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 Unlike manufacturing industries, assessing noise exposure in the performing arts scene 
is complicated by the fact that sound is the intended product in the work field. Despite 

existing studies on noise exposure and risk of hearing impairment among musicians 

(Russo F.A. 2012, Pawlaczyk-Łuszczyńska M. 2011, Emmerich E. 2008, Lee J. 2005), 
there is yet an account that approaches the topic from a music performer’s/producer’s 

perspective. Notwithstanding the known facts of musicians being endangered by the 

sounds they produce, the mechanism of how sounds travel ‘geographically’ in a 
rehearsal and performance venue, and from which directions and who is affected, has 

not been included in research designs until now. More intriguing is the fact that a sound 

produced musically, even at the intensity of 95 dB and above, is frequently favored by 
musicians in action on stage. This paper explores potential issues that affect health 

preventive solutions for musicians. The acoustic control of a performance event, Jazz 

Live in Music House, is analyzed using the concept of sound map, and sound level 
measured across the event time. In addition, the psychological dimension of musicians 

in handling sound in their professional work environment will be explored in the terms 
of ‘performance ambition’. 
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INTRODUCTION 

 

Since measurements of hearing thresholds of pianists by Arnold and Miskolczy-Fodor in 1960 [1], studies 

on noise and hearing of musicians have developed into a body of knowledge, in which classical orchestra 

players receive the most attention, followed by a smaller pool of literature on jazz/rock musicians. Kahari et al’s 

[2,3] study was frequently quoted when orchestra musicians are examined, and recent extensive studies includes 

Pawlaczyk-Łuszczyńska et al [4] who measured 338 samples (in duration ~591 h) of ‘orchestral noise’ utilizing 

127 orchestra players. Across the literature, hearing loss was found to be more severe with males than females, 

aged/experienced over young players, and string players over wind instrument players. 

Despite the recurring findings that 40-50% of musicians, classical musicians in particular, suffer from 

hearing loss, inconsistencies remain in determining whether the noise environment in which musicians work is 

harmful to health. Some ascribe this problem to factors that were excluded in noise studies for musicians, for 

instance, hall acoustics where a performance takes place. Miller [5] was apt in pointing out that the sound 

environment in a musician’s work life is ‘highly variable’ and the schedule of noise exposure is almost 

‘impossible to predict’.  Obviously multiple factors intertwine within a musician’s work space affecting how 

noise is exposed and perceived. These factors were, however, not included in noise studies thus far. 

One methodological issue in noise studies for musicians is the selective and short time period of 

measurement, all focusing on performance events of a few hours each. The industrial noise measurement is 

conducted across eight hours in a working day. As such, limited conclusions can be drawn from the study. 

Dispute over whether or not the profession of music itself or simply presbyacusis is the cause of musicians’ 

hearing loss remains. Due to its weakness in methodology in handling the noise nature of musicians, noise study 

results for musicians until now had to be combines with that of hearing loss as a strategy to yield substantial 

discussion. 

Literature of noise studies on musicians were unanimous in ending with a short recommendation for 

musicians to engage in hearing protection programs, which proves to be a little help to the real life situations of 
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musicians. What can musicians realistically accomplish in their professions by wearing a hearing mask that 

reduces the clarity of their own sound of music? Music making is not conducted in the usual production sites. In 

a slightly different research topic, a model to emulate is the way Uta Sailor [6] incorporates qualitative/situated 

dimensions into measuring noise annoyance in office spaces, particularly the idea of ‘improvement-oriented 

approach’. She is right in pointing out while Leq (equivalent continuous level of noise) is a predictor of noise 

issues, sole reliance of Leq will result in suggestions for improvement that are restricted to standard suggestions, 

and ‘the expert has no data available to guide a decision about which changes to implement’ [6]. 

Though not dealt with as proper variables, glimpses of the many factors that affect noise exposure were 

revealed in the discussion sections of literature. Among others, these factors include room size, room acoustics, 

sound engineering, repertoire, role and seating position, and the affective aspect of performance. For example, 

Lee et al [7] was reportedly unable to determine the effect of the opera pit on hearing loss due to the sound 

reflected form the limited surfaces of walls, low ceiling and floor in limited spaces of the pit. Emmerich [8] 

assumed that ‘the noise produced in the surroundings of an individual musician would be more harmful than the 

sound emission by own instrument’ (ibid). In spite of this, the mechanism of how sounds travel ‘geographically’ 

in a rehearsal and performance venue, and from which directions and who is affected, has not been studied in 

research literature until now.  

Existing studies have also ignored the psychological needs of musicians. The refusal of musicians to use 

hearing protection, as reported by Emmerich et al [8] and others [4, 5], is not mere lack of awareness of risk. 

Music of certain genres and styles has to be produced with a certain degree of loudness, and as Emmerich [6] 

pointed out, simply reducing the dB level during performance (reducing sound emission to 85-dB for example) 

is not a viable solution. Hence the intriguing phenomena that musicians passionately produce and embrace high 

level noise/sound on stage, even at the intensity 95-dB and above. 

Much creativity is needed, and it seems we are at the beginning stage, to clear the methodological barriers 

and formulate more holistic and improvement-oriented approaches in noise evaluation for musicians, that takes 

into consideration the factors inherent in the nature of music performance.  

 

MATERIALS AND METHODS 

 

The purpose of this study is to explore relevant aspects to be included in evaluations of noise for musicians. 

A naturalistic observation of a performance event is conducted, coupled with an analysis of sound map that 

details the directions of how sounds travel, and a sound level measurement across the event’s time. 

Jazz Live in Music House is a simulation of a jazz club environment located on the campus of Universiti 

Putra Malaysia (UPM), and is meant to be a training ground for jazz majors. The event studied was held on 13 

December 2013, which lasted 3h 30m and was attended by approximately 30 audience members. The 

performers consisted of a professional drummer, bassist, keyboardist, saxophonist, and several piano students. 

Music played were mainly mainstream jazz with a mixture of funk and pop members. 

A doseBadge Personal Noise Dosemeter CR:100A (Cirrus Research plc), which meets International 

Standards IEC 61672-1:2002, was used to measure noise exposure during the actual Jazz Live event. The 

participant that wears the dose badge, i.e. the saxophonist, played the roles of performer and audience at 

different times. The dosemeter was programmed to integrate sound level measurements under two different 

measurement criteria (OSHA and NIOSH), with a slow time weighting of dBA.  

 

Results: 

Sound map: 

The sound map developed (Figure 1) provides an understanding of the acoustic control of Jazz Live. In 

terms of room acoustics, the impact of noise was reduced by curtains, wood panel ceiling, carpet and the 

physical bodies of the audience. Ten sound sources are identified in the event. The electronic sources are the 

two house speakers and the three amplifiers, whereas the acoustic ones are the drum set, grand piano, marimba, 

saxophone and vocals. The mechanisms of noise exposure depend on the location of hearing. While the 

audience receives more homogenous portrayal of noise exposure, each performer has a different profile of noise 

exposure based upon their logistic orientation.   
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Fig. 1: Sound map for Jazz Live at UPM, December 13

th
 2013. 

 

Audiences’ sound exposure comes mainly from the PA system house speakers, with the exception of loud 

acoustic sounds projecting from the drum set, saxophone and marimba. Three types of noise profiles are 

identified among the performers.  

 

 Noise profiles of acoustic instrumentalists that have a large size instrument: the pianist and drummer. 

The sound of their own instrument would dominate the frontal sections of their soundscape, while sounds of 

other instrumentalists lie behind (or further from) the sound of their own instrument;  

 Noise profiles of the soloist: the vocalist, saxophonist and the marimba player. Players were 

surrounded by the instrumental sounds of other musicians. They stood at a nexus location where most of the 

sounds intersect. At times, they may have difficulties hearing the sound of their own instrument.   

 Noise profiles of electronic instrumentalists: the bassist and keyboardist. Players depend entirely on an 

amplifier to hear the sound of their own instrument. The bassist is unique among all musicians as he experiences 

the low frequencies of his bass from his back, while he faces all the other sounds from the front.   

 

The balance between the sounds of individual instruments and the sound of the group as a whole differ in 

these three profiles. The directions of sound travelling also differ considerably. Hence, each performer perceives 

a different soundscape and receives a different sound impact.  

 

Noise exposure: 

The equivalent sound level measured over time (Leq) of the entire event is 93.3-dB. Table 1 shows the 

changes of noise level every 10 minutes. The average noise level ranges between 79.9-dB (Time Zone 8) and 

97.6-dB (TZ20), with peaks recorded as high as 131.2 (TZ22) (Peak at TZ1 is excluded as it was caused by the 

sound of setting up the dosemeter). The saxophonist only performed in Set 1 and Set 3 and acted as an audience 

during Set 2 (His locations are indicated in Figure 1). As seen in Table 1, Noise levels experienced by the 

audience are slightly lower than that of the performer.  

The noise level of the entire event is high made through the simple observation that the Leq value 93.3-dB 

exceeds the action criterion level of OSHA (Occupational Safety and Health Administration, in the US)  which 

is 90-dB, and that of the NIOSH (National Institute for Occupational Safety and Health), which is 85-dB. To 

draw the conclusion that this level of noise exposure is harmful, however, is another issue. This is because the 

safety standards use 8-hour time-weighted averages (TWA) for bench marking, and there remain discrepancies 

over how the Leq value taken over a shorter event time should be adjusted into an 8-h TWA.  
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Table 1: Nosie Exposure in 10-Minute Intervals during the Jazz Live 

Time 

Zone 
Set Start Time End Time Duration 

Leq 

(LAeq Slow) 

Max 

(LAeq Slow) 

Max  

(LCpeak) 

1 1 8:06:00 PM 8:16:00 PM 0:10:00 95.46 101.19 140.00 

2 8:16:00 PM 8:26:00 PM 0:10:00 96.35 101.19 124.00 

3 8:26:00 PM 8:36:00 PM 0:10:00 92.98 99.00 123.30 

4 8:36:00 PM 8:46:00 PM 0:10:00 94.41 97.90 0 

5 8:46:00 PM 8:56:00 PM 0:10:00 89.50 95.50 125.00 

6 8:56:00 PM 9:06:00 PM 0:10:00 96.67 99.40 124.80 

7 9:06:00 PM 9:16:00 PM 0:10:00 89.89 99.09 131.39 

8 2 9:16:00 PM 9:26:00 PM 0:10:00 79.88 84.30 0 

9 9:26:00 PM 9:36:00 PM 0:10:00 91.56 97.09 0 

10 9:36:00 PM 9:46:00 PM 0:10:00 90.52 94.90 0 

11 9:46:00 PM 9:56:00 PM 0:10:00 85.17 90.80 0 

12 9:56:00 PM 10:06:00 PM 0:10:00 88.75 95.80 122.80 

13 10:06:00 PM 10:16:00 PM 0:10:00 81.69 85.09 123.40 

14 10:16:00 PM 10:26:00 PM 0:10:00 82.87 89.00 0 

15 10:26:00 PM 10:36:00 PM 0:10:00 89.40 95.19 121.40 

16 3 10:36:00 PM 10:46:00 PM 0:10:00 95.55 101.09 125.69 

17 10:46:00 PM 10:56:00 PM 0:10:00 98.97 102.19 128.69 

18 10:56:00 PM 11:06:00 PM 0:10:00 92.64 97.40 130.39 

19 11:06:00 PM 11:16:00 PM 0:10:00 93.66 96.09 122.69 

20 11:16:00 PM 11:26:00 PM 0:10:00 97.63 103.19 128.19 

21 11:26:00 PM 11:36:00 PM 0:10:00 95.80 100.90 129.69 

22 11:36:00 PM 11:46:00 PM 0:10:00 92.69 100.80 131.19 

23 11:46:00 PM 11:52:00 PM 0:06:00 86.59 90.00 123.80 

 

Discussion: 

The occupation of musicians poses uniqueness in their exposure of sound. They actively control sound 

production in their course of performance. This occupational uniqueness of musicians has implications for how 

noise exposure can be more contextually evaluated in order to improve hearing protection solutions. Discussion 

here provides potential points for future consideration of a more holistic evaluation that can illuminate more 

detailed depictions of realistic sonic situations experienced during music performance. 

 

Acoustic control:  

The term acoustic control here refers to the multiple ways sound is projected and how it travels and 

intersects within a specific space when music/sound is produced. Noise mapping is usually used in production 

sites to identify the sound source and its impact on the workers by looking at the location, sound pressure level 

and the distance between the source and the workers. By comparison, in music practice, the aspect of sound 

travelling is much more critical than that in factories and administrative offices.   

Acoustic control in a music space involves the architectural aspect of sound proofing and reflecting, active 

sound engineering utilising amplifiers and speakers, and, the layout of the music ensemble that locates each 

sound source in a map. The outcome of acoustic control within the performance space/room determines the 

success of a performance, as well as, in our case, determines the hearing health of the performers and audience. 

For example, a smaller room creates excessive sound levels for a music ensemble [9] (a common situation in 

music colleges and public schools), while reverberation in a hall increases loudness altogether [10].  

The layout for Jazz Live presented above gives an idea of how sound interacts, and it determines the 

different states of sound exposure according to the location of the perceiver. Since room acoustics is speculated 

as one of the reasons behind discrepant research findings on musicians’ noise exposure, continuing to exclude it 

from the research design limits the advancement of knowledge in this area. Sound exposure reports for music 

space that hide room acoustics information have a potential issue of validity. Notwithstanding that room 

acoustics belongs to sound engineering research, we can at least describe the room acoustics of their study 

subjects as background information. The background information of room acoustic details is needed in a 

research report so that cross project comparison or reference of research findings may be made when the room 

acoustic features are similar. Further, method of noise evaluation can also be designed to cater to the different 

noise profiles as identified in this paper. Though not exhaustive, the noise profile of 1) the audience, 2) acoustic 

instrumentalists (pianist and drummer), 3) the soloist (saxophonist and vocalist) and, 4) electronic 

instrumentalists (keyboardist, bassist and guitarist) are worth separate examination.     

    

Noise measurement: 

One conceptual difference between noise exposure studies for musicians and those of other occupations is 

the multilayered ways a worker is impacted by sound, due to the act of performance by itself and others at the 

same time. Upon the passive sound of machineries and environment, the active sound produced involves 
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respondents themselves as one of the sound producers, or sound sources, as well as sound produced by other 

musicians. Most research until now does not differentiate between self-generated sound level exposure and other 

involved musicians. This limits the application of research data in practical solutions. For musicians, it is 

essential to know how the sound of their own individual playing impacts their health, as well as the impact of 

sound when playing with other musicians.  

One issue that causes different conclusions between research reports is the way in calculating the eight hour 

average noise level compared against OSHA and NIOSH’s standards, in the context of determining whether the 

music profession itself poses threats in harming the ears. Due to highly varied noise exposure levels that occur 

in irregular schedule in a musician’s life, research has measured only the noise level of performance events, 

which take place for only a few hours. Conclusion of safety is drawn by comparing the measurements of these 

events against the industrial standard which is based on an 8-hour average measurement. There are no accepted 

norms in the way of converting the dosemeter reading of a few hours into an 8-hour average measurement. 

Some take a two-hour concert’s average as the representative of the eight hours [8], while others adjust the value 

taking into consideration the actual performance hours in a year divided by the common 2000 work hours 

calculation in the production industry [7, 11].   

A more fundamental issue behind the 8-h TWA adjustment is how a ‘daily noise exposure’ of a musician or 

music student can be defined and subsequently measured. Music students are not a stationed worker, and their 

work and rest hours are likely to be mixed and scattered across time and may span longer than eight hours in a 

day.  In addition, their schedule is individualistic. Thus, a music students’ professional risk of noise exposure is 

dependent on their scheduling pattern, particularly in the duration length of intervals between two music 

practice sessions. A suggestion is to look into patterns of scheduling, and to devise a dosemeter scheme that 

takes into account the distribution of sound intensity across the time span of an individual student.  

 

Performance ambitions: 

Hearing protection programs for musicians are doomed to fail if they clash with a musician strong aesthetic 

intention to create sound. Once musicians switch themselves into the phenomenological ‘mode’ of a performer, 

emotion and perception varies greatly from that of a passive spectator. They would ‘thirst’ for sound and its 

impact. Performers in action have practical needs to hear the musical sound as clearly as possible in order to 

guide their action not unlike a driver's requirement for an unimpeded vision of the surroundings. Critical to 

expressing themselves sonically, musicians need to feel their ‘presence’ through projecting high sound levels 

appropriate to the musical aesthetic, and will continuously guard or even raise the sound level to posit impact to 

the audience.  

The dilemma between noise control and sound demand within musicians would reduce the motivation of 

musicians to take precautions against the danger of loud noise. Few musicians would be comfortable giving a 

performance with a protective device that, together with reduced amplitude, shuts out clarity of tone colour. The 

inability to hear clear tone colour masks the identity of recognizable sound in performance, which results in a 

sonic loss of meaning for musicians. This would affect a musicians' drive in performance, as music is essentially 

a communicative and emotional mode of expression.      

In research, this area is virtually untouched. The closest reference is Sailor’s (2000) [6] research on noise 

annoyance, which attempted a more qualitative and integrated approach in addressing the issue of noise in the 

workplace. Subjective Evaluation of Noise SENO gives insight into the characteristics of what one perceives to 

be unpleasant sound, which involves useful aspects like controllability, tone colour and the information content 

of noise.  It is too early to speculate if measurement of this kind is applicable to musicians. However, musicians’ 

emotional response towards sounds is assumedly more complex in that pleasant and unpleasant feelings could 

converge depending on a given music production context.  

 

Conclusions: 

It is insufficient to measure noise exposure for music students in the same way as the production industry 

where perceivers are static and the schedule of work is regular. The high variability of activities and the unique 

position of music students as sound makers must be taken into consideration in order to progress beyond a mere 

recommendation of the use of hearing protective devices. This paper has explored aspects to be considered in 

formulating a holistic evaluation of noise for music students. Issues of acoustic acoustics, interpretation of 

event-based noise measurement, noise annoyance, and performance ambitions are all methodological challenges 

for a sound research design in this topic. 
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