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Objectives: This study aimed to investigate the list equivalency of the Korean Standard-
Sentence List for Adults (KS-SL-A) in visual-only (VO) presentation conditions and to mea-
sure sentence recognition abilities for normal and hearing impaired individuals in VO and
auditory-visual (AV) conditions. Methods: Sentences from the KS-SL-A, spoken by both
males and females, were filmed and subsequently presented to 32 normal-hearing sub-
jects in VO conditions, and to 21 normal subjects and 11 hearing-impaired subjects in VO
and AV (+5, +10, +15 dB SL) conditions. Subjects were asked to identify sentences in VO
and AV conditions. KS sentence lists of 10 everyday sentences were determined based on
keyword accuracy. Auditory and visual enhancements were also calculated. Results:
ANOVA revealed significant differences in sentence lists, and post hoc tests indicated that
the following four lists were determined to be equivalent: List 1, 3, 4, and 6. Subjects with
hearing impairment showed significantly higher scores in VO and +5 dB AV conditions,
while subjects with normal hearing had significantly better performance in +15 dB AV con-
dition. Conclusion: These findings suggest that individuals with hearing impaired are more
reliant on visual speech information than individuals with normal hearing, but have been
shown to develop their speech-reading ability along with auditory information. Therefore,
speech recognition should be obtained in AV conditions as well as in AO conditions for
clinical use in order to provide the best recommendation and rehabilitation.

Keywords: Korean Standard-Sentence List for Adults (KS-SL-A), Sentence recognition, Vi-
sual-only condition, Auditory-visual condition, List equivalency, Hearing impaired
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Table 1. Characteristics of subjects with hearing loss

HLon- Hearing device  Wearing period (yr) ~ Aided

SL'J\IbJECt Sex ( [,:A setage threshold
: yrmo) T Right  Left HA C (BHY
1 F o203 5 HA Cl 16 09 3875
2 F 2610 1 Cl - - 143 2450
3 M 213 3 HA cl 18 79 2975
4 M 213 3 Cl - - 185 2750
5 F o294 1 HA cl 26 150  50.00
6 F 330 5 - Cl - 142 2625
7 M 227 1 HA HA 18 5062
8 Foo2811 1 HA - 26 8437
9 M 345 3 HA - 30 4500
10 M 36,0 3 HA HA 17 7815
11 M 3611 1 HA HA 30 8250

CA=chronological age; HL=hearing loss; R=right; L=left; HA=hearing aid; Cl=
cochlear implant; Aided threshold=average threshold at 500, 1,000, 2,000, and
4,000 Hz.

Farmingdale, NY, USA)S- 21831 & - S A2 AL S

1, /RS2 250-8,000 Hz 2] 2] H2|7} oF&% 7] B 20 dB
HL oJsl= A/ 1 9fell 3H3Iek 747891 th/g#k2] 500, 1,000, 2,000,
4,000 Hz 47} S0}t 4 9] 23S |t (pure-tone threshold
average, PTA)2 = 7] 3.53+£3.72 dB HL, &= 7] 4.31+£3.73
dB HLO|RItE AZPgofiqle B T4 W o = A HA7| Ag-
A= 55, Q152 (cochlear implant, CI) AFE-A}= 6750]%]ch B
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zwko—%_p] B} FEHAE 22.22% +15.75%% 01, E-2 80]
14.69% +16.27%2] 7} W B B2 70] 32.11% + 16.83%
o) 714 2 145 B BETo] FuHS Bl B2 7hfo)
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Table 2. Descriptive statistics and statistical results of correct responses of
the sentences and target words in visual-only condition

Sentence (%) Target words (%) t-test

List 1 6.56**(9.71) 20.63*"¢(15.58) -7.9437%*
List 2 11.88°¢ (12.56) 24.45°¢ (16.48) -9.924%**
List3 5.63%(8.40) 16.64°°(12.17) -6.976™**
List 4 11.88°¢(14.01) 20.00**¢(16.45) -5.758%**
List5 17.50°(14.81) 30.63°(14.85) -8.739%**
List 6 10.00* (15.03) 18.67%(17.32) -5.960%**
List 7 13.70°(14.08) 32.11°(16.83) 9.163***
List 8 7.19*°(10.23) 14.69° (16.27) -4.809***
Overall 10.55(12.97) 22.22 (15.75) -19.740%**
f-value 7.864%** 22.873%**

Values are presented as mean (SD).
***n< 001, different letters (a, b, c) mean significantly different (p<.05) in post-
hoc tests.
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HE A} AA] BE} E2 TH(Fusosroasy = 0.758, p>.05) A28
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O} B2 (Fpa019) = 3.106, p<.05)9] FHIH= §-oJu]dt Ao &7 1}
ERtt AR A Ak AJA] Zm=7F 5 dBA] S7Fehe] whet 4R
7FrefeiAl S71eRlen, B8 19 R et 5.5 30 Bsf £-2]
5}741 e A L}E}‘ﬁfﬁk

S AN o] w2 HHE ST %_‘%J—E'—/&E—*i Z3H(Table 3),

i) $ol0l5 2 mﬁuﬂp 05). JEM A %Etg CE
H

Fztatofole] VO L AV HA| 70l 12 2EeIXlE
A7 19] VO 2710]4] Yol 9] B-540] SHlE B51,3,4,6)
& AH88ko] ol 1S o 2 VO zm AV 2700

A BARIA 5 25 A= Table 42} 21T VO 2404 47
220 Pt EARIA|EE 32.24%%.05, AV ﬂiow AN 7=
222 5dB 7.2 15 dB SL7H 7S 1, BRlA Ee

Table 3. Statistical results of percent correct among lists in VO and AV condi-
tions for subjects with normal hearing

Presentation conditions (%)

Fvalue

VO 5dB SL 10dB SL 15dB SL
List1  15.36(13.90) 45.83(22.41) 76.19(17.42) 95.24(3.78) 210.843***
List3  11.14(12.86) 38.93(24.16) 72.74(22.82) 92.02(11.42) 121.479***
List4  16.31(16.14) 42.26(24.85) 72.98(18.97) 91.43(10.11) 102.642***
List6  14.17(13.79) 44.17(24.37) 73.62(26.25) 93.57(10.86) 144.405***
Overall 14.24(14.10) 42.80(23.67) 73.88(21.29) 93.07(9.49) 567.294***
Fvalue 3.033 0.960 2275 1.136

Values are presented as mean (SD).

VO=visual-only; AV=auditory-visual.

***p<.001, sentences were presented at 5, 10, and 15 dB SL in auditory-visual
condition.
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2314 O (Fians, 1000y = 1.045,
p>.05), AIA] ZHE (Foso, 38106992 = 74.201, p <.05) 2 22 (F, 536007 =
7015, p<.05)9] FA = -G-oJu|3 710 & UEyt) AA| 7}501]
o5t AR EA] Auf AA] 77} 5 dB T & F71e wjojc) 4

E7F st wken, 5o tigh A4 A, vo 5@
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Table 4. Statistical results of percent correct of overall and among the lists in
VO and AV conditions in hearing impaired group

Presentation conditions (%)
VO 5dBSL 10dB SL 15dB SL

List1 ~ 3582(17.91) 7273(17.16) 84.32(12.80) 87.27(14.42) 52.243***
List3  30.45(19.55) 59.32(19.94) 72.95(1853) 77.05(19.62) 29.940***
List4  2791(11.38) 57.95(17.60) 77.95(16.84) 81.14(16.52) 65.584***
List6  34.77(1242) 6591(19.28) 78.18(19.04) 84.77(17.41) 55.640%**
Overall 32.24(15.49) 63.98(18.83) 78.35(16.88) 82.56(16.94) 18.652***
Fvalue 1.279 5.335% 4.231* 6.296*

f-value

Values are presented as mean (SD).

VO =visual-only; AV=auditory-visual.

*p<.05, **p<.01, ***p<.001, sentences were presented at 5, 10, and 15dB SL in
AV condition.

Table 5. Auditory and visual enhancement in individuals with hearing impair-

ment

G Subject Presentation conditions (%) Enhancement (%)
R Y VO AO Auditory  Visual
Cl 1 84.38 1250 60.00 82.15 61.00
2 83.75 40.00 15.00 79.92 80.90
3 96.00 3250 90.00 94.07 60.00
4 87.50 27.50 82.50 82.76 2860
5 95.63 43.00 20.00 92.33 9450
6 4438 23.13 0 27.64 4440

HA 7 100 41.25 0 100 100
8 78.75 40.38 0 64.36 78.80
9 95.00 23.13 0 93.50 95.00
10 93.00 17.50 90.00 91.52 30.00
" 88.75 53.75 0 75.68 88.75

Cl=cochlear implant; HA=hearing aid; AV =auditory-visual condition; VO=visual-
only condition; AO =auditory-only condition.

Enhancement calculated with: auditory= rgg ‘l//% AV-AD

100-A0

,visual =
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Figure 1. Comparison of performance between normal and hearing-impaired
groups in VO and AV conditions.

VO =visual-only; AV =auditory-visual.

***n<.001.

(p>.05), AV 5, 10, 15 dB SL 70| f-2]u|gt zpo]7} Q)3ick
(p<.05).

2 Atof Zroft "éZ1 HJI 7HQIE AV, VO, AO Z710f|4]
2 7} o5 Al ATK(Table 5), H7+
0]5-9] 9= 27.64%-100%, A|ZF 0|52 28.6%-100% % 2 71Q]
A5 Wtk A7) o] 50] A7} o] Skt & Ao = UEhd t At
£ 510 A|2J5}L 51, 83, S47 Q1FOL$- ASAG L, A7} ol 5
o] 7t o) Swir} 2 Ao & Veht thia) 3 1Bk AM8ALE
= 2A7] AEARITE

VO2F AV 2748 A1t A zEgolel 7+ +ag L vwsky] ¢
3 t-testE AASE A3k (Figure 1), +10 dB Z27(t =-1.208, p>.05)°]|
A= 5 5 A7 Gl e VO 274(t=-6.627, p < .001) 3} +5
dB Z7(t=-5.518, p<.001)0]| A= ZFgoljelo] =ao] g-o]u]
51| =9kom, +15 dB 271(t=3.813, p<.001)0| A= 7A3<1e] 4=
3Yeo] Fou|oHA| 2 Ao = et

2 QATo)A] FHEHEF AYHE B AHE(Jang et al, 2008b)2] VO
275} B2 7 o] 0] F5AS BRIEH AL A0 24 519 of
ARG AElo] 9t 7122 £ EsRsEAe
Hg3p7] $I 712 AR S Hels] 9% Relelnt HREE o
BhE BEO] Wt AR Aol A AelE RO VO %
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Ao BAIAES 24 gk A3R1e) A Bt ZAUAE
7HVO 20N 14.24%, AV 2704 2K} 93.07% Ltk A2}
S0 i Telxlo] A ofel 8- Ak A0 thehton)

ofejgh A A7t eAL TRIA) wAl el Azt Bl
ulaf @413] & ARG Wekel ehaz} B 1 eholelAE
S el njAls e Halshs dE0] v 1 (Grant
& Seitz, 2000; Lansing & Helgeson, 1995; Marslen-Wilson, Moss,
& van Halen, 1996; Rénnberg, et al., 1998), £3| VO oA &
ZFo1A] 432 =45t oI L-E(Altieri, Pisoni, & Townsend, 2011;
Altieri & Hudock, 2014; Tye-Murray, Sommers, & Spehar, 2007)0]]
A X318 viea (floor effect)?} & AL Ao A U5
Uehgth 2 vo 2Ayke 2= BAko] whegky] th S 8851 = 1)
Azho] ek

N Ak S ASES 7IEe R AEHER] of
SAA LS SHFLR o] Tleo R B B2 B4 4
] 2 AT 14.69%-32.11% 2 5= IFR-2Ju]gh 2ol & Hol= o

N
M
o3
ro,
>
k1

2 YERgTE 54402 16.64%—20.63%01]/\1 A2
ZALe] ZEAo| FolEglom o]ydt HR2 o K2 1 (20.63%+
15.58%), =2 3 (16.64% £ 12.17%), =2 4 (20.00% + 16.45%), =
2 6/(18.67% + 17.32%)0| 1T} o|2|3 Anb= AFIIo) A Tk A%
ol 2153} 7ol 18-S diako 2 AAJEHVO 2 A A2 A
SO E B2 7} o] S Holx] gro} E5Ao] ﬂ%ﬂ ehgrge] Xl

A= & 4= ek Jﬁi‘jiﬁﬁl‘ = Ak

AV AIA 7<7401] whE % 4

ollA 14.24%0]E Zl0], %2} A K5 5 dB SLOf|A

J
— 2
z 2
gf i)
£ oK
x5
o N
MY

S ), 47} 42.80%004 93.079%714] 35014 7t 4 mgo] got
W45 Saelo] PATIE A2 etk o) AakETe) &

=3} 5 (Jang et al,, 2008b)o]lA] AA[EF= AO 2710 A] A|A] 7
w1 5252 2, 5 dB HLO A] 48.08%, 10 dB HLOJ|A] 85.70%, 15 dB
HLOJA] 97.90% = & $A-0] Ao} 7 o] FARRt F4=5 Hof 1%
010] 79 37} 4150 3.2 SRS WOl A0 2 etk
3t AV, AO, VO AP} 5= Z&HE CUNY SentenceS & 119}
S B9 Bicto] RS £ WRER Tto] HHZ
%‘L S8 9713t A (Altieri & Hudock, 2014) 2= G-ARSE =
22 Liehoiek shet Ao A] VO ZAoIAT 14.30%, Tolat

_lﬁ‘.im
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7oA HZF ARE AARE AV 2
HIrk

= Lol A HZpAfofo] EF A 7F A HE 5dB SLoj|A] 15dB SL
7] ol HA AAE w, 47] HA| 5-52] Hto] 32.24%01|4]
82.56% 74| Asslo] A7 AREko] Z7|la g ¢ =0 23y
<= YERITE e A2 A H 7} sk 72 AV 2710014 4719]

25 74 fofufst 2ol Bl Fzbgelole] M2 AME T8

ZZNA = 94.70%2] =

AL, ol 31'5‘}011 Tye-Mur-

ray (2014)L ‘ﬂgﬂ 2l o] 2-2]Qlo] Hae] <] Xizﬂr*ii}—

Th=o} o Aol 97| wEo Xi‘zl"j’]"/li £Alo] °‘E111}E
] 7¢

gm0 Atoli= QAL =8} 423 o] 55 FH(Bosman & Smoo-
renburg, 1997; Dahlquist, 1989; Faulkner, Ball, Rosen, Moore, &
Fourcin, 1992; Grant et al., 1998), % O]} Al-g-0f
A Qe 2 ole] 5 St Sabh Qs Aoz wassc
(Brown & Bacon, 2009). T5}o] AV ZAof| 4] 2] thoj o} B2} Tho
of o] thal B3} S M2t % A7 BAS S A
Helat oLzt ofs] 9 FEE, julE B Ao oJ s1H Al
of| I oJ3FS "= 7] 0 & ’H 115 71 QJTHGrant & Seitz, 1998, 2000;
Grant et al., 1998).

& Aol ZrofRt AZoliQl 1179 AV, VO, AO oAl ef 4
WS A7t A2} S50 u}-2 SFAIE (integration enhancement)
Id)(Tye-Murray, 2014)2 Z-8-5}0] A& o], o159} AFEA}
< A5 A4 EP Hat 17.43%, 7] AR8-AR= 32.05% B =2
Ao 2 et 2 o] Fofet Azbgolel Here 2wy
A 2704 SAEH -2 2940 TS Alelsln B o
A 712 2ol ek A o] ke 9ol o B

15-€ 9 AS SRIslsich 2 Aol Rofg 1] thxe)
A% 25 S Wolglon], wA71E AL8 e AN AO
Z 704 0%2] Q1A =2} VO Z70]|A] 23.13%-53.75% S H ATk
A 2ol S AV 2710014 78.75%-100% = 352 -3 = H

713k oolo] @

(]
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Hannley, Dankowski, Smith®} McCandless (1989)-=- H+t- 101 0]
Ao TAE 0 2 Q13995 243k 9 AelA CID
Everyday Sentences HAMS AO, VO, AV 227 0] 4 A|g8s}o] AO =
712] ML VO, AV 27104 S0l O £33 BHEH
2 A4S B 4 A=) S U5
At

A% +5dB SL A A|
| 2L} felulehA et
ol +15dB SL A4 1ol 28lo] Aokl 5ot
A e e o 4 AR VO Sk 4
L 18.57% £ 13.18%, A ZFAoQ1-& 43.55% + 17.48%2] =32
0] o] ¥ L(Auer & Bernstein, 2007)2}t -S-ASF Aak2 717}
°H?l% 2174Q1ET A1 o Z A Hof| o=} T = om(Bern-
stein, Tucker, & Demorest, 2000), A7+ A1 2} a1/ =3}=22-3F
A7 = A0 2 UERSTHGrant & Seitz, 1998). Bernstein £(2000)
& 7gofel ekl 1] R B VO 7oA e S
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& Hudock, 2014) & W 7|7H(Dorman et al., 1989) £-2] BP]%OH
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