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1.0 Introduction

The purpose of this study in progress is to determine 
whether the sound attenuation afforded by hearing protective 
earmuffs is compromised, if  the muffs are worn in combina­
tion with other safety gear. The safety equipment o f interest 
are those devices which are worn in close proximity to the 
head. Combined usage o f such devices has the potential of 
compromising the seal between the muff and the outer ear, 
resulting in noise leakage under the earcup. The objectives 
of the present research are to assess attenuation and speech

understanding in subjects wearing a Class A muff^ mounted 
on a hard hat, either worn alone or in combination with com­
monly used safety glasses and/or an air-purifying half-mask 
respirator, relative to unoccluded listening.

There is virtually no information in the literature on the 
effect on hearing protector attenuation of other safety equip­

ment worn in c o m b i n a t i o n . ^  The Canadian Standard on

hearing protection ̂  cautions, in an appendix, that “the type 
of protector that best suits a person will depend upon other 
equipment he must wear.” However, there is no documenta­
tion of the possible outcomes. As well, the consequences, 
and possible interactive effects o f other factors such as the 
gender o f subjects, their hearing status, and age, have not 
been well researched. Subject factors have been shown to 
influence both the attenuation o f hearing protectors (worn

alone) and auditory performance measures in n o i s e . ^"8

2.0 METHODS AND MATERIALS

2.1 Experimental Design

Seventy-two working-aged adults (36 males and 36 females) 
are being tested. Each gender group comprises 12 normal- 
hearing subjects, 18-39 years o f age, and 24 subjects, 40-65 
years of age, half of whom will have normal hearing and 
half, moderate bilateral high-tone sensorineural hearing loss, 
characteristic of noise-induced hearing loss. Each subject is 
tested under five listening conditions: (1) with the ears unoc- 
cluded-UN, (2) with Class A muffs attached to a hard hat-M, 
(3) with the muffs and safety glasses-MG, (4) with the muffs 
and an air-purifying half-mask respirator-MR, and (5) with 
the muffs, safety glasses and respirator-MGR. All the 
devices are fit by a trained technician.

Within each condition, measurements are made o f (1) free- 
field hearing thresholds in quiet for eight one-third octave 
noise bands centred at frequencies from 0.25 kHz to 8 kHz, 
and (2) consonant discrimination (75 dB SPL) in quiet and in 
a continuous background o f 80 dB SPL speech spectrum 
noise. Attenuation is derived by subtracting the unoccluded

from the occluded hearing threshold for each frequency, 
within each o f the protected conditions.

2.2 Subjects

The study is open to individuals who are fluent in English. 
Prospective candidates are screened for a history o f head 
injury, systemic disease and neurological disorders. Those 
whose health status does not preclude participation are invit­
ed for a hearing screening test. Headset hearing thresholds 
are measured in each ear at two pure-tone frequencies, 0.5 
kHz and 4 kHz. Those with thresholds in both ears equal to

or less than 20 dB HL^ are admitted to the normal-hearing 
groups. Those over the age of 40 years with thresholds of 
25-50 dB HL at 4 kHz and normal hearing at 0.5 kHz in both 
ears are admitted to the groups with hearing loss.

2.3 Apparatus

The apparatus has been previously described in detail. ̂  
Subjects are tested individually within a semi-reverberant 
sound proof booth (3.5m by 2.7m by 2.3 m) that meets the

requirements for hearing protector testing. ̂  Pure-tone 
stimuli used for hearing screening are generated by a 
Hewlett Packard multifunction synthesizer (HP 8904A), and 
presented monaurally over a Telephonies TDH-49P headset. 
One-third octave noise bands for the experimental hearing 
threshold task are generated by a Bruel & Kjaer noise gener­
ator (B&K 1405) and band pass filter (B&K 1617). The 
speech test is commercially available on audio cassette and 
is played by a Yamaha twin cassette deck (KX-W900/U). 
The stimuli for the latter two tasks are presented free-field 
over a set o f three loudspeakers (Celestion DL10) positioned 
to create a uniform sound field. Stimulus selection and fine 
adjustment o f stimulus level, duration and envelope shaping 
are accom-plished by means o f a Coulboum Instruments 
modular system. The output will be fed to a pair o f manual 
range attenuators (HP 350D) and Rotel mixer amplifier (RA 
1412). For the measurement o f hearing thresholds, subjects 
signify their responses by means o f a hand held push-button 
switch. Paper and pencil are used for the consonant dis­
crimination task. Devices are controlled from a personal 
computer (AST Premium 286) via IEEE-488 and Lablinc 
interfaces, and digital I/O lines.

2.4. Procedure

Hearing thresholds are measured once for each o f eight one- 
third octave noise bands centred at frequencies ranging from
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0.25 kHz to 8 kHz, using a variation of Bekesy tracking.^ 
For each threshold determination, the stimulus is pulsed con­
tinuously at a rate of 2.5 per second. The pulse duration is 
250 ms, including a rise/decay time of 50 ms. Subjects 
depress an on/off push-button switch whenever the pulses 
are audible, and release the switch when they can no longer 
be heard. The sound level o f consecutive pulses is increased 
in steps of 1 dB until the switch is depressed and then 
decreased at the same rate of change until the switch is 
released. A trial is terminated after a minimum o f eight 
alternating intensity excursions with a range of 4 to 20 dB. 
Hearing threshold is defined as the average sound level of 
the eight final peaks and valleys. The unoccluded condition 
is presented first, followed by the four protected conditions 
in random order.

Speech understanding is assessed using the Four Alternative 
Auditory Feature Test (FAAF) o f consonant discrimina­

t io n .^  The subject is given a type-written list of 80 sets of 
four common monosyllabic words in the form of consonant- 
vowel-consonants. Half the sets contrast the initial, and half 
the final consonant (eg., wet, bet, get, yet OR bad, bag, bat, 
back). One word from each set is presented over the loud­
speakers, and the subject circles the alternative heard. Five 
different lists are available on audio cassette. These are 
counter-balanced across the five ear conditions, in combina­
tion with the quiet and noisy backgrounds, and subjects 
within groups. The unoccluded condition is presented first, 
followed by the four protected conditions in random order.

3.0 Results and Discussion

To date, half the subjects have been tested. Nested analyses 
of variance (ANOVA) were applied to the attenuation and 
consonant discrimination data sets, respectively, obtained for 
the twelve subjects in the younger male and female groups. 
The results of the ANOVA on attenuation indicated that 
there were significant effects of the protector condition 
[F(3,66)=46.48, pO.OOOl], frequency [F(7,154)=126.49, 
p<0.0001], protector by frequency [F(21,462)=7.77, 
p<0.0001], and gender by frequency [F(7,154)=2.17,

p<0.04]. Post hoc analyses using Fisher’s LSD te s t^  indi­
cated that from 0.25-1 kHz, the attenuation provided by M 
was significantly greater than that for MG, MR, and MGR. 
There was no difference between MG and MR but both 
exceeded MGR. From 2-8 kHz, the attenuation provided by 
M was greater than that for MG and MGR. At 4 kHz and 6 
kHz, M was also greater than MR. Generally, MR and MG 
provided more attenuation than MGR but were not consis­
tently different from each other.

The ANOVA on the results of the FAAF test indicated that 
there were significant effects o f the protector condition 
[F(4,88)=4.00, p<0.005], background [F(l,22)=544.38, 
pO.OOOl], and protector by background [F(4,88)=3.32, 
pO .O l], Post hoc comparisons showed that within each of

the five protector conditions, the percentage o f consonants 
correctly discriminated was significantly greater in quiet 
than in noise (p<0.05). In quiet, there was no difference to 
the protector condition. In noise, listening with M, MR or 
MG resulted in significantly higher scores that did unoc­
cluded listening.. There was no difference due to the various 
combinations of devices.

The results demonstrated that for young listeners the wear­
ing of other safety gear (glasses and half mask respirator) 
alone or in combination significantly decreased the attenua­
tion provided by Class A muffs attached to a hard hat. The 
results for males and females did not differ. Mean attenua­
tion values achieved by both groups were within 7 dB of the 
manufacturer’s specification, indicating that a good fit had 
been achieved. The results observed for the consonant dis­

crimination task were similar to those reported previously. ̂  
The use o f the muffs in noise proved beneficial relative to 
unoccluded listening. The decrease in attenuation when 
other safety gear were worn was not sufficient to diminish 
this effect.

ACKNOWLEDGEMENTS

Supported by the Workplace Safety and Insurance Board of 
Ontario.

REFERENCES

1. CSA (1994). CSA Z94.2-94 “Hearing protectors” (Canad Standards 
Assoc., Rexdale, Ont. Canada).

2. Ribera, J.E., Mason, K.T., Mozo, B.T. and Murphy, B.A. (1996). 
“Communication survey of CH-47D crew-members,” Mil Med. 161, 387- 
391.

3. Wagstaff, A.S., Tvete, O., and Ludvigsen B. (1996). “The effect of a 
headset leakage on speech intelligibility in helicopter noise,” Aviat. Space 
& Environ. Med. 67, 1034-1038.
4. Abel, S.M., Alberti, P.W., Hathomthwaite, C., and Riko, K. (1982). 

“Speech intelligibility in noise: Effects o f fluency and hearing protector 
type,” J. Acoust. Soc. Am. 71, 708-715.

5. Abel, S.M., Alberti, P.W., and Rokas, D. (1988). “Gender differences 
in real-world hearing protector attenuation,” J. Otolaryngol. 17, 86-92.
6. Abel, S.M., Armstrong, N.M., and Giguère, C. (1993). “Auditory per­

ception with level-dependent hearing protectors,” Scand. Audiol. 22, 71-85.
7. Abel, S.M., and Hay, V.H. (1996). “Sound localization: The interactive 

effects o f aging, hearing loss and hearing protection,” Scand. Audiol. 25, 3- 
12 .

8. Abel, S.M., and Spencer, D.L. (1997). “Active noise reduction vs. con­
ventional hearing protection: The relative benefits for normal-hearing and 
impaired listeners,” Scand. Audiol. 26, 155-167.

9. Yantis, RA (1985). “Puretone air-conduction testing,” in Handbook o f 
Clinical Audiology, 3rd ed., edited by J. Katz (Williams & Wilkins, 
Baltimore), pp. 153-169.
10. Giguère, C., and Abel, S.M. (1990). “A multi-purpose facility for 
research on hearing protection,” Appl. Acoust. 31, 295-311.
11. ANSI (1984). ANSI S 12.6-1984 “Method for the measurement of the 
real-ear attenuation of hearing protectors” (Am National Standards Ins, 
New York).
12. Foster, J.R., and Haggard, M.P. (1979). “FAAF—An efficient analyti­
cal test of speech perception,” in Proc. o f the Inst, o f Acoustics, MRC 
Institute of Hearing Research, Nottingham, England, pp. 9-12.
13. Daniel, W.W. (1983). Biostatistics: A Foundation fo r  Analysis in the 
Health Sciences (Wiley,New York).

151 - Vol. 28 No. 3 (2000) Canadian Acoustics / Acoustique Canadienne


