


453

Safety, Reliability and Risk Analysis: Beyond the Horizon – Steenbergen et al. (Eds)
© 2014 Taylor & Francis Group, London, ISBN 978-1-138-00123-7

The influence of shift work in the use of hearing protection devices

S. Costa & P.M. Arezes
Human Engineering Group, Centre for Industrial and Technology Management,
School of Engineering, University of Minho, Guimarães, Portugal

ABSTRACT: The use of Hearing Protection Devices (HPDs) is still, to this day, the preferred measure 
by the companies’ decision-makers to prevent workers’ hearing loss. Nevertheless, it is well known that the 
HPDs’ potential for effective protection is not fully achieved unless these devices are worn during the total 
amount of time they are needed, in other words, whenever workers are exposed to high levels of noise. 
Thus, it is of great importance to assess the HPDs’ use, or non-use, by workers. Many factors have been 
pointed out as being responsible for the non-use of the HPDs by workers, including: lack of motivation, 
poor training and discomfort. The observation of workers in their real-work context has given rise to the 
speculation that the use of the devices depends also on the work paradigm. This paper aims at clarifying 
the relationship between the work done in shifts and the use of HPDs.

1 INTRoDuCTIoN

The motivation for this work arose from the esti-
mates presented by NIoSH (National Institute for 
occupational Safety and Health), which indicate 
twenty-two million workers worldwide perform 
their professional activity in potentially damag-
ing noise environments, per year. The most direct 
consequence of exposure to occupational noise is 
Noise-Induced Hearing Loss (NIHL) and, given 
the high prevalence of NIHL in workers of trades 
that present hazardous levels of noise, occupa-
tional hygiene does not appear to be effective in its 
purpose (NIoSH, 2011).

In terms of NIHL prevention, the use of Hear-
ing Protection Devices (HPDs) is still, to this day, the 
preferred measure by the companies’ decision-makers 
to prevent workers’ hearing loss (Malchaire & Piette 
1997, Riko & Alberti 1983, Seixas et al. 2010).

Considering the aforementioned, it seems rea-
sonable to conclude that HPDs are not effectively 
protecting workers from hearing disorders. In fact, 
it is well known that the HPDs’ potential for effec-
tive protection is not fully achieved unless these 
devices are worn during the total amount of time 
they are needed, in other words, whenever workers 
are exposed to high levels of noise (Brady, 1999).

Thus, it is of great importance to assess the 
HPDs’ periods of use, or non-use, by workers.

Withal, occupational exposure to noise has also 
been identified as a stressor, influencing physiologi-
cal processes, associated with hypertension and other 
illnesses (Lusk 2002, Stansfeld, 2003). These disor-
ders are known as non-auditory effects, which are 

divided into two categories—physiological effects 
and performance effects, and include contraction of 
the muscles in the presence of loud noise, changes in 
the respiratory rhythm, in the heart beat pattern and 
in the diameter of the blood vessels, especially in the 
skin, annoyance, stress, and impaired verbal com-
munication (Van Dijk 1986, CCoSH 2007).

Furthermore, noisy industries appear to register 
higher absenteeism rates. However, it is yet to be 
known if  the latter is a consequence of psychologi-
cal aversion to noise or if  it results from physiologi-
cal consequences of noise stress (CCoSH 2007). 
The relevance of the issue of the use of HPDs is 
further aggravated by the role of the devices in the 
prevention of, such as NIHL, these non-auditory 
disorders, rendering more positive health out-
comes and constituting an important predictor of 
the decrease of blood pressure (Lusk 2002).

For a better sense of the importance of this 
issue, it should be noted that NIHL is a permanent, 
chronic irreversible illness, from which workers 
can be spared from by implementation of proper 
hearing conservation programs, which can include 
the use of HPDs—the most used resource in the 
prevention of NIHL (Alberti 1992, Edelson et al. 
2009, Goelzer et al. 2001, Lusk 2002, Rabinowitz, 
2000, Valoski 1997).

Apparently simple to solve, this problem is per-
petuated in the occupational settings, due to the 
low rates of use of HPDs (McCullagh 2002).

The search for an explanation of this phenom-
enon has motivated several researches, providing 
a bulk of information regarding the predictors of 
the use of HPDs.
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Predictors are a variety of agents that exist in the 
occupational context and arise as factors that may 
be the cause of a demeanor (Arezes & Miguel 2012, 
Edelson et al. 2009, Griffin et al. 2009,  Kushnir 
et al. 2006, Lusk et al. 2004, Sbihi et al. 2010), 
that originate an insight (Alayrac et al. 2010), or 
that have influence on exposure (Abel et al. 1985, 
Burstyn et al. 2000, Cavallari et al. 2012).

The predictors of the use of HPDs have been 
identified and include: individual risk perception, 
subjective opinion on the company’s safety climate, 
individual judgment on comfort, noise annoyance, 
education, age, trade group, seniority, perceived 
barriers to the use of HPDs and self-efficacy in 
their use, acknowledged value of the use of HPDs 
and deriving benefits, gender, ethnicity, dysfunc-
tional thinking patterns and self-perceived suscep-
tibility to hearing loss (Costa & Arezes, 2013).

The observation of workers in their real-work 
context has given rise to the speculation that the 
use of the devices depends also on the work par-
adigm, besides the many factors that have been 
pointed out as being responsible for the use/non-
use of HPDs by workers.

understanding the influence of the work par-
adigm in the use of HPDs, having been proved 
the hypothesis that the time percentages of use 
of HPDs are significantly lower for workers who 
perform their professional activity overnight than 
for workers who perform their professional activ-
ity during the day, will provide further information 
to assist decision-making in strategies to increase 
HPDs’ use and decrease the risk of NIHL.

The Council Directive (EC) 2003/88/EC of 
4 November 2003 concerning certain aspects of the 
organisation of working time defines “shift work” 
as a work arrangement system in shifts, by which 
the same work stations are sequentially occupied 
by different workers following a given continuous 
or discontinuous pattern, for example, a rotating 
pattern, causing workers to labour in staggered 
times for a certain period of time (EC 2003).

Hence, this paper aims at clarifying the relation-
ship between the relative time of use of HPDs by 
shift workers and by regular workers. In addition, 
this study proposes to compare the percentage of 
time of use of HPDs by workers who labour dur-
ing the night shift and the percentage of time of 
use of HPDs by workers who labour during the 
day shift.

ultimately, the expectation is to be able to estab-
lish shift work as a predictor of the use of HPDs.

2 MATERIALS AND METHoD

Data regarding the use of hearing protection were 
collected in four companies’ plants in northern 

Portugal: three textile companies and a cartonnage 
company.

All workers, to whom the use HPDs was, at 
least, recommended, were invited to participate 
in a survey about health and hearing protection, 
which included a self-report item of the use of 
HPDs. In this item, workers were asked to indicate, 
in a visual analog scale, the percentage of time they 
actually used HPDs, in relation to the time they 
were supposed to wear it, per day. Suggestion to 
assess whether shift work affected the use of HPDs 
was provided by supervisors who, through obser-
vation of workers, hypothesised that the percent-
age of time that shift workers wore the HPDs was 
different from the percentage of time that regular 
workers wore the HPDs.

Self-report was resorted to because of its feasi-
bility as a behaviour indicator of the use of HPDs, 
proved by the convenience, inexpensiveness and 
high validity of its use (Lusk et al. 1995).

Code numbers were used to maintain anonymity.
of the total number of subjects of  interest, 

281 workers delivered their questionnaires.  However, 
only 228 of those questionnaires have proved viable 
for the first part of the study  (questionnaires in 
which workers simultaneously responded to the 
working shift and the self-report use of HPDs and 
included shift workers), and less (138 questionnaires) 
were proved viable for the second part of this study 
(questionnaires in which workers simultaneously 
responded to the working shift and the self-report 
use of HPDs, excluding the shift workers).

3 RESuLTS

Tests were performed to check the assumption 
of normality of the data, which showed that the 
data did not follow a normal distribution. Further 
processing of the data was performed accordingly.

Hence, because there is only one outcome vari-
able (percentage of time using the HPDs), which is 
continuous, and one predictor categorical variable 
with two categories, where different participants 
were used in each categories, Mann-Whitney tests 
were used to compare the results and conclude 
about the significance of such results.

3.1 Part I—Shift work influence

Demographic data in percentages, as well as mean 
scores by the kind of working time organisation 
for age and the dependent variable are displayed 
in Table 1.

Sample A1 consists of regular time workers 
(n = 138). Ages range from 20 to 62 years old with 
a mean of 43.70 years old (M = 43.70, SD = 11.23). 
Most are male (91.3%) and 92.8% work in the 
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Table 2. Demographics and percentages,  including 
Mean Percentage of the use of HPDs, for workers 
who labour during the day and for workers who labour 
 overnight (n = 228).

Working period

Day (n = 100) Night (n = 38)

Mean SD Mean SD

Age 42.53 11.72 46.79  9.28
% use of  HPDs 63.26 33.77 49.11 35.09

% %MV* % %MV*

Gender
 Male 88.0 0.0 100.0 0.0
Education
 ≥9th grade 35.0 8.0 18.5 7.9
Trade
 Textile 91.0 0.0 97.4 0.0

%MV* Percentage of missing values.

Table 1. Demographics and percentages, including 
Mean Percentage of the use of HPDs, for shift workers 
and for regular time workers (n = 228).

Work  
organisation

Regular (n = 138) Shift (n = 90)

Mean SD Mean SD

Age 43.70 11.23 34.47 10.87
% use of  HPDs 59.36 34.60 81.14 21.75

% %MV* % %MV*

Gender
 Male 91.3 0.0 88.9 0.0
Education
 ≥9th grade 30.4 8.0 84.3 4.4
Trade
 Textile 92.8 0.0 95.6 0.0

%MV* Percentage of missing values.

 textile industry. 30.4% have an education at the 
ninth grade level or higher, of which only 30.92% 
have completed high school education, includ-
ing one university graduate worker (8% did not 
respond to this item). over half  of the respond-
ents (51.4%), self-reported their percentage of time 
using HPDs to be lower than 70%.

Sample A2 consists of shift workers (n = 90). 
Ages range from 20 to 60 years old with a mean of 
34.47 years old (M = 34.47, SD = 10.87). Most work-
ers are male (88.9%) and 95.6% work in the textile 
industry. 84.3% have an education at the ninth grade 
level or higher, of which 51.36% have completed 
high school education (4.4% did not respond to 
this item). Almost half of the respondents (46.7%) 
self-reported their percentage of time using HPDs 
to be equal or higher than 90%. From Table 1, it 
can be observed that shift workers reported a 
higher use of HPDs (M = 81.14, SD = 21.75) than 
workers from regular working time (M = 59.36, 
SD = 34.60).  Nevertheless it is important to verify if  
these obtained difference is statistically significant. 
In fact, the Mann-Whitney test performed shows 
that this difference is indeed significant, i.e., the per-
centage of time of use of HPDs by shift workers 
(Mdn = 89.00) is significantly different from work-
ers who labour during regular time (Mdn = 69.00), 
U = 4131.50, z = −4.28, p < 0.01, r = −0.28, N = 228.

3.2 Part II—Influence of the working period  
of the day

Demographic data in percentages, as well as mean 
scores by working period for age and the depend-
ent variable are displayed in Table 2.

Sample B1 consists of workers who labour during 
daytime (n = 100). Ages range from 20 to 62 years 

old with a mean of 42.53 years old (M = 42.53, 
SD = 11.72). Most are male (88.0%) and 91.0% 
work in the textile industry. 35.0% have an educa-
tion at the ninth grade level or higher, of which 
only 31.43% have completed high school educa-
tion, including one university graduate worker (8% 
did not respond to this item). Half  of the respond-
ents (50.0%) self-reported their percentage of time 
using HPDs to be lower than 80%.

Sample B2 consists of workers who labour 
 overnight (n = 38). Ages range from 21 to 59 years 
old with a mean of 46.79 years old (M = 46.79, 
SD = 9.28). All workers are male (100.0%) and 
97.4% work in the textile industry. 18.5% have an 
education at the ninth grade level or higher, of 
which only 28.65% have completed high school 
education (7.9% did not respond to this item). over 
60% of the respondents (60.5%) self-reported their 
percentage of time using HPDs to be lower than 
60%. Table 2, shows that workers who labour during 
daytime reported a higher use of HPDs (M = 63.26, 
SD = 33.77) than workers from regular working 
time (M = 49.11, SD = 35.09). Nevertheless it is 
important to verify if  these obtained difference is 
statistically significant. In fact, the Mann-Whitney 
test performed shows that this difference is indeed 
significant, i.e., the percentage of time of use of 
HPDs by workers who labour during daytime 
(Mdn = 78.00) is significantly different from workers 
who labour overnight (Mdn = 50.00), U = 1441.50, 
z = −2.19, p < 0.05, r = −0.19, N = 138.

4 DISCuSSIoN

The objective of this research was to clarify the 
relationship between the working time  organisation 
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and the use of HPDs, as well as to compare the use 
of HPDs between workers who labour overnight 
and workers who labour during daytime. These 
data would ultimately allow for the establishment 
of whether the shift work was or was not a predic-
tor of the use of HPDs.

Results show that there is a significant difference 
between the relative time of use of HPDs between 
both groups that constitute the two types of 
working time organisation. In fact, shift  workers’ 
percentage time of use of HPDs are higher than 
regular time workers’. Moreover, the organisation 
of the working time has a small to medium effect 
over the use of HPDs.

Also, it can be observed that workers who perform 
their professional activity overnight use significantly 
less their HPDs, relatively to workers who perform 
their professional activity during the day. This means 
that the shift work has an influence in the use of 
HPDs, even though it represents a small effect.

However, this is not a surprising result, and can 
be explained by the fact that night shifts are more 
“relaxed”, i.e., less likely to be subject to audits, 
and less supervised. Moreover, a part of this result 
may be explained by the fact that men exclusively 
form sample B2, and gender is a known predictor 
of the use of HPDs.

on the other hand, as stated before, there are 
many predictors to the use of HPDs, so it seems 
reasonable that some of them will have less impact 
in the use of HPDs’ behaviour than others, and the 
work shift is one of the predictors with less effect.

5 CoNCLuSIoNS

Taking into account the results obtained with 
respect to what has been proposed to assess with 
this work, it is concluded that the work shift influ-
ences the use of HPDs and that shift workers’ 
relative use of HPDs is significantly higher than 
workers in regular working time organisations.

In addition, it is concluded that, overnight, the 
percentage of time of use of HPDs is significantly 
smaller than the percentage of time of use of HPDs 
during the daytime.

These results support the hypothesis posed by 
supervisors that, in fact, the work paradigm affects 
the use of HPDs.

Also, it is concluded that the work shift is a fac-
tor that explains the use of HPDs’, thus posing as 
a predictor of such behaviour.

6 FuTuRE WoRK

To better fundament this study, a strategy of obser-
vation through sampling of the workers is being 
developed, that scans all work paradigms (shifts).
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