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— Abstract —

Effects of Workplace Noise and Hearing Protective
Devices on Worker’s Speech Intdligibility
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Objectives. The abjective of this study was to evaluate the degree of intelligible speech in workers
wearing hearing protective devices and the differences in background noise type.

Methods: A total 82 shipyard company employees and normal hearing volunteers were recruited as
subjects from a company in Ulsan: subjects were classified to the hearing-impaired group or to the con-
trol group according to hearing status. They were tested pure tone and speech audiometry in varying test
environments including signal-to-noise ratio and background noise type in a headphone and in a free
field environment.

Results: For both groups, the attenuation of hearing protective devices was greater at high frequencies.
For the hearing-impaired group, speech discrimination scores differences between the unprotected and
the protected ear were not significant between background noise type, when speech was presented at 65
dBA. However speech intelligibility in white noise background was lower than in the other background
noise types when speech was presented at 75 dBA.

Conclusions: Workers' speech intelligibility increased with an increasing signal-to-noise ratio. Speech
intelligibility was also dependent on background noise type. Workers and their colleagues were trained to
pronounce words more loudly and more clearly when they wearing hearing protective devices or other
communication methods that do not use sound signal should be considered.
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Fig. 1. Overview of test process.

*: PTA: pure tone audiometry, ': SRT/SDS: speech reception threshold/speech discrimination score, *: Each
background noise was presented at 70 dBA, ®: Speech materials were presented at 65 dBA, ': Speech materials

were presented at 75 dBA.
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walAth AHYEEST Ay fde = 3 2 A A= S] Aol d&Fe VA F de Iy S
=+ BAA 7 FordE AYEST A8 A &5 et A7 (Table 1), A% FH o] 51.8+7.54=
Hox| oA nEE K] SeFHAXNS 2k e HS iz 40.0£10.04 2ot FofsAl Bakth(p<0.001).
= dte] Student t-testE Al@ste] HlwEAeATt. & a9 BAY, A ojdY, FRYLY, #A4Y, 54
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HeZ 7 Student t-testE Al¥ste] ¥lwstAth Ae FAvl= olo]E S AMEE TR, St 9 =
nR et 2 GRS e R E‘H& APRFYP S o] &3t i o] go] oA FHTET FolsiA o @ Rl
of A 9 ol firo] dal B & 2 widas 3 5 HATH(p<0.001). ol FHTAA FolsiA H
AYEETT g AT JFHELE AolE H BTN BAHTHp=0.001). 3tF H=FE AGAIZFE tZTol
o, AEE4LS Microsoft ExcelZ} SPSS 17.0(SPSS 40.5+36.5%22 AT 21.4+24.6FET oA
Inc., Chicago, L)< ©]-&3}3it}. AUt p=0.012).

dHT T 56.0%7F =% T 3 AHHITE A8

Table 1. Basic characteristics and hearing loss-related factors of study subjects

Normal hearing group (N=32) Impaired hearing group(N=50)

Variables p-value'
N* (%) N(%)
Age (years)® 40.0+10.0 51.8+7.5 <0.001
Past history
No 23(71.9) 34 (68.0) 0.710
Yes 9(28.1) 16 (32.0)
Hearing loss family history
No 25(78.1) 49 (98.0) 0.005
Yes 7(21.9) 1( 2.0)
Military service
No 0( 0.0 6 (12.0) 0.077
Yes 32 (100) 44(88.0)
Cigarette smoking
No 11 (34.4) 11 (22.0) 0.307
Yes 21 (65.6) 39(78.0)
Drinking
No 2( 6.3 4( 80) 1.000
Yes 30(93.8) 46 (92.0)
Noise related hobby
No 10 (31.3) 41 (82.0) <0.001
Yes 22 (68.8) 9(18.0)
Tinnitus
No 28(87.5) 25(50.0) 0.001
Yes 4(12.5) 25(50.0)
Daily mobile phone using time (min)* 40.5+36.5 21.4+24.6 0.012

*: number of subjects, T: by chi-square test and Fisher's exact test (hearing loss family history, military service, drinking), : by
Student t-test (mean+ SD).
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Table. 2 Reasons for not wearing HPDs* consistently and feeling uncomfortable due to wearing HPDs

% 3M.1%=E =& M
)

&
A3 Bl 13.7% Fol AU

Reason for not wearing hearing protective devices consistently N %
Interferes with verbal communication 8 30.8
Causes pain/discomfort 7 26.9
Because the workplace seems no loud background noise 5 19.2
Interferes with alarm signal 4 154
Interferes with hearing normal machine sound 1 39
Seems no protective effects 1 38
Total 26 100.0

Reason for feeling uncomfortable due to wearing hearing protective devices
Interferes with verbal communication 15 341
Causes pain/discomfort 15 341
Interferes with alarm signal 6 13.7
Interferes with hearing normal machine sound 4 9.1
Others 2 45
Seems no protective effects 2 45
Total a4 100.0

* HPDs: hearing protective devices, ': number of answers that included multiple choice question.

Table 3. Both ear average PTA* thresholds and differences between before and after wearing HPDs' of each group

unit: dBHL, Mean (SD)

Test Frequency Normal hearing group Impaired hearing group

environment (Hz) Unprotected  Protected  Differences  Unprotected  Protected Differences p-value

Headphone 250 10.3( 6.6) 28.9(10.7) 18.6(7.1) 14.4( 5.7) 36.2(12.5) 21.8(11.3) 0.124
500 8.1( 4.8) 30.4( 9.3) 22.3(7.3) 15.0( 5.3 38.5(12.5) 235(10.8) 0571
1000 7.5( 4.5) 31.4( 7.4) 23.9(5.8) 21.2(11.3) 45.1(14.2) 23.9(10.00 0.997
2000 8.4( 6.4) 39.8( 8.4) 31.4(5.2) 31.9(16.2) 64.5(18.4) 32.6( 8.6) 0.445
3000 7.7( 7.3) 455( 9.8) 37.8(5.6) 48.2(17.7) 80.4(15.2) 32.2( 9.4)  0.001
4000 12.6( 7.7) 51.3( 9.7) 38.7(5.7) 57.0(12.7) 89.3(10.7) 32.3(10.0) <0.001
6000 18.0( 9.3) 63.8(11.4) 45.9(7.4) 59.2(17.1) 93.1( 8.5) 33.9(12.5) <0.001
8000 13.0(11.2) 57.5(11.8) 44.5(7.3) 55.4(20.2) 87.1(11.4) 31.7(14.4) <0.001

Freefield 250 8.0( 6.5) 28.3( 9.6) 20.3(7.1) 14.9( 7.9) 34.6(12.8) 19.7(101)  0.748
500 13.3( 5.3) 35.2( 8.2) 21.9(7.7) 21.4( 8.5) 42.4(12.9) 21.0(11.00 0671
1000 47( 5.5) 28.9( 7.3) 24.2(5.4) 19.2(13.0) 40.5(14.6) 21.3( 9.0) 0.070
2000 7.5( 6.1) 39.2( 7.3) 31.7(6.0) 31.3(19.2) 60.9(19.0) 29.6(10.4)  0.247
3000 14.1( 7.6) 51.7( 9.8) 37.7(7.0) 49.1(19.3) 83.7(15.6) 34.6(11.6) 0.182
4000 18.1( 8.1) 58.3(10.7) 40.2(7.3) 61.4(14.1) 93.1( 8.8) 31.7(11.7) <0.001
6000 25.9(10.8) 66.3(11.6) 40.3(7.8) 61.0(15.7) 90.7( 8.2) 29.7(11.4) <0.001
8000 18.3(10.6) 56.4(12.4) 38.1(8.7) 54.8(19.5) 83.6(10.5) 28.8(13.8) <0.001

* PTA: pure tone audiometry, " HPDs: hearing protective devices, *: p-value means comparison of differences between each study
group and calculated by Student t-test.
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A =7 A e AE =AY 9A] Ast 3
T 9A 2 594000, 6000, 8000 Hz)ellAl o
a3 FHT Y] Apol7b BAIACR fofstilon
(p€0.001), FHTET 2o S5 AA] Aa1%
=7 Y R

AA gFA A s =E 3 oA Zt
T3 A IAE paired t-test® ‘ﬂﬂé}oi HokS
wf(Table 4), 500(p=0.042), 1000(p=0.033), 6000(p
<0.001), 8000(p<0.001) HzolA HHIR|L] zfolE H
gom zpolE HOl FulfoAE BF I E=E 3H7ofA
g 2 dA7F BT

823 A4 ¢4 7

gl

7 ago] gl HHESTE oA ¥ AF
Ao oSFHAGAE 29.849.3 dBHLeE tzxF
17.1£4.0 dBHL Rt fFeJstA =%tk (p<0.001)
(Table 5). AEEITFE A&aHe o dHTY oS
AHIAE 49.3+10.1 dBHLOZ thZT 43.4+6.2
dBHLZ} felgk ztol7b il et (p=0.002) 2§ 7ol
H3| &F w3F Apol7h AA] gskth, FE AFAbol= Yz
To] 26.3+4.9 dBHLe® Y3+ 19.5+9.5 dBHL
Boh fostA o E=hth(p<0.001). WA Ag 7oA
e A AT SAHHAGA = 49.3+4.6 dBHL, W
27 47.4+6.8 dBHLZ #9g Aol7F glsien

Table 4. Comparisons of PTA* thresholds between each test environment

(p=0.148), & o= FHT 56.7+£7.8 dBHL, iz
T 52.314.8 dBHL=Z Aol FostAl =%
(p0.002). AAFLs BAIN g xd_ SEEEERE
= AT 47.6+5.3 dABHL, Wiz 45.6+5.1 dBHL
2 fFYg 2ozt gl (p=0.096) = % Sl G
55.0+7.2 dBHL, W=7 55.0+5.1 dBHLZ YA
oA FelA EHTHpC0.001). 24 AF Aol W
g A I 7.447.0 dBHL, WixT 4.9+
4.2 dBHL(p=0.041) 237gas A dH7 7.4+
6.7 dBHL, tZ&7 4.4+3.2 dBHL(p=0.008)% <]
@ Aol7k A,

kel
=
ZtH(Table 6). iz @3
dBAZ AAES 7 6

1
IR QRAYRES ol g3to] AY B o[ {T
£ BYF F 4§ AF JLHUEE Hol T WPLSUR
dBAZ A|X3}

2l A9t 2Bt AAF

< 75 dBAZ AN S AgollE 283 374

Aag el Zol7} sllot WAy 243
(p=0.029), WA2FI 2Pdas Hp=0.015)°
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unit: dBHL, Mean (SD)

Frequency (Hz) Headphone Freefield Differences p-value*
250 20.5( 9.9) 20.0( 9.0) 05 0.465
500 23.0( 9.6) 21.3( 9.7) 17 0.042
1000 23.9( 8.6) 22.4( 7.9) 15 0.033
2000 32.1( 7.5) 30.4( 9.0) 17 0.100
3000 34.4( 8.6) 35.8(10.1) -1.4 0.109
4000 34.8( 9.2) 35.0(11.0) -0.2 0.792
6000 38.5(12.3) 33.8(11.4) 47 <0.001
8000 36.7(13.6) 32.4(12.8) 4.3 <0.001

* PTA: pure tone audiometry, ': calculated by paired t-test.
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Table 6. SDS* and its differences between before and after wearing hearing protective devices of each group

unit: %, Mean (SD)

Presented sound level 65 dB (S/N'=-5)

Background
Quiet

White "

noise p-value'

Normal Impaired Normal

p-value
Impaired

Workplace +

p-value
Normal Impaired

Unprotected  99.9(0.7)  92.1(10.7)  <0.001  985(26) 87.2(132) <0.001
Protected 9.1(42)  684(286) <0001 93.4(6.1) 624(305) <0.001
Differences 38(43) 237(230) <0001  5.1(64) 24.8(23.8) <0.001

98.6(2.6) 88.6(11.9) <0.001
94.1(6.3) 66.5(28.7) <0.001
45(5.9) 22.1(22.0) <0.001

Presented sound level 75 dB (S/N'=+5)

Quiet

White R

p-value'

Normal Impaired Normal

p-value
Impaired

Workplace R
p-value

Normal Impaired

Unprotected  100.00.0)  95.1( 80) <0001  99.9(0.7) 93.4( 9.7) <0.001
Protected 99.6(16)  817(194) <0001 99.1(20) 77.4(234) <0.001
Differences 04(16)  134(154) <0001  0.8(L9) 16.0(169) <0.001

99.6(12) 93.6( 8.9) <0.001
99.0(25) 79.9(22.1) <0.001
06(28) 13.7(17.7) 0014

* SDS: speech discrimination score, ': calculated by Student t-test, ' S/N: signal to noise ratio.

Table 7. Pair-wise comparisons of the estimated marginal means for SDS* between each background noise of impaired hearing

group Mean differences (95% ClI)
Background noise Quiet vs. White Quiet vs. Workplace White vs. Workplace
65 dBA -1.080 (-4.506, 2.346) 1.640 (-0.799, 4.079) 2.720 (-0.602, 6.042)
p=1.000 p=0.305 p=0.143
75 dBA -2.600 (-4.995, -0.205) -0.280 (-2.607, 2.047) 2.320(0.359, 4.281)
p=0.029 p=1.000 p=0.015

* SDS: speech discrimination score.
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