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Those who see the advances in hearing protectors on a regular basis accept that such 

developments represent improved personal protective equipment (PPE) and they would 

subsequently expect to observe increased acceptance and usage of PPE in the workplace. 

But how often do we take the trouble to step back and look at PPE from the perspective of 

the user? Do we really understand and take into account their day-to-day experience? 

While those working in the ‘hearing’ industry see the protection of hearing as a high 

priority does this perspective reflect that of the end user? Recent projects at the National 

Acoustic Laboratories (NAL) have focused on the PPE users including their knowledge, 

attitudes, opinions, actions and experiences, and what this tells us with respect to 

increasing PPE usage. 
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1 INTRODUCTION 

 

 This paper summarises a series of projects carried out at NAL over the last few years. The 

concentration primarily aims at the ‘people’ aspect of provision and use of hearing protectors in 

the workplace. Much of the research involved talking to people, as individuals or in groups, 

through questionnaires, structured interviews and work groups.  

The use of personal protective equipment (PPE) is at the lowest end of the hierarchy of 

controls in the process of occupational noise management. The most effective course for noise 

management is to eliminate the noise by removing the source. The least effective tends to be 

action at the individual level involving the use of PPE. The PPE user is still exposed to the 

hazard, experiencing protected exposure and we can never be sure how well the PPE is working. 

PPE use involves behavioural change and human behaviour is notoriously difficult to change. 

The questions put to PPE users focused on knowledge and attitudes to noise exposure and 

hearing health; self-efficacy and preventative action; noise avoidance and use of PPE; and 

workplace health and safety (WHS) culture, climate and fatalism. What drives people and 

supports their preventative action (facilitators) and what hinders or impedes their preventative 

action (barriers)
1
. 



2 THE RISKS TO HEARING AND HEARING PROTECTOR USE 

 

 

 Studies in the construction industry
2
 revealed that noise exposure is perceived as a low 

priority when compared to other work place hazards particularly in relation to those involving 

physical injury or possibly death. On a scale of 1 (bad) to 10 (not too bad) noise rated 6.6 (SD = 

1.7). This ‘low’ rating has practical implications in that noise is rarely seen as a significant day-

to-day problem in the workplace. 

So while noise exposure may be seen by researchers and OHS/WHS professionals and 

compensation insurers as a problem, to those affected on a daily basis it is rarely a priority. Since 

encouraging hearing protector use is a process of behavioural change and behavioural change is 

difficult to achieve this is why it is preferable to look to elimination and other actions at the top 

of the risk management hierarchy rather than those at the bottom of the list that tend to be reliant 

on personal behaviour change. 

This low perception of risk has been shown to be the case when individuals consider their 

personal risk in relation to their peers. Studies have shown that while individuals acknowledge 

that there is a risk to their hearing health from regular exposure to loud noise they perceive their 

risk to be less than their peers
3
. This in turn leads to a decrease in motivation and incentive for 

preventative action. 

 

3 COMFORT  

 

Perhaps the most important property of a hearing protector is comfort. If a device is not 

comfortable it will not be worn and even the highest attenuating device available if worn for half 

the time will only be able to provide a maximum of 3 dB in overall exposure reduction. The 

main driver of comfort appears to be the pressure on the area around the ears produced by the 

cushion mounted on the noise excluding cup of a circum-aural device
4
. The pressure exerted by 

the device is directly proportional to the clamping force and inversely to the surface area of the 

cushion. 

Cushion pressures were determined to lie between 1.6 to 3.5 kPa with a mean of 2.5 kPa (SD 

= 0.5) – see Figure 1 below. Why is the pressure important? Pressure on the surface of the skin 

has the ability to control the flow of capillary blood in the area directly affected. This is 

particularly important with respect to the skull where there is a relatively thin layer of skin over a 

hard surface of bone.  
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Figure 1: The distribution of mean individual attenuation (miSLC) versus hearing protector 

clamping pressure. The mean clamping pressure is indicated by the line at 2.5 kPa  (SD = 0.5) 

while the lines at 3.3 and 1.3 kPa show the mean capillary blood pressure at the arterial (inlet) 

and venous (outlet) sides respectively. 

 

For correct maintenance and functioning of skill cells the arterial (inlet) pressure for the 

average person is about 3.3 kPa and the venous (outlet) pressure around 1.3 kPa. With a mean 

pressure of 2.5 kPa and a minimum pressure of 1.6 kPa all of the devices have the potential to 

disrupt cell blood flow and create discomfort in the area under the cushion. The time to 

discomfort will vary depending on the individual and the clamping force. If the protector is 

expected to be worn continuously for up to several hours then it is a case of ‘when’ not ‘if’ the 

wearer will remove them even for a short period to relieve the discomfort. 

If work conditions require that HPs are to be worn for extended periods then allowance should 

be made for relief times when devices can be removed and equilibrium re-established
5
. 

 

3 THE ATTENUATION AND MECHANICAL PROPERTIES 

 

It is obvious that the performance of PPE will be dependent to a large extent on their 

mechanical/physical properties. To this end NAL undertook a project to comprehensively assess 

the major physical properties of 39 commercially available hearing protectors and relate these 

physical properties/characteristics to their objective and subjective attenuation performance. 

Physical properties assessed included: clamping force; clamping pressure; cup volume; number 

and types of cup linings; cup mass; and number of cup penetrations. Acoustic parameters 

included subjective and objective measures of overall, octave band, and high, medium and low 

frequency attenuation. A detailed statistical analysis was carried out to compare the significant 

influences of the physical properties on the attenuation characteristics
6
. 

For convenience and to reduce the total number of predictor variables, a single variable 

reflecting the “bulk” of a protector was introduced. Bulk is a linear combination of several 

physical variables (overall cup mass, number of cup linings, number of inner cups, outer cup 

thickness, external cup volume, and cushion surface area). The coefficients for this linear 

combination are the first principal component, that is, the linear combination having maximum 



variance and therefore providing maximum differentiation between protectors. Bulk is defined to 

be,  

Bulk = 0.50(overall cup mass) + 0.37(number of cup linings) + 0.45(number of 

external and inner cups) + 0.48(outer cup thickness) + 0.26(external cup volume) + 

0.33(cushion surface area), 

after standardising each variable (ie subtracting the mean then dividing by the standard 

deviation). Bulk has no dimensions. The coefficients for this linear equation are those of the first 

principal components, ie the linear combination having maximum variance and therefore 

providing maximum differentiation between the protectors. 

Similarly the following dependent variables for attenuation were defined: SLC
2
 on an 

artificial head (denoted SLCATF), SLC on humans (denoted SLCHUM), low-frequency attenuation 

on humans (average attenuation at 0.125, 0.25 and 0.5 kHz, denoted LFAHUM), mid-frequency 

attenuation on humans (average attenuation at 1 and 2 kHz, denoted MFAHUM), and high-

frequency attenuation on humans (average attenuation at 4 and 8 kHz, denoted HFAHUM). For 

practical purposes these variables can be considered as measures of attenuation on an artificial 

test fixture and humans, at overall, low, medium and high frequencies. 

The results of the analysis cannot be used to show strongly predictive results between 

physical properties and attenuation. The major conclusion that can reasonably be drawn is that 

attenuation increases with clamping force up to a limiting value of around 11 Newtons above 

which expected increases in attenuation are very small for large increases in clamping force. 

Likewise increasing the bulk of a hearing protector (volume, mass and number of cup elements) 

increases the attenuation but, as with clamping force a limit is reached where increased bulk 

increases discomfort and wearing difficulty. 

The main outcomes of the detailed statistical analysis of the data are presented in Figure 2. 

                                                 
2
 SLC = sound level conversion. This is a measure of the average attenuation of the device, similar to NRR and 

SNR. 



 



 
 

Figure 2: Predicted mean attenuation (line) with point-wise 95% confidence intervals 

(grey band) as force varies with bulk held constant (a to e) or as bulk varies with 

force held constant (f to j), based on Model 1. The points show the observed 

attenuation values adjusted for the effects of bulk (a to e) or for the effects of force (f 

to j).  

Note: 1. In each plot, the line shows the predicted mean value of the attenuation 

variable as force (a to e) or bulk (f to j) varies, with the other predictor held constant 

at its mean value. The band shows point-wise 95% confidence intervals for these 

mean values. The points on each plot are a partial residual plot with an appropriate 

vertical shift – they show the observed attenuation values after adjusting for the 

effect of bulk (a to e) or force (f to j).  

Note 2: SLCATF = SLC (overall attenuation) on an artificial head; SLCHUM = SLC on 

(overall attenuation) human test subjects. LFAHUM = low-frequency attenuation on 

test subjects (average attenuation at 0.125, 0.25, 0.5 kHz); MFAHUM = mid-frequency 



attenuation on test subjects (average attenuation at 1.0 and 2.0 kHz); and HFAHUM = 

high-frequency attenuation on test subjects (average attenuation at 4.0 and 8.0 kHz). 

 

4 ELECTRONIC (LEVEL DEPENDENT, SOUND RESTORATION) HP 

 

 The introduction of sound restoration, level dependent ear muffs allows the noise from the 

local environment to be heard by the user while limiting noise levels greater than a 

predetermined value – usually about 83 dB. These have the obvious advantage of providing 

awareness of the surrounding environment while eliminating unwanted, harmful noise. Areas of 

use would seem to abound however these devices have been found to be welcome in some areas 

and unwelcome others. 

Obvious areas of use are where the noise levels are relatively low but are interspersed with 

occasional impulse or high levels of random machinery or plant noise. The first area trialled was 

an indoor firing range used to train and re-qualify police officers in fire-arm competency
7
. 

Instructors at this venue found the devices extremely useful for a number of reasons including: 

the ability to hear speech between firing without constantly removing and replacing their 

mandatory hearing protectors. Communication between instructors and with students was also 

facilitated. Overall noise exposure was reduced by virtually eliminating the high peak impulse 

noise from weapons firing. 

The second situation where the use of level-dependent, sound restoration ear muffs were 

thought to offer an advantage to users was on construction sites, by traffic flow controllers
8
. 

These workers are subject to overall low levels of equivalent continuous noise throughout the 

day measured at around 80 dB interspersed with periods of high noise when particular items of 

loud plant, equipment or machinery pass or are operating close by. These individuals tended not 

to find the earmuffs particularly useful and did not like wearing them at all and many participants 

dropped out of the trial prior to completion. 

In a further two trials the use of level dependent, sound restoration ear plugs was tested. 

These particular plugs also contained the additional useful features of Bluetooth
®
 and two-way 

radio connectivity. Unfortunately both trials, involving large and medium sized construction sites 

failed after a few days when participants no longer wished to use the devices and they were 

returned. This was in spite of initial enthusiasm with respect to the features of two-way radio, 

Bluetooth
® 

to ‘phone and personal stereo player connectivity, level dependence and speech 

enhancement offered by the devices.
 

The conclusion from this work indicates that despite the technological advancements offered 

by hi-tech hearing protectors over the perceived disadvantages of wear there is a ‘trade-off’ 

where the advantages of wear must outweigh the disadvantages as perceived by the individual. 

At the top of the first page, this logo should appear centered on the page. 

 

5 LEISURE NOISE EXPOSURE 

 

 Included in the main activities of NAL research is a very active component in the area of 

leisure and non-work noise/sound exposure. While working with a group of young adults (N = 

20) who regularly attend dance clubs, where the noise levels (LAeq) average in the 100 to 105 dB 

range, NAL found a group of attendees who acknowledged indications of the adverse effects of 

noise on their hearing health and were enthusiastic users of ear plugs
9
.  

The average years of attendance at clubs was 10 (SD = 6.3), age 28 (SD = 6.0) with a mean 

of one visit per week and duration of 5.1 hours (SD = 0.8). Their course of action into ear plug 

adoption moved through five typical stages:  



 

Cues to action: tinnitus, symptoms of hearing loss; 

Severity/Susceptibility: personal risk, sensitivity to noise, knowledge of hearing, 

awareness of possible damage, concern about hearing loss; 

Barriers/Benefits: comfort, ease of use, musicians plugs, protection, communication; 

Self-efficacy: self-initiated action, self-confidence, sharing with others; and 

Miscellaneous: love of music, image conscious, personal responsibility. 

 

Those who chose to use ear-plugs tended to commence with simple, re-useable plugs 

graduating to musicians plugs and in some cases personally molded musicians plugs. Most were 

satisfied to stay with the standard musicians plugs based on the expense of the personally molded 

variety. 

The plug users could be considered to be particularly ‘un-cool’, however this was 

sufficiently counteracted by their awareness of the benefits of ear plug use, the appreciation of 

the problem of long-term hearing damage, their self-efficacy of preventative action and their love 

of music. 

Further to this study a trial hearing loss prevention program was initiated with another group 

of volunteer club attendees (N = 51). The intervention included prevention action for a trial 

group in comparison with a control group. The pre-intervention included a personal information 

session on noise and hearing and musician ear plugs for both groups with the intervention group 

receiving further, more detailed information on hearing loss simulation and the effects of noise. 

Interestingly while both groups did use the plugs provided, as would be expected, the actual 

facilitators for increasing the preventative action for both groups increased in a similar, 

statistically significant manner to the pre-trial position. This seems to indicate that more 

important than supplying more detailed information on the effects of noise and hearing loss is the 

simple knowledge that excessive loud noise/sound has the potential to damage hearing. And that 

this information should be transmitted in an impartial and informative manner rather than a 

common authoritative health message format. A similar result of keeping the message simple has 

also been found to apply in the workplace from past research activities
10

.  

 

6 THE INDICATION OF ATTENUATION PERFORMANCE FOR THE END USER 

 

The interpretation of the standard indicators for the attenuation for hearing protectors, be 

they NRR, SNR, HML or SLC80, seem to be very confusing for the general user and many 

WHS/OHS advisers alike. This is evidenced in the numerous publications discussing the 

appropriate de-rating methods for plugs and/or muffs. Part of this confusion arises from the 

inclusion of the tested octave-band attenuation standard deviation in the calculation of the final 

performance rating. NAL is currently examining this problem and advocating the use of a 

measure that considers the average attenuation that users can expect to obtain with any variation 

in performance expressed through the standard deviation or 95% confidence interval. 

 

7 SUMMARY 

 

 Hearing protectors will always have some part to play in the reduction of noise exposure 

during work, non-work and leisure activities. New and improved devices will be introduced to 

the market as long as there is the need for PPE. To increase HP effectiveness more effort is 

required in understanding the perceived barriers and facilitators influencing HP wear time.  



The best hearing protector is the one that is worn for the duration of the exposure 
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