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Abstract

Background/Objectives: This research focuses on the increasing presence of older workers
in the labor market, a group particularly vulnerable to hearing problems due to age-related
changes and prolonged noise exposure. Methods: The research combines theoretical and
empirical approaches to investigate the impact of noise on the workplaces of older employ-
ees. The empirical component is based on two primary methods: a survey and audiometric
testing to assess participants’ hearing abilities. The study included a sample of 50 older
workers, all with diagnosed hearing loss. Results: The results of the survey showed that
most older workers are regularly exposed to noise at work, which has long-term nega-
tive effects on their hearing. This highlights the need to introduce appropriate protective
measures such as personal protective equipment, insulation of noise sources, and raising
awareness about the dangers of noise. In addition to the questionnaire survey, the analysis
of hearing measurements revealed that all respondents had significant bilateral hearing
loss, with sensorineural hearing loss being the most prevalent type. Conclusions: This
study highlights the negative impact of chronic noise exposure in the workplace on the
hearing, communication and productivity of older workers and emphasizes the impor-
tance of combining preventive measures, hearing protection and workplace adaptations to
promote their well-being and performance.

Keywords: hearing dysfunction; older workers; noise exposure; ergonomics; audiometric
assessments; workers’ perception

1. Introduction

In today’s society, living conditions are constantly improving, partly due to increased
awareness of healthier lifestyles. One of the main reasons for the increase in life expectancy
is the significant advances in the field of medicine. When these factors are considered
together with declining birth rates and migration trends, it becomes clear that the average
age of the European population is steadily increasing [1].

Population aging is a global trend that has led to a steady increase in the number of
older workers on the labor market [2]. This demographic shift brings with it particular
challenges, as aging is often accompanied by natural physiological changes, one of the most
common of which is hearing loss [3]. Hearing plays a crucial role in ensuring quality of life,
effective communication and social inclusion for older workers. Importantly, hearing loss
not only affects individuals, but also has far-reaching implications for organizations and
society as a whole [4]. People with hearing loss often tend to withdraw socially, which can
lead to isolation and depression. Research has shown that “noise exposure associated with
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advancing age can lead to a deterioration in quality of life by impairing communication,
social interactions and mental health” [5]. In response to increasing scientific knowledge
about the health risks associated with noise exposure [6] and the introduction of stricter
legal standards [7], considerable progress has been made in noise reduction and noise pro-
tection systems in recent years [8]. However, despite these developments, noise exposure
remains an important issue for older workers, who may be more susceptible to the negative
effects of noise.

With increasing age, hearing naturally declines due to degenerative changes in the
auditory system. With increasing age, the prevalence of chronic diseases such as diabetes
and high blood pressure also increases, which can further favor the deterioration of hearing.
It is well known that hearing is affected by cumulative noise exposure over time—a factor
that becomes increasingly important as we undergo aging. As noted in previous studies
(e.g., [9]), age-related hearing loss (ARHL) and chronic disease often form a negative cycle in
which deteriorating hearing and poor health are closely linked [10]. Based on a bibliometric
analysis of ARHL and the identification of citation bursts, the growing importance of and
research interest in ARHL-related studies in recent years can be clearly demonstrated [11].

As the population ages, it is increasingly important to understand the needs and
challenges of older workers to ensure sustainable and inclusive employment practices [12].
Previous research has examined the impact of noise exposure in the workplace from the
perspective of older workers, highlighting the negative effects on hearing health, com-
munication skills and overall work performance [13]. Despite the growing awareness of
the effects of occupational noise on older workers, most existing studies tend to examine
either the physiological effects of noise exposure through audiometric testing [14] or the
subjective experiences of workers through surveys [15]—rarely both. This discrepancy
limits a holistic understanding of how measurable hearing impairment relates to perceived
workplace support and ergonomic adjustments. Furthermore, the literature often overlooks
how older workers themselves perceive the appropriateness of noise reduction strategies
and hearing-related adjustments in their work environment. To address this gap, the
present study combines objective hearing tests with survey data on workers’ perceptions of
workplace ergonomics and hearing protection. This combined approach enables a more
comprehensive assessment of the interactions between noise exposure, hearing loss and per-
ceived organizational support that affect older workers” well-being and work performance.
The study therefore fills a critical gap in the literature by examining how older workers eval-
uate the relevance and appropriateness of noise reduction strategies and hearing-related
adjustments in their work environment. This dual-focus approach contributes new insights
into the design of age-appropriate and ergonomically supportive workplaces.

The remainder of this paper is organized as follows. Section 2 describes the materials
and methods and explains the mixed-methods approach used in the study, which com-
bined a structured survey with audiometric assessments of respondents” hearing. Section 3
presents the key findings, which include both the quantitative hearing data and the partici-
pants’ perceptions of ergonomic measures in the workplace. Section 4 discusses the findings
in relation to existing research, emphasizing the implications for hearing preservation and
ergonomic adaptation in the aging workforce. Finally, Section 5 concludes the paper with
a summary of key findings, methodological limitations and recommendations for future
research and practice.

2. Materials and Methods

This study combines theoretical and empirical approaches to investigate the effects of
noise on the workplaces of older workers. In the theoretical part, data were collected using
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descriptive and analytical methods, drawing on existing literature on topics such as older
workers, hearing, hearing aids and working conditions in noisy environments.

The empirical part of the study is based on two key methods: a survey and the
measurement of the respondents’ hearing ability. The survey was conducted both physically
and online and was completed by 50 older workers diagnosed with hearing loss. For the
purposes of this study, an older worker is defined as a person over the age of 50, in line
with the definitions commonly used in the existing literature [16]. A purposive sampling
strategy was used to recruit participants who met the following criteria: aged 50 years or
older, currently employed or in the early stages of retirement, and formally diagnosed with
hearing loss by a certified otorhinolaryngologist. Participants were selected from the client
base of AUDIO BM d.o.o0. and invited to participate either online or in person. Although
the sample was not randomly selected, the targeted approach ensured the inclusion of
individuals directly relevant to the research objectives. A 100% response rate was achieved,
and all participants provided informed consent. Data was collected using a structured
questionnaire and internal data analysis via AUDIO BM d.o.0.’s NOAH software system
(version 4.12.1). The majority of participants were aged 61-65 years (40%), followed
by those aged 56-60 years (36%) and 50-55 years (24%). The sample consisted of 60%
male and 40% female respondents (Table 1). The online survey was conducted using
1KA—One Click Survey (https://www.1ka.si/d/en; accessed between 19 January 2024
and 14 February 2024), while some older participants completed it in person at the AUDIO
BM branch in Kranj. Prior to participation, all respondents were informed by the research
team, who explained the purpose of the study and obtained informed consent for the
use of their audiograms (hearing measurements) for research purposes. The structured
questionnaire used in the study comprised a total of 32 questions, focusing on self-reported
hearing loss, occupational noise exposure, and the respondents’ perceptions of workplace
hearing protection and communication challenges. The questionnaire also included general
demographic items such as age and gender. For the purposes of this analysis, 15 of the
32 questions were selected based on their relevance to the study objectives. Some variables
were used in their original form, while others were recoded or aggregated to simplify
interpretation. The answers to the questionnaire were directly linked to the audiometric
data and personal information of the participants, allowing an integrated analysis of
subjective and objective indicators.

Table 1. Respondents’ profiles.

Age Category (Years) n %
50-55 12 24
56-60 18 36
61-65 20 40
Total 50 100
Male Female

Gender distribution (%) 60 40

The study participants selected were older workers with hearing loss whose diagnosis
had been confirmed by an ENT specialist. We analyzed audiometric data collected by
healthcare professionals and used encrypted respondent identifiers to link the data while
ensuring privacy and confidentiality.

Hearing loss was quantified using the Fowler method, a standardized approach that
estimates the percentage of hearing impairment based on pure-tone audiometry thresholds
at key speech frequencies [17]. Specifically, the Fowler-Sabine method—also known as
the American Medical Association (AMA) method—was employed [18,19]. This method
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calculates a frequency-weighted average of hearing thresholds at 500 Hz (15%), 1000 Hz
(30%), 2000 Hz (40%), and 4000 Hz (15%). Binaural hearing loss (%HL, Fowler) was
subsequently determined using the following formula:

(7 x Better Ear %) + (1 x Worse Ear %)
8

Binaural Loss (%) =

This methodology aligns with established clinical and medico-legal standards for
assessing functional hearing impairment in Slovenia.

3. Results

The analysis of the hearing measurements, as shown in Table 2, revealed a pronounced
bilateral hearing loss in all participants. The data clearly indicate that sensorineural hearing
loss predominates, which is consistent with its status as the most common form of hearing
impairment. This type of hearing loss is usually caused by damage to the inner ear or
auditory nerve and is often irreversible. The uniformity of findings in the sample suggests
a systemic or age-related etiology, which warrants further investigation into possible causes
such as noise exposure, genetic predisposition or ototoxic medication. However, this article
focuses primarily on the ergonomic factors that can contribute to or exacerbate hearing loss
and emphasizes the need for comprehensive prevention strategies in the workplace and
environmental settings.

Table 2. Analysis of speech frequency measurements within the 500 Hz to 4000 Hz range and
corresponding %HL (Fowler) calculations.

Right Ear (dB HL) Left Ear (dB HL) o
RespondentID 5, by, 100% Hz 2000Hz 4000Hz 500Hz 1000Hz 2000Hz 4000Hz °HL (Fowlen
R1 60 70 70 65 70 70 65 80 81.90%
R2 15 30 40 55 10 40 45 55 29.60%
R3 10 15 35 100 10 20 55 115 28.00%
R4 35 55 80 100 25 55 75 100 70.30%
R5 15 15 50 45 15 15 50 40 29.00%
R6 35 35 35 75 30 30 35 55 28.50%
R7 30 45 55 75 30 45 55 70 54.00%
R8 25 35 40 75 20 35 40 85 36.80%
R9 30 35 65 65 25 35 65 65 52.30%
R10 35 45 50 55 30 40 55 60 48.90%
R11 45 40 40 25 50 45 45 35 32.50%
R12 25 35 45 55 30 35 45 55 36.60%
R13 30 40 45 45 25 35 35 40 26.20%
R14 45 50 65 60 25 25 30 40 23.40%
R15 20 35 65 65 20 40 65 60 51.70%
R16 35 20 20 40 25 20 15 45 10.80%
R17 25 45 70 85 20 45 65 110 59.60%
R18 15 15 25 75 10 15 45 70 21.90%
R19 30 35 50 65 40 50 50 75 46.70%
R20 55 60 55 65 60 65 60 65 70.10%
R21 35 40 35 65 55 65 70 80 41.70%
R22 20 35 55 45 15 25 40 50 27.00%
R23 15 50 65 70 20 35 50 80 47.40%
R24 15 25 30 60 20 25 40 70 23.70%
R25 10 10 45 65 10 10 10 60 14.40%
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Table 2. Cont.
Right Ear (dB HL) Left Ear (dB HL) o
RespondentID o) () 100% Hz 2000Hz 4000Hz 500Hz 1000 Hz 2000 Hz 4000 Hz  eHL (Fowler)
R26 10 10 30 65 10 10 25 55 15.80%
R27 20 25 35 65 15 15 25 95 22.00%
R28 35 45 65 105 15 20 45 95 38.30%
R29 20 35 45 55 10 25 30 50 21.20%
R30 15 20 60 65 5 20 65 65 43.30%
R31 50 50 45 75 45 50 60 55 55.70%
R32 15 30 45 60 20 30 45 55 33.60%
R33 10 30 50 60 15 30 45 50 31.60%
R34 35 30 20 30 35 30 30 30 15.30%
R34 40 70 70 60 45 70 65 65 73.90%
R36 25 45 50 50 30 50 55 50 46.10%
R37 10 20 35 50 10 20 30 40 14.80%
R38 10 20 50 65 10 20 50 75 37.40%
R39 10 10 25 60 10 10 40 60 17.60%
R40 20 35 50 60 30 40 60 65 43.80%
R41 50 40 55 50 10 15 45 40 27.00%
R42 85 90 120 120 65 55 75 90 83.10%
R43 50 50 75 90 15 35 55 90 51.80%
R44 20 25 35 65 20 30 40 65 27.60%
R45 30 50 40 40 20 30 35 45 24.40%
R46 5 5 30 75 15 35 65 70 25.30%
R47 100 100 120 120 40 90 110 120 91.10%
R4S 20 20 30 70 90 85 85 90 33.20%
R49 30 35 40 50 25 30 45 55 31.60%
R50 5 5 35 50 20 15 55 70 20.70%
Average 2860 3620  49.70 65.00 2630 3560  49.70 66.0 38.38%

Note: Hearing thresholds were measured using pure-tone audiometry (PTA) and are expressed in decibels
Hearing Level (dB HL). %HL (Fowler) indicates the percentage of binaural hearing loss calculated using the
Fowler-Sabine (AMA) method, which uses frequency-weighted thresholds at 500 Hz (15%), 1000 Hz (30%),
2000 Hz (40%), and 4000 Hz (15%).

Furthermore, Figure 1 illustrates the average pure-tone hearing thresholds for the
right and left ear at the most important speech frequencies (500, 1000, 2000, and 4000 Hz).
The data reveal a gradual increase in hearing thresholds at higher frequencies, which is
consistent with typical age-related hearing loss patterns observed in the study population.
Both ears demonstrate similar audiometric profiles.

The hearing threshold data suggest the presence of different patterns of hearing im-
pairment among the respondents, possibly indicating different underlying pathological
mechanisms. However, without bone conduction measurements, a specific classification
into sensorineural, conductive or mixed types of hearing loss cannot be definitively con-
firmed. We calculated the average hearing loss at speech frequencies that are critical for the
perception of spoken language and environmental sounds. A slight asymmetry was found
between the left and right ear, with the left ear having an average hearing loss 2 decibels
(dB) higher than the right ear. Although this difference is relatively small, it can still affect
sound perception and communication in daily life [20].

In addition, we calculated the degree of hearing loss using the Fowler method, which
is based on the results of pure-tone audiometry at speech frequencies and provides a quan-
titative assessment of hearing loss in percent. The average hearing loss of the respondents
was 38.4 dB, which provides a comprehensive insight into the extent of hearing impair-
ment. The highest hearing loss measured using the Fowler method was 91.10% and the
lowest was 10.80%, illustrating the variability of hearing loss within the study population.
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Calculating hearing loss according to the Fowler method enables people who fulfill certain
criteria to receive aids such as vibrating alarm clocks, induction loops and telephones for
the hearing-impaired.

70
60
50
40
30

20

0

Average hearing threshold (dB HL)

500 1000 2000 4000

Frequency (Hz)
Avg Right Ear (dB HL) Avg Left Ear (dB HL)

Figure 1. Average hearing thresholds (in dB HL) across speech-relevant frequencies (500 Hz, 1000 Hz,
2000 Hz, and 4000 Hz) for the right and left ears of all respondents (1 = 50).

Table 3 (right ear) and Table 4 (left ear) show the results of the independent-samples
t-test, which was performed to test whether there are statistically significant differences in
the mean values between two independent groups. The respondents were divided into two
groups based on the median of the hearing loss calculated using the Fowler method. The
analysis shows that at a significance level of 5 (p > 0.05), the null hypothesis (Hy) cannot be
rejected. This means that there is no statistical evidence of significant differences between
the mean values of the two groups.

Table 3. Results of the t-test for individual frequencies critical for speech comprehension (500 Hz,
1000 Hz, 2000 Hz, and 4000 Hz)—right ear.

Frequency Symbol n M SD SEM t(p)
500 1 22 25.23 20.67 4.41 —0.45
2 19 27.63 11.59 2.66 (0.656)
1000 1 22 33.18 22.86 4.87 —0.64
2 19 36.84 10.17 2.33 (0.523)
2000 1 22 50.45 21.65 4.62 0.70
2 19 46.32 15.08 3.46 (0.489)
4000 1 22 68.18 18.87 4.02 1.19
2 19 61.05 19.48 4.47 (0.242)

Note: n represents the sample size, M denotes the arithmetic mean, SD stands for standard deviation, and SEM
refers to the standard error of the mean. Symbol 1 indicates a Fowler hearing loss score below the reference
median, while symbol 2 denotes a score above the reference median.

Our study found that 34% of respondents had been working in noisy environments
for less than 20 years, while 66% had been working in such environments for 20 years or
more. An independent t-test was performed to investigate whether mean %HL (Fowler)
scores differed according to duration of noise exposure (Table 5). The results showed no
statistically significant difference in hearing loss between those who had worked in noisy
environments for less than 20 years and those who had been exposed for 20 or more years.
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Table 4. Results of the t-test for individual frequencies critical for speech comprehension (500 Hz,
1000 Hz, 2000 Hz, and 4000 Hz)—left ear.

Frequency Symbol n M SD SEM t(p)
500 1 22 21.82 13.23 2.82 -1.22
2 19 27.89 18.51 4.25 (0.229)
1000 1 22 33.64 21.22 4.52 —0.74
2 19 37.89 14.08 3.23 (0.461)
2000 1 22 52.05 18.49 3.94 0.49
2 19 49.47 14.42 3.31 (0.626)
4000 1 22 68.18 19.91 4.25 0.70
2 19 63.42 23.69 5.44 (0.489)

Note: n represents the sample size, M denotes the arithmetic mean, SD stands for standard deviation, and SEM
refers to the standard error of the mean. Symbol 1 indicates a Fowler hearing loss score below the reference
median, while symbol 2 denotes a score above the reference median.

Table 5. Independent t-test results for %HL (Fowler) by duration of occupational noise exposure.

Independent t-Test Group n M SD SEM t(p)
o 1 17 39.23 21.38 5.19
JoHL (Fowler) 5 33 3795 18.50 392 0.22 (0.827)

Note: Response categories: 1 = less than 20 years of working in noisy environments; 2 = more than 20 years of
working in noisy environments.

In order to determine the proportion of respondents who answered “yes” to the
question of interest (e.g., Do you think your hearing has deteriorated since you started
working in the company where you have spent most of your career?), a binomial test with
a test quota of 0.50 was carried out (Table 6). Of the respondents, 66% (n = 27) answered
“yes” (Group 1), while 34% (n = 14) answered “no” (Group 2). The result of the two-sided
binomial test was p = 0.060. Although a larger proportion of respondents answered “yes”,
the difference from the expected 50% was not statistically significant at the usual alpha
level of 0.05. This suggests that although there is a tendency for more positive responses,
we cannot say with certainty that the proportion is significantly different from chance.
However, the result is marginal and could indicate a trend that should be investigated
further in future studies.

Table 6. Binomial test results for self-reported hearing deterioration since employment at pri-
mary workplace.

Binomial Test Group n Observed Prop. Test Prop. Exact Sig. (2-Tailed)
. S 1 27 0.66 0.50 0.060
Hearing deterioration 5 14 0.34

Note: Response categories: 1 = yes; 2 = no.

Furthermore, a total of 53.7% of respondents stated that they were rarely or occasion-
ally exposed to noise at work, while 46.3% were frequently or very frequently exposed to
noise. When analyzing the %HL (Fowler), no statistically significant difference was found
between the two groups of respondents, i.e., between those with scores below and those
with scores above the reference median (Table 7). These results suggest that the frequency
of noise exposure does not lead to a significant difference between those with lower and
higher levels of hearing loss as measured by %HL (Fowler). One possible explanation is
that factors beyond frequency of exposure—such as individual susceptibility, use of hearing
protection, type and intensity of noise, or non-occupational noise exposure—may play
a more influential role in the development of hearing loss. As a result, the frequency of
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exposure alone cannot sufficiently explain the observed differences in hearing outcomes
between the two groups.

Table 7. Independent ¢-test results for mean scores of %HL (Fowler) considering the frequency of
noise exposure.

Independent t-Test Group n M SD SEM t(p)
o 1 22 38.05 19.97 426
JoHL (Fowler) 5 19 36.60 1325 3.04 0.28 (0.395)

Note: Response categories: 1 = rarely or occasionally exposed to noise at work; 2 = frequently or very frequently
exposed to noise.

Furthermore, respondents were asked to rate the noise level at their workplace ac-
cording to their perception: Group 1 corresponds to those who reported a low noise level,
while Group 2 includes those who reported a medium or high noise level. The binomial
test was performed to determine whether the proportion of respondents perceiving a low
noise level deviated significantly from an expected proportion of 0.50 (Table 8). In Group 1,
28 respondents (56%) reported low noise levels, while in Group 2, 22 respondents (44 %)
reported medium or high noise levels. The test resulted in a two-sided significance value of
p = 0.480, which means that there is no statistically significant difference from the expected
equal distribution. This indicates that the proportion of respondents who perceive low
noise exposure at work is about the same as the proportion of those who perceive medium
or high noise exposure based on their subjective experience.

Table 8. Binomial test results for perceived workplace noise levels (low vs. medium /high).

Binomial Test Group n Observed Prop. Test Prop. Exact Sig. (2-Tailed)

1 28 0.56 0.50 0.480
2 22 0.44

Note: Response categories: 1 = low level of noise; 2 = medium/high level of noise.

Workplace noise level

Table 9 shows a cross-tabulation of general satisfaction with the workplace, broken
down by the perceived noise level at the workplace. Respondents who perceived the noise
level at their workplace to be low (Group 1) were more likely to report that noise had no
(10 out of 22) or only a slightly negative impact (7 out of 22) on their job satisfaction. In
contrast, respondents who perceived a medium or high noise level (Group 2) were more
likely to report a negative impact on satisfaction, with the majority reporting a strongly
negative impact (14 out of 28) or a somewhat negative impact (8 out of 28). These results
indicate a clear trend: higher perceived noise levels in the workplace are associated with
greater negative impacts on overall job satisfaction. Conversely, lower noise levels are
associated with a lower perceived impact on satisfaction, suggesting that noise exposure
may be an important factor influencing employees’ overall experience at work.

Table 9. Cross-tabulation of general workplace satisfaction by perceived occupational noise level.

Noise Level

Strong Negative A Rather Negative Mildly Negative No Impact Total

Impact Impact Impact
Low level (1) 2 3 7 10 22
Medium and high level (2) 14 8 4 2 28
Total 16 11 11 12 50

The results of the study provide important insights into the impact of noise on re-
spondents’ ability to communicate with colleagues, superiors and customers within the
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organization. According to the participants, noise poses a significant challenge to effective
communication in the workplace. It interferes with the successful exchange of information
and can lead to misinterpretation, delays in task completion and reduced productivity.
Understanding these effects is therefore crucial to developing appropriate strategies to
manage noise and improve the working environment in organizations.

Table 10 shows the distribution of self-reported work productivity across the different
levels of perceived noise exposure in the workplace. Among respondents reporting a low
noise level (Group 1), productivity scores are more evenly distributed: 25% (5 out of 20)
reported high productivity, 55% (11 out of 20) reported medium productivity and 20% (4 out
of 20) reported low productivity. In contrast, those who were confronted with a medium or
high noise level (Group 2) were far less likely to report high productivity (only 4% or 1 out of
27), while the majority reported medium productivity (70%, 19 out of 27) or low productivity
(26%, 7 out of 27). These results suggest that higher noise exposure at work is associated
with lower perceived productivity. Specifically, fewer workers exposed to medium or
high levels of noise perceive themselves as highly productive compared to workers in
a low-noise environment. This pattern underscores the potentially negative impact of
increased noise exposure on work performance and perceived worker productivity.

Table 10. Cross-tabulation of self-reported work productivity by occupational noise level.

Noise Level High Productivity Medium Productivity Low Productivity Total
Low level (1) 5 11 4 20
Medium and high level (2) 1 19 7 27
Total 6 30 11 47

Our study found that 66% of respondents used a hearing aid during their working
life, and 60% of those who used the device said it helped their work in terms of quality and
productivity. However, only 48% said they used the device regularly, while the rest only
used it occasionally. Furthermore, the majority of respondents (60%) stated that hearing
aids improved their work performance, which emphasizes the significant potential of
hearing aids to increase occupational efficiency in older workers. However, the results also
suggest that hearing aids are not equally effective for everyone. The reasons why some
people did not experience an improvement in their work performance through the use
of hearing aids may be inadequate fitting of the devices, psychological factors or other
individual differences.

The results of the binomial test (Table 11) show that a statistically significantly greater
proportion of respondents stated that ergonomic measures to reduce noise-related distur-
bances at their workplace had not been implemented. Specifically, 73% of participants
(n = 24) reported that no such measures had been implemented, compared with 27% (n = 9)
who reported the existence of such measures. The two-sided exact significance value of
p = 0.014 confirms that this difference is unlikely to be due to chance. These results indicate
a notable gap in the implementation of ergonomic adjustments aimed at mitigating noise
annoyance in the work environment and highlight an area for organizational improvement.

Table 11. Binomial test results for perceived implementation of ergonomic measures to reduce noise
disturbances at the workplace.

Binomial Test Group n Observed Prop. Test Prop. Exact Sig. (2-Tailed)
Ergonomic measure implementation ! 24 0.73 0-50 0.014
& P 2 9 0.27

Note: Response categories: 1 = ergonomic measures were not implemented; 2 = ergonomic measures
were implemented.
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The results of the binomial test (Table 12) show that a significantly larger proportion
of respondents (73%, n = 27) stated that their employer actively participates in adapting
the working environment, compared to 27% (n = 10) who did not perceive such partici-
pation. The two-sided exact significance value of p = 0.008 confirms that this difference
is statistically significant and probably not due to chance. These results suggest that the
majority of employees recognize their employer’s active role in changing the workplace,
which may have a positive impact on the company’s commitment to addressing employees’
needs and improving working conditions. Respondents were asked about the impact of
ergonomic adjustments to reduce noise-related disturbances on their job satisfaction and
productivity. Most indicated that these changes had a positive impact on their overall
satisfaction and job performance. Participants also mentioned specific changes the company
had made, including installation of soundproofing panels, purchase of newer machines,
noise-reducing devices on the equipment, installation of new (soundproof) windows, and
provision of personal hearing protection devices.

Table 12. Binomial test results for perceived active adaptation of the work environment by the employer.

Binomial Test Group n Observed Prop. Test Prop. Exact Sig. (2-Tailed)

1 27 0.73 0.50 0.008
2 10 0.27

Note: Response categories: 1 = yes, 2 = no.

Active adaptation

Table 13 shows the results of an independent ¢-test comparing respondents’ ratings
of their employer’s noise abatement efforts in the workplace on a scale from 1 (very
poor) to 5 (very good). Group 1 consists of people with %HL values (Fowler) below
the reference median, while Group 2 includes those with scores above the median. The
average rating of employer support was 3.16 (SD = 0.99) in Group 1 and 3.76 (SD = 1.09)
in Group 2. The difference between the groups was statistically significant (t (48) = 2.04,
p = 0.047), indicating that respondents with higher hearing loss scores tended to rate their
employer’s attention to noise adaptation more positively than respondents with lower
hearing loss scores. Additionally, a Pearson correlation analysis was conducted to examine
the relationship between the %HL (Fowler) scores and respondents’ perceptions of their
employer’s efforts to adapt to workplace noise, measured on a 5-point Likert scale (1 = very
negative to 5 = very positive). The results indicated a significant positive correlation
(r=10.299, p = 0.035), suggesting that respondents with greater hearing loss tended to rate
employer adaptation efforts more positively. This result could indicate that employees with
more severe hearing loss are more aware of, or more sensitive to, their employers’ efforts
to address noise-related problems in the workplace. However, it could also indicate that
workplaces with employees who have a higher hearing loss implement more visible noise
adaptation measures.

Table 13. Independent t-test results comparing respondents’ ratings of employer noise adapta-
tion efforts.

Independent £-Test Group n M SD SEM t(p
. . 1 25 3.16 0.99 0.20
Noise adaptation effort 5 5 376 1.09 0.22 2.04 (0.047)

Note: Response categories: 1 = %HL (Fowler) score below the reference median; 2 = %HL (Fowler) score above
the reference median.

It is worth highlighting that 20% of respondents stated that their employer does not
participate in adapting the work environment for older workers, suggesting that there may
be a need for greater awareness of adapting the workplace to an aging workforce. We
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also asked older employees whether they had ever requested an adjustment to their job or
working hours during the course of their career for age- or health-related reasons. Overall,
the results show that while the majority of respondents (84%) have never asked for such
adjustments, there is also a proportion of respondents who have been faced with the need
for changes to their work environment or work schedule. This shows the importance of
adapting workplaces and working conditions to the needs of older workers in order to
maintain productivity and well-being in the workplace.

To assess awareness and training regarding workplace safety and the risks of noise
exposure, respondents were asked if they had ever attended a lecture or training on
workplace safety related to the risks of noise exposure. A binomial test (Table 14) was
conducted to determine whether the proportion of “no” responses (Group 1) differed
significantly from the expected proportion of 0.50. In this group (n = 50), 54% of respondents

7o

answered “no”,” but this difference was not statistically significant (p = 0.672, two-tailed).
This suggests that the proportion of employees who have not participated in such training
is not significantly different from chance and that participation in training is roughly evenly
distributed—46% said “yes” (Group 2). Although the results are not statistically significant,
they do show that less than half of respondents have received noise exposure training,

indicating a potential gap in workplace safety training that may warrant further attention.

Table 14. Results of binomial test on participation in noise-related workplace safety training.

Binomial Test Group n Observed Prop. Test Prop. Exact Sig. (2-Tailed)
. . 1 50 0.54 0.50 0.672
Noise-related training 2 50 046

Note: Response categories: 1 = no; 2 = yes. The binomial test was conducted using a test proportion of 0.50
(two-tailed).

Furthermore, 82.6% of those who attended a lecture or training course on safety at
work in relation to noise exposure stated that they had become more aware of hearing
protection in the workplace as a result of the training.

4. Discussion

Human factors related to ergonomics and aging include a variety of abilities, e.g.,
perceptual abilities such as touch, hearing and vision, processes such as perception, memory
and judgment, and advanced abilities such as spatial reasoning, decision-making and
problem-solving [21]. As the proportion of older workers continues to increase, it is essential
that organizations prioritize effective ergonomic practices to ensure a safe and productive
work environment. Occupational noise-induced hearing loss—especially unprotected
exposure to noise levels above 85 dBA [22]—can be an additional problem for workers
over the age of 60. This risk is exacerbated by the natural progression of presbycusis
and the cumulative effects of prolonged exposure to noise over the course of a working
life [23]. The limited evidence on safety practices and health risks among workers over
the age of 60 is a cause for concern [24]. In fact, the relationship between hearing loss
in adulthood and employment is still poorly understood [25]. Objective measures such
as audiometric testing provide important insights into the extent of hearing impairment,
but do not fully capture the life experiences of those affected. It is therefore equally
important to consider employees’ perceptions, including how they experience and manage
hearing problems in the workplace. Understanding both the subjective and objective
dimensions of hearing loss can provide a broader perspective on the impact and enable
the development of more effective support strategies and interventions in the workplace.
This study contributes to closing this gap by combining theoretical analysis with empirical
research focusing on older workers with diagnosed hearing loss. Using a survey and
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audiometric testing of 50 individuals, the study provides evidence that chronic noise
exposure in the workplace has measurable, long-term effects on hearing, particularly on
sensorineural hearing loss. The results underline the urgent need for targeted preventive
measures, including the use of personal protective equipment, isolation of noise sources
and greater awareness among employees and employers. By highlighting the direct impact
of noise on communication and productivity, this research underlines the importance
of adapting workplaces to support the health and well-being of an aging workforce. In
fact, the results of our study indicate that noise poses a significant challenge to effective
communication in companies. It has a negative impact on the successful exchange of
information, which can lead to misinterpretation, delays in task completion and lower
productivity. Therefore, understanding these effects is crucial for developing appropriate
strategies to manage noise and improve the working environment in organizations.

Overall, no significant differences were found in the perception of the work envi-
ronment and the impact of hearing loss between respondents rated above the median
and below the median based on the %HL indicator (Fowler). This may indicate that the
subjective experience of hearing problems is not necessarily directly proportional to the
objectively measured degree of hearing loss. It is possible that individuals develop different
coping strategies or have a different sensitivity threshold to the impact of hearing loss
in the workplace. These findings emphasize the importance of including both objective
measurements and subjective perceptions in a comprehensive assessment of the impact
of hearing loss on employee performance and well-being. As highlighted in previous
studies [26,27], personal factors can significantly influence the effectiveness of hearing
loss prevention strategies and programs. In particular, the use of hearing protection is
strongly influenced by perceived self-efficacy, the degree of noise annoyance experienced,
perceived barriers and benefits associated with the use of hearing protection, and perceived
sensitivity to hearing loss [26]. Studies such as the World Report on Hearing (WRH) [4]
have long highlighted the harmful effects of noise on hearing and psychosocial well-being.
Our research confirms that noise is not only a direct cause of hearing deterioration, but also
has a negative impact on workers’ quality of life and productivity.

Our study found that less than 50% of respondents had attended training on workplace
safety in relation to noise exposure, highlighting the need to raise awareness in this area.
A study by Svensson et al. [28] found that the vast majority of workers were aware of
the risks of loud noise—95% recognized that noise can damage hearing, 90% saw hearing
loss as a serious problem and 85% believed that hearing protection devices are effective—
but actual use of hearing protection devices remained inconsistent, with significantly
fewer workers reporting using them regularly when exposed to noise. Understanding
these differences can serve as a basis for designing programs that are tailored to specific
groups of workers and can help improve the work environment and productivity in the
workplace. Just as important as training employees is the provision of age-specific training
for employers aimed at improving their understanding of age-related issues and supporting
the development of appropriate policies and strategies [29]. However, not all employers
are willing to invest in such training as some perceive a limited return on investment and
doubt that they will be able to recoup the costs involved [30].

Furthermore, older workers with more pronounced hearing loss did not report a
significantly more negative perception of workplace factors and practices that affect hearing
than their peers. However, a limitation of this study is the lack of a control group consisting
of respondents without objectively measured hearing impairments. The inclusion of such a
comparison group could have provided valuable insights into how hearing status influences
the perception of occupational noise and hearing-related measures in the workplace. Future
research involving both affected and unaffected workers would improve understanding
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of the subjective experience of hearing loss and enable the development of more targeted
and effective interventions. Despite the above arguments, it could be argued that there are
potential differences between objective hearing measurements and the subjective perception
of respondents that can be explained by several interrelated mechanisms. First, people often
develop cognitive adaptations and compensatory strategies [31], such as increased attention
or avoidance of noisy environments, which may make them less aware of difficulties despite
measurable hearing loss. In addition, psychosocial factors—such as stress, social support
and the stigmatization of hearing loss—significantly influence subjective perceptions and
may contribute to individuals experiencing their hearing problems differently [32]. It is
also important to emphasize that tolerance to auditory impairment is highly individual;
some people perceive difficulties more acutely, while others may not recognize them
as significant [33,34]. Finally, while audiometric tests provide accurate and objective
data on hearing thresholds, they do not necessarily capture the quality of the hearing
experience, such as speech understanding in noisy environments or the perception of
auditory distortion, which can contribute to discrepancies between objective and subjective
assessments. Building on our previous research [35], this study supports the idea that
the inclusion of sound-induced auditory fatigue issues—alongside hearing loss and/or
tinnitus—can improve the assessment of hearing-related symptoms in occupational settings
where intensive speech communication is required. This more comprehensive approach
may provide deeper insights into the impact of demanding acoustic environments on
workers” auditory well-being and communication efficiency.

5. Conclusions

This study investigated the effects of workplace noise exposure on older workers,
focusing on the impact on well-being, productivity and communication skills. The aim was
to gain a comprehensive understanding of how chronic noise exposure in the workplace
affects the work experience of older workers in organizations. The results showed that the
majority of older workers are regularly exposed to elevated noise levels in the workplace,
which has a long-term detrimental effect on their hearing. These findings emphasize the
urgent need to take effective preventative measures, including the use of personal protective
equipment, acoustic isolation of noise sources and systematic awareness-raising of the risks
associated with noise exposure. Employers and organizations should take proactive steps
to improve working conditions, in particular by educating their employees about hearing
protection and encouraging the consistent use of hearing protection devices. In addition,
workplace adjustments—such as reorganizing work tasks or changing workspaces—should
be made more frequently to reduce the noise exposure of older workers.

The study also found that the use of hearing aids by older workers significantly
improves both communication efficiency and work performance. Hearing aids facilitate
interaction with customers, colleagues and superiors, contributing to a more positive and
productive working environment. These findings emphasize the need to step up efforts to
improve working conditions for older workers. Implementing sustainable and effective
hearing protection strategies is crucial to reduce the risk of hearing loss and improve the
overall work experience of older workers. A comprehensive and preventative approach is
essential to ensure safer and healthier workplaces for older workers.

To summarize, the results indicate that older employees are generally satisfied with
their employers’ efforts to reduce noise in the workplace. Nonetheless, it remains crucial to
address the impact of noise exposure in the workplace, particularly in the context of an
aging workforce. Future research could examine the effectiveness of targeted noise reduc-
tion measures for this population, as well as the role of employer attitudes and company
policies in shaping noise management practices. In addition, comparative studies between
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industries or countries with different regulatory frameworks and other circumstances
could provide deeper insights into best practices for protecting older workers from noise in
the workplace.
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