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Abstract 

Background This study investigates the adverse effects of industrial noise below permissible limits on hearing 
health, work performance, and work stress among workers in medium-sized enterprises.

Methods The study included two medium-sized enterprises and a total of 172 workers. A comprehensive noise 
assessment was conducted in both enterprises. Workplace noise levels were recorded using a Larson Davis Soun-
dAdvisor™ Model 831C sound level meter, following ISO 1996–2:2017 standards. The enterprises were categorized 
as low-noise (mean: 60.55 dB(A), range: 55.6–66.7 dB(A)) and high-noise (mean: 78.22 dB(A), range: 76.5–80.1 dB(A)) 
groups. Participants’ air conduction hearing thresholds (0.5–8 kHz) were measured using an Interacoustics AS608 
audiometer. Sociodemographic data were collected, and auditory complaints were assessed through face-to-face 
interviews. Workers completed the Job Stress Scale, while their supervisors evaluated their performance using the Job 
Performance Scale. Statistical significance was set at P < 0.05.

Results Our analysis revealed elevated hearing thresholds at 2000 and 4000 Hz in both ears and at 6000 Hz in the left 
ear among workers in the high-noise group. Additionally, employees exposed to higher noise levels demonstrated 
lower work performance (P < 0.05). However, no statistically significant difference was found in work stress levels 
between the low- and high-noise groups (P > 0.05). A significant positive correlation was observed between age 
and hearing thresholds in both groups, whereas no relationship was found between age and work stress or work 
performance. Furthermore, no correlation was detected between work stress and work performance.

Conclusion This study highlights the serious health risks associated with industrial noise, even when exposure 
remains below permissible limits. The findings emphasize the need for effective noise control measures to protect 
workers’ health and performance.
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Introduction
Noise is a significant global concern, with the detri-
mental effects of industrial noise drawing increasing 
attention across various countries and industries. In 
many workplaces, noise is a pervasive environmental 
hazard that significantly affects employee well-being [1, 
2]. Numerous studies have demonstrated that indus-
trial noise has a serious impact on employee productiv-
ity and performance [3]. Evidence consistently shows 
that noise exposure leads to a wide range of long-term 
physiological and psychological effects, including hear-
ing loss, cardiovascular diseases, cancer, reduced job 
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satisfaction, impaired psychological well-being, com-
munication difficulties, annoyance, sleep disturbances, 
decreased work performance, and increased work-
related stress [4–6]. Furthermore, research indicates 
that occupational noise-induced hearing loss not only 
heightens aggression among employees but also dimin-
ishes their quality of life and work performance [7]. 
These scientific findings underscore the urgent need for 
effective workplace noise control measures.

The workplace plays a crucial role in shaping human 
health and well-being, as adults spend nearly half 
of their waking hours at work [8]. Research indi-
cates that work environments significantly impact 
employees’cognitive and emotional states, with evi-
dence suggesting a positive correlation between a calm 
work environment and improved employee perfor-
mance [9]. Noise has been shown to influence work 
performance both directly and indirectly by exacerbat-
ing psychological distress [10]. Employee performance 
is a multifaceted construct shaped by various factors, 
including individual abilities, work-related stress, and 
workplace design. Enhancing work performance not 
only reduces costs but also increases workplace profit-
ability [11].

According to the National Institute for Occupational 
Safety and Health (NIOSH), a hearing protection pro-
gram must be implemented when workers are exposed 
to an average noise level of 85 A-weighted decibels 
(dB(A)) or more over an 8-h period [12]. The Occu-
pational Safety and Health Administration (OSHA) 
permits an 8-h noise exposure limit of 90 dB(A) for 
hearing health protection [13]. Most studies in the lit-
erature have focused on evaluating workers’  hearing 
health, stress levels, and work performance at noise 
levels exceeding 85 dB(A) [14–16]. Although research 
has shown that noise levels below these exposure lim-
its can also impact human health—affecting heart rate, 
respiration rate, ectodermal activity, and cortisol lev-
els—their effects on employees’ work performance and 
work-related stress remain inconclusive [17]. Com-
pared to large-scale companies, medium-sized enter-
prises often have more limited workforces, resources, 
and infrastructure, making them more vulnerable to 
environmental stressors such as noise. Consequently, 
these factors may have a greater influence on employee 
performance, potentially creating a global burden on 
overall enterprise productivity [18]. This issue is par-
ticularly prevalent in the manufacturing, retail, and 
service industries. This study aims to address this gap 
in the literature by evaluating the hearing health, work 
stress, and work performance of workers in medium-
sized enterprises exposed to noise levels below the 
established exposure limits.

Materials and methods
Ethical statement
The study was conducted over a two-month period, from 
April 1 to May 31, 2024. Before data collection, the study 
protocol received ethical approval from the Non-Inter-
ventional Research Ethics Committee of Bezmialem Vakif 
University on February 29, 2024 (Decision No: 2024/57). 
All participants were thoroughly informed about the 
study’s objectives, procedures, and potential implica-
tions. Voluntary informed consent was obtained from 
each participant before their involvement in the research.

Participants
This study assesses employees’ hearing thresholds, work 
stress, and performance at a specific point in time. A 
comparative analysis was conducted between employees 
from two medium-sized enterprises with different levels 
of industrial noise. One enterprise operated in the logis-
tics sector, which is generally associated with lower noise 
levels, while the other was engaged in furniture manu-
facturing, a field known for higher noise exposure. This 
approach aims to establish a scientific foundation for 
developing targeted noise control measures for medium-
sized enterprises across various industries. Both enter-
prises met the standard definition of a medium-sized 
enterprise, employing fewer than 250 workers [19].

Based on noise measurements, the enterprises were 
categorized into two groups: low-noise and high-noise. 
The study included individuals aged 18–60 years who had 
been employed at these enterprises for at least one year. 
Employees with a history of childhood or pre-employ-
ment hearing loss, those with known otologic diseases, 
and individuals using hearing assistive devices (such as 
hearing aids or cochlear implants) were excluded from 
the study.

Sample size calculation was performed using G*Power 
3.1.9.7 software. Based on Cohen’s d criterion, a mini-
mum of 86 participants per group (total N = 172) was 
required to achieve a moderate effect size (d = 0.5) with 
90% statistical power. This sample size ensured sufficient 
power at a significance level of α = 0.05. To maintain bal-
anced representation, the final sample of 172 participants 
was evenly distributed between the two enterprises, with 
86 participants selected from each based on the inclusion 
criteria.

Measurement tools
A face-to-face data collection approach was employed 
to ensure accurate data capture from the target popula-
tion. Data were collected using a combination of stand-
ardized scales, on-site workplace noise measurements, 
and audiometric assessments. Each enterprise was visited 
three times for data collection. To minimize temporary 
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threshold shifts and cognitive load, all data collection ses-
sions were scheduled before the employees’shift begins 
[20].

Industrial noise measurement
A Larson Davis SoundAdvisor™ Model 831 C (New 
York, USA) sound level meter (SLM) was used for noise 
measurements, following internationally recognized 
ISO 1996–2:2017 standards [21]. These standards pro-
vide guidelines to ensure the consistency, reliability, and 
comparability of data. Additionally, these standards help 
accurately categorize workplace noise levels and support 
occupational health assessments. The SLM was mounted 
on a tripod to ensure optimal measurement conditions 
[22]. Prior to data collection, the business manager con-
firmed that noise levels remained consistent throughout 
working hours.

Noise measurements were conducted within the pri-
mary production area of each enterprise at four distinct 
locations. Each measurement lasted ten minutes dur-
ing morning hours and was strategically positioned to 
account for the machinery’s quantity, type, and noise 
emission characteristics. Measurements were taken 
indoors, with no external noise interference. To minimize 
reflections and ensure accuracy, the SLM was positioned 
at least 1 m from walls or other reflective surfaces, 1.2–
1.5 m above the floor, and 1.5 m from windows. Before 
testing, the SLM was calibrated, and the ambient temper-
ature was stabilized [23].

Participant information form
Participants’ sociodemographic data and auditory com-
plaints (e.g., tinnitus, difficulty understanding speech in 
noise, noise disturbance in the workplace), along with 
information on daily working hours, working days per 
week, prior noise exposure, noise exposure outside of 
work hours, and use of hearing protection, were col-
lected using a researcher-developed form. This form was 
administered through face-to-face interviews, which 
took approximately five minutes to complete.

Hearing screening
Pure tone air conduction hearing thresholds were meas-
ured in both ears at frequencies of 0.5, 1, 2, 4, 6, and 
8 kHz, using 5 dB steps from − 15 dB HL to a maximum 
of 90 dB HL. An Interacoustics AS608 (Denmark) screen-
ing audiometer with TDH- 39 supra-aural headphones 
was used for the assessments. Pure-tone audiometry was 
conducted once by an audiologist, following the guide-
lines outlined in ISO- 8253 [24]. When selecting the test 
room, care was taken to ensure it was quiet and located 
away from potential noise sources. The hearing test was 

conducted in a room with ambient noise levels below 30 
dB(A) [25].

Work stress
Employees’work stress levels were assessed using the 
Work Stress Scale (WSS) developed by Parasuraman et al. 
(1992). This 6-item scale measures role conflict, ambigu-
ity, and stress associated with role overload (workload) 
[26]. The Turkish adaptation of the WSS was performed 
by Karabay (2015) and utilized a five-point Likert scale 
ranging from"I rarely experience it; one point"to"I con-
stantly experience it; five points."Participants could score 
a maximum of five points and a minimum of one point 
on average from this scale. A score of five points indicates 
the highest level of stress, while one point represents 
the lowest level. The scale’s internal consistency (Cron-
bach’s alpha) was reported as 0.86 in the original study 
and 0.91 in the validation study [27]. Data collection was 
conducted through face-to-face interviews, each lasting 
approximately five minutes. To prevent bias, employees 
were not informed about which group they belonged to.

Work performance
The Job Performance Scale, developed by Goodman and 
Syvantek (1999), evaluates employee performance. This 
scale assesses both task and contextual performance 
through 25 items. Contextual performance closely aligns 
with the concept of organizational citizenship behaviors 
and is typically divided into two subdimensions: altru-
ism, which involves directly helping and supporting col-
leagues, and conscientiousness, which refers to following 
rules, supporting organizational values, and demonstrat-
ing extra effort. Research indicates that contextual per-
formance plays a vital role in achieving organizational 
goals and serves as a complement to task performance. 
Each item rated on a five-point Likert scale ranging 
from "Never"  to  "Always". Participants can score a max-
imum of five points and a minimum of one point on 
average. A score of five points represents the best per-
formance, while one point indicates the worst perfor-
mance [28]. In a previous Turkish study, the Cronbach’s 
alpha coefficients for the scale’s contextual performance, 
task performance, and overall performance dimensions 
were reported as 0.91, 0.91, and 0.93, respectively [29]. 
According to factor analysis, the performance scale has 
a one-dimensional structure. The internal consistency 
of the scale was 0.878 with Cronbach’s Alpha value. To 
minimize bias, the performance scale was completed 
by the employee’s supervisor rather than the employee 
themselves. Additionally, supervisors were not informed 
of which group the employees belonged to.
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Statistical analysis
An exploratory factor analysis was conducted to assess 
the validity and reliability of the measurement model. 
The internal consistency of the resulting structure was 
evaluated using Cronbach’s alpha coefficient. Normality 
of continuous variables was tested using the Kolmogo-
rov–Smirnov test. Data with a normal distribution are 
expressed as mean ± standard deviation (x̄ ± s) and ana-
lyzed using t-tests or analysis of variance. Data with a 
non-normal distribution are presented as median (M) 
and quartiles (P25, P75), and analyzed using the Mann–
Whitney U test. Regression analysis was performed to 
evaluate the effect of age on work stress and work perfor-
mance. Additionally, the relationships between variables 
were analyzed using Spearman’s Rank Correlation Test. 
Statistical analyses were conducted at a 95% confidence 
interval, with P < 0.05 considered statistically significant.

Results
The equivalent noise levels (Leq) measured at four differ-
ent points in each company were 55.6 dB(A), 59.7 dB(A), 
60.2 dB(A), and 66.7 dB(A) (mean: 60.55 dB(A)) for the 
first enterprise, and 76.5 dB(A), 76.7 dB(A), 79.6 dB(A), 
and 80.1 dB(A) (mean: 78.22 dB(A)) for the second enter-
prise. Based on these noise levels, the enterprises were 
categorized into two groups: low-noise and high-noise. 
To provide a deeper insight into the data, we conducted 
detailed frequency analysis and chi-square tests to 

examine the distribution of categorical variables across 
the two groups. Table 1 presents the characteristics of the 
employees in both enterprises. The number of employ-
ees with prior noise exposure before joining the current 
enterprise was significantly higher in the low-noise group 
(P < 0.0001). Additionally, the number of employees using 
hearing protection and those reporting disturbance from 
noise in the workplace were significantly higher in the 
high-noise group (respectively P < 0.0001; P = 0.013).

Figure  1 illustrates the hearing thresholds of employ-
ees in both enterprises. Statistical analysis of the partici-
pants’ hearing thresholds revealed significant differences 
(P < 0.05). In the high-noise group, poorer hearing 
thresholds were observed at specific frequencies, includ-
ing 2000 Hz and 4000 Hz in the right ear and 2000 Hz, 
4000 Hz, and 6000 Hz in the left ear.

Table 2 presents the differences in test results between 
employees in the low-noise and high-noise groups, based 
on their work stress and work performance. Accord-
ing to the results summarized in Table 2, no statistically 
significant difference was found between the two groups 
regarding work stress levels (P = 0.848). However, the 
low-noise group demonstrated significantly higher work 
performance compared to the high-noise group (P = 
0.009).

A regression analysis was conducted to determine 
whether groups have a moderating effect on the impact 
of age on work stress and work performance (Fig. 2). No 

Table 1 Characteristics of employees in both enterprises

Variables Low-noise High-noise P value

Age [years, M (P25, P75)] 36 (27, 48.25) 39 (27.75, 48.25) 0.972

Gender [female, male] 6 female
80 male

2 female
84 male

0.148

Daily working hours (n) 5–8 h: 57 (66%) 5–8 h: 54 (63%) 0.633

 > 8 h: 29 (34%)  > 8 h: 32 (37%)

Working days per week (n) 3–4 days: 2 (2%) 3–4 days: 1 (1%) 0.507

5–6 days: 84 (98%) 5–6 days: 85 (99%)

Prior noise exposure (n) Yes: 53 (62%) Yes: 40 (47%)  < 0.0001
No: 33 (38%) No: 46 (53%)

Noise exposure outside of work hours (n) Yes: 13 (15%) Yes: 24 (28%) 0.242

No: 73 (85%) No: 62 (72%)

Use of hearing protection (n) Yes: 2 (2%) Yes: 27 (31%)  < 0.0001
No: 84 (98%) No: 59 (69%)

Complaints;

Tinnitus (n) Yes: 7 (8%) Yes: 10 (12%) 0.739

No: 79 (92%) No: 76 (88%)

Difficulty understanding speech in noise (n) Yes: 14 (16%) Yes: 23 (27%) 0.095

No: 72 (84%) No: 63 (73%)

Noise disturbance during working (n) Yes: 8 (9%) Yes: 14 (16%) 0.013
No: 78 (91%) No: 66 (84%)
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statistically significant relationship was found between 
age and work stress or work performance in either enter-
prise. The detailed regression analysis results are pre-
sented in Table 3.

The relationship between age and hearing thresh-
olds was analyzed using Spearman’s correlation. A posi-
tive correlation was observed between age and hearing 
thresholds in both the low-noise and high-noise groups, 
except at 500 Hz in the right ear for the high-noise 
group. The detailed relationship between age and hearing 
thresholds is provided in Table 4.

The relationship between work stress and work perfor-
mance was analyzed using Spearman’s correlation. No 
correlation was found between work stress and work per-
formance, as detailed in Table 5.

Discussion
Occupational noise-induced hearing loss (NIHL) typi-
cally first manifests as a notch at 3000, 4000, or 6000 
Hz, with partial recovery at 8000 Hz. As noise exposure 
continues, other frequencies may also be affected [30]. 
Hearing loss can sometimes vary between the right and 
left ears due to several factors, including anatomical and 
physiological differences, asymmetrical noise exposure, 
behavioral and environmental influences, pathologi-
cal conditions, and age-related asymmetry (presbycusis) 

[31]. Consistent with this, our study found elevated 
pure-tone hearing thresholds in the high-noise group 
at 2000 and 4000 Hz in both ears and at 6000 Hz in the 
left ear compared to the low-noise group. However, no 
significant difference was observed at 8000 Hz, indicat-
ing recovery at this frequency. This finding highlights 
the frequency-specific impact of noise on hearing and 
underscores the importance of implementing targeted 
hearing protection measures tailored to workplace noise 
exposure.

When assessing the impact of noise on hearing health, 
attention is typically focused on permissible exposure 
limits of 85–90 dB(A) [14–16]. However, research sug-
gests that the recommended 8-h exposure limit may not 
be entirely safe, as even lower noise levels can negatively 
affect hearing [32]. For instance, a study on rats aimed 
at identifying the minimum noise intensity that could 
impact cochlear function found that the critical level for 
long-term exposure was approximately 60 dB SPL, with 
significant decreases in distortion product otoacoustic 
emission amplitudes occurring at 68 dB SPL [33]. Electro-
physiological studies have also shown that chronic expo-
sure to noise levels below 77 dB can affect the cochlea 
[34]. Another study suggested that noise levels up to 75 
dB are generally safe for hearing but that prolonged and 
repeated exposure above this threshold may lead to NIHL 

Fig. 1 Hearing thresholds of employees in both enterprises

Table 2 Analysis of differences in work stress and performance levels among enterprises

IQR Interquartile range

Variables Groups N x̄ ± std Median IQR P value

Work Stress Low-Noise 86 1.700 ± 0.906 1.400 1.050 0.848

High-Noise 86 1.676 ± 0.661 1.400 0.800

Performance Low-Noise 86 3.648 ± 0.757 3.625 0.604 0.009
High-Noise 86 3.415 ± 0.456 3.292 1.187
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[30]. Recent research in rats, cats, and mice has demon-
strated that long-term exposure to moderate noise (75 
dB SPL) can induce neuroplastic changes in the medial 
geniculate body and inferior colliculus along the central 
auditory pathway. Continuous exposure to low-intensity 
noise can alter tonotopic maps in the auditory cortex 
and impair frequency discrimination [33]. Additionally, 
Wang et al. (2021) reported that participants exposed to 
70 dB(A) roadway noise had significantly worse hearing 
thresholds at all frequencies between 250–8000 Hz than 
the control group, proposing 70 dB(A) as a cut-off value 
for adverse auditory effects [35]. In our study, the highest 

noise levels recorded in both enterprises were below the 
permissible exposure limits. However, employees in the 
high-noise group exhibited worse pure-tone hearing 
thresholds at high frequencies, highlighting the potential 
risks associated with prolonged exposure to noise levels 
lower than the regulatory limits.

In addition to its auditory effects, noise also has signifi-
cant non-auditory effects, such as stress [36]. Research 
on the relationship between noise and stress has shown 
that high noise exposure leads to increased cortisol lev-
els, which are associated with heightened neuroendo-
crine activity, vasoconstriction, elevated pulse and blood 

Fig. 2 Regression analysis of age on work stress and work performance in both enterprises

Table 3 Regression analysis results of age on work stress and work performance

Group Dependent Variables Unstandardized 
Coefficients

Standardized 
Coefficients

t P value

Adjusted R Square B Std. Error Beta

Low-Noise Work Stress − 0.008 − 0.004 0.008 − 0.060 − 0.551 0.583

Work Performance  0.031 − 0.013 0.007 − 0.206 − 1.931 0.057

High-Noise Work Stress  0.004 − 0.006 0.006 − 0.124 − 1.141 0.257

Work Performance − 0.011 − 0.001 0.004 − 0.034 − 0.307 0.759
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pressure, and muscle tension [16]. This activation of the 
endocrine and sympathetic nervous systems has been 
linked to various cognitive responses, stress, and anxi-
ety [3, 37]. A dose–response relationship exists between 
noise and its effects, meaning that both noise intensity 
and duration of exposure contribute to the level of stress 
induced by industrial noise [4]. Workers in quieter envi-
ronments tend to exhibit better concentration, reduced 
distraction, and lower work-related psychosocial stress 
[38]. While most studies have focused on the impact of 
high noise levels on work stress, research has also shown 
that lower noise levels can contribute to stress and dis-
comfort. For example, Golmohammadi et  al. (2022) 
reported that stress responses—such as increased elec-
trodermal activity and cortisol levels—occurred at noise 
levels exceeding 65 dB(A) [3]. In our study, work stress 
was evaluated in enterprises where noise levels remained 
below the permissible exposure limit. No significant 
differences in work stress were observed between the 
groups. The variation in findings across studies may be 
attributed to several factors, including the nature of the 
work performed, other physical conditions in the work-
place (such as lighting, humidity, and temperature), indi-
vidual differences among employees, and variations in 
the parameters assessed.

Noise can directly impact cognitive performance in 
the workplace, leading to reduced efficiency in tasks that 
require concentration, increased errors, and a higher risk 
of workplace accidents [39]. It interferes with cognitive 
processes, impairs attention, and elevates stress levels 
and mental workload. Numerous studies have demon-
strated that workplace noise exceeding 85 dB negatively 
affects workers’ performance and well-being, establishing 
a direct link between higher noise levels and reduced cog-
nitive function [38]. However, the effects of lower occu-
pational noise levels on cognitive performance have not 
been extensively studied. Kang et  al. (2022) highlighted 
the relationship between workplace acoustic conditions 
and job performance, emphasizing that employees work-
ing in environments with good acoustic quality exhibit 
significantly higher work performance and greater acous-
tic satisfaction [40]. Similarly, Ke et al. (2021) examined 
the impact of noise intensity and content on perfor-
mance and found that both factors significantly affected 

response accuracy. Their study revealed that mechani-
cal noise substantially increased mental workload com-
pared to music and dialogue. Furthermore, moderate 
noise levels (below 75 dB) had a more detrimental effect 
on response accuracy, with short-term memory being 
particularly affected. Moderate mechanical noise was 
also shown to impair reaction time and attention [41]. 
Additionally, research has demonstrated that moderate 
noise negatively influences attention, working memory, 
long-term memory, and reading comprehension [38]. 
In another study, Astuiti et al. (2024) reported that par-
ticipants exposed to both continuous and intermittent 
noise at 70 dB began to experience signs of increased 
mental workload [38]. Our findings further support the 
notion that work performance declines at noise lev-
els below the permissible exposure limits. Additionally, 
our study aligns with existing literature indicating that 
higher workplace noise levels are associated with lower 
employee performance [42]. These findings highlight the 
importance of maintaining quieter work environments to 
promote employee well-being, emphasizing the need to 
mitigate workplace noise across all industries.

Previous studies investigating the impact of age on 
work stress and work performance have reported higher 
levels of work stress among younger individuals. This has 
been linked to factors such as limited work experience, 
lower autonomy in job-related decisions, increased expo-
sure to workplace politics, and higher expectations [43]. 
However, our study did not observe a similar relation-
ship. This discrepancy may be attributed to age-related 
illnesses in the older population, leading to a perceived 
sense of inadequacy among workers. Additionally, while 
previous research has identified a relationship between 
work stress and work performance [44], our study did 
not find such an association in either group. We specu-
late that this may be due to the influence of other factors 
affecting work performance beyond work stress. Further 
research is needed to explore these potential factors and 
their implications for workplace dynamics. Lastly, it is 
clear that the relationship between hearing thresholds 
and age observed in our study aligns with presbycusis, a 
well-documented phenomenon in the literature [45].

Limitations
In our study, both groups had similar working and noise 
exposure outside of work. There were no significant dif-
ferences between the groups regarding daily, weekly, or 
total working hours, as well as noise exposure outside 
of work hours. However, a significantly higher number 
of participants in the low-noise group had previous 
occupational noise exposure. Since we lacked detailed 
information about their prior workplaces and noise 
conditions, this represents a limitation of our study. 

Table 5 Correlation between work stress and work performance

Groups Work Performance

Correlation 
Coefficient

P value

Work Stress Low-Noise − 0.095 0.385

High-Noise − 0.017 0.876
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Additionally, some workers were observed to use hear-
ing protection even when noise levels were below the 
permissible exposure limit, suggesting that individual 
noise exposure levels varied within the same work envi-
ronment. More research is needed to explore the long-
term psychological and physical effects of continuous 
noise exposure. Another limitation is that the selected 
medium-sized enterprises belonged to different sec-
tors, leading to variations in employees’ roles and 
responsibilities. Workers in the high-noise group had 
higher cognitive loads and required greater attention 
during tasks, which may have influenced their work 
performance. Furthermore, work stress and work per-
formance were assessed using standardized self-report 
scales, which may introduce subjective bias. The study 
also did not conduct separate analyses based on income 
level, education level, marital status, number of chil-
dren, or pre-existing health conditions, which should 
be considered in future research. Future studies should 
expand the sample size, include multicenter investiga-
tions across different industries, and develop specific 
recommendations for enterprises regarding noise expo-
sure limits. Additionally, incorporating demographic 
and health-related variables could provide a more com-
prehensive understanding of noise exposure’s impact 
on employees.

Conclusion
This study highlights the importance of a holistic work-
place design that addresses industrial noise to enhance 
employee well-being and performance in medium-sized 
enterprises. Our findings suggest a need to reassess 
industrial noise exposure limits, particularly regard-
ing the long-term effects of low-level noise exposure 
in such workplaces. Additionally, business managers 
should be more aware of the potential impact of noise 
on performance and employee hearing. In light of these 
results, industrial noise regulations should be re-eval-
uated, and greater emphasis should be placed on effec-
tive noise control measures in the workplace.
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