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EXECUTIVE SUMMARY 

The New South Wales Rural Hearing Conservation Program is a hearing screening and education 
program for farmers and farm workers, which is provided at agricultural field days. Farmers and farm 
workers avail themselves of this program while attending a field day. Once they enter the program 
they fill in a questionnaire about noise exposure, hearing ability, and other relevant information. After 
the questionnaire is completed, they then have their hearing screened by a hearing health professional. 
The results of the screening and questionnaire are then interpreted and the farmer or farm workers are 
provided with a set of recommendations about maintaining their hearing health. 
 

The program has been offered to farmers since the late 1980s and in its current form has provided in 
excess of 6,000 screenings. Due to rural people traditionally accessing fewer health services than their 
urban counterparts, the program was designed to be available during ‘down time’ and as such has 
enabled a number of farmers to have their hearing screened who would otherwise have missed out. 
 

Research on noise injury (noise induced hearing loss) has been intermittent, and only in the last decade 
have consistent efforts been made to measure its long-term consequences. The uptake of personal 
hearing protection in farming has lagged behind other high noise industries. This situation is starting to 
be addressed through programs specifically targeted at the agricultural workforce. 
  
The objectives of the evaluation were to determine if: 
 the use of personal hearing protection by farmers has changed since being exposed to the program; 
 farmers engaged in any of the specific recommendations made immediately after the hearing 

screenings; 
 there are any farmer characteristics that relate to a change in the use of personal hearing protection 

(for example: age, gender, commodity, hearing level, etcetera); 
 the farmers exposed to the program found the program of value. 

 

The evaluation consisted of a mail survey sent to a random stratified sample of participants. 
 

There were 5,013 farmers from New South Wales who had their hearing screened as part of the 
program between 1 January 1995 and 31 December 2001. Of the 1,000 individuals sampled, 15 were 
duplicates and 97 were returned unopened. Of the remaining 888 farmers, 64 per cent returned the 
survey. Of the 565 farmers who responded, 67 per cent reported that they had started using or 
increased their use of hearing protection since their field day hearing screening. The use of personal 
hearing protection for non-cabined tractors found a net gain of 13 per cent, for chainsaws 21 per cent, 
for firearms 7 per cent, and for workshop 21 per cent. 
 

Forty-one per cent of survey respondents had instigated strategies to reduce noise exposure beyond the 
personal use of personal hearing protection alone. Twenty-five per cent of those recommended to seek 
further hearing consultation followed through with the advice provided. 
   
Participants expressed a high level of satisfaction with the program, with very few reporting that the 
program was not helpful. Ninety-eight per cent felt that the field day hearing screening should 
continue and 97 per cent would recommend the program to other farmers. 
   
It is clear from the results that the program has had a positive effect on farmers’ hearing conservation 
behaviour. However, the results varied across commodity groups and noise exposures. The farmers 
who participated were highly satisfied with the program and recommended that it continue. 
  
Based on the results of this evaluation, the authors recommend that the New South Wales Rural 
Hearing Conservation Program be continued and, where possible, expanded. The program clearly 
showed that farmers’ behaviour in relation to noise injury prevention improved as a result being part 
of the program.  
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BACKGROUND 

The New South Wales Rural Hearing Conservation Program 
The New South Wales Rural Hearing Conservation Program is a hearing screening and education 
program for farmers and farm workers provided at agricultural field days.  Farmers and farm workers 
avail themselves of this program while attending a field day. Due to the large number of farmers and 
farm workers presenting with significant hearing loss from noise exposure,1 the program now targets 
farmers and farm workers less than 40 years of age. 
 

The program has been offered to farm communities since the late 1980s. In its current form, it has 
been operating since 1992. In excess of 6,000 hearing screenings have been provided to rural farmers 
and their families since the program’s inception. 
   
Rural people traditionally access fewer health services than their urban counterparts,2 and have a low 
uptake of screening programs utilized by urban populations.3 That is why the program was designed to 
provide hearing screening for farm families through field days and agricultural shows held throughout 
New South Wales. By having the program available to farm families during ‘down time’ (that is, times 
when they are not actively farming), the participation rate is greatly increased. 
   
The format of the program is as follows: farmers attending a field day visit the site where the hearing 
screening is being conducted and are asked to participate. The farmer is then asked some pre-screening 
questions (Questions 1–11, Appendix 1) by a trained volunteer at the field day. Prior to the field day, a 
training session is held to provide the volunteers with the skills required to undertake the program.4 

The farmer’s hearing is then screened by a nurse audiometrist in a hearing booth. The hearing booth 
varies from site to site; some sites have built hearing booths that meet Australian standards, others are 
a room, and some may be a tent. The hearing screening results are placed on the bottom of the field 
day questionnaire, which has a piece of carbon copy paper attached so that the farmers can take their 
results home. After leaving the booth, the results are explained by a nurse audiometrist, who discusses 
with the farmer ways to help reduce noise exposure on the farm. These recommendations are also 
recorded on a sheet for the farmer to take home and follow-up. 
 

In summary, the program provides the results of the screening and discusses results with participants.  
Recommendations are made, where necessary, to help farmers and their families reduce their exposure 
to high noise levels. To date, while much information has been collected about the participants in the 
program,1,5,6 there have not been sufficient resources available to conduct a thorough evaluation of the 
outcomes of the program. 

 
Review of the literature 
Research in noise induced hearing loss has been intermittent,7,8,9 and only in the last decade have 
consistent efforts been made to measure the consequences of long term exposure to noise in the 
agricultural population.1,5–6,10–16 Studies examining the consequences of noise exposure in farmers 
have consistently reported that farmers are a high risk group for noise injury. The hearing loss 
observed in farmers is significantly greater than what would be expected by age alone in the general 
population.6,13–14,16–17 The hearing loss is greater for males than for females,12–13 and the left ear is 
usually affected more than the right. It has been shown that hearing loss begins at an early age, with 
farm children exposed to high noise levels when helping with farm tasks.5,10,15 By the time individuals 
are in their early 20s they are showing clear signs of hearing loss from noise injury.6 
 

The uptake of personal hearing protection by farmers has also lagged behind other high noise 
industries. In 1988, Karlovich et al. reported that less than 20 per cent of farmers consistently used 
personal hearing protection.13 However, there has been some improvement in this area. Challinor 
presented data that suggested between 1991 and 1994 there was an increase of 10 per cent in the usage 
of personal hearing protection among farmers exposed to uncabined tractors.1 Day et al. reported that 
90 per cent of Victorian farmers owned personal hearing protection devices but only 43 per cent of 
them used the devices frequently.11 
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Few evaluations of interventions to increase the use of hearing protection have been conducted. One 
study evaluated a school-based hearing conservation program.18 At the program’s conclusion, 87 per 
cent of the intervention students reported using personal hearing protection at least some of the time, 
compared to 45 per cent of the control students. Knobloch evaluated another school-based program to 
increase the use of personal hearing protection.19 Post-program, 80 per cent of parents of the 
intervention group intended to use personal hearing protection, compared to 68 per cent in the control 
group. There have been no published studies of the effects of a hearing screening program on the 
uptake of personal hearing protection. 
 

 

 
OBJECTIVES 

The objectives of the evaluation of the program were to determine if: 
 

 the use of personal hearing protection by farmers has changed since being exposed to the program. 
 farmers engaged in any of the specific recommendations made immediately after their hearing 

screening. 
 there are any farmer characteristics that relate to a change in the use of personal hearing 

protection(eg. age, gender, commodity, hearing level, etc). 
 the farmers exposed to the program found the program of value. 

 

 

 
METHODS 

The evaluation of the program consisted of a mail survey sent as a quality assurance follow-up to 
persons in contact with the program during the years 1995 through 2001. Data from returned surveys 
were linked to original data collected at the time of program contact. This evaluation received ethics 
approval from the New England Health Human Research Ethics Committee. 
 

Sampling 
There were 5,354 people who had participated in the program between 1995 and 2001. Only those 
people who live in New South Wales (that is, who had a postcode of 2000 to 2999) were used in this 
evaluation. A random sample of 1,000 participants who lived in New South Wales, stratified by 
commodity group, was selected from the master database. The criterion for the stratification was that a 
minimum of 50 participants from each commodity group would be selected. The total number of 
participants during 1995–2001 that met the above criteria was 5,013. 
  
Commodity stratification was used as it reflects the agricultural community more accurately and 
enables people working in farm health and safety to more effectively target farmers with appropriate 
health and safety messages.20

 

Using a finite population survey sampling strategy, the number of responses needed, to be assured of 
99 per cent confidence that the results are within ± 5 per cent of the actual score, was 549.21 This size 
of sample had the ability to detect an odds ratio of 1.4 at an ‘always use hearing protection’ proportion 
of 30 per cent, an odds ratio of 1.5 at a proportion of 18 per cent, and an odds ratio of 1.6 at a 
proportion of 12 per cent.22 There was also sufficient power (80 per cent) at alpha <.05, based on a 
correlation of r=0.5 with the primary independent variable, to include 2 further variables in the logistic 
model.3 Adjusting for 20 per cent non-valid addresses and a 70 per cent response rate, the number 
randomly selected was 1,000. 
  
The Dillman method for mail surveys was used to maximize survey returns.23 All those selected 
received a postcard announcing the study one week prior to the first survey mail-out. One week 
following the first survey mail-out, a postcard was sent to all recipients of the first survey thanking 
them for their participation and encouraging those who had not done so to fill out and return their  
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surveys. Two weeks following the first survey mail-out, a second survey was mailed out to all those 
who had not yet responded with a letter encouraging them to take the time to fill out the survey.  Prior 
to any surveys being mailed out, a reference group of farmers was asked to pilot the questionnaire and 
give feedback to project staff. 
 
Analyses 
Descriptive analyses using frequencies, means, and standard deviations are presented. Weighted 
results were calculated to estimate the numbers of farmers positively affected by various components 
of the program. Logistic regression was used to determine characteristics of farmers that were 
perceived to benefit most from contact with the program. Thematic analysis of open-ended questions 
was also conducted. 
 
Weighting is the process of adjusting sample values to reflect their representation in the total survey 
population. It is particularly important when the sample design does not have an equal probability of 
selection across various stratum of interest. During the process weights are assigned to the sample 
cases to bring the sample proportion in demographic subgroups in agreement with the known 
population proportion in each of the subgroups.24

  
The weighting applied by commodity group is: 

Poultry weight = 2.07 
Fruit weight = 7.81 
Vegetables weight = 3.33 
Cereal grains weight = 12.44 
Mixed farms weight = 9.69 
Mixed sheep–cattle weight = 2.07 
Sheep weight = 9 
Cattle weight = 9.59 
Dairy weight = 8.06 
Cotton weight = 6.31 
Nursery weight = 2.86 
Other weight = 12.76 

 
The number of respondents still farming was used as part of the weighting to calculate the total affect 
of the program. As part of the questionnaire that was returned, one of the questions asked if they were 
still farming (Appendix 1, Follow-up Questionnaire, Page 1, Question 2). The number of active 
farmers positively affected by the screening program was calculated by multiplying the number of 
farmers from the commodity group by frequency of use of personal hearing protection that had 
increased or stayed at ‘always use’ (Note: staying at ‘always use’ was included as a positive result as 
part of the program was to support good behaviour). 
  
For example, there were 243 sheep producers who had a hearing screening between 1995 and 2001, of 
those who were sampled 83 per cent had increased or stayed at ‘always use’ for personal hearing 
protection use with chainsaws. This 83 per cent (.83) multiplied by 243 resulted in 202 farmers always 
using or improving their use of personal hearing protection. This result was then weighted (that is, 
reduced) by factoring in the number of people by each of the commodities who had left farming (that 
is, still in farming–total respondents). For example, with sheep farmer there were 27 people who 
responded but only 23 who were still farming, this produces a weighting of 85.2 per cent. Thus if we 
take the 202 farmers and multiplied this by 85.2 per cent we have 172 sheep farmers who are still 
farming positively affected by the program (that is, wear hearing protection when using a chainsaw). 
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There were 3 basic assumptions used in this study: 

1. The sample population is representative of the overall population of farmers who had their 
hearing screened between 1995 and 2001. 

2. The number of participants who had left farming since having their hearing screened is 
consistent across commodity. 

3. Those participants in the program who reported ‘already use’ personal hearing protection in a 
given situation continued to do so because of their participation in the program. 

 

 
RESULTS 

Subjects 
Since 1995, the screening program has tabulated data for 5,013 individuals who were screened at farm 
field days.  A total of 1,000 individuals who had gone through the hearing screening program were 
selected by stratified random sampling by major commodity group.  Of these, 15 were either duplicate 
individuals or did not have complete addresses.  Out of these 985 follow-up questionnaires sent out, 97 
were returned without being opened.  This gave a contact rate of 90 per cent. Five hundred sixty five 
of the 888 remaining eligible questionnaires were returned giving a response rate of 64 per cent. 
 
Table 1 depicts differences between responders and non-responders to the survey.  Non-respondents 
were significantly younger, had farmed fewer years and were less likely to be suffering from a hearing 
deficit.  Twenty-two per cent of respondents indicated they were no longer farming.  All subsequent 
results relate to those indicating they were still actively involved in farm activities. 
 
 

Table 1 
Characteristics of respondents, respondents still farming, and non-respondents 

 

Baseline characteristic Population  
 

(N=5,013) 

Respondents 
 

(n=565) 

Respondents 
still farming 

(n=441) 

Non- 
respondents  

(n=323) 

Age in years (sd) 43.4(16.1) 46.4(15.3) 44.7(14.3) 37.9(16.0)* 
Years farming in years (sd) 21.2(15.0) 23.1(15.2) 22.3(14.5) 15.1(13.0)* 
Time since screened in years (sd) 3.7(1.7) 3.7(1.8) 3.7(1.9) 3.8(1.8) 
Male (%) 82 83 85 78 
Normal hearing in right ear (%) 24 22 23 32* 
Normal hearing in left ear (%) 21 20 22 29* 
Family history of hearing loss (%) 9 12 12 9 
Poultry 58 28 20 14 
Fruit 281 36 27 5 
Vegetables 60 18 12 26 
Cereal grains 336 27 25 30 
Mixed farms 1444 149 130 63 
Mixed sheep–cattle 617 61 48 37 
Sheep 243 27 23 19 
Cattle 863 90 74 49 
Dairy 258 32 19 5 
Cotton 164 26 19 17 
Nursery 63 22 12 18 
Other 626 49 32 37 

Note: *p<.05; sd = standard deviation. 
Source: Evaluation of the New South Wales Rural Hearing Conservation Program. 
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There was a difference between age, years farming, and hearing results in both ears, when 
extrapolating from the non-responders. Because they are younger and have less hearing loss, the actual 
findings show that—at least as far as personal hearing protection is concerned—younger persons and 
those with hearing loss are more likely to take up personal hearing protection. Therefore, lower 
responses in younger people will lower the estimated percentage of personal hearing protection 
uptake, while lower responses in those with better hearing will elevate the estimated percentage of 
personal hearing protection uptake. 
 
Uptake of personal hearing protection 
Program participants were asked in the follow-up survey to report in which situations they used 
personal hearing protection. Table 2 outlines in which situations the use of personal hearing protection 
improved after contact with the screening program. For uncabined tractors, the net gain in personal 
hearing protection use was 13.3 per cent; for chainsaws 20.8 per cent; for firearms 6.7 per cent; and 
for workshops 21.3 per cent. All increases were statistically significant (p<.05). Of particular note, at 
the initial screening, 22.9 per cent of individuals stated that they never used hearing protection. At 
follow-up this had dropped to 13.2 per cent. 
   
 

Table 2 
Use of personal hearing protection at follow-up 

 
Situation Baseline 

‘always 
use’ 

 
% 

Frequency of 
use increased 
or stayed at 
‘always use’ 

% 

Frequency of 
use stayed at 
‘sometimes’ 

 
% 

Frequency of 
use decreased 

or stayed at 
‘never use’ 

% 

Baseline 
‘never use’

 
 

% 
Uncabined tractors 30.8 44.1 21.4 34.5 42.9 
Chainsaws 38.0 58.8 14.6 26.6 42.2 
Firearms 17.3 24.0 51.2 24.8 66.8 
Workshops 19.6 40.9 15.7 43.4 56.5 
 
Note: All changes p<.05 
Source: Evaluation of the New South Wales Rural Hearing Conservation Program. 

 

 
Tables 3 to 6 display the frequency of use of personal hearing protection by commodity groups for 
tractors, chainsaws, firearms and workshop activities respectively. It should be noted that not all 
people were exposed to each of the pieces of equipment examined. Full tables for each of the 
commodity groups can be found in Appendix 3. 
 
The use of personal hearing protection increasing or staying at ‘always use’ varies from commodity to 
commodity. When examining uncabined tractors (Table 3) vegetable producers (100 per cent) were 
the most likely to use hearing protection and cereal grain producers (25 per cent) were the least likely 
to use hearing protection. However, all commodity groups had some improvement since participating 
in the program. 
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Table 3 
Improvement in use of personal hearing protection with uncabined tractors by 
commodity group 

 
Commodity group Baseline 

‘always use’ 
 
 
 

% 

Frequency of use 
increased or 

stayed at 
‘always use’ 

 
% 

Number of active 
farmers positively 

affected by screening 
program between 

1995 and 2001 
 

Vegetables 100 100 40 
Sheep 50 80 166 
Dairy 33 63 96 
Other 50 54 213 
Fruit 33 50 106 
Poultry 9 44 18 
Mixed farms 35 38 464 
Cattle 36 36 256 
Sheep–cattle 27 27 128 
Cereal grains 25 25 78 
Cotton 0 0 0 
Nursery 0 0 0 

TOTAL 31 44 1,724 

Source: Evaluation of the New South Wales Rural Hearing Conservation Program. 

 
In Table 4 all industries except for vegetable producers were exposed to chainsaws, people in the 
sheep industry (83 per cent) were the most likely to use hearing protection following their screening, 
however people that produced both sheep and cattle were the least likely (44 per cent) to use hearing 
protection following their screening. Overall, 59 per cent of farmers reported improvements in their 
use of personal hearing protection with chainsaws, or otherwise maintained ‘always wearing’ personal 
hearing protection. 

 

 
Table 4 
Improvement in use of personal hearing protection with chainsaws by commodity 
group 

 

Commodity group 
 
 
 
 

Baseline 
‘always use’ 

 
 

% 

Frequency of use 
increased or 

stayed at ‘always 
use’ 

% 

Number of active 
farmers positively 

affected by screening 
program between 

1995 and 2001 

Sheep 57 83 172 
Nursery 40 79 27 
Dairy 25 67 103 
Mixed farms 45 64 781 
Poultry 20 63 26 
Cotton 25 63 76 
Cattle 53 62 440 
Other 40 57 226 
Fruit 31 56 118 
Cereal grains 30 50 156 
Sheep–cattle 43 44 209 
Vegetables 33 0 0 

TOTAL 38 59 2,312 
 

Source: Evaluation of the New South Wales Rural Hearing Conservation Program. 
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Use of personal hearing protection for any industry group when using a firearm is poor, with poultry 
and nursery industries being the most likely to have continued ‘always using’ or improved their use of 
personal hearing protection after going through the program. Cereal grain farmers are the least likely 
to use personal hearing protection(Table 5). 
 

Table 5 
Improvement in use of personal hearing protection with firearms by commodity group 

 

Commodity group Baseline 
‘always use” 

 
 

% 

Frequency of 
use increased 
or stayed at 
‘always use’ 

% 

Number of active 
farmers positively 

affected by screening 
program between 

1995 and 2001 

Poultry 0 50 21 
Nursery 0 50 17 
Fruit 14 34 72 
Sheep 43 33 68 
Other 18 27 107 
Mixed farms 27 26 311 
Sheep–cattle 4 22 104 
Cattle 12 21 149 
Dairy 20 20 31 
Cereal Grains 36 9 28 
Vegetables 0 0 0 
Cotton 0 0 0 

TOTAL 17 24 941 
Source: Evaluation of the New South Wales Rural Hearing Conservation Program. 

 
The use of personal hearing protection when undertaking activities in the workshop also varied 
depending on commodity being produced. Sheep producers (83 per cent) were most likely to use or 
have improved their use of personal hearing protection since undertaking the program, whereas 
nursery workers (25 per cent) were the least likely (Table 6). 
 

Table 6 
Improvement in use of personal hearing protection with workshop activities by 
commodity group 

Commodity group 
 
 
 
 

Baseline 
‘always use’ 

 
 

% 

Baseline 
‘always use’ 

% 

Number of active 
farmers positively 

affected by screening 
program between 

1995 and 2001 

Sheep 17 83 172 
Cereal grains 7 57 177 
Other 27 50 198 
Dairy 25 46 77 
Cattle 29 43 305 
Cotton 20 40 48 
Fruit 36 36 76 
Sheep–cattle 8 35 166 
Poultry 13 33 14 
Mixed farms 12 32 391 
Nursery 50 25 9 
Vegetables 33 0 0 

TOTAL 20 41 1,607 
Source: Evaluation of the New South Wales Rural Hearing Conservation Program. 
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Table 7 presents the results for any personal hearing protection use or increased use since undertaking 
the program for commodity groups. Farmers who produced vegetables (100 per cent) had the highest 
likely rate of ‘always use’ or improvement since the program, with all people who had a hearing 
screening, always using or improving on one aspect of noise hazards. Cotton, fruit and poultry farmers 
(63 per cent each) had the least change in the use of hearing protection. 
 

 
Table 7 
Improvement in any use of personal hearing protection by commodity group 

 

Commodity group 
 
 
 
 

Baseline 
‘always use’ 

 
 

% 

Baseline 
‘always use’ 

 
 

% 

Number of active 
farmers positively 

affected by screening 
program between 

1995 and 2001 

Vegetables 100 100 40 
Sheep 57 83 172 
Mixed farms 45 82 1,033 
Nursery 50 79 27 
Cattle 53 76 540 
Other 50 69 282 
Cereal grains 36 67 208 
Dairy 33 67 103 
Sheep–cattle 43 66 320 
Fruit 36 63 133 
Poultry 20 63 26 
Cotton 25 63 76 

TOTAL 38 73 2,906 
Source: Evaluation of the New South Wales Rural Hearing Conservation Program. 
 
 

Table 8 describes the results of a logistic regression analysis. The adjusted model (column 3), taking 
all other significant characteristics into consideration, shows: 
 older farmers were 2 per cent less likely to increase their use of personal hearing protection for 

every year of increasing age.   
 those with a family history of hearing loss, were 49 per cent less likely to increase their use of 

personal hearing protection.   
 those who had a history of tinnitus, were 26 per cent more likely to increase their use of personal 

hearing protection 
 those categorized as having severe occupational noise-induced hearing loss after the hearing 

screening, were 300 per cent more likely to increase their use of personal hearing protection (that 
is, those who had experienced obvious symptoms of noise injury),  

 males were 573 per cent (significantly) more likely to increase their use of personal hearing 
protection.   

 poultry (63 per cent), fruit (64 per cent), cereal grains (69 per cent), sheep and cattle (68 per cent), 
cattle only (47 per cent), dairy (80 per cent), and cotton (74 per cent) farmers were all significantly 
less likely to increase personal hearing protection use than mixed farmers. 
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Table 8 
Unadjusted and adjusted odds ratios for characteristics related to the improvement and 
maintenance of use of personal hearing protection 

 
Baseline characteristic Unadjusted Odds Ratio 

(95% Confidence Intervals) 
Adjusted Odds Ratio 

(95% Confidence Intervals) 
Age 0.99 (0.99,1.00) 0.98 (0.97,0.99) 
Gender (male) 3.92 (2.94,5.24) 6.73 (4.73,9.55) 
Years involved in agriculture 0.98 (0.98,0.99)  
Family history of hearing loss 0.73 (0.55,0.98) 0.51 (0.36,0.71) 
Hearing difficulty watching TV 1.38 (1.13,1.68)  
Hearing difficulty using telephone 1.00 (0.80,1.25)  
Hearing difficulty during 
conversation or at meetings 

0.95 (0.78,1.16)  

Hearing difficulty in work 
environment 

1.04 (0.84,1.29)  

Hearing difficulty with background 
hoise 

1.69 (1.34,2.14)  

Has tinnitus 1.50 (1.23,1.84) 1.26 (1.00,1.58) 
Hearing loss 
   Normal 
   Mild NIHL 
   Moderate NIHL 
   Severe NIHL 
   Profound NIHL   

 
1.00 
1.20 (0.91,1.58) 
1.01 (0.71,1.44) 
3.33 (1.72,6.47) 
0.92 (0.54,1.59) 

 
1.00 
1.23 (0.90,1.68) 
1.24 (0.82,1.86) 
4.01 (1.98,8.11) 
1.32 (0.72,2.43) 

Commodity group 
   Mixed farms 
   Poultry 
   Fruit 
   Vegetables 
   Cereal grains 
   Sheep–cattle 
   Sheep 
   Cattle 
   Dairy 
   Cotton 
   Nursery 
   Other 

 
1.00 
0.30 (0.14,0.62) 
0.39 (0.27,0.56) 
1.30 (0.39,7.27) 
0.43 (0.31,0.61) 
0.42 (0.31,0.56) 
1.30 (0.62,2.72) 
0.62 (0.47,0.82) 
0.65 (0.41,1.02) 
0.78 (0.48,1.27) 
0.74 (0.22,1.20) 
0.74 (0.53,1.01) 

 
1.00 
0.37 (0.15,0.95) 
0.36 (0.22,0.59 
1120.16 (0.00,∞) 
0.31 (0.21,0.48) 
0.32 (0.22,0.46) 
0.58 (0.27,1.27) 
0.53 (0.37,0.75) 
0.20 (0.12,0.34) 
0.26 (0.15,0.46) 
0.93 (0.22,3.87) 
0.44 (0.29,0.66) 

Years since screened 1.05 (0.97,1.23) 1.11 (1.02,1.21) 
 
Notes: NIHL = noise-induced hearing loss.  
Source: Evaluation of the New South Wales Rural Hearing Conservation Program. 

 
In Table 8 the odds-ratio gives an estimate, given that a person possesses the characteristic of the ‘risk’ 
of having a specific outcome. In this case the outcome of interest is the increase or maintenance of 
personal hearing protection at the ‘always use’ level. For example, in column 2, the unadjusted odds 
ratio for a male is 3.92, which means that a male is 3.92 times more likely to increase or maintain the 
use of personal hearing protection than a female participant. In column 3 the adjusted odds ratio for a 
male is 6.73 which means that with all other characteristics in the model (age, family history of 
hearing loss, history of tinnitus, hearing loss, and commodity group) being equal, males are 6.73 times 
more likely to increase or maintain the use of personal hearing protection than a female participant. 
 
 
Noise reduction strategies used on the farm 
Sixty-seven per cent of those responding reported that they had started using or increased their use of 
hearing protection since their field day hearing screening. This response correlates with the 
confirmatory analyses presented in Tables 3 through 7. 
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During the field day screening, 70 per cent of individuals were advised to look into noise reduction 
strategies for their farms. The hierarchy of noise reduction strategy is presented in Table 9.  
 

 
Table 9 
Farm noise exposure reduction strategies in relation to the hierarchy of control for 
injury prevention 

 
 Hierarchy of control Major risk reduction strategies specified 

1 Elimination of the hazard  
2 Substitute for a lesser hazard Purchase–use quieter equipment 
3 Engineering–design options Installing mufflers on equipment 

Cabins on tractors 
Noise treating (for example, insulation) 

4 Safer work practices Maintain equipment, mufflers 
Limit time exposed 
Avoid noise 
Rearrange work area 
Warn others 
OH&S strategies–courses 
Provision of personal hearing protection to 
employees 

5 Personal protective equipment Personal use of personal hearing protection 
 

Source: Evaluation of the New South Wales Rural Hearing Conservation Program. 
 
 
Table 10 illustrates the methods used by farmers to reduce noise exposure on the farm. The most 
common strategy used by farmers, was the use and availability of personal hearing protection. A 
commitment by employers to also protect their workers is displayed by the provision of hearing 
protection. 
 
 

Table 10 
Frequency of strategies mentioned to reduce noise exposure 

 
Strategy 
 
 

Frequency of specific 
strategy (Total 

respondents = 300) 

Hearing protection: increased awareness, use, accessibility, quality 148 
Provide hearing protection to employees 80 
Maintenance, mufflers 63 
Limit exposure time 41 
Quieter equipment 34 
Rearranged work area 19 
Avoid noise 15 
Other (sub-total 17)  
         Employee–employment limits  7 
         warn others of noisy machinery–activity 4 
         OH&S course or strategy 3 
         noise treatment 2 
         changes prior to screening 

1 
Total number of specific responses from 300 respondents 417 

 

Source: Evaluation of the New South Wales Rural Hearing Conservation Program. 
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As shown by the ratio of respondents to specific responses illustrated in Table 10, many farmers had 
instigated a number of different noise injury prevention strategies from across the spectrum, rather 
than a single strategy. Three had done OH&S courses and/or had implemented formal OH&S plans on 
the farm. An example of a multi-faceted strategy demonstrates what can be achieved in the way of 
changing behaviours to reduce noise injury risk on a farm.  
 

‘I always wear earmuffs now and I will not allow employees to operate noisy equipment 
without them. We have rearranged the workshop, repaired noisy equipment, and we now limit 
time exposed to noise.’ 

 
Forty-one per cent of all survey respondents had instigated strategies to reduce noise exposure beyond 
the personal use of personal hearing protection alone. 
 
 
Further management of hearing problems 
Twenty-five per cent of those recommended to seek further hearing consultation followed through 
with the advice provided.  In addition, 15 per cent of those suffering from tinnitus sought further 
information on its management. 
 
 
Program satisfaction 
Table 11 shows the level of satisfaction expressed by farmers exposed to the screening program.  
Participants expressed a high level of satisfaction with the program with very few reporting that the 
program was not helpful. 
 
 

Table 11 
Program satisfaction 

 
 Very 

helpful 
% 

Helpful 
 

% 

Not 
helpful 

% 

Not relevant– 
unsure 

% 
Information on hearing protection 46 49 1 4 
Information on tinnitus 12 35 7 46 
Information on noise reduction 31 57 7 5 
Program staff 64 32 – 4 
Overall program 39 53 2 6 

 
Source: Evaluation of the New South Wales Rural Hearing Conservation Program. 

 
 
 
Eighty per cent of respondents reported that they fully understood the information that was provided to 
them by program staff.  Ninety-eight per cent felt that the field day hearing screening should continue 
and 97 per cent would recommend the program to other farmers. Finally, there were 197 responses to 
a question eliciting advice on program improvement (Figure 1).  The predominant suggestions were to 
improve the quality of the information provided to farmers, to have a quieter area to conduct the actual 
hearing screening, and to educate younger farmers. 
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Figure 1 
Recommended areas of program improvement 
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Source: Evaluation of the New South Wales Rural Hearing Conservation Program. 

 
 
 
DISCUSSION 

It is clear from these results that the New South Wales Rural Hearing Conservation Program has had 
an impact on farmers’ hearing conservation behaviour. Improvement in the use of personal hearing 
protection ranged from 6.7 per cent during the use of firearms to 21.3 per cent in workshop 
environments. In addition, 41 per cent of farmers had initiated strategies to reduce noise exposure 
beyond the use of personal hearing protection, which included engineering, maintenance, and noise 
avoidance solutions. 
 
There has been little previous work that has examined hearing conservation behaviour across farm 
commodity groups. Studies have reported that the use of personal hearing protection varies 
considerably based on specific farm tasks.1,5,16 In addition, variation among the trade classifications of 
construction workers has been noted in the uptake of personal hearing protection.25 Work undertaken 
by Depczynski et al.26 found a tendency for vegetable production enterprises to be of smaller acreage, 
where the uncabined tractor is the main workhorse being used up to about 7–8 hours per day. With 
cabined tractor noise emissions around 91 decibels, the need for personal hearing protection may be 
more apparent to such a farmer, as without it, he would most likely have tinnitus by the end of the day. 
For grain producers, the uncabined tractor tends to be the ‘grandfather tractor’, only used for ‘odd 
jobs’ of short duration—perhaps less likely to be perceived by farmers to be a hazard to hearing 
health, so they are less likely to wear hearing protection when working with this type of tractor. 

 



  

15 

In the present study, there was considerable variation in the use of personal hearing protection by 
commodity group and usage scenario. When controlling for age, gender, history of hearing loss, and 
hearing deficit, almost all commodity groups were significantly less likely to use personal hearing 
protection when compared to mixed farmers. This likely relates to the typical farm activities that vary 
across commodity groups.  For example, from this study, vegetable farmers had little opportunity to be 
exposed to chainsaws; farms with sheep and cattle appeared to have less exposure to tractors; whereas 
farmers who work in a mixed farming environment would have greater exposure to a wider variety of 
noise creating equipment, and perhaps a greater perception of the need to use personal hearing 
protection for the greater range of tasks. Overall, the use of personal hearing protection was greatest 
for vegetable farmers and least for fruit, poultry, and cotton farmers.  The majority of farmers 
participating in the program were from mixed farms where 82 per cent of farmers maintained or 
improved use of personal hearing protection.  
 
 
Factors related to use of personal hearing protection 
Other characteristics related to the use of personal hearing protection post-program were male gender, 
tinnitus, the presence of severe noise induced hearing loss, and years since screened. It should be 
noted that males were targeted as part of the program. Farm females have been found to have less 
hearing loss than equivalent farm males.12,13 The lower uptake of personal hearing protection among 
women is likely related to exposure, where farm females would be less likely to participate in noise 
hazardous tasks. This lower exposure may influence women’s behaviour in choosing personal hearing 
protection, as its routine use may not be established in the same manner as that of males. In industrial 
settings where work tasks are similar, gender does not appear to affect the rate of personal hearing 
protection.27

 
Individuals who were suffering the consequences of noise exposure (tinnitus and severe noise induced 
hearing loss) were also more likely to use personal hearing protection at the time of the follow-up 
survey. Perceived susceptibility has been found to positively influence personal hearing protection use 
in other industries.28 Those who have been noticeably affected by noise damage may be more inclined 
to want to preserve what hearing capacity remains. 
 
Unlike many health promotion activities, the field day screening appears to have more of an effect on 
participant’s behaviour as time extends from field day contact. It may take extended periods of time to 
make recommended changes on farms regarding noise reduction and the use of personal hearing 
protection. Costs incurred from the implementation of noise reduction strategies would be a factor, so 
a slow phasing in of hearing conservation strategies most likely occurs. 
 
Factors negatively associated with the uptake of personal hearing protection included age and a family 
history of hearing loss. Among blue collar workers, increasing age has been found to negatively affect 
personal hearing protection use.27 Older farmers may be less inclined to adopt new practices than 
younger farmers or may question the efficacy of personal hearing protection use. 
    
Hearing loss in a farm family may be considered one of the inevitable risks of farm life. This may be 
particularly true if children have grown up with parents that are suffering from a significant hearing 
loss. Findings with Appalachian Mountain coal workers who in many cases are multigenerational 
miners, suggest a willingness to accept the inevitability of hearing loss as part of the risk of being a 
miner.29 This view may be similar for other multigenerational industries such as farming. 

 
Program satisfaction 
Farmers’ satisfaction with the overall New South Wales Rural Hearing Conservation Program could 
be considered high. No individual reported that the program delivery staff were unhelpful and only 7 
per cent found the information on noise reduction strategies to not be of use. In addition, 50 per cent of 
respondents thought the program should remain as is. 
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Recommendations were focused on program delivery rather than program value. Farmers thought 
more information would be of use, and many thought that a quieter area for the actual screening would 
be advantageous. Interestingly, many farmers felt that the program should incorporate strategies to 
contact and educate younger farmers about the risk of hearing loss. This is an important finding as 
research has found that hearing loss on farms begins at an early age.5,10,25 The farm community itself 
appears to be in agreement with what health professionals have observed and what health researchers 
have confirmed about the threats to hearing in the younger farming population. 
 
 
Limitations 
There are several limitations that need to be highlighted regarding this evaluation. The first, and 
perhaps most important, is that this particular study design did not control for other concurrent 
programs or public service campaigns designed to improve hearing conservation behaviour in New 
South Wales farmers. However, to our knowledge, there were no organised broad-based programs 
conducted that were focused on farmers and hearing during the period of this evaluation. 
   
Another limitation is that there are significant differences between responders and non-responders 
with regard to age, farming experience, and hearing loss. As all of these variables are related to the 
use–uptake of personal hearing protection, the estimates reported here may be somewhat biased.  
However, the older age coupled with the greater measured hearing loss of respondents may have a 
cancellation effect on each other. The magnitudes of the effects of either variable on the results of this 
study are not known. 
 
Notwithstanding the error associated with these limitations, we attempted to control the study by 
matching individuals’ baseline characteristics to their follow-up surveys.  This would lower the overall 
error associated with measuring groups of individuals at 2 points in time. Finally, by using a 
systematic data collection approach, the response rate reached an acceptable 64 per cent. 
 
 
Further directions 
This evaluation only looked at the direct results of the program and not at any ancillary benefits, or the 
cost of running the program. The program is often run in conjunction with other health promotion 
activities at field days, such as nutrition education, child injury prevention, skin cancer prevention, and 
physical activity. The program has proved popular with the farming community and as such demand 
often outstrips the capacity to provide the service. Many, while waiting to have their hearing screened, 
participate in other health promotion programs. As such, a further look at the ancillary benefits 
provide by the program is warranted. 
 
As with many health promotion activities, the costs and benefits to the individual, community and 
health system remain unknown and it would be very useful if a cost–benefit analysis was undertaken. 
As part of the cost–benefit analysis sustainability should be examined. 
 
As the program has been running for many years, revision of the material, reprinting and making 
available in an electronic format, ensures that the program remains current and relevant to farmers.   
 
 
RECOMMENDATION 

Based on the results of this study it is recommended that the New South Wales Rural Hearing 
Conservation Program be continued and where possible expanded. While this has implications for 
resourcing, the results of this study clearly show that farmers’ behaviour in relation to noise injury 
prevention improved as a result being part of the program. 
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APPENDICES 

 
Appendix 1: Questionnaires 
 
Field Day, Side A 
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Field Day, Side B 
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Follow-up questionnaire, Page 1 
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Follow-up questionnaire, Page 2 
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Follow-up questionnaire, Page 3 
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Follow-up questionnaire, Page 4 
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Appendix 2: Postcards 
 
Postcard 1 

 
 
Postcard 2 
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Appendix 3 : Additional data 

 
Cattle 

Situation 
 
 
 

Baseline 
‘always 

use’ 
 
 

% 

Frequency of 
use increased 
or stayed at 
‘always use’ 

 
% 

Frequency of 
use stayed at 
‘sometimes’ 

 
 

% 

Frequency of 
use 

decreased or 
stayed at 

‘never use’ 
% 

Baseline 
‘never 
use’ 

 
 

% 
Uncabined tractors 36.4 35.7 25.0 39.3 27.3 
Chainsaws 52.6 61.8 17.6 20.6 28.9 
Firearms 11.5 28.6 42.9 28.6 65.4 
Workshops 29.0 42.9 10.7 46.4 51.6 

 
 
Cereal grains 

Situation 
 
 
 

Baseline 
‘always 

use’ 
 
 

% 

Frequency of 
use increased 
or stayed at 
‘always use’ 

 
% 

Frequency of 
use stayed at 
‘sometimes’ 

 
 

% 

Frequency of 
use 

decreased or 
stayed at 

‘never use’ 
% 

Baseline 
‘never 
use’ 

 
 

% 
Uncabined tractors 25.0 25.0 12.5 62.5 58.3 
Chainsaws 30.0 50.0 20.0 30.0 42.9 
Firearms 36.4 9.1 81.8 9.1 57.1 
Workshops 6.7 57.1 14.3 28.6 66.7 

 
 
Cotton 

Situation 
 
 
 

Baseline 
‘always 

use’ 
 
 

% 

Frequency of 
use increased 
or stayed at 
‘always use’ 

 
% 

Frequency of 
use stayed at 
‘sometimes’ 

 
 

% 

Frequency of 
use 

decreased or 
stayed at 

‘never use’ 
% 

Baseline 
‘never 
use’ 

 
 

% 
Uncabined tractors 0.0 0.0 60.0 40.0 28.6 
Chainsaws 25.0 62.5 37.5 0.0 37.5 
Firearms 0.0 0.0 40.0 60.0 100 
Workshops 20.0 40.0 20.0 40.0 40.0 

 
 
Dairy 

Situation 
 
 
 

Baseline 
‘always 

use’ 
 
 

% 

Frequency of 
use increased 
or stayed at 
‘always use’ 

 
% 

Frequency of 
use stayed at 
‘sometimes’ 

 
 

% 

Frequency of 
use 

decreased or 
stayed at 

‘never use’ 
% 

Baseline 
‘never 
use’ 

 
 

% 
Uncabined tractors 33.3 62.5 37.5 0.0 33.3 
Chainsaws 25.0 66.7 8.3 25.0 41.7 
Firearms 20.0 20.0 60.0 20.0 50.0 
Workshops 25.0 50.0 0.0 50.0 58.3 
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Fruit 
Situation 
 
 
 

Baseline 
‘always 

use’ 
 
 

% 

Frequency of 
use increased 
or stayed at 
‘always use’ 

 
% 

Frequency of 
use stayed at 
‘sometimes’ 

 
 

% 

Frequency of 
use 

decreased or 
stayed at 

‘never use’ 
% 

Baseline 
‘never 
use’ 

 
 

% 
Uncabined tractors 33.3 50.0 14.3 35.7 40.0 
Chainsaws 30.8 55.6 11.1 33.3 42.9 
Firearms 14.3 33.3 50.0 16.7 88.7 
Workshops 35.7 36.4 18.2 45.5 58.3 

 
 
 
Mixed farms 

Situation 
 
 
 

Baseline 
‘always 

use’ 
 
 

% 

Frequency of 
use increased 
or stayed at 
‘always use’ 

 
% 

Frequency of 
use stayed at 
‘sometimes’ 

 
 

% 

Frequency of 
use 

decreased or 
stayed at 

‘never use’ 
% 

Baseline 
‘never 
use’ 

 
 

% 
Uncabined tractors 35.1 54.0 24.0 22.0 31.6 
Chainsaws 44.5 63.5 7.7 28.8 42.9 
Firearms 26.5 25.5 48.9 25.5 57.1 
Workshops 11.7 31.6 22.5 45.6 58.3 

 
 
Mixed sheep–cattle 

Situation 
 
 
 

Baseline 
‘always 

use’ 
 
 

% 

Frequency of 
use increased 
or stayed at 
‘always use’ 

 
% 

Frequency of 
use stayed at 
‘sometimes’ 

 
 

% 

Frequency of 
use 

decreased or 
stayed at 

‘never use’ 
% 

Baseline 
‘never 
use’ 

 
 

% 
Uncabined tractors 28.6 26.9 23.1 50.0 39.3 
Chainsaws 44.5 44.4 18.5 37.0 35.7 
Firearms 3.8 22.2 51.9 25.9 84.6 
Workshops 8.3 34.8 17.4 47.8 66.7 

 
 
Nursery 

Situation 
 
 
 

Baseline 
‘always 

use’ 
 
 

% 

Frequency of 
use increased 
or stayed at 
‘always use’ 

 
% 

Frequency of 
use stayed at 
‘sometimes’ 

 
 

% 

Frequency of 
use 

decreased or 
stayed at 

‘never use’ 
% 

Baseline 
‘never 
use’ 

 
 

% 
Uncabined tractors 0.0 0.0 50.0 50.0 50.0 
Chainsaws 40.0 80.0 20.0 0.0 20.0 
Firearms 0.0 50.0 0.0 50.0 100.0 
Workshops 50.0 25.0 0.0 75.0 50.0 

 
 
Other farms 

Situation 
 
 
 

Baseline 
‘always 

use’ 
 
 

% 

Frequency of 
use increased 
or stayed at 
‘always use’ 

 
% 

Frequency of 
use stayed at 
‘sometimes’ 

 
 

% 

Frequency of 
use 

decreased or 
stayed at 

‘never use’ 
% 

Baseline 
‘never 
use’ 

 
 

% 
Uncabined tractors 50.0 53.8 7.7 38.5 35.7 
Chainsaws 40.0 57.1 21.4 21.4 20.0 
Firearms 18.2 27.3 45.5 27.3 63.6 
Workshops 26.7 46.7 13.3 40.0 33.3 
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Poultry 
Situation 
 
 
 

Baseline 
‘always 

use’ 
 
 

% 

Frequency of 
use increased 
or stayed at 
‘always use’ 

 
% 

Frequency of 
use stayed at 
‘sometimes’ 

 
 

% 

Frequency of 
use 

decreased or 
stayed at 

‘never use’ 
% 

Baseline 
‘never 
use’ 

 
 

% 
Uncabined tractors 9.1 44.4 22.2 33.3 72.7 
Chainsaws 20.0 62.5 12.5 25.0 60.0 
Firearms 0.0 50.0 25.0 25.0 100.0 
Workshops 12.5 33.3 0.0 67.7 75.0 

 
 
Sheep 

Situation 
 
 
 

Baseline 
‘always 

use’ 
 
 

% 

Frequency of 
use increased 
or stayed at 
‘always use’ 

 
% 

Frequency of 
use stayed at 
‘sometimes’ 

 
 

% 

Frequency of 
use 

decreased or 
stayed at 

‘never use’ 
% 

Baseline 
‘never 
use’ 

 
 

% 
Uncabined tractors 50.0 80.0 0.0 20.0 31.6 
Chainsaws 57.1 83.3 0.0 16.7 28.6 
Firearms 42.9 33.3 50.0 16.7 14.3 
Workshops 16.7 83.3 0.0 16.7 50.0 

 
 
Vegetables 

Situation 
 
 
 

Baseline 
‘always 

use’ 
 
 

% 

Frequency of 
use increased 
or stayed at 
‘always use’ 

 
% 

Frequency of 
use stayed at 
‘sometimes’ 

 
 

% 

Frequency of 
use 

decreased or 
stayed at 

‘never use’ 
% 

Baseline 
‘never 
use’ 

 
 

% 
Uncabined tractors 100.0 100.0 0.0 0.0 0.0 
Chainsaws 33.3 0.0 0.0 100.0 66.7 
Firearms 0.0 0.0 50.0 50.0 100.0 
Workshops 33.3 0.0 0.0 100.0 66.7 

 
 
Nursery 

Situation 
 
 
 

Baseline 
‘always 

use’ 
 
 

% 

Frequency of 
use increased 
or stayed at 
‘always use’ 

 
% 

Frequency of 
use stayed at 
‘sometimes’ 

 
 

% 

Frequency of 
use 

decreased or 
stayed at 

‘never use’ 
% 

Baseline 
‘never 
use’ 

 
 

% 
Uncabined tractors 0.0 0.0 50.0 50.0 50.0 
Chainsaws 40.0 80.0 20.0 0.0 20.0 
Firearms 0.0 50.0 0.0 50.0 100.0 
Workshops 50.0 25.0 0.0 75.0 50.0 
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