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ABSTRACT

A series of studies on the lateral difference in hearing sensitivity 
by gender, age, and hearing threshold level were done at the Workers' 
Compensation Board of British Columbia. Results confirm the right 
ear is statistically the 'better' ear. In addition this lateral 
difference is shown to be a function of hearing threshold level.
The different factors that could contribute or affect the lateral 
difference are discussed.

SOMMAIRE

Une série d'études portant sur la différence latérale dans la sensi
bilité de l'ouie selon d'âge, le sexe et le niveau d'audition a été 
effectuée à la Commission des accidents du travail de la Colombie- 
Britannique. Les résultats confirment que, pour la moyenne des gens, 
l'oreille droite est plus sensible. De plus, cette différence 
latérale est représentée comme une fonction du niveau d'audition. 
Cette communication traite des différents facteurs qui pourraient 
influencer la différence latérale.

INTRODUCTION

Results' from large-scale hearing surveys have demonstrated statistically that 
the right ear is more sensitive than the left ear, (Kannan & Lipscomb, 1974). This i 
found not only in adult male populations but also in children between the ages of 
12 - 17 (Roberts & Ahuja, 1975). The lateral difference in sensitivity, however, is 
most prominent in the male adult population. This leads to the query that the latera 
difference may be a sequence of a systematic asymmetrical noise exposure such as the 
mode of driving and/or shooting. While these possibilities may seem reasonable they 
cannot account for all the lateral difference.

In a study done a few years ago at the WCB (Chung et al, 1981) we separated two 
factors which are related to the lateral difference. The factors are shooting and th 
ear effect. Both factors are related positively to the lateral difference as defined 
by threshold of the left ear minus the threshold of the right ear.
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In shooting, if one is a right-handed shooter, the left ear is more likely to 
have worse hearing, (Taylor & Williams, 1966; Keim, 1969). This has been ascribed 
to the head shadow effect. The far ear receives less noise exposure due to the 
attenuation of the head, thus less hearing loss. Since most people are right-handed 
the average shooter has more hearing loss in the left ear, at the higher frequencies.

The ear effect is defined as the difference in hearing threshold between the two 
ears after asymmetrical noise exposure has been controlled for. This was done by two 
different approaches at the WCB.

In B.C. we have jurisdiction over hearing conservation in industry. The Industrial 
Health & Safety Regulations of the WCB require companies to have a hearing conservation 
program (HCP) consisting of engineering controls, personal hearing protection and audio
metric surveillance when workers are exposed to a steady-state noise of 90 dBA (time- 
weighted average - TWA) for eight hours. When there is a HCP all workers exposed to a 
TWA of 85 dBA for eight hours must have a pure-tone, air-conduction audiogram taken 
annually. The WCB requires copies of all audiograms along with information or medical 
history, shooting history, smoking history, and use of hearing protectors. All data 
are stored on tape.

The first approach we took was to study all workers who had a history of shooting 
(Chung et al, 1981). At the time of the study there were 29,953 workers who had some 
kind of a shooting history but no apparent ear pathology other than possibly noise 
damage. Since the ear effect presumably is not affected by the handedness and the 
shooting effect is dependent on the handedness, it is possible to separate the two 
effects mathematically. By doing so it was found that the shooting effect increases 
with the years of shooting but the ear effect does not. However, both effects are 
most prominent between 3 to 6 kHz. The shooting effect is negligible at 0.5 and 1 kHz 
and the ear effect is slightly less than 1 dB at 0.5 and 1 kHz.

Another approach in obtaining the ear effect is to study a group of subjects, 
with no apparent asymmetrical noise exposure (Chung et al, 1983a). In that study we 
only used workers without shooting history and no apparent ear pathology other than 
noise exposure. Workers (shingle sawyers) with asymmetrical noise exposure in the 
workplace are also excluded (Chung et al, 1983b). Over 50,000 cases were analyzed. The 
ear effect by sex, age, and hearing loss was also studied.

When the ear effect was analyzed by gender it was found that male workers have 
approximately twice the ear effect that the female workers have at frequencies 2-8 kHz, 
but at 0.5 and 1 kHz the ear effect is about the same for the two groups. For example, 
at 4 kHz the female ear effect is about 1.25 dB and the male ear effect is about 
2.45 dB.

Analysis of the ear effect by age also shows a difference between the male and 
the female groups. As age increases from 20 to 50 years the ear effect also increases 
significantly (p < 0.001) at the high frequencies for the male group but the increase 
is not significant in the female group. However, for the male group as age increases 
above 50 years the ear effect decreases again.

The most important relationship was found between the ear effect and hearing 
level. Overall the ear effect increases significantly (p«c 0.001) with hearing level 
to about 40 dB HL and then decreases for individuals who have hearing losses of 40 dB 
or more. This trend is true for frequencies 2 kHz and above.

At 0.5 and 1 kHz, the ear effect as a function of age behaves quite differently 
from that at the higher frequencies. It decreases up to the age group 45-49, where 
hearing level is about 10 dB HL at both frequencies. Over 45-49 years, the ear effect
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at these two frequencies begins to increase slightly. When the ear effect is plotted 
against hearing level it can be seen that the ear effect at 0.5 and 1 kHz increases 
to a hearing level of 20-29 dB and then it decreases.

When hearing level is controlled, the ear effect is no longer related to age. This 
demonstrates that the ear effect is indirectly related to age because age is related to 
hearing level. This, together with the fact that the ear effect, being lower in the 
female workers than in the male workers, which can be explained by the better hearing 
threshold level of the female workers in the higher frequencies, suggests that hearing 
level is a major factor relating to the magnitude of the ear effect.

There are various possibilities which may cause or influence the ear effect.
They are: (1) the order of testing, (2) systematic asymmetrical noise exposure, and 
(3) lateral difference in susceptibility to noise damage.

In our program the left ear is the ear tested first unless the worker indicates 
his right ear is the better ear. It is possible, therefore, that such bias could 
contribute to the ear effect. However, the fact that the ear effect changes with 
hearing level suggests that the order of ear testing is not a significant factor 
influencing the ear effect. Also, it has been shown that the ear effect persists 
despite the randomization of the order of presentation (Singer et al, 1982).

While lateral difference in hearing level could be caused by a systematic 
asymmetrical noise exposure, evidence from this study does not support this explan
ation. Since in this study shooters and shingle sawyers were eliminated, and right
handers of hand-tool users would more likely yield a right bias in noise exposure, it 
is unreasonable to ascribe the ear effect to a systematic left bias. The data also 
show that, generally, there is a decrease in the ear effect when hearing level is 
above 40 dB HL. This is inconsistent with the asymmetrical noise exposure explanation. 
Furthermore, a lateral difference has already been shown to be present in teenagers 
(Roberts & Ahuja, 1975).

The possibility that the ear effect is partly caused by a lateral difference in 
the susceptibility to noise damage should be considered. For a positive ear effect 
to occur as a consequence of a lateral difference in susceptibility there must be a 
left bias in the susceptibility. This is consistent with our clinical findings 
(Chung et al, 1983c) which showed that of the 69 workers who had the 2-kHz asymmetry 
82.6% had worse hearing thresholds in the left ear at 2 kHz. Evidence of that study 
suggests the asymmetry at 2 kHz is a manifestation of a lateral difference in suscep
tibility to noise damage and that the left ear is the more susceptible one in most 
cases.

How can the theory of the lateral difference in the susceptibility to noise damage 
explain: (1) the finding that there is a decrease in the ear effect above 40 dB HL,
(2) that there is already an ear effect existing in teenagers, and (3) that the ear 
effect at 0.5 and 1 kHz behaves quite differently from that at high frequencies?

At present there are no unequivocal answers to these questions. Nevertheless,
speculations may be made. The decrease in the ear effect above 40 dB HL or over 55
years old can be explained by the presence of presbycusis in the older age group.
Presbycusis may dilute the ear effect but if this is true then presbycusis must not 
be simply additive to noise-induced hearing loss.

The fact that a certain amount of the ear effect already present in teenagers 
and in normal-hearing people of all ages suggests that there is a basic statistical 
difference of about 1 dB in sensitivity between the left and the right ear, both in 

the male and the female adult. The difference is independent of asymmetrical noise 
exposure and susceptibility. 23



The finding that the ear effect at 0.5 and 1 kHz behaves quite differently 
from that at the high frequencies is consistent with the theory of the lateral 
difference in susceptibility because 0.5 kHz and 1 kHz are usually the least affected 
frequencies in noise-induced hearing loss. The ear effect remains relatively stable 
over the age groups at these two frequencies. It also peaks at 20-29 dB HL at these 
lower frequencies and not 30-39 dB HL as at the high frequencies. Presbycusis occurs 
at a lower hearing level and at an older age at these low frequencies.

CONCLUSION

There seem to be four factors which affect the lateral difference in hearing 
sensitivity: (1) a basic statistical difference of about 1 dB in sensitivity between 
the left and the right ear, right ear being the more sensitive one; (2) asymmetrical 
noise exposure, such as shooting and certain types of occupational noise; (3) asym
metrical susceptibility to noise damage, left ear being statistically the more 
susceptible one; (4) presbycusis which tends to dilute the effect of lateral difference 
in hearing sensitivity due to noise.
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Now. ».
a On-The-Spot 

Printout
■ Cassette Data 

Storage
■ User Friendly

Operation
■ Built-In Compu

ter Interface

...With The

db-653 Metroreader
Now you have an important new choice in Metroreaders to 
support your db-301 Noise-Profiling°Dosimeters, dl-331 
Industrial Hygiene Data Loggers and InterScan 
5000-Series Toxic Gas Dosimeters.

You can still process data on-site, and obtain a hard
copy of complete time history or exposure computations 
for your local files, as you have with the standard db-651 
and db-652 Metroreaders. But, if you are in a hurry and 
want to determine test validity, the db-653 can alterna
tively print summary calculations only. The abbreviated 
report is available in a small fraction of the time taken for a 
full printout.

Plus, the new db-653 Metroreader allows you to store 
logger data on convenient microcassettes. This saves time 
by allowing you to return your loggers to service quickly, 
minimizing field equipment and procedures. Later, the 
tapes can be analyzed on-site, or can be mailed or carried 
to your office for further analysis and archiving. The tapes 
may be reused, or the original data tapes kept on file. Each 
microcassette can store up to 54 acoustic records or 18 
records of other environmental variables.

The built-in four-line Liquid Crystal Display (LCD) 
provides user-friendly interactive communications. It 
allows you to tailor acoustic computations to your individ
ual needs. You can request printouts and data storage as 
well as easily access the stored data files.

As a standard feature the db-653 includes a built-in 
RS-232C interface for transferring data to computers, such 
as those using Metrosoft software for analyzing and archiv
ing occupational exposure data. The db-653 is directly 
Metrosoft compatible.

REPRESENTED IN CANADA EXCLUSIVELY BY

I L E V IT T

LEV1TT-SAFETY LIMITED
33 Laird Drive, Toronto, Ontario M4G 3S9

BRANCHES THROUGHOUT CANADA

And of course, the db-653 is portable, operates on 
internal rechargeable batteries and has a built-in printer. It 
measures only IIV2 x 8 V2 x 1% inches, readily fits into a 
briefcase; and it weighs less than 4 lbs.

The db-653 is a combination data reader, data storage, 
and data entry terminal in a convenient knee top package. 
It is packed full of the features that you have asked for in 
the next generation Metroreader.

And when you are not using it with your data loggers, 
you can use the db-653 as a general purpose computer. It 
can be programmed in easy-to-use BASIC.

Standardize Your Documentation
Our Metrologger data loggers, Metroreaders, and Met
rosoft computer software give you many choices for mon
itoring and analyzing exposure to noise, toxic and com
bustible gases, organic vapors, and other industrial hygiene 
and pollution contaminants.

They also provide one more very important benefit. 
They enable you to standardize the format for archiving 
and documenting all of your environmental records and 
exposure computations. This can be invaluable for sub
sequent legal analysis.

Metrosonics systems are comprehensive, proven sys
tems. They are designed specifically to meet the needs of 
industrial hygienists and pollution engineers.

Our new 12-page brochure tells the whole story. Call 
or write today for your copy.

METROSONICS INC.
B E N E R Â L  P R O D U C T S  D I V I S I O N  

P.O. BOX 23075 ■ ROCHESTER, N.Y. 14692 ■  716-334-7300

The New Generation 
Of Noise Analyzers

The db-653 shown 
below measures 
only IIV2 x  8 ¥2 

x l 3A inches.



Portable laboratory-grade flexibility -  A

BRUEL & KJAER CANADA LTD.
Specialists in acoustic and vibration measurement

Mobile use

B & K Tape recorders are specifi
cally designed to operate in any 
practical orientation and in rugged 
environments. They can readily op
erate when carried by hand or even 
in moving vehicles. Their tape 
transport system uses a phase- 
locked contra-rotating capstan de
sign ensuring constant tape veloci
ty and effective immunity to 
external vibration.

Brüel & Kjær's Types 7005, 7006 
and 7007 are compact and truly 
portable 4-channel Instrumentation 
Tape Recorders. With a weight of 
8,8 kg (19,4 lbs) including internal 
batteries and the size of an attaché- 
case, it can be carried about any
where and even as hand-baggage 
aboard aircraft. Furthermore they 
can handle any kind of signal — 
electrical, acoustical or vibratory 

without need of external power 
supply or signal conditioning instru
mentation.

Flexibility

With B & K Tape Recorders, labora
tory accuracy and performance are 
combined with field portability and 
flexibility. Their four channels ac
cept a choice of plug-in IRIG com
patible FM. Direct or Vibration 
units. Additionally a Two Channel 
Compander Unit may be fitted 
which is designed for automatic 
level regulation with any two of the 
FM, Direct and Vibration units. The 
units may be readily changed at will 
to suit the particular application at 
hand. They include all the signal ad
justments and transducer powering 
capabilities needed to record the 
signals in the field.

What is the difference between 
7005, 7006 and 7007?

Type 7005 includes a Direct Unit, 3 
FM Units and a Two Channel Com
pander Unit, it is a general purpose 
recorder for sound and voltage 
measurements. Type 7007 includes 
4 Vibration Units and no Com
pander Unit and is the logical 
choice for applications dealing ex
clusively with vibration measure
ments. Type 7006 is the recorder 
mainframe alone, in which any com
bination of Direct, FM and Vibration 
Units, with or without a Two Chan
nel Compander may be fitted to suit 
particular application needs.

B & K Types 7(

Auto-Stop and Marker Functions tr ig 
gered by optically re flective splicing tape

Fully Enclosed Tape Deck. Accepts 7 -  1 5
inch tape spools or B & K Tape Loop qV
Cassettes for continuous or repetitive (Q 
playback of signals

Precision Indicating Meter fo r m on ito r
ing of record-reproduce signal levels. Re 
sponds to both negative and positive  sig 
nal peaks

Remote Control of record-p layand start-
Stop functions TaPe C ounter in

“ Zero-Stop for 
rewind

Piezoelectric accelerometers, such as the Uni- 
Gain ' Types 4371 and 4384 (1 pC/ms~2), can be 
connected directly, without need o t intermediate 
preamplifiers

Two Microphone Preamplifiers Type 2642 c 
connected directly to the “Preamp  “  inputs  • 

Compander Unit



lannel Instrumentation Tape Recorders
7006 and 7007 Direct Unit ZE 0299 providing overall re- 

cord-reproduce frequency response 
from 20 Hz up to 60 kHz Has stepped and 
variable input attenuators, plus overload 
warning light

Signal Recorded 
Input Signal on Tape Output Signal

FM Unit ZM 0053 providing overall re- 
cord-reproduce frequency response ex
tending from DC up to 12.5 kHz. Has 
stepped and variable input attenuators, 
plus overload warning light

Vibration Unit ZM 0060. FM module fea
turing charge amplifier input for direct 
coupling of accelerometers. System cali
bration is not necessary when using ac
celerometers with a sensitivity of 
1 pC/m s'J, such as the Uni-Gain' Types 
4371 and 4384. Selectable acceleration 
and velocity modes. Lower frequency lim
it 0.3 Hz. 1 Hz or 10 Hz. Frequency range 
up to 20 kHz. Recbrd sensitivity can be 
stepped to give 9 calibrated output rat
ings from 1 mV to 10 V/vibration unit 
Permit easy determination of recorded 
vibration levels on playback.

.0 .

ZM 0054

Two Channel Compander ZM 0054 for
automatic level regulation with two of the 
FM, Direct or Vibration Units. Facilitates 
unattended recording and enables non 
stationary signals with dynamic range of 
over 70 dB to be recorded and repro
duced. Has "Lin" and “A-weight” input 
modes. Both voltage and Mic Preamp, in
puts are provided which bypass the pre
amplifier and attenuator stages of the Di
rect. FM and Vibration units.

Flutter Compensation. Selectable on- 
tape reference corrects FM reproduce 
amplitudes for record flutter due to exter
nal vibration

Principle ot the automatic level regulation with Compander ZM 0054

ZM 0060

Plug-in Battery Pack providing up to 5 
hours of continous operation Plug-in 
M ains Adaptor and Battery charger Op
tional

Voice Microphone for recording of com
ments on channel 1

Kith selectable 
ion of data on

s Tape Speed Settings.
electronically phase locked 
artz crystal oscillator

Loudspeaker plus jack socket output for 
audio monitoring

ZM 0053ZE 0299
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