Description of normal and pathological groups

Normal group Pathological group

Group (15) (=15)
Age (months) 99.73 100.27
1st 2 2
2nd 3 4
Grade
3rd 6 6
4th 2 3
Mal 1 1
Gender e 3 3
Female 2 2
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3 2

Area_3 (Tri)(Heronis formula)
=plp—a)(p—b)(p—c)

. (a+b+ec)

N 3
a=(FlL/u/—F1/i)?+(F2/i] — F2/u/)?
b=(Fl/a/ - F1/i])* +(F2/i/ — F2/a/ )?
c=V(FlL/u/— Fl/a))? +(F2/a/ — F2/u/)?

Area_4 (Quad)
=[F2/i/ XF1/e/+F2/e/ xF1/a/+F2/a/ x F1/u/+F2/u/ xF1/i/)
-(F1/i/ xF2/e/+F1/e/ xF2/a/+F1/a/ xF2/u/+F1/u/ xF2/i/))/2

Area_5 (Penta)

=[F1/e/ x(F2/i/-F2/a/)+F1/i/ x(F2/u/-F2/e/)+F1/u/ x (F2/o/-
F2/i/)+F1/0/ x(F2/a/-F2/u/)+F1/a/ x(F2/e/-F2/0/)1/2
VAI=(F2/i/+F1/a/)/(F1/i/+F1/u/+F2/u/+F2/a/)
FCR=(F1/i/+F1/u/+F2/u/+F2/a/)/(F2/i/+F1/a/)

F2 ratio=(F2/i/)/(F2/u/)

Figure 1. Variable calculation formula
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# Listen and mark the intelligibility of the sentence on the line with a vertical line.

<Exercise Sentence>
not at all completely

intelligible intelligible

Exercise 1. 0 5 10

Exercise 2. 10

Exercise 3. 0 5 10

1: 0 5 10

3% Listen and mark the acceptability of the sentence on the line with a vertical line.

<Exercise Sentence>
not at all completely

satisfied/acceptable satisfied/acceptable

Exercise 1. 0 5

Exercise 2. fu 10

Exercise 3. 0 5 10

1. 0 5 10

Figure 2. Speech intelligibility & acceptability
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EAXEE SPSS 23.0 EZEIHS 8sie] EF BAS
AAJstGTE. A HZof ol Aot dnt ok Fd 549 =
HE Fui Fl, e B4 3o #1294 52 Ve B
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ofey| Qo HHEE ~HBE HASI A& of
o] moa7t Wiel o wWaw W 891w9] AEAS
olxy] Y3 HEAJHA(Pearson’s correlation analysis)2
AAstgit.
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Table 2. Independent #-test between normal and pathological
group

L EAUx 79| YA

[y

na

Table 3. Independent #test between normal and pathological
group

. Normal Pathological . Normal Pathological
Vil group (=15)  group (=15) 2 VB group (=15)  group (1=15) ! P
. M 1071.73 848.25  -3.665 .0017 T M 59244145 279327.39 -4.264 .000™
Ti
oo 136.44 192738 SD 19679450 20533526
= M 1587.13 1409.86  -2.625 .014 Ouad 655994.82 323265.86 -4.226 .000™
ua
& SD 181.152 188.647 SD 254518.77 167934.19
- M 363.00 328.51 -1.323 197 Pent 686595.05 362639.35 -3.540 .001™"
enta
- SD 60.44 80.849 SD 288356.40 206057.70
R M 2606.04 2332.13 -1.476  .151 VAI M 1.14 97 -2.510 .018
=7 o 391.82 602.528 D 12 23
M 363.71 43097  -2.405 .023° M .89 1.09 2.629 .014
u_F1 FCR
SD 67.36 84.832 SD .10 .28
M 924.83 112874  -2.968 .006" M 2.86 2.17 -2.924 007"
u_F2 F2 ratio
SD 111.73 241.483 SD .56 73
M 823.64 607.19 -4.261 .000™ Note. Tri=triangle vowel space area; Quad=quadrilateral vowel space
e Fl SD 182.52 73.383 area; Penta=pentagonal vowel space area; VAl=vowel articulation
i index; FCR=formant centralization ratio.
- SD 467.12 465.495
- M 452.48 466.38 .661 515 FZ ) A
o 64.86 49.282
- M 931.35 951.59 139 .890
o
~ SD 295.43 479.156 G —— P
P05, “pK01, " pC.001 i
s Fi
-
Group ¥ /al
@Palho.
:'A'Norm.
F2 B
litlhaltz | -
I l I B Norm. .
1 F2 il
fiF —lR - 3
— 100
Note. Patho.=pathological group; Norm.=normal group. b Pl
Figure 3. Formants of normal and pathological group rel g ¢
Group JJal
2, FEt 7t 2SI HT 8] ravo '
':‘!\jNorm,
F2
Azpgol ol ekt it ok Pekg dlash] AN & c
% ik [_}m% AASE A3} Tri, Quad, PentagtollA p{.05
G0 5 A 7 wael Ko Aol gl Aow 1t W
it BSEOIA ulEmelgle W, Ask ofse] @8Il
Aoy ofsel mewaun A s 349 g . y/ .
B9E7 REV} §AHOR fojulst Aolg Byt
23 vg P weE wasde W A9ge) okEd i
Wt o5 gl fomlE Mok G Ao Lehich @
et 7 RO W MEE Table 3, BS 37 EAlske

Figure 4°] AAstrt.

Note. Patho.=pathological group:; Norm.=normal group.
Figure 4. Vowel space area of normal and pathological group
(A=3 vowels, B=4 vowels, C=5 vowels)
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o
At A3y, o gRrold RE RS H(Tri, p=709;
Quad, p=.709; Penta, p=.861; VAL, p=.754; FCR, p=-.762;
F2_ratio, p=727)82 ¢ == Z%F [oujst ATAS
Bt @ 9ERoe] ATEAE ES  2Z4%(Penta,
p=-861)7t 7FF =Stk T ERlEolA EE ESE BE
(Tri, p=.723: Quad, p=.751: Penta, p=.839; VAI, p=.799;
FCR, p=-.793; F2_ratio, p=.800)5 & 89lz9} BT &
oujgt JEAAE Eth T 89U ATHAs Ee 2
%= (Penta, p=.839)7F 7F¢ =¥ EE M T PYE:
2 9 8R1%9] AIHAE Table 49 AAstAt

Table 4. Correlation between vowel acoustic variables and speech
intelligibility and acceptability of pathological group

Tri Quad Penta VAI FCR rjtzio SI SA
Tri
Quad 554
Penta 614 8767
VAI 882" 737" 7537
FCR -883" -713" -710" -.988"
F2 ratio 846" .577° 597 929" -.944"
SI 7097 7097 8617 754" -7627 727"
SA 7237 7517 8397 799" -7937 8007 945"

Note. Sl=speech intelligibility; SA=speech acceptability.
(.05, "p<.01, (001

2 Q7 se7] AdAe] oks 158 At oks 158,
08 dior me Sk wWas wAgomA Aol

= Asugtom, A&go) ok Wao| we
A% E4o] ¥ BEE 9 2 SQlwo] nlxE avel s A

Hort
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287 gl i 5 A 79] Hol® EAjsigion, xgo)
ok ete] B 4% 4o MUY o HREel ¥ Solwo
HXE Qe Aulur] 98 Be St

= S Haeh I gRe 9
T gR1Eo] AAAAE BAsIYa Ak o33t 2t

A, A} ofs Ada Ut o FYoo] A& 57 "
2 /oh 9, o], & /9 F13} F2gke wlwe 2% F1 /1,
F2 /Y/, F1 /+/, B2 /+/, F1 /A/3IA & A 7+ Bao]
FoJulet 2lol7} Sl AR UETh Fl13k F2 HFoA fofet
ZpolE HQl B2 /ol 9/2 UEpyith EHEZIA Aol 4
HEMH, FloA A 7 |28t Zol& ¥l /of, 9., o= H4
2ollA /oL, oll/7F EA Ve olitolA [/7F =A ek
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< He AdRg /o], o/dA F1, F27t &% WA 23EE &
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L Ao &2 Fl, F25 Hol, NFZ) ofF, F4un} oA
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SE5E E4(Park, 2008)7 22 A7t Uepsitt

S197] A& obs MY Bg XZHE B4 Aik= AF%
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