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Noise exposure in industrial environments is a multifaceted factor that influences not only hearing, but also 

communication, cognitive performance, and overall well-being. This study examines how the sound 

environment affects productivity, quality, and health in three manufacturing companies. A mixed-method 

approach was applied, combining acoustic measurements, binaural recordings, questionnaires, and 

evaluation of level-dependent hearing protection (LDHP). The results show that noise increases cognitive 

load, reduces speech intelligibility, and negatively affects task performance and communication. At the 

same time, the findings highlight a gap between traditional level-based metrics and perceived impact, 

emphasizing the importance of sound quality and psychoacoustic characteristics. Interventions including 

acoustic improvements, organizational measures, and adaptive hearing protection contributed to better 

communication, increased situational awareness, and improved perceived work quality. However, 

increased knowledge and awareness of noise also led participants to evaluate the sound environment more 

critically. The results demonstrate that noise should be considered a strategic factor in industrial systems, 

linking working conditions to productivity, quality, and health.

1 Introduction 

Noise is one of the most widespread and yet systematically underestimated factors in industrial work environments. While 

traditionally treated primarily as a risk for hearing damage, a growing body of research demonstrates that noise affects 

human performance, cognition, and well-being at levels far below those associated with auditory injury [1], [2]. In 

industrial contexts, this implies that noise should not only be regarded as a compliance issue, but as a critical factor 

influencing productivity, quality, and overall system performance. 

From a physiological and psychological perspective, noise exposure is associated with stress, fatigue, and increased 

cognitive load, which in turn degrade attention, decision-making, and communication efficiency [1]. These effects are 

often gradual and therefore risk being normalized in everyday operations, leading to a systematic underestimation of their 

impact on performance and organizational outcomes. Previous studies show that noise can impair work performance [2] 

and increase the likelihood of errors and accidents through reduced situational awareness and hindered communication 

[7], [8]. 

Importantly, noise is not solely defined by its physical level, but by how it is perceived and processed by humans. 

Trapenskas and Johansson [3] demonstrated that noise annoyance in industrial environments is strongly influenced by 

psychoacoustic characteristics such as loudness, sharpness, roughness, and tonality, rather than sound pressure level 

alone. This implies that conventional metrics such as dB(A) are insufficient for capturing the full impact of industrial 

noise on workers. Instead, the concept of sound quality—defined as the adequacy of a sound relative to a task—becomes 

central when evaluating industrial sound environments. 

In parallel, research on cognitive performance highlights that the relationship between noise and human function is non-

linear. Mehta et al. [4] showed that moderate levels of ambient noise (~70 dB) can enhance creative cognition, while both 
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low and high noise levels impair performance. This inverted-U relationship illustrates that sound environments can have 

both beneficial and detrimental effects depending on their characteristics and the task at hand. In industrial settings, 

however, noise levels often exceed this optimal range, leading to reduced information processing, impaired 

communication, and decreased task performance. 

Furthermore, noise should be understood as part of a broader socio-technical system, interacting with task demands, 

individual factors, and organizational conditions. These interactions influence not only individual outcomes but also 

system-level performance such as productivity, quality, and safety. Long-term exposure to noise has been shown to reduce 

endurance and motivation [1], while also negatively affecting learning ability and task performance [2].  

Despite this extensive knowledge base, there remains a significant gap between research and practice. Industrial noise is 

still predominantly managed through regulatory limits and hearing protection, rather than through proactive sound 

environment design. This approach neglects the role of sound as both a disturbance and a resource—supporting 

communication, situational awareness, and process control. 

Against this background, the present study, conducted within the Norrlandsnavet research initiative, aims to investigate 

how noise exposure in industrial workplaces influences health, well-being, productivity, and profitability, and to identify 

measures that support improved sound environments and increased competitiveness, see Figure 1. More specifically, the 

study seeks to: 

(i) increase knowledge among employees and management regarding the effects of noise on performance, 

behaviour, and health, 

(ii)  analyse the relationships between sound environment, communication, and cognitive load in real industrial 

settings,  

(iii) evaluate technical and organizational interventions—including noise control measures and level-dependent 

hearing protection—with respect to their impact on situational awareness, communication, and well-being, and  

(iv) assess how improvements in the sound environment influence key performance indicators such as productivity, 

quality, and profitability.  

By linking human factors, acoustic conditions, and operational performance, the study aim for a more integrated 

understanding of the sound environment as a strategic resource in industrial systems. 

 

Figure 1 Conceptual framework illustrates the relationships between sound environment, health, productivity, and 

profitability in industrial workplaces. 

2 Methodology 

The project followed a structured, mixed-method approach combining objective acoustic measurements, subjective 

assessments, and intervention-based evaluation. The methodology is designed to capture both the physical characteristics 



   

of the sound environment and its impact on human performance, communication, and well-being in industrial settings, in 

line with the Norrlandsnavet research framework.  

2.1 Study design and participants  

The study was conducted within three manufacturing companies representing wood furniture manufacturing (Hedlunda 

Industrier AB), precision metal manufacturing (Texor AB), and modular construction (Kubly). These environments 

exhibit distinct acoustic characteristics, including continuous broadband noise from machinery, impulsive noise from 

pneumatic tools, and tonal components from rotating equipment. A total of 50 voluntary participants were recruited, 

corresponding to a representative subset of employees exposed to varying acoustic conditions. 

2.2 Procedure 

The methodological procedure was carried out in seven sequential steps: 

Step 1: Initial site visits were conducted to perform noise mapping using class 1 instrumentation and binaural recording 

techniques. In parallel, internal documentation was reviewed and semi-structured interviews were conducted with 

management to identify key challenges, operational constraints, and priorities related to the sound environment. This step 

also served as a needs analysis for subsequent interventions. 

Step 2: A structured questionnaire was developed to assess perceived noise exposure, communication quality, cognitive 

load, fatigue, and performance-related factors. The questionnaire was validated through pilot testing and aligned with 

established research constructs. Ethical approval was obtained prior to data collection. 

Step 3: A full-day session with research participants was conducted, including: 

(a) Pre-intervention questionnaire, completed by 49 participants, establishing baseline conditions regarding 

perceived sound environment, health, and performance. 

(b) Half-day training, covering hearing, noise effects, communication, and the relationship between sound 

environment and productivity. Also introducing the concept of being “noise agents,” encouraging active reflection 

on the sound environment and identification of improvement opportunities. 

(c) Deployment of a new generation of level-dependent hearing protectors (3M WS Alert XPI+), incorporating 

updated signal processing and predefined audio profiles (Table 1). The objective is to preserve situational 

awareness while reducing harmful noise exposure. 

Step 4: A three-month intervention period was conducted during which participants used the level-dependent hearing 

protectors (LDPH) in their daily work. During this period, participants were exposed to both existing and improved sound 

conditions, and qualitative observations were collected regarding communication, listening effort, and situational 

awareness. In some cases, participants alternated between conventional and level-dependent hearing protection to enable 

comparative evaluation. 

Step 5: A follow-up questionnaire was conducted with 39 participants, focusing on experiences during the intervention 

period, including perceived changes in communication, performance, fatigue, and overall sound environment. The 

questionnaire also captured user experiences of the provided LDPH and suggestions for improvement measures. 

Step 6: Data from acoustic measurements, questionnaires, and observations were analyzed to identify relationships 

between sound environment characteristics and human responses. Based on the findings, technical and organizational 

improvement measures were identified, including noise control interventions and changes in work practices. 

Step 7: A final workshop was conducted with participating companies to present results, validate findings, and support 

knowledge transfer. The workshop facilitated reflection on the relationship between sound environment, productivity, 

and well-being, and contributed to the identification of best practices and future actions. 

2.3 Measurement and evaluation approach 

The study integrates both objective and subjective methods. Objective data includes sound pressure level measurements 

and binaural recordings, capturing spatial and perceptual aspects of the sound environment (Figure 2). Subjective data 

were collected through questionnaires addressing communication, cognitive load, fatigue, and perceived performance. 

This combined approach enables analysis of how measurable acoustic parameters relate to human experience and 

operational outcomes. 

  



   

2.4 Intervention strategy  

The interventions followed the classical source–path–receiver framework, including: 

I. Source control (e.g., identification of noisy processes and alternative technologies), 

II. Path control (e.g., acoustic treatments and shielding), 

III. Receiver control (e.g., level-dependent hearing protection, Figure 2). 

In addition, organizational measures such as training and behavioural adaptation were included to address the socio-

technical nature of the sound environment. 

 

a) 

 

b) 

Figure 2. a) Schematic of level-dependent hearing protection (LDHP) attenuation characteristics, and implications for 

situational awareness. b) Measured insertion loss for the different attenuation profiles of the LDHP in an anechoic 

environment using a head and torso simulator (Head Acoustics HMSIII), ears 1.5 m above the floor. The sound source 

(loudspeaker, pink noise 70 dBA) was placed on the floor at 1.8 m distance, 15° to the left relative to the HMS. 

  



   

Table 1: Predefined sound profiles for different environments and work task 

Sound Profile Situation Intended Use 

Off For comfort in environments with 

high noise levels 

Suitable in high-noise environments when you want to 

shield yourself from the noise, or in other situations where 

you want to block out surrounding sound 

A (standard) To remain aware in environments 

with high noise levels 

Suitable in environments with constant high noise where 

you want to stay aware of surrounding sounds 

B Balance between situational 

awareness and comfort in noisy 

environments 

Suitable in environments with varying noise levels where 

you want to hear surrounding sounds 

C To remain aware in quiet 

environments 

Suitable in low-noise environments to hear speech and 

surrounding sounds, or when talking on the phone/streaming 

music while still maintaining awareness of the surroundings 

3 Results 

The results are based on questionnaire data (pre- and post-intervention), acoustic measurements, and qualitative 

observations from the participating companies. The findings highlight the relationship between the sound environment, 

human performance, and key operational outcomes such as work quality, productivity, and well-being. 

3.1 Work environment and noise ranking 

At baseline, noise was consistently ranked as one of the least satisfactory workplace factors compared to other physical 

and psychosocial conditions. Despite an overall positive perception of the work environment, the results indicate that 

noise constitutes a latent problem, often normalized by employees. Following the intervention, an improvement in the 

perceived sound environment was observed, indicating increased awareness and partial mitigation of noise-related issues. 

This shift suggests that education, combined with practical interventions, can influence how the sound environment is 

perceived and managed, see Figure 3. 

 

Figure 3. Rating of different work environment factors before (Survey 1, n = 49) and after (Survey 2, n = 39) the 

intervention. Noise was consistently rated among the lowest factors at baseline. Error bars indicate standard error. 

In the following sections, the survey results are analysed in greater detail. Section 3.2 focuses on participants’ ratings of  

noise exposure and the hearing protectors used during the three months prior to the intervention and after the intervention 



   

period (Figure 4). Section 3.3 examines the perceived effects of the noise environment on work quality, productivity, and 

health (Figure 5). The reported values in both sections represent average ratings based on three to four related survey 

questions, grouped to form indices for each criterion. 

3.2 Perceived noise exposure, hearing protector comfort, and communication 

quality.  

Noise had a clear impact on communication and task performance, see Figure 4. Before the intervention period, 

participants reported reduced speech intelligibility, increased listening effort, and difficulties in maintaining 

concentration, particularly in environments with impulsive and tonal noise sources. These effects are consistent with 

known masking phenomena and increased listening effort. The introduction of level-dependent hearing protection 

(LDHP) contributed to improved communication and situational awareness in several work situations. Participants 

reported better speech perception while still being protected from harmful noise levels. However, the effectiveness varied 

depending on task type and acoustic conditions, particularly in environments with rapidly fluctuating or tonal noise. 

The evaluation of LDHP shows that adaptive hearing protection can play a significant role beyond traditional hearing 

conservation. Participants highlighted several benefits: 

• Improved communication compared to passive hearing protection, 

• Increased situational awareness through amplification and better directional hearing of relevant sounds, 

• Greater flexibility through adjustable sound profiles, where A or B were most frequently used. 

At the same time, challenges were identified, including sensitivity to impulsive sounds and variability in user preference 

for different sound profiles. This indicates that the effectiveness of LDHP depends on both technical performance and 

user adaptation. Other negative issues reported in the survey concerned sounds from pneumatic and electric handheld 

tools, which often exhibited relatively high levels and pronounced tonal components in the 1–8 kHz frequency range. In 

certain cases, these sounds were perceived as amplified in an undesirable way, leading to increased annoyance even when 

overall levels remained below 75 dBA. This effect can be explained by the selected LDHP profiles (Figure 2 and Table 

1). Compared to passive mode, all profiles allow greater transmission in this frequency range. This improves speech 

intelligibility. At the same time, it can increase the prominence of tonal components. This may contribute to increased 

annoyance. The restricted functionality for telephone and radio communication in the provided LDHP created usability 

constraints. This led to user irritation. It also contributed to a more negative overall perception. 

 

Figure 4. User evaluation of level-dependent hearing protection (LDHP) in relation to noise exposure, communication 

quality, situational awareness, and comfort. Mean rating 1 = very positive, and 5 = very negative.  

3.3 Effects on health, well-being, and identification of improvement measures 

Pre-intervention results indicated that noise contributes to increased cognitive load, fatigue, and reduced concentration. 

Many participants reported that noise was “tiring” and required continuous mental effort to maintain attention and 

communication. These findings are consistent with the broader understanding of noise as a stressor affecting both 

cognitive and physiological responses. 

Post-intervention responses suggest a reduction in perceived fatigue and improved concentration in tasks where 

communication and auditory monitoring are critical, see Figure 5. The findings indicate a clear relationship between the 

sound environment and work performance. Noise-related disturbances were associated with increased risk of errors, 



   

reduced task efficiency, and difficulties in maintaining consistent quality. Following the intervention, improvements were 

reported in terms of: 

• Reduced misunderstandings in communication, 

• Improved focus during complex tasks, 

• Better detection of machine deviations and abnormal sounds. 

 

Figure 5. Rated impact of noise on work quality, performance, and health effects before and after the intervention. The 

ratings range from 1 (very positive) to 5 (very negative). 

These improvements suggest that enhanced sound environments contribute positively to both individual and system-level 

performance, supporting the hypothesis that noise is a factor influencing productivity and quality. The combined analysis 

of measurements, questionnaires, and observations enabled the identification of prioritized improvement measures. These 

include: 

• Acoustic treatments such as ceiling absorbers and shielding of noise sources, 

• Reduction of impulsive and tonal noise through technical modifications, 

• Improved design of rest areas to support recovery, 

• Organizational measures, including training and behavioral changes. 

These measures reflect a shift from reactive noise control to proactive sound environment design, addressing both physical 

and human factors.  

4 Discussion 

The results confirm that industrial noise affects cognition, communication, and overall system performance, supporting 

previous findings that noise increases cognitive load and impairs task execution [1,2]. This reinforces the need to treat 

noise as a performance factor, not only a hearing risk (Figure. 1). 

A key observation is the mismatch between physical metrics and perceived impact. While dB(A) remains central in 

regulation, it does not capture human response. The results align with studies showing that psychoacoustic parameters—

loudness, sharpness, roughness, and tonality—drive annoyance and performance outcomes [3]. 

Noise was also identified as a stressor contributing to fatigue, reduced concentration, and increased listening effort, 

consistent with environmental stress models [5]. These mechanisms are linked to reduced motivation, higher error rates, 

and increased accident risk [6–8]. 

An important finding is the dual effect of intervention and education. Technical measures and improved hearing protection 

are generally rated positively and enhance communication and work quality (Fig. 3–5). However, education increases 

awareness, making participants more critical and leading to lower subjective ratings despite improvements. 

This reflects the normalization of noise in industrial environments, where workers adapt to suboptimal conditions and 

underestimate their effects [1]. Increased knowledge shifts perception, meaning post-intervention ratings may become 

more negative due to higher evaluation sensitivity rather than worse conditions. 

Overall, the findings support a socio-technical perspective where noise interacts with human perception and 

organizational context, affecting productivity, quality, and safety [1,2]. Effective noise management therefore requires 



   

both technical interventions and increased awareness, while carefully interpreting subjective evaluation results (Fig. 1). 

Conclusions 

Noise exposure in industrial environments affects health, communication, and performance, with clear implications for 

productivity, safety, and competitiveness. It increases cognitive load and fatigue, impairs communication and situational 

awareness, and contributes to errors and accident risk [1,2,6,7]. The results demonstrate that conventional level-based 

metrics are insufficient to describe the full impact of noise. Psychoacoustic characteristics and sound quality must be 

considered to better understand and manage noise effects [3]. The study also confirms that noise has broader health 

implications beyond hearing, including stress-related effects and potential cardiovascular risks [8]. This underlines the 

importance of addressing noise as a holistic occupational health issue. Interventions combining technical measures, 

organizational strategies, and adaptive hearing protection can significantly improve both working conditions and 

operational performance. Solutions that enhance communication and situational awareness are critical for both 

productivity and safety. A shift towards proactive sound environment design is therefore required. Treating the sound 

environment as a strategic resource enables improvements in health, work quality, and safety, while supporting long-term 

industrial competitiveness. 
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