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Abstract

Background: During live concerts attendees are exposed tessiee high intensity sounds
for durations considered dangerous to the audggsgem. Thus, regular live music concert
attendees are at risk for developing Music Indutkzhring Loss (MIHL) due to their
recreational habits. Although MIHL is preventaldarrent hearing conservation is limited at
live music venues. As personal hearing protectsopdor within this community, a need for
alternative hearing conservation strategies isestid

Method: The objectives of this multi-method quantitativeearch study was to determine
whether venue-based hearing conservation stratégiége music venues are a plausible
means of reducing the risk of music induced healiisg. Four live rock and heavy metal
music venues in Johannesburg (South Africa) weskided in the study. The current venue-
based hearing conservation strategies as welleaadbustic and structural characteristics of
these venues are described. In addition, the Séuessure Levels (SPLs) were measured
throughout the venues. The variance of the mears ®tween different areas within these
venues were then calculated and effects of thetstiai characteristics on the variance of the
sound levels within the venues were determined.

Results: The results indicated that hearing conservatiauding awareness programs and
availability of Hearing Protection Devices (HPDsg aot currently occurring in the music
venues. Music venues further do not comply with@¢SA (2003Yegulations nor are they
compliant in terms of the acoustic and structueabmmendations for reducing the intensity
levels in music venues. Statistical analysis inidaat least one pair of significant
differences in the mean SPLs recorded in the @iffeareas in each venue. Results further
indicated trends in the variance of intensity levbktween different areas confirming a

positive relationship between each of these figads and the variance of sound levels. Thus,
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this study indicates that venue-based hearing ceatden strategies may be a plausible
means for reducing the risk for MIHL in attendeebv@ music venues.

Implications. Implications of this study are discussed in felatto clinical and practice
guidelines for both audiologists, and occupatiohaalth personnelvhilst the need for

changes in legislation are highlighted.

Keywords: Music induced hearing loss, hearing conservatiecreational noise exposure,

live music venues, venue-based hearing conservaurctural characteristics.
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Chapter 1: Orientation

“This is not the end
This is not the beginning,
Just a voice like a riot
Rocking every revision
But you listen to the tone
And the violent rhythm
Though the words sound steady
Something empty's within 'em...”

(Bennington et. al. 2010, track 8)

The purpose of this chapter is to provide a bris€uassion on the nature of live music
venues and the risks of excessive recreationakrmiposure in relation to the rationale of
this study. This chapter further defines the comntaixterms and provides an outline of the

chapters which follow.

1.1 Background and rationale

Live music concerts are considered to be one ofdhéest recreational noise exposure
activities (Dillon, 2008; Vogel, Brug, Van der Pipe& Raat, 2010; Weichbold & Zorowka,
2007). It has been reported that the Sound Predsawels (SPLs) at live music concerts
averages 90dB or more (Dillon, 2008;Williams & Besg, 2007). Excessively loud and

prolonged music exposure can result in Music Indudearing Loss (MIHL) (Morata, 2007).

MIHL is a term used for Noise Induced Hearing LgBBHL) caused as a result of
excessively loud music exposure (Morata, 2007)nnifus, Temporary Threshold Shifts

(TTS), hyperacusis and pain are common symptomswalfitory damage due to noise
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exposure and thus are warning signs for the pregne®f a permanent threshold shift (PTS)
(Bogoch, House, & Kudla, 2005; Chung, Des Rochesumier, & Eavey, 2005; Jokitulppo,
Bjork, & Akaan-Penttila, 1997; Zhao, Manchaiah, riale, & Price, 2010). MIHL may
furthermore cause distortion of the music qualBpgoch et al., 2005; Chesky, 2008; Chung

et al., 2005; Zhao et al., 2010).

Research has found that 61% of music concert atnduffered from TTS and/or
tinnitus after recreational music exposure (Che2k§)8). This is the result of exposure to
excessively high intensity sounds for durationsstered dangerous to the auditory system
(Chesky, 2008). It is postulated that the incraasthe prevalence of NIHL in children and
young adults may be attributed to recreational en@gposure (Chung et al., 2005). The
incidence of MIHL varies between genres (Einhor@09. The incidence of hearing loss
reported among Rock and Pop musicians range beth&knand 30%, whilst up to 58% of
classical musicians may be affected. Sixteen péroéristeners exposed to rock music
exceeding 110dB are estimated to suffer from peemtantologic damage (Einhorn, 2009).
This supports claims that musicians as well as thediences are classified as at-risk for

MIHL. As MIHL is irreversible, prevention thered critical (Einhorn, 2009).

In South Africa, laws such as the Occupational theahd Safety Act (OHSA) of
1993 are in place to ensure evaluation of the werkironment and medical surveillance
(Jeebhay & Jacobs, 1999). Instruction 171 of then@ansation for Occupational Injuries and
Diseases Act, promulgated in 2001, describes tlwogol for the determination and
compensation for work related permanent hearing los South Africa (Department of
Labour, 2001). These legal obligations include &rg not limited to the use of personal

hearing protection in the workplace (Departmentaifour, 2001).
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Although studies indicate that awareness regardiiegring Protection Devices
(HPDs) and availability of HPDs will increase perabhearing protection (Bogoch et al.,
2005), the implementation of such strategies isaustently evident in live music venues
(Chung et al., 2005). Alternate forms of hearingservation strategies and their application
is therefore critical for reducing the risk of MIHtr audiences and musicians of live music

concerts.

One such strategy is acoustic design within verfGastmeier, 2009). Poor acoustic
design in music venues increases noise exposumiployees and attendees of such venues
(Peters et al., 2005). According to the Health &adiety Executive (HSE) (2008) another
strategy is the use of structural changes in liusimvenues to reduce the risk of MIHL. The

following broad research questions were thereforenfilated for this study:

i) What hearing conservation strategies are curreatbpted in live music venues in
South Africa?
i) What are the current acoustic and structural clewiatics within these venues?

iii) What are the current intensity levels within thesaues?
iv) What structural characteristics can effectivelyues the risk for MIHL in live

music venues?

In terms of audiological practice, this indicateseed for strategies that do not rely on
individual compliance that may be adopted as aacgffe hearing conservation program
within the South African music industry. The purposf this research is to describe the
current hearing conservation practices within liwesic venues, as well as the strategies that

can be implemented to improve recreational hearamgervation.
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1.2 Chapter outlines

An outline and description of the sections in #tisdy are discussed in Table 1.

Table 1Chapter outlines

Outline

Description

Chapter 1

Chapter 2

Chapter 3

Chapter 4

Chapter 5

Chapter 6

Appendices

The first chapter provides a background on MIHL &edring conservation within the
music industry in order to outline the purposehis study. Furthermore, it outlines
the chapters of this study.

The literature review chapter presents a discussioklIHL as a recreational health
risk and presents the current practices in reaealtihearing conservation within the
music industry.

The methodology chapter of this study details #s=arch design and presents the
theoretical framework for the data analysis methasisd in this study. Furthermore,
this chapter presents the participant selectideréias well as the data collection
tools and procedures used.

The results chapter presents the data collectediandsses the results of analysis.
The current hearing conservation practices in thsiervenues are presented,
followed by the intensity levels measured withie tlenues. This chapter presents the
variance of SPLs between the different areas withich venue. Furthermore, the
relationship between the variance of SPLs andttinetsral characteristics of the
venues are explored.

The discussion chapter evaluates the results gegsenchapter 4 in relation to
findings in current literature. This chapter als$scdsses the relevance of these
findings to the music industry and hearing consioma

The conclusion chapter presents a summary of thie finaings of this study as well
as presenting a critical evaluation of the studysThapter further discusses the
implications of this research as well as the needuture research.

The appendices supply important information for thederstanding of the dafa
collection and analysis procedures, and thus thiécegion of the study.

1.3 Summary

This chapter briefly outlines MIHL and the need feenue-based hearing

conservation strategies, providing the rationale émnducting the current study.

Furthermore, this chapter provides an outline @f ¢hapters of this study that further

describes the aims and execution of the study.
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Chapter 2: Literaturereview

“...We say Yeah!

With fists flying up in the air
Like we're holding onto something
That's invisible there
'‘Cause we're living at the mercy of
The pain and the fear
Until we dead it, Forget it,

Let it all disappear...”

(Bennington et. al. 2010, track 8)

This chapter provides a contextual background ies study. It further provides a
critical discussion on noise, MIHL, the current wkdions and practices in hearing
conservation programs in the music industry. Furtioge this chapter discusses the need for

venue-based hearing conservation in live music @enu

2.1 Noise exposure and the auditory system

2.1.1 Noiseinduced hearing loss and the effects of noise on the auditory system

NIHL, an acquired hearing loss, results from damagear death of the inner hair cells
of the cochlea due to excessive noise exposuren@iin 2009; Schulz, 2008). Excessive
noise exposure may cause a threshold shift which loeaeither permanent or temporary
(Rappaport & Provencal, 2002). TTS occur when tiveeti hair cells are damaged but the
severity is not great enough to result in cell dea shift in threshold is thus noted until the

hair cells recover and hearing sensitivity returAsPermanent Threshold Shift (PTS),
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however, occurs due to cell death on the inner ¢elis within the cochlea (Chasin, 2009;

Rappaport & Provencal, 2002).

NIHL may be a sudden permanent hearing loss dua tmce off high intensity
exposure or it may present gradually due to reatiegposures to dangerously loud intensity
levels resulting in repeated TTS. (Schulz, 2008)TS, as well as tinnitus and pain, are
common symptoms of auditory damage due to noisesxp and thus are warning signs for

the progression of a PTS (Bogoch et al., 2005; Glatral., 2005; Jokitulppo et al., 1997).

When NIHL is due to exposure to loud music it ifereed to as MIHL (Einhorn,
2009), thus indicating that Noise Induced Otoldgamage (NIOD) may result not only from

excessive noise exposure, but also music.

2.1.2 Music induced hearing loss

MIHL is a term used for NIHL caused as a resftilbio-going excessive exposure to
music at dangerously high intensity levels for pngled periods of time (Morata, 2007). Both
MIHL and NIHL progress proportionately to the expuos of such conditions. The risk of
developing MIHL due to overexposure to high intgnsnusic is dependant both on the
average SPL and the length of exposure in time gK3he008). The greater the intensity of

the sound the shorter the time period is beforeadgnis incurred (Chesky, 2008).

This time weighted exposure limit begins with agheihour limit for an average
intensity of 85dBA, with each 3dBA increase in mggy the exposure time is halved. One

may thus be exposed to music at 80dBA for extemagnbds without risking damage to the
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auditory system. However, one may for exampley bel safely exposed to 85dBA for eight

hours, 88dBA for four hours and 91dBA for two ho(€hesky, 2008, p.36).

This time weighted exposure limit was used to dgvel measure of noise exposure,
known as an Allowable Daily Exposure (ADE). The itiraf exposure for one day (or one
ADE) is thus 85dB for eight hours, or 94dB for draur (Dillon, 2008, p. 6). ADEs are used
to predict the risk for NIHL based on the averagiensity levels and length of exposure. As
these averages were calculated for work-relatesenexposure, and the working week is five
days, the allowable noise exposure for one wediesADES, similarly the noise exposure

for a year is thus limited to 220 ADEs (Dillon, Z)®. 6).

Music venue-attendees are unlikely to be exposexkdessive noise on a daily basis.
However, the 220 ADE yearly limit may be exceedesté¢fore placing them at risk for MIHL
(Dillon, 2008, p.6). For example, an individual mattend a live music concert for an
average of five hours where the intensity levelsrage at 100dBA. According to the time
weighted exposure limit, one may safely be expdeetlDOdBA for only 15 minutes, as 15
minutes exposure at 100dBA is equivalent to one ADte hypothesised attendee was thus
exposed to 100dBAs for five hours, equivalent to AIDEsS, or one month’s exposure
allowance. Similarly, as shown in a study conduatedight clubs, an attendee frequenting a
club 0.9 times a week over a course of 10 yearthaif lifespan will reach 60% of their
lifetime allowable exposure from this activity a®Williams, Beach, & Gilliver, 2010, p.
156). This study used dosimeters to calculate tie@a@ee’s total noise exposure in an average
night of clubbing. Ten measurements were colledtedotal at eight different venues.
Although the sample size is small, the study presid clear idea of the noise levels attendees

are exposed to as well as the average length hfidbing session. The average noise levels
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were 97.9dB and ranged from 90.7-105.7dB. The nattendance time was calculated at five

hours per week (Williams et al., 2010, p. 156).

Despite the fact that such attendees are at riskfblL by exposing themselves to
dangerously high intensities, they may be unawhtleeopossible adverse effects as they may
not consider music to be noise and thus potentiygerous. In many aspects, music cannot
be considered noise. Although the spectral shapepaak intensity measures of noise and
music are similar, their intensity, dynamic rangasd temporal characteristics differ
significantly (Chasin, 2009). Industrial noise dsno continue for sustained high intensity
periods whereas music alternates between periodelative quiet and greater intensity
(Chasin, 2009). In addition, noise is perceiveduawanted sounds, whilst music is created
intentionally (Morata, 2007). This implies thaepention techniques will differ. For noise,
the prevention techniques initially aim to reduceemove the sound, whereas for music the
same prevention techniques cannot be implementedafis, 2007). The excessive exposure
to high intensity noise or music may result in NIQidwever, the perception of music affects
both the length of exposure to the source as veellnaits hearing conservation techniques

(Everton, 2004).

2.1.3 Music exposure and therisk of hearing loss

According to Schmidt, Vershuure and Brocaar (}9%%e correlation between
extensive music exposure and the risk for heansg has not yet been confirmed, as studies
indicate conflicting results. It was found that thearing thresholds of non-professional
musicians 1t = 42) with at least five years frequent music esxpe were significantly higher

than the thresholds of a control group. The hedoag was more evident in specifically the 3
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— 8 kHz range (Schmuziger, et al., 2006, p. 324)arge proportion of participants also
suffered from symptoms of auditory damage; 26% loé participants complained of
hyperacusis (indicating a reduced dynamic range)lewh7% suffered from tinnitus
(Schmuziger et al.,, 2006, p. 325). In a similardgtuthe hearing thresholds of newly
graduated musicians = 79) were compared to a control group that coedi®f medical
students (Schmidt, et al., 1994, p.188). It wastbtihat although the musicians demonstrated
more significant high frequency hearing loss, embgcin the extended high-frequency
range, the incidence and degree of hearing lossweéshed by the control group of medical
students. This study concluded that frequent mesmosure does not necessarily result in
MIHL (Schmidt, et al., 1994, p. 190). The limitat® of this study are however that (i) the
recreational noise exposure habits of the controlg were not examined; and (ii) as the

participant mean age was 25 years, a permaneshtiiceshift may not have resulted yet.

Due to conflicting research results and insuffitieaudiometric evidence,
disagreement and speculation remain regarding nagsicsole cause of hearing loss (Zhao et
al., 2010). It is postulated that this speculatioay be affecting the implementation of
adequate hearing conservation strategies to preMédt, which in turn may lead to the

current rise in MIHL.

214 Currentrisein recreational MIHL

Intensity levels in live music venues have beeonded as dangerously loud (Bogoch
et al., 2005; Chasin, 2009; Dillon, 2008; Schmuzigteal., 2006). With SPLs recorded at an
average of 92dB, attending such concerts is coreidene of the loudest recreational

activities (Dillon, 2008, p. 8). This is confirmday Sadhra, Jackson, Ryder, and Brown
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(2002) who found that the average noise exposuentiartainment venues were 90dBA with
peak levels up to 124dBA. Despite the small sarsp@e (=14), the study further indicated
that 29% of the participants demonstrated a PTS3@fB or greater in the post-test
assessments (Sadhra, et al., 2002, p. 460). Likeavstudy conducted in Australia found that
SPLs recorded in music venues averaged at 97.9tBintensity levels ranging from 90.7 to
105.7dB (Williams et al., 2010, p.56). The studyish recorded attendees noise exposure
over the course of an evening (using dosimeters)ght music venues, further indicated that
the SPLs with in the venue increased as time pssgee (Williams et al., 2010, p. 56).
Another study indicated that over 50% of the admes participants were exposed to
detrimental noise levels during recreational atiési and noted a correlation between
increased noise exposure and hearing symptomd(fligo et al., 1997). Seventy percent of
the adolescent participants in this survey stugpmed tinnitus and 45% reported TTS due to

recreational noise exposure (Jokitulppo et al.,7199260-261).

Shouting in order to be heard at a distance ofroate is a strong indicator that the
intensity level is dangerous. Attendees of live imu®nues reported that they ‘always’ or
‘often’ have to shout to be heard (Dillon, 20082)p.It is postulated that the rise in
recreational MIHL as a result of attending thestvdies are related to the limited hearing
conservation programmes at these venues (Churig 20@5; Dillon, 2008). This indicates a

need to enforce hearing conservation strategiestertainment venues.

In South Africa, the OHSA of 1993 promotes the aa#bn of the work environment
and medical surveillance (Jeebhay, & Jacobs, 1999hese regulations regulate the
implementation of hearing conservation programsdustries such as mines and factories

where employees are exposed to dangerous noids.lev&outh Africa, Instruction 171 was
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implemented in May 2001 to regulate work place @oia South African industry

(Department of Labour, 2001).

The implementation of these guidelines should redtle prevalence of MIHL.
However, professionals are reporting a rise in goadults and adolescents presenting with
symptoms of NIHL despite a lack of occupationalsecéxposure (Chung et al., 2005; Dillon,
2008). This could be attributed to the fact thairyg adults are often exposed to dangerously
loud intensity levels for on average five hours pgght during their recreational activities
(Williams et al., 2010, p.56). The study condudtedustralia calculated that frequent club
attendees could reach 60% of their allowable neigmsure for their lifetime in 10 years of
clubbing an average of 0.9 evenings per week (&i§ et al., 2010, p.56). This highlights
the possibility of a rising risk for MIHL in adolesnts and young adults as a result of
recreational noise exposure. Although MIHL is praable, precautionary measures to
prevent MIHL are not often followed by individuats implemented in the entertainment

venues.

2.2. Current hearing protection practicesfor MIHL

2.2 Strategiesto prevent MIHL
Strategies for the prevention of MIHL at rock certs should include (i) acoustic
design and engineering control, (ii) health prowwti (iii) education and (iv) personal

protection (Bogoch et al., 2005).

2.2.1.1 Acoustic design and engineering control

Room acoustics can affect both the intensity leagld the perceived quality of the
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sound by the listener (Gastmeier, 2009). Room dmsusan be divided into four categories
which may affect the perceived quality and intgnditese include (i) adequate sound levels
with low background noise, (ii) sound reflectiortsi,) sound distribution, and finally (iv)

reverberation characteristics (Gastmeier, 2009).

The first aspectadequate sound intensitynay be affected by the volume of the
venue, the amount of absorptive materials, thedcs from the source to the listener and the
number of attendees. These factors are inversefyoptional to the perceived loudness of the
music (Gastmeier, 2009). The structural charadiesisuch as room size, building design
and materials can significantly affect the intensgvels in a venue (HSE, 2008). Thus the

intensity levels do not need to be increased topsoreate for poor sound quality.

Thin walling (less than one inch) or dry wallingdsscouraged in music venues as
low frequency absorption results in a reductionthie perceived loudness. Thus intensity
levels are often increased to counterbalance thsorption (Gastmeier, 2009). This is
confirmed by a study that suggests wooden floombhgorbs the base sounds and thus
intensity levels are increased to overcome thegpezd reduction in loudness (Chasin &
Chong, 1995). The types of materials used withinues should also be considered; hard,
reflective surfaces may increase the SPLs whiléf absorptive materials with reduce SPLs

(HSE, 2008).

In contrast to this, the ‘seat-dip effect’ needeoconsidered. The seat-dip effect is
caused by the over-presence of absorptive matenalsally as a result of seating in the
venue. This results in an energy reduction inli®@-400 Hz range (Gastmeier, 2009). This

factor is important in venue acoustics as the meeraf absorptive materials result in
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compensatory increased intensity levels to increaseperceived loudness. Similarly it is
suggested that there should be at least two metensnobstructed space between the
performers and attendees, as bodies are absoffthasin & Chong, 1995). The perceived
loudness in a small tiled venue with few attendeesld thus be higher than in a large venue

with carpeted areas and a large audience.

Another factor which affects the intensity levatsmusic venues is the background
sound levels. It is postulated that by decreasickdround noise (e.g. air conditioners and
road traffic noise) and optimising acoustic isaatof the venue, the overall intensity levels
can be reduced without deducting from the perceieediness of the music (Gastmeier,

2009).

The second aspectpund reflectionsalso plays an important role in the intensity
levels in music venues (Gastmeier, 2009; HSE, 20018} ideal texture of sound is achieved
when the initial reflection reaches the listendiobe22ms and is followed by a large number
of equally spaced reflections before 80ms (Gastmn@i@09). The quality of the music is
perceived as intimate when the initial time delap s less than 20-22ms after the first sound
reflection reaches the listener after the direcinso An echo occurs when a strong reflection
reaches the listener 80ms or longer after the dé®end; this is an unwanted phenomenon in
live music venues. Lateral reflections are alsodrtgmt as the ears are in the horizontal plane
and the listener uses interaural cues to deterthiméocation and width of the source. Thus,
the binaural quality index is an important indicabd sound quality as it measures the early
laterally deflected sound energy (Gastmeier, 200&8ral Fraction (LF) is the ratio between
early lateral and vertical reflections and is assoneasure of sound quality. Furthermore,

sound waves traverse 7m in 20ms thus listenerdigosd 7m or more from a wall or
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reflective surface may perceive the sound to be ietsmate (Gastmeier, 2009). Excessive
reflections may cause the sound quality to be perdeas ‘loud and confusing’ (HSE, 2008).
When the perceived sound quality is sufficientlydowith an intimate quality and a good
texture, intensity levels are less likely to bere@ased to counterbalance poor sound quality.
Thus, sufficient early sound reflections, an eveansl distribution and appropriate sound

reverberation are beneficial to both the musicasw/ell as attendees (Gastmeier, 2009).

Evenly distributed sounts the third aspect to be considered and is ¥italvenue
acoustics. However, a number of acoustic defectg caase an interference with the even
distribution of sound (Gastmeier, 2009). The fasbustic defect that needs to be considered
in venue acoustics are standing waves which areedaby constructive and destructive
interference of the incident and reflected wavassed by parallel surfaces in small venues
(Gastmeier, 2009). Another acoustic defect is reteto as a flutter echo and is defined as a
series of closely spaced echoes as the initial isepuwepeatedly passes the listener
(Gastmeier, 2009). Furthermore, large flat surfa@@scause acoustical glare and source shift
in the venue which results in poor room acoustgsvall as large SPL differences within a
relatively small space (Gastmeier, 2009). Thisugp®rted in the venue regulations that state
that reflective surfaces should be minimised ay itherease the SPLs in a venue (HSE,
2008). These above defects demonstrate that damdlerly spaced or excessive reflective
surfaces in music venues may adversely affectdbmracoustics leading to greater intensity
levels. Fortunately, these acoustic defects caedsdy identified within the music venues
and treated with absorptive or materials. Howesech treatments should be used with care
as overuse may adversely affect the natural revatiba of the venue (Gastmeier, 2009).
Thus soft, absorptive materials should be usedirurate reflected and reverberated sounds

(HSE, 2008). Providing a sufficiently diffuse souimeld can be achieved by the presence of
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irregular surfaces which diffuse the sound evenlgn omnidirectional manner on reflection
(Gastmeier, 2009). This can aid in the reductiora@dustic glare and increase the surface
diffusibility index. This provides the perceptionf gpaciousness as well as listener

envelopment (Gastmeier, 2009).

The final important acoustic consideration in mugenues isReverberation Time
(RT) RT is defined as the length of time in seconfldqisa sound to decay by 60dB and is
proportional to the volume of the hall while invelss proportional to the total absorption
(Gastmeier, 2009). A large volume space with mitiadssorption or occupancy will have a
long RT while sound-treated rooms or libraries wilve a short RT. The RT has been
standardised for international use in the 1ISO 3882997 (Gastmeier, 2009). Desired RT for
modern music is 1.1-1.7s (Gastmeier, 2009). Revatioa degrades speech perception and

thus the shorter the RT the better the sound gu@itandell & Smaldino, 2002).

Computer programs can be used to aid in desigmimgabs as they allow for the
virtual design of the venues and the acoustics éocélculated (Gastmeier, 2009). Ray
acoustics may be used during design to determmetientation of reflective surfaces. Ray
acoustics are based on the law of reflection whktakes that the angle of reflection is equal to
the angle of incidence. Thus high frequency souattigocan be predicted with optics and aid

in the design of music venues (Gastmeier 2009).

The above characteristics refer to the acoustigdes venues and should be used in
conjunction with hearing conservation programseduce the risk for MIHL in live music

venues (Gastmeier, 2009).
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2.2.1.2 Personal hearing protection

The most common type of personal protection forimagposure is HPDs. Studies
indicate that although the majority of rock concattendees do not make use of HPDs,
knowledge and awareness regarding HPDs and thesade#fects of noise on the auditory
system may increase compliance with HPD use (Bogeickal.,, 2005; Horrell, 2009).
Furthermore, attendees of rock concerts reporteg would be more likely to make use of
HPDs if they were available at the music venueg(b et al., 2005). HPDs have proven to
reduce the temporary threshold shifts associatéld @ier-exposure to noise for both blast
and continuous noise, thus indicating HPD use isféective means of preventing NIHL
(Duvdevany & Furst, 2007). A recent study=1086) indicated that although adolescent
attendees recognised the effects of noise expaasirsevere, they did not recognise the
usefulness of HPDs during loud music exposure adchat intend to change their current
music exposure habits (Vogel, Brug, Van der Pl&eRaat, 2010. p. 742). Thus, as HPDs are
an effective preventative means to reducing tHeafdMIHL, the educational and awareness

campaigns needed to promote their use are critical.

2.2.1.3 Health promotion
Health promotion refers to the provision of heaihareness regarding the effects of loud
sounds on the auditory system (Bogoch et al., 2@biesky, 2008). Characterising hearing
loss for students may be an effective hearing coasen strategy (Chesky, 2008). In a web-
based surveyn(= 9 693), 66% of the participants stated they wdag¢ more likely to make
use of HPDs had they been made aware of the ripkrofianent hearing damage, whilst 59%
stated they would make use of HPDs if they werasadivby a medical professional (Chung

et al., 2005, p. 864). This correlates to a studiych reported that awareness regarding
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hearing conservation strategies and their long teenefits have shown to increase personal
protection in live music attendees (Bogoch et2(Q5). In a web-based survay%£ 9693), a
mere 16% of respondents reported to receive arg/ ¢yeducation regarding hearing health
(Chung et al., 2005, p. 864). This low percentaggeanfirmed in a study conducted by

Bogoch et al. (2005) that hearing health educasiarot currently occurring.

Music teachers are encouraged to educate studenke aisk of hearing loss, how to
prevent hearing loss and how to reduce the rigkeafing loss (Chesky, 2008). An education
program was proposed that centred around threes g@ahely; promoting hearing health,
preventing hearing loss and teaching risk reductddiiL should be characterised in the
education program, including the acquisition of NJtudiological evaluations and the role
of HPDs. The education program should describedmmlonstrate safe SPLs for learners to
conceptualise dangerous intensity levels (Cheskd8R Finally, students should be informed
of the warning signs of hearing loss and shoulé@rturaged to obtain baseline audiograms

(Chesky, 2008).

A study that assessed recreational noise exposgrd@aring conservation habits of
high school students pre- and post a hearing awasenampaign, found that the hearing
awareness campaign made no significant changesattinly conservation habits (Weichbold
& Zorowka, 2007). The study concluded that expecbehaviour changes due to educational
campaigns alone is optimistic (Weichbold & Zorowl2807). This suggests that although
educational campaigns alone may not be a stronggéntechnique, they should be included
in a battery of strategies to improve personal ihgaconservation. Hearing Conservation
Programs (HCP) by its very nature advocates a auwetibn of pillar application and

approaches for maximising its efficacy (WWA Comrnuoss 2003).
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It is thus evident that although hearing conseovastrategies are recommended to
reduce the risk of MIHL in live music venues, ldaarre indicates that these strategies are not

being implemented or promoted in such venues (Cletiady, 2005).

2.3 The Occupational Health and Safety Act and the music industry
In terms of the OHSA of 1993 an employer is thesperwhom the employee is under
a contract of employment. In the entertainment stiguthe employer may be the venue
owner, the licensee of the premises, the venue geamant or anyone who employs another

individual under a contract (WWA Commission, 2003).

In live music venues there may be a number of eyapto due to contractual
relationships. For example the venue managementamgpfoy bar and kitchen staff while
the event organiser contracts the bands and sogidesr. Under section 19(4) of the OHSA
1984, the principal employer is deemed respongdile@ny contractor, and the contractor’s
employees, when the contractor is signed for enmpéoyt (WWA Commission, 2003). Thus
in the music industry, should the venue managemantract an event organiser the principle
employer is the venue management, who is then negdde for the event organiser, the band
members and the sound engineer (WWA Commission3)2@0l areas of the entertainment

industry are required to adhere to these regulatiBarlow & Castilla-Sanchez, 2012).

The employee is considered an individual who worksder a contract of
employment. In the music industry this may incledent organisers, concert promoters, bar,

security and maintenance staff. Freelance workmtsicians and sound engineers are also
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covered in these terms (Barlow & Castilla-Sanci2€4,2; WWA Commission, 2003).

A self-employed person may be at times an employeamployee and at times may
be self-employed. According to the WWA commissigAQ3), under section 21 of the OHSA
(1984) such persons should be responsible for tveir health and safety and to ensure that
the health and safety of others is not affectedhgyr or their employees’ work. However,
freelance workers are usually covered in the teoinghe OHSA regulations (Barlow &
Castilla-Sanchez, 2012). Thus in the music industdividuals such as event organisers,
bands, door staff and sound engineers may be @esidself-employed if not under a
contract of employment, in which case the princigheployer is no longer responsible for

their health and safety (WWA Commission, 2003).

The OHSA (1993) stipulates that the following regigdns shall be enforced by any
employer at a workplace where the SPLs exceed 85dBA
1. No employer will allow an employee to work in anveanment where the
ambient noise exceeds 85dBA. Subject to the pravssi

a. The employer shall reduce the SPLs to below 85dBif cases where
this is not possible the employer shall reduceirtbensity levels as far
as possible and take all possible steps to isdlaesource of the
sound.

b. Where the SPLs cannot be reduced to below 85dBAsijaslated
above), the employer shall i) demarcate noise zdmesplacing
conspicuous warning posters at all entrances aiitd &x the noise
zone. ii) Prohibit any person from entering theseozone without

HPDs.



20

VENUE-BASED HEARING CONSERVATION STRATEGIES

2.

8.

In premises where warning posters cannot be impiéedeas stipulated in 1.b.
above, the notices shall be placed at all entraandsexits to the premises or
as close to the workplace as possible.
In the event that an inspector is of the opinicat the employer has failed to
reduce the SPLs as far as possible, he may inngritequest the employer
take further steps.
The employer shall provide HPDs with no chargertg employee working in
or permitted to enter a noise zone where SPLs ex@8eBA.
The HPDs provided shall be:
a. For the sole use of a specific individual. Excaptcases where the
employer has taken adequate measures to ensup®rtiraon use of
HPDs will not result in the spread of infectiousehses.
b. Maintained in a hygienic condition by the employer.
c. Stored in a dust free container when not in useprasided by the
employer.
The employer shall provide training on the cornes¢ of HPDs and instruct
employees as to which areas within the work placgiire the compulsory use
of the HPDs.
Furthermore, the employer is responsible to ensure:
a. That each employee employed to work in a noise z®ebjected to
audiometric examinations.
b. Keep records of the audiometric examinations.
c. Keep these records for at least 30 years after inatian of
employment.

In compliance with the above regulations the emgloghall obtain the
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services of an inspection authority.

2.4 Current hearing conservation program for the music industry

Although literature worldwide has indicated the omance of hearing conservation in
the music industry, codes of practice for implernmenthearing conservation could be found
for two countries (HSE, 2008; WWA Commission, 2003)Western Australia the code of
practice has been developed and implemented a9@ B control noise in the music
industry (Guo & Gunn, 2005; WWA Commission, 2003nhis code was developed to
ascertain that the OHSA regulations are met withenworkplace of live and recorded music
venues (Guo & Gunn, 2005; WWA Commission, 2003)e Tode provides strategies for
venue owners, venue designers or builders, veneeatyps and managers, employers of
service staff, suppliers of sound equipment, tezinand service staff, performers and
entertainers as well as promoters (WWA Commiss003). This indicates that current
hearing conservation programs focus solely on eyepsoof music venues and do not include

strategies for attendees.

Currently there are a few suggestions regardingvraie layout and set up as a
means to reduce the risk of MIHL. As structuralrelateristics such as design and layout may
significantly affect the intensity levels in venuethe following strategies have been
recommended (HSE, 2008). Firstly, the band shoab# the majority of the attendees but
should not be directed at the bar or any other vewda. If possible the speakers should be
positioned up high on the walls or on stands, toichexcessive exposure to individuals in
close proximity. Reflection and reverberation skloble minimised by using absorptive

materials (HSE, 2008). Furthermore, on installataf sound equipment, loud speakers
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should be placed with an orientation that minimigessound directed to employee locations
and in a manner that restricts access to aready likereach peaks of 140dB (WWA

Commission, 2003).

A study conducted in Australia compared entertamimeenue compliance with
hearing conservation programs, comparing the cemgd in the year 2000 to the compliance
when the study was conducted in 2005. The Auatradiudy reports that the awareness of
responsibility in entertainment venues has increéaser the five year period (Guo & Gunn,
2005). In 2005, 23% of the venues evaluated hadtzied a full noise assessment whereas
in 2000, none of the venues had. In 2000, 8% andewtly 18% of the venues had
implemented a noise control policy including pramgltraining and HPDs to their employees
(Guo & Gunn, 2005, p. 213-214). Although this mates that compliance is still low, it

demonstrates that compliance is increasing in Aliatr

In this review of current literature, similar stadiand policies have not been found
for the South African context. This may indicatattlalthough legislation has changed to
include the entertainment industry, policies anllbfo up studies may be required before

compliance occurs.

2.5 Need for venue based strategies
Current literature is rich with evidence of the arbe effects of noise [and music] on
the auditory system (Bogoch et al., 2005; Chasd®92 Chung et al., 2005; Dillon, 2008;
Einhorn, 2009; Jokitulppo et al., 1997; Morata, 208chmuziger et al., 2006; Schulz, 2008;

Zhao et al., 2010). The lack of hearing consermapoogrammes in music venues places
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attendees at these venues at risk for MIHL (Bogethal., 2005; Chung et al., 2005).
Attendees at live rock concerts are unlikely to enalse of hearing protection despite
frequenting concerts where intensity levels plaitendees at risk for MIHL (Bogoch et al.,
2005). The majority of attendees do not stronglielse that the music exposure may damage
the auditory system, despite them reporting tirmand TTS which indicate damage to the
auditory system (Bogoch et al., 2005; Chung et281Q5). Although studies indicate that
awareness regarding HPDs and availability of HPisinerease personal hearing protection
(Bogoch et al., 2005), the implementation of suthtsgies is not currently evident in live
music venues (Chung et al., 2005). The need fouedrased hearing conservation is further
supported by a study, whose findings indicate #uatlescent discotheque attendees did not
indicate an intention to start complying with perabprotection recommendations (Vogel et

al., 2010).

It is thus critical to implement an alternate foofrhearing conservation to reduce the
risk of MIHL at live music concerts. The benefitssuch strategies would be that once the
strategies are implemented within the venues, itensity levels and exposure times would

automatically be reduced thus protecting attendeesjcians and staffs’ hearing.

The purpose of this study is therefore to determiiether venue based-hearing
conservation strategies could be an effective meameducing the risk for music induced
hearing loss in live rock and heavy metal musicuesn The study was guided by the
following research questions: (i) What are the entrvenue-based hearing conservation
strategies implemented in amateur live rock andvyheaetal venues? (ii)) What are the
acoustic and structural characteristics of theseues? (iii) What are the current sound

pressure levels in these venues? (iv) Is there latioeship between the structural
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characteristics of the venue and the sound levigilsnithe venue?

24
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Chapter 3: Methodology

“...Waiting for the end to come

Wishing | had strength to stand

This is not what | had planned
It's out of my control....”

(Bennington et. al. 2010, track 8)

The purpose of this chapter is to discuss the rekedesign used, as well as the data
collection tools and procedures used in this stliadythermore this chapter discusses the
participant selection criteria, the ethical consadiens as well as the data analysis methods

employed by the study.

3.1Aims

3.1.1 Main aim
This study aims to determine whether venue-basadrtgeconservation strategies in amateur

live rock and heavy metal venues are a plausiblensief reducing the risk of MIHL.

3.1.2 Sub-Aims
In order to achieve the above mentioned aim, dHeviing sub-aims were employed.
» To describe the venue-based hearing conservatategtes currently implemented in
amateur live rock and heavy metal music venueskadnesburg, South Africa.
» To describe the acoustic and structural charatitxief amateur live rock and heavy
metal music venues in Johannesburg, South Africa.

* To measure the intensity levels in amateur livé&kramad heavy metal music venues.
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* To determine the significance of variance betwéeniitensity levels in the different
areas within a venue.
» To determine the relationship between the struttiraracteristics of the venues and

the difference in intensity levels of the differemeas within the venue.

3.2 Hypothesis
The null hypothesis (§) is used in research to test theory and to eliteibéas from
the hypothesis (Irwin, Pannbacker, & Lass, 2008eré were two hypotheses tested in this
study. The first K is that there is no statistically significant difénce in variance between
the intensity levels in each area of the diffenetues, whilst the alternate hypothesis)(id
that there is a statistically significant differenimn variance between the intensity levels in

each area of the different venues.

The second Hlis that there is no statistically significant redaship between the
structural characteristics of a venue and the mdiffee in intensity levels within the different
areas of the venue. The, li§ that a statistically significant relationshipists between the
structural characteristics of a venue and the mdiffee in intensity levels within the different

areas of the venue.

3.3 Research Design
Research design is the way in which the study plamswer the research questions
by testing the research hypothesis (Irwin et @08). This study employed a quantitative
research approach, which refers to a researchrdélsag organises and integrates the data

collected as per mathematical procedures for statisanalyses (Irwin, Pannbacker, & Lass,
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2008).

This study employed a multi-method research desigorder to determine whether
venue-based hearing conservation strategies ineaimite rock and heavy metal venues are
a plausible means of reducing the risk of MIHL. Alltamethod design is used when the
different sub-aims investigated are researcheddlaiion (Morse, 2003). The results are then
combined to test the hypothesis and provide an answthe main research aim (Morse,

2003).

A non-experimental, descriptive research designemagloyed to describe the current
venue-based hearing conservation strategies anacthestic and structural characteristics of
the live music venues, as well as to measure ttemsity levels within these venues. Non-
experimental, descriptive research designs sumentrescharacteristics and frequency of the
observed phenomena of the study, and are thustosggtemically describe the phenomenon
as it occurs naturally at that point in time (Irwat al., 2008). Although non-experimental
designs are considered the weakest of the quawditatesigns (due to the lack of
randomisation, manipulation or control), nhon-mafagion of variables within the current
study allow for a better understanding of currenaicpces in situ (Irwin et al., 2008). As this
study aims to describe the current hearing consiervgractices, acoustic characteristics,
structural characteristics and intensity levelimiive music venues as they naturally occur,

non-manipulation of the environment is of utmospartance.

An exploratory, correlational repeated measure arebe design was employed to
determine the relationship between the structuralacteristics of a venue and the intensity

levels within the venue. Exploratory research isdut investigate how one factor relates to
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other factors (Irwin et al., 2008). This study dfieally adopted a correlational design in
that it aimed to determine the relationship betwsanable factors without any active
intervention (Irwin et al., 2008). The variablesiry examined in the current study were the
structural characteristics and the intensity lewathin live music venues. This study made
use of a repeated-measure design to ensure sltigtilidity. Repeated measures refers to
the test situation where one subject, or in the cdghis study, one dosimeter is exposed to a
multitude of conditions in random order (Irwin ét, 2008). An advantage of this design for
this study is that measurements were taken in araift occurring environment and thus
carry over is ensured (Irwin et al., 2008). A disaatage of this design for this study is that
the analysis is thus limited to intra-venue analys the extraneous variables between venues

such as equipment and performing band cannot kteotied.

3.4 Research Phases

The research comprised three major phases asexithnTable 2.

Table 2Research phases

Research Phase

Developmental Phase Pilot Study Main Study
This phase was aimed at The pilot study aimed to finalize During this phase, the venues
developing appropriate the data collection appropriate for the study were
measuring instruments to be measurements, procedures anc identified and all measuring
used in the study, namely the  equipment needs. instruments applied.

checklist for current hearing
conservation practices and veni
acoustics (Appendix A) and
Research assistant record form
(Appendix B).




29

VENUE-BASED HEARING CONSERVATION STRATEGIES

3.5Pilot study

3.5.1 Objectives
Two pilot studies were conducted. The objectiviethe pilot studies were (i) To determine
the feasibility of the research; (ii) To finaliseet measuring instruments; (iii) To determine
whether the required information will be obtainedhwthe measuring instruments; (iv) To
determine the suitability of the equipment usedhe data collection. The objectives are

detailed in Table 3 overleaf.

3.5.2 Procedures
Once ethical clearance had been obtained (Refappendix C) the researcher contacted a
venue that met the same selection criteria as Hermain study. Once permission was
obtained the researcher visited the venue to cdrtdaaquestionnaire via interview with the
venue owner (Appendix A), and conduct the obsemnatwithin the venue to determine the
current hearing conservation practices and desthideenue acoustics. Furthermore during
the visit, the researcher and research assistemitded the SPLs within the venue. Once the
equipment for the study had been secured, a squtidstudy was conducted to determine
the suitability of the equipment. The equipment wasbrated and set to record recorded
music for 35 minutes and the researcher completedrésearch assistant record form

(Appendix B).

3.5.3 Results and recommendations
The objectives, materials and equipment, proceduesilts and recommendations made

after the completion of the pilot studies are ol in Table 3 overleaf.
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3.6 Main study

3.6.1 Participants

3.6.1.1 Participant Sampling Strategy
A non-probability, purposive, maximum variation gaimg strategy was used to identify the
four amateur live rock and heavy metal music verused in the study. Non-probability
sampling refers to a sampling strategy that doésmwlve random sampling (Irwin et al.,
2008). Purposive sampling was used as the studgdato observe, describe and evaluate
venues with regard to the current hearing conservaitrategies employed. Maximum
variation sampling allowed the researcher to etaluanues with a wide range of variations
(Patton, 2001). In the current study, these vianatincluded structure, layout and size of the
venues. This allowed for the provision of moredepth information regarding hearing
conservation and the acoustic characteristics ntigg in Johannesburg. A disadvantage of
this sampling strategy is that due to the limitedhber of amateur live rock and heavy metal
music venues in Johannesburg random sampling aoeiddoe used despite the fact that

random sampling aids in strengthening the relighdf the study (Irwin et al., 2008).

3.6.1.2 Participant Selection Criteria
The venues selected for the study were requiredetet the following selection criteria:
* Located in the Gauteng area.
o This study was limited to the Gauteng area dubécstope of the study.
* Have a valid entertainment licence.
0 Venues require an entertainment licence to hostrhiusic performances.

» Be structurally different from each other with redj#o size and layout.
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o Structural differences were required in order tovalfor maximum variation.
» Host live music performances, specifically rock &eavy metal bands.
o The venues were required to host live music veragshis study aims to

investigate hearing conservation strategies wit ihusic venues.

3.6.1.3 Participant (venue) description

Four amateur live rock and heavy metal music venuigs valid entertainment
licenses located in Gauteng were used in this stOdythe evening of data collection there
were live music performances by local bands infalr venues. Refer to Table 4 for a full

description of each of the venues.

Table 4Description of venues

Venue 1 Venue 2 Venue 3 Venue 4
Location Johannesburg Johannesburg Johannesburg Johannesburg
Main function of Bar, diner as well Bar, diner as well

Local bar and

venue on Pool bar as private function as private function

weekdays venue plzzena venue
Type of music . .
played on week  Recorded music LIS l?jargjds or LIS l?jargjds or Recorded music
days recorded music  recorded music

. : South African
Type of live music Hard rock and Rock and heavy Rock bands bands from all
venue heavy metal band: metal bands genres

Set 1: Heavy

Type of live music metal
played during date

Set 1: Light rock  Set 1:Mixed rock Set 1:Rock

collection 0
el 25 ey Set 2: Rock Set 2: Mixed rock Set 2: Rock
metal

Permanent

speaker system  Yes Yes No Yes

available
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3.6.2 Measures and Equipment

3.6.2.1 Equipment
The following equipment was utilized during thealaollection procedure:

* Quest NoisePro DLX Dosimeters: Seven recently caidnl dosimeters (July 2012)
obtained from the Council for Scientific and IndistResearch (CSIR) were used to
simultaneously record the intensity levels at taeues. It is common practice to use a
Sound Level Meter (SLM) for static recordings ofisd levels, whereas, dosimeters
are used to record and determine personal noisesarp over an extended period of
time. As the researcher could not procure more tan SLMs for simultaneous
recordings throughout the venues during data dadlec the most appropriate
alternative were the use of dosimeters. In thislystthe dosimeters were used for
static measurements recorded at one minute ingervgl the research assistants
(Figure 1).The measurement sets of 35 minutes wle@ded on based on the
statistical requirements of at least 30 repeatewrdings per set in each venue.
Simultaneous recordings were required to comperfeatéhe extraneous variables
such as different music and the varied number afpleein the venue. Various
functions of the dosimeters (e.g. recording of S®kr a short period of time to
estimate the projected time weighted average) wtieresfore not used during data
collection. It should be noted that the dosimeteese set with a minimum limit of
65dB, therefore during the recordings, intensitele lower than the minimum limit

were recorded as 65dB.
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Figure 1Quest NoisePro DLX dosimeter.

e Quest sound calibrator: The calibrator was usedatibrate each dosimeter on each
test day prior to use to ensure accurate readinggherefore enhance the validity of
the study.

» Batteries: AA batteries were used to power therdesers and a 9 volt rectangular
battery for the calibrator.

 HPDs: Formable HPDs were used by the researcheregedrch assistants to protect
them from possible NIOD.

» Clipboards and pens: The research assistants &ehepeovided with a clipboard and
pen in order to record the intensity levels measure the relevant data collection
form.

» Timers: The timers on the dosimeters were usechbyrdsearch assistants to record
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the measurements at one minute intervals.

3.6.2.2 Measures

Two measures were developed for the purpose oftady.

3.6.2.2.1 Observation checklist: Current hearingh®ervation practices and venue

acoustics.

This checklist was developed by the researcheedtord the current venue-based
hearing conservation strategies and acoustic cteaustecs of the venues (Appendix A). This
checklist included three sections and included baoplen- and closed-ended questions.
Demographic information included the venue numtsemwall as the job description of the
person with whom the checklist was completed. Acdpgon of the content and the rationale

for the inclusion of the items are presented indsb and 6.
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As literature indicates that certain acoustic amdcsural characteristics may be used
to reduce the intensity levels within music ven{@egoch et al., 2005; Gastmeier, 2009;
Guo & Gunn, 2005), the section on the acousticsanectural characteristics in the checklist
are important. The limited literature regardingustural characteristics as a means to
reducing the risk of MIHL highlights the need fdstaining information regarding the current
practices in acoustic and structural charactessticlive music venues. The description of

specific characteristics included in the checkéistutlined in Table 6 overleaf.
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3.6.2.2.2. Research Assistant Record Form.

The second measuring instrument was used by tleands assistants to manually
record the sound level measurement readings (AppeB)d This record form included
descriptive information (e.g. assistant code, locatwithin venue, date of recording and
test/set number) as well as the time of the reogrdin one minute intervals) and the SPL

reading corresponding with the time.

3.6.3 Procedures
The following procedures were employed in ordecatlect, record and analyse the

data obtained:

Ethical clearance was obtained from the Universitthe Witwatersrand’s Medical

Research Ethics Committee (Clearance certificat&(d46) (See Appendix C).

» Potential venues were identified and the ownersagears approached and invited
to participate in the study.

« Informed consent was obtained from each venueAgpendix D).

« Two pilot studies were conducted to assess thébiésof the study, to ensure the
data collection methods were reliable and to edéariee length of data collection.

* Appointments to visit the venues were made at timéisated as convenient for the
venue staff and the questionnaire (Appendix A) mdministered to the venue
owner/manager. The checklist (Appendix A) compldbgdthe researcher through
structured observations. The Owner/Manager was tpeovided with the
information sheet (Appendix E)

* On each evening that the data collection took plaaeh dosimeter was calibrated

before use.
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» Prior to recording and performance, seven aredsmihe venues were pre-marked

by the researcher at recording sites. These arelasled:

a.

b.

g.

One metre from the midpoint of the main sound ougowirce.

One metre from the back of the main entertainmesd.a

At the centre of the visitor’s side of the bar,agd the bar is at the back of the
entertainment area, in which case the measurements taken at the upper
seating area if available.

At the entrance to the venue.

At any available seating area.

One meter from the door of any available outsig@aar

Midpoint between the doorways to the male and ferbathrooms

These seven areas were selected as they are haldi@as within the venues, which are

commonly used by attendees.

On each evening the research assistants wereatetran the use of the dosimeters.

They were instructed on the aims of the study &edrationales for the procedures.

Precautions and requirements were discussed.

The SPLs were then recorded by the researcherianesgarch assistants during live

music performances in each venue at times indicdezbnvenient by the venue staff.

The recordings were performed during a typical veeekevening with a live band

playing and attendees present. The data collectonrred over four evenings, one

evening per venue. Over the course of each evetwmgsets of measurements were

recorded, within the venue being investigated. Tésearch assistants recorded 70

measures for each venue, for two sets of 35 readihgne minute intervals.

Each research assistant held a dosimeter and estdite SPLs at one minute
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intervals. The dosimeters were started by the @sdggssimultaneously and ran for 35
minutes, providing 35 readings for each positiothinithe venue
 The second set of readings was then recorded &t \eawe where the assistants
recorded a further 35 minutes of simultaneous ings.
» Each set of SPL recordings were indicated by tlsearch assistants at one minute

intervals on the Research assistant record fornpéAgix B).

3.7 Ethical Considerations

The World Medical Association (WMA) developed thelsinki ethical principles to
ensure the rights, safety and respect of all hupaaticipants in medical research (WMA,
2008). Although human participants were not usethis study, the managers/owners were
involved in sections of this study. Furthermoresel@ch assistants were used throughout the
data collection period. It is vital that the headftthe participants are always the main priority
and that the researcher always acts in the patitghbest interest. This research will now be
discussed in terms of the four principles of ethwasich include autonomy, beneficence, non-

maleficence and justice (Boylan, 2000).

The principle ofautonomyrefers to the individual's self-determination (Bay,
2000). Autonomy was achieved in this study via infed consent. Written permission was
obtained from the owners and/or managers of the divsic venues using an introductory
letter with informed consent (Appendix D). The verawners or managers were informed in
writing about the goals and importance of the stutg procedures involved the risks and

benefits involved, and measures taken to ensurdemtiality. The informed consent letter
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also stated their right to withdraw from the studly any point without any negative

consequence.

The principle ofbeneficenceefers to actions that lead to the wellbeing dieos
(Frankena, 1973). The venue owner/manager recege@nd hearing care education in the
form of a self-developed hearing awareness pamgAependix E) which discussed the
effects of high intensity sounds on the auditorgtesn and personal hearing conservation
strategies that may be used to reduce the riskigiLM

Non-maleficencés the principle that states above all to do norhéBoylan, 2000).
Ethical clearance was obtained from the Universitythe Witwatersrand Human Ethics
Committee (Appendix C). In accordance with the Hhisprinciples, all research involving
human participants should be written and submittethe form of a research proposal for
ethical clearance (MWA, 2008). The venue owner/rganand staff (including the band and
sound engineer) were not exposed to any excesssitytdevels outside of their regular work
practices, and were thus not placed at additios&lthat is not a part of their regular life
activities. The research assistants were exposeaxkdessive intensity levels outside their

regular work practices and thus were provided WiE#Ds with no charge.

Justicerefers to the distribution of good and evil (Frank, 1973). The dangers
involved in participating in the study included espre to potentially dangerous intensity
levels. However, this exposure was either withnairt regular life activities or they were
provided with HPDs. The potential benefits of thady thus outweighed the risks involved
as the venue-based hearing conservation stratbgiag explored may provide long-term

protection against the risk of MIHL in live musiemnues.
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Confidentialitywas ensured as each of the venues involved wesignasl a venue
number that was used on all forms and documentat@my the researcher has the
knowledge of each venue’s nhame. Furthermore, tberds are stored in a locked cupboard
for five years or two years after publication iretBpeech and Hearing department at the

University of the Witwatersrand, after which theil e destroyed.

3.8 Reliability and Validity

3.8.1 Reliability

Reliability refers to the consistency of measuretsiesr the correlation between
repeated measures (Irwin et al., 2008). Reliabiktyimportant in research as it ensures
dependability, credibility and stability of the véts (Irwin et al., 2008). This study made use
of a test-retest method of reliability as in eaemwe two sets of data were recorded on the
same evening. Inter-rater reliability was also useithe initial pilot study. The researcher and
a research assistant recorded the SPLs in the wemuétaneously to ensure reliability of the
findings. The Inter-rater correlation proved to d@mod as the marked differences in SPLs
within the venue was evident in both sets of mesments. Furthermore the equipment used
was professionally calibrated (as in accordancé e SABS standards) within six months
of use for this study to ensure reliable readingse equipment further underwent daily

calibration on each day prior to use.

3.8.2 Validity

The validity of a study refers to the extent to evhithe data collected is able to
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answer the research question. (Irwin et al, 20@8g¢rnal validity is used to determine if the
manipulation of the experiment affected the dependariable (Irwin et al., 2008). As this
study was not a true experimental design and didwamipulate variables, internal validity
was not preformed. External validity refers to slemsitivity and generalizability of the study
(Irwin et al, 2008). External validity was achievied means of construct validity. Construct
validity refers to the ability of a measure to egent the variable being measured (Irwin et
al, 2008). In the first pilot study conducted tharent hearing conservation practices and
venue acoustics checklist was administered. Thethgsised answers were obtained and

thus the checklist deemed valid in obtaining thepuneed information.

3.9 Data analysis and statistical procedures

The data was documented on all the relevant memsurstruments and encoded for
data analysis. All the data was computerized fatistical analysis on a Microsoft Excel
spreadsheet, using the add-in data analysis funclioe results were then analysed using a

variety of statistical procedures, listed in Tabland displayed in tables and figures.
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Table 7Description of data analysis

Statistical procedures Rationale

Descriptive statistics Descriptive statistics are used in research tordesquantitative data (Irwin
et al., 2008). Central tendency and variabilityalliggive statistics were used
in this study as the mean and range of the SPlosded were used for

analysis.
Analysis of variance Inferential statistics are used to determine whethlationships observed in
(ANOVA) the sample are likely to occur in the larger popaora(lrwin et al., 2008).

The hypothesis testing approach, a one-way ANO¥Aised to determine if
a relationship between the variables exists (Imtial., 2008). In this study,
the effect of the acoustic characteristics of livesic venues on intensity
levels was determined using a one-way ANOVA.

Bonferronit-test of variance Post-hoc analysis of results was performed whesgltseewere found to be
significant. The Bonferronitest of variance were performed to determine
which areas within the venues indicated signifiaifferences between the
means of the recorded SPLs (Howell, 2002)

Chi-square test Based on the results of the Bonferrotest, the frequency of observations
of significant variance for the different structucharacteristics was
analysed using the Chi-square test. This analysiecato determine if a
relationship exists between each structural charistit and the difference
in SPLs between areas with the venue. The Chi sedeat is valid for this
analysis as it is used when the data being analgfers to the frequency of
occurrence (Irwin et al., 2008)

3.10 Summary
This chapter discussed the aims of this study dsasethe research design employed. The
equipment, procedures and participants of the studge also outlined in this chapter.
Furthermore this chapter detailed the ethical isshat governed the study as well as the data

analysis procedures used.
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Chapter 4: Results

“...Flying at the speed of light
Thoughts were spinning in my head
So many things were left unsaid
It's hard to let you go...”

(Bennington et. al. 2010, track 8)

The results of the study are presented in reldbdhe aims of the study. This chapter
commences with a description of the venue-basedrgeaonservation strategies currently
implemented in amateur live rock and heavy metasimwenues in Johannesburg, South
Africa. Thereafter, the acoustic and structuralrabgeristics of the venues are discussed. The
SPLs recorded in each venue are presented andjthicance of variance between the SPLs
in the different areas within a venue are analydexktly, the relationship between the
structural characteristics of the venues and thianee of the SPLs are discussed. Data was
organized, analysed and interpreted with a viewdoawing conclusions regarding the
plausibility of venue-based hearing conservatioatsgies as a means of reducing the risk for

MIHL.

4.1 Hearing conservation practicesin liverock and heavy metal music venues

The current venue-basdtearing conservation practices within each of teaues
were discussed with the owners and/or managersthard confirmed through observation
with and without attendees. The results of thessenfations are presented in Table 8

overleaf.
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Table 8Current hearing conservation practices within limeisic venues

Type of hearing conservation Venue 1 Venue 2 Venue 3 Venue 4
HPDs available for sale No No No No
Attendees observed using HPDs 2 0 0 0
Staff observed using HPDs 0 0 0
Musicians observed using HPDs 3 2 2 1
Hearing conservation posters available No No No No

Hearing conservations pamphlets

. No No No No
available

The results indicate that no hearing conservativategjies were observed to be
implemented in any of the venues. Venues therefienot sell HPDs nor had relevant
posters and pamphlets available on hearing, he&wsygyand MIHL. Although no staff and
only a limited number of attendees (2) were obsemwsing HPDs during the live music

performances, a number of musicians (8) were udiPDs.

The owners and managers of the venues were asled #Hi® implementation of
hearing conservation programmes within the venlies.results demonstrate a willingness of
all individuals interviewed to implement hearingneervation programmes in their venues.
All the venue managers stated that if provided vwiRDs they would supply them to
attendees and display hearing awareness pampl@etly. one of the four venues (Venue 4)

indicated that they will not display hearing awaes posters.

4.2 Acoustic and structural characteristics of liverock and heavy metal music venues
The acoustic and structural characteristics of eashue were observed by the

researcher and recorded on the Observation Chegkppendix A).
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4.2.1 Acoustic characteristics of venues
The acoustic characteristics of each venue wererebd and recorded in terms of the current
recommendations for acoustics in live music venliég. current acoustic characteristics as

observed in each venue are outlined in Table eaker
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4.2.2 Structural characteristics of venues
The layout and floor plan (although not scaledize)sare presented and discussed for each of
the venues. The points of measurements are algmaiad on the floor plans as discussed in

Section 3.6.3. A summary of the structural chargsttes is presented in table 10 on page 56.

Venue 1

Venue 1 is open plan as the areas of the venue negrstructurally separated from
each other (See Figure 2). The main entertainmesg apened up to the bar and inside
seating area via a single step. The bar then ldtktentrance as well as through an open door
to an outside seating area. The inside seatingadseacontained pool tables. The pool tables
were sectioned off from the stage with a large @iet dry walling. The bathrooms were

connected by an open corridor to the inside seatiag.

(89.10:81.36) Legend

[ J
U © Private Area
(104 03:104.00)  (103.28:102.51) © Bathrooms
°
@ Pool Tables
%.(81.36:85.11) © Entrance

© Outside Area

O (99 60:100.03)

(91.93:92.67) o 03949710) ® Bar Area

C {J O Seated Area
® Dosimeters

(Set 1: Set 2) Average
Figure 2 Structural layout of Venue 1 (not drawn to scale)

SPL in dB
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Venue 2

This is one of the two venues that were not opem §5ee Figure 3). The main
entertainment area was sectioned off from theakste venue with walls and windows. The
bathrooms were connected to the main entertainraese by a short open corridor. Two
doors connected the main entertainement area timsfde seating areas. The door closest to
the entrance was observed to remain closed whal@ldtlor closest to the bar was kept open.
The bar was situated in the inside seating area. imbide seating area led down to the
entrance via a few stairs. The outside area cordamooden tables and benches and was
connected to the inside seating area through am®drto the bar. This door remained open

throughout the observations.

Legend
(82109:89.93)| @ Private Area
- O Bathrooms
@ Pool Tables

@ Entrance

O Outside Area
@ Bar Area

O Seated Area
@ Stage

.(81.12:88.79)

(91.57:98.39)
®
(84.36:89.83)

]

> ® Dosimeters

(71.77:76.45) (Set 1: Set 2) Average
SPL in dB

Figure 3 Structural layout of Venue 2 (not drawn to scale)
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Venue 3

This venue has two levels. It was noted that the@nnentertainment area was
sectioned off from other areas (See Figure 4). Hewethe bar was in the main
entertainment area, as well as the upper seateay &he inside seating area was attached to
the main entertainment area via a door and a sstags. Bathrooms were set within this
inside seating area. The main entertainment ar@awadoors leading outside. The first door
remained closed and opened up to an outside seatiagand outside bathrooms. The second
door remained open and led to the entrance of¢heesas well as further seating areas. The
upper seating area contained an inside and oussiding section. The inside section was

within the main entertainment area and was opetets the stage.

Legend

(82.37:83.09) .
(96.47:97.82) J © Private Area
[ J

L
PN Cl ® Pool Tables
(84.34:89.11)

O Bathrooms

© Entrance
O Outside Area
® Bar Area
O Seated Area

(84.11:85.51) ® Stage
e ® Dosimeters

| | (Set 1: Set 2) Average

® (78.66:79.81) SPL in dB

Figure 4 Structural layout of Venue 3 lower level (not drete scale)
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© Upper Inside
Seating
® Dosimeters

(Set 1: Set 2) Average
SPL in dB

(96.95:98.27)
o

(]

[ ]

Figure 5Structural layout of Venue 3 upper level (not dnaw scale)

Venue 4

This venue is open plan (See Figure 6). The maier&mnment area contained the bar
at the back with the upper seating area above.bati@ooms and entrance led off the main
entertainment area. The inside seating area walseirmain entertainment area as well as

adjacent to this area. The bar at the back of tiier@inment area opened to an outside

balcony through a large open door.
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®

: .9‘
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Legend
© Private Area
O Bathrooms
@ Pool Tables
@ Entrance
O Outside Area
@ Bar Area
O Seated Area
@ Stage

® Dosimeters

(Set 1: Set 2) Average
SPL in dB

Figure 6 Structural layout of Venue 4 lower level (not drate scale)

(93.10:100.03)

d

© Top Floor

(Set 1: Set 2) Average
SPL in dB

Figure 7 Structural layout of Venue 4 upper level (not dnaw scale)
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4.3 Recorded sound pressure levels

The SPLs were recorded in each of the venues. d3earch assistants were placed at
the seven predetermined points within each veraidisgussed in Section 3.6.3.
In venue 1 the bands played heavy metal music giminth sets of recordings. In venue 2 the
first band played light rock music whilst the sedgrlayed harder rock. In venue 3 one band
played throughout both sets of recordings and timeisic ranged from light to heavy rock
music. Both bands recorded in venue 4 were plagool music on the evening the data was
collected.

The results indicating the recorded SPLs in eadhefenues (two sets of recorded
data) are presented in Table 11. It should be nb&dveighting has not been used on these

averages.
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Based on the average SPLs, it is evident thatahedest point in each venue was at
the front of the main entertainment area. In theues without an upper inside seating area
(Venues 1 and 2), the back of the main entertaihrasra indicated the next highest SPLs.
However, in the venues with an upper inside seatieg overlooking the stage (Venues 3 and
4), the SPLs upstairs indicated a higher intengitgn the SPLs at the back of the
entertainment area. In all the venues with the jgtxae of Venue 3, the outside seating area
presented the lowest SPLs in the venue and tharemrto the venue indicating the next
lowest intensities. In Venue 3, the SPLs at theagige were lower than in the outside seating
area; this can be attributed to the structuralgiesif the entrance to the venue being an
outside gate rather than at the entrance to tHdibgi In Venue 1 and 2, where the bar was
not at the back of the main entertainment area,bdrearea indicated SPLs of a lower
intensity that the SPLs in the inside seating avéhereas in Venue 3 and 4, where the bar
was positioned at the back of the main entertainirasga, the SPLs at the bar were higher in

intensity that those recorded at the inside seatieg.

Based on the range of SPLs recorded in each positieach venue it is evident that
the difference between recorded SPLs can be asasi@®»dB within the same position in the
same venue during the same set of live entertaibhmirs large variance within the positions
can be attributed to the performers. During a thet,entertainer will often interact with the
attendees. Speech projected through the speakensygesulted in a peak in the SPLs, often
reaching up to 115dB. Similarly there were ofteprdis between songs, lasting for a few
seconds, which produced a lull in the SPLs. Duthmese lulls, the only noise present is the
noise of the attendees and thus a reduction ir5Bies recorded was observed. These levels

were as low as 70dB in the main entertainment arehbelow 65dB in further removed
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areas, indicating the need for time weighting.hibidd be noted that the dosimeters were set
with a minimum limit of 65dB, therefore during tmecordings, intensity levels lower than

the minimum limit were recorded as 65dB.

4.3.1 Analysis of variance

The data from each set at each venue was analysed the one-way analysis of
variance (ANOVA) to determine if a significant vamnce existed between at least one pair of
mean SPLs recorded in the venue. The null hypsliels) being tested was that there is not
a significant difference in variance between thé<SiR each area of the venue. The alternate
hypothesis (k) being that there is a significant difference arignce of the SPLs in each
area of the venue. A confidence level of 95£6=0.05) was utilized. A-value less than the

a-value thus indicated a significant variance arerthll hypothesis was rejected.

The results of the ANOVA for each venue (two sdteecorded data) are displayed in
Table 12. When the ANOVA indicated a significantigace and the null hypothesis was
rejected, post hoc tests were run by means of trdddronit-test (Dunn, 1961). The post
hoc tests were run to determine the significanceaofince between the mean SPLs of each
position in each venue in comparison to the SPLihi@fother positions within that venue. A
critical value oft = 3.02 (Dunn, 1961) was selected and ttwualues > 3.02 were deemed
significant and the null hypothesis was rejectédhbuld be noted that two sets of data were
recorded per venue to ensure reliability of theultss Thus, results presenting as significant
in one set of data but with results that were epeatable (insignificant variance in one set of

data), are marked in the table and are considasgnificant for analyses purposes.
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Table 12Summary of ANOVA results (Recorded SPLSs)

Venue Set Sour ce of variation df MS F P
Between groups 6 2348.13 65.62 <.001*
setd Within groups 238 35.75 - -
! Between groups 6 1736.78 53.43 <.001*
Setz Within groups 237 32.51 - -
Between groups 6 2381.93 37.17 <.001*
setd Within groups 237 64.08 - -
e Between groups 6 2944.38 58.37 <.001*
Sete Within groups 237 50.44 - -
Between groups 6 2980.06 85.57 <.001*
setd Within groups 237 34.83 - -
3 Between groups 6 2828.28 163.64 <.001*
Setz Within groups 237 17.28 - -
e Between groups 6 762.73 8.04 <.001*
4 Within groups 236 94.90 - -
e Between groups 5 676.63 10.61 <.001*
Within groups 204 63.80 - -

*statistically significant

Venue 1

The ANOVA showed that the difference between thé&sSieasured at the different
positions within venue 1 was significant for bo#tss(Set 1F(6,238) = 65.62p < .001,
Set 2,F(6,237) =53.43p < .001). Post hoc analyses were performed usiad@tnferronit-
test for significance to determine the differenoevariance of each position in relation to
each other for both sets. The critical value of3.02 was deemed to be significant and the
H, hypothesis, that there is a significant differeirceariance of the SPLs in each area of the

venue, accepted. The results are presented insTaBland 14 overleaf.
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Table 13t-test results for Venue 1 Set 1
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Back of Inside
Position of In front entertain Bar Bathroo Entrance Outside seated
recording of stage ment ms area
area area
In front of stage - 0.53 5.66* 8.47* 10.44* 15.86* 3.10™
Back of
entertainment - - 5.14* 7.94* 9.91* 15.33* 2.57
area
Bar - - - 2.817 4.78* 10.19* -2.56
Bathrooms - - - - 1.97 7.39*% 5.37*
Entrance - - - - - 5.42* 7.34*
Outside areas - - - - - - 12.76*
Inside seated ) i i i i i i
area
* Critical value:t > 3.02 indicates statistical significance
ASignificance varies between sets indicating pepeatability
Table 14t-test results for Venue 1 Set 2
Back of e
Position of In front entertain Bathroo Outside
recording of stage ment B ms Sidichie area SElE
area
area
L’:;g;”t if - 1.1 5.07* 8.32* 10.76*  13.87* 2.921
Back of
entertainment - - 3.97* 7.28* 9.66* 12.77* 1.82
area
Bar - - - 3.25* 5.69* 8.80* -2.15
Bathrooms - - - - 2.44 5.55* -5.40*
Entrance - - - - - 3.11* -7.84*
Outside areas - - - - - - -10.95*

Inside seated
area

*Critical value:t > 3.02 indicates statistical significance
ASignificance varies between sets indicating pepeatability
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The results of Venue 1 are represented graphigalijigure 8. The lines that overlap
indicate the areas that were not significantlyet#ght from each other, whilst separated lines

indicate a significant variance of SPLs.

80dB 85dB 90dB 95dB 100dB 105dB
Qutside Bathrooms Inside seating = In front of stage
- 2 B >
Entrance Bar Back of entertainment area

Figure 8Variance of SPLs in Venue 1

In Venue 1, it is evident that there is no sigmfit difference of the mean SPLs
recorded in front of the stage to those recorddatiennside seating area or at the back of the
entertainment area. Likewise, a non-significanfedénce in the mean SPLs was noted
between the inside seating area and the bar, thanoathe bathrooms, the bathroom and the
entrance. If the layout and structural characiesstf Venue 1 are recalled, it is evident that
the sole reason for a significant difference in thean SPLs between areas is the distance
between the areas. Venue 1 is open plan in detigmnly area structurally separated from
the others is the outside area which was sepavaealwall of the building. The outside area

indicated a significant difference in the mean StLall other areas in the venue.

Venue 2

The ANOVA results indicated the difference betw#e® mean SPLs measured at the
different positions within Venue 2 was significdot set 1,F(6,237) = 37.17p < .001 and set
2, F(6,237) =58.37p < .001. Post hoc analyses were performed usindgtméerronit-test
for significance to determine the difference ini@ace of each position in relation to each

other for both sets. A critical value bf 3.02 was used to indicate significance and the H
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hypothesisccepted. The results are presented in TablesdLlBGn

Table 15t-test results for Venue 2 Set 1

65

Back of e
Position of In front entertain B Bathroo Outside
. ar Entrance seated
recording of stage ment ms area area
area
gt‘;g;”t el - 1.56 7.028* 6.52* 10.38*  11.91* 5.33*
Back of
entertainment - - 5.46* 4.96* 8.82* 10.35* 3.77*
area
Bar - - - 0.5 3.36* 4.89*% 1.69
Bathrooms - - - - 3.87* 5.39*% 1.19
Entrance - - - - - 1.52 5.05*
Outside areas - - - - - - 6.58*
Inside seated ) ) i ) i ) i
area
*Critical value: t > 3.02 indicates statistical sificance
Table 16t-test results for Venue 2 Set 2
Back of Inside
Position of In front entertain Bathroo Outside
. Bar Entrance seated
recording of stage ment ms area
area
area
In front of stage - 2.54 8.19* 7.52* 13.06* 15.46* 7.58*
Back of
entertainment - - 5.65* 4.98* 10.52* 12.92* 5.04*
area
Bar - - - 0.67 4.87* 7.27* 0.61
Bathrooms - - - - 5.54* 7.94* 0.06
Entrance - - - - - 2.4 5.48*
Outside areas - - - - - - 7.78*

Inside seated
area

*Critical value: t > 3.02 indicates statistical sificance
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The results of Venue 2 are represented graphigalyigure 9. The overlapping lines

in this figure represent an insignificant variamt¢¢he mean SPLs between areas.

70dB 75dB 80dB 85dB  90dB 95d 100dB 105dB
Outsiag pathfooms In rrodt of stage
€«<—> €« ’ :
Entrance Inside seating  Back of main entertainment ararea
Rar,

Figure 9Variance of SPLs in venue 2

Figure 9 indicates that the mean SPLs within Vehied! into three ranges. The mean
SPLs recorded within the main entertainment areanat significantly different from each
other but are significantly different to all the ame SPLs recorded outside the main
entertainment area. The bathrooms, inside seatieg and bar have non-significant mean
different SPLs from each other, but all have a ifigamt mean difference in SPLs to those
recorded in the main entertainment area, the ctsating area and the entrance. Lastly, the
outside seating area and entrance area indicatsigoificant mean differences of recorded
SPLs to each other, but both have significantlfedeht mean SPLs to every other area in the

venue.

Venue 3

The analysis of variance results indicated theethbifice between the mean SPLs
measured at the different positions within Venuavéde significant for set 1(6,237) =
85.57,p < .001 and set &(6,237) =163.64p < .001. Post hoc analyses were performed
using the Bonferroni-testfor significance to determine the difference inmiaace of each

position in relation to each other for both ses.critical value oft > 3.02 was used to
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indicate significance and the; Hypothesisaccepted. The results are presented in Tables 17

and 18.

Table 17t-test results for Venue 3 Set 1
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Back of

- . Upper : Inside
Posmon of Infront of entertain seating Bathroom Entrance Outside seated
recording stage ment area S area area

area/ Bar
In front of stage - 4.78* 4.44*% 13.38* 17.41* 13.54* 14.78*
Back of
entertainment - - -0.34 8.60* 12.63* 8.76* 10.00*
areal/ Bar
Ugper  seeling - - - 8.94* 12.97* 9.11* 10.34*
area
Bathrooms - - - - 4.03* 0.17~ 1.407
Entrance - - - - - -3.86* -2.637
Outside areas - - - - - - 1.24
Inside  seatec i ) ) i ) i i
area
* Critical value:t > 3.02 indicates statistical significance
ASignificance varies between sets indicating pepeatability
Table 18t-test results for Venue 3 Set 2
Back of Upper Inside
Position of Infront of entertain PP Bathroom Outside
: seating Entrance seated
recording stage ment area S area area
area/ Bar
In front of stage - 6.21* 5.75* 14.97* 24.33* 18.60* 21.03*
Back of
entertainment - - -0.46 8.76* 18.12* 12.39* 14.82*
areal/ Bar
Ugper seeling - - - 9.22* 18.58* 12.85* 15.28*
area
Bathrooms - - - - 9.36* 3.63* 6.06*"
Entrance - - - - - -5.73* -3.30*"
Outside areas - - - - - - 2.43
Inside  seatec i ) ) i ) i i
area

* Critical value:t > 3.02 indicates statistical significance
ASignificance varies between sets indicating pepeatability
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The results of Venue 3 are visually presented guié 10.

75dB 80dB 85dB 90dB 95dB 100dB 105dB

Enfrare~  Juwstay'~ sppeannsieesRaui@ting
> -
Inside seating grea Back ot entertainhent/ba
<> <>
ithrooms In front of stage

Figure 10Variance of SPLs in venue 3

In Venue 3, the mean SPLs recorded at the frotiteoktage were significantly different from
the mean SPLs recorded in all other areas of theesancluding those recorded in the main

entertainment area.

Venue 4

The ANOVA showed the difference between the meahsSReasured at the different
positions within Venue 4 were significant for setF(6,236) = 8.04p < .001 and set 2,
F(5,204) =10.61p < .001. Post hoc analyses were performed usin@tméerronit-test for
significance to determine the difference in var@ot each position in relation to each other
for both sets. A critical value df > 3.02 was used to indicate significance and the H
hypothesisaccepted. The results are presented in Tables d®@roverleaf. It should be
noted that the dosimeter used to record the SPilsimside seating area malfunctioned and

thus the SPLs for the second set could not beradaddor the inside seating area
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Table 19t-test results for Venue 4 Set 1
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EREC @ Upper Inside
Posmon of In front entertain seating Bathroom Entrance Outside seated
recording of stage ment S area
area area
area/ Bar
In front of stage - 1.20 0.98 3.70* 4.22* 4.17* 5.20*
Back of
entertainment - - 0.23 2.50 3.017 2.97" 4.00*
areal/ Bar
ey SR - - 2.73" 3.24* 3.19* 4.23*
area ’ ’ ’ ’
Bathrooms - - - - 0.51 0.47 1.50
Entrance - - - - - -0.05 0.99
Outside areas - - - - - - 1.03
Inside seatec i ) ) i i )
area
* Critical value:t > 3.02 indicates statistical significance
ASignificance varies between sets indicating pepeatability
Table 20t-test results for Venue 4 Set 2
Back of Upper
Position of Infront of entertain PP Bathroom Outside Inside
: seating Entrance
recording stage ment area S area seated area
area/ Bar
W et 9] - 0.25 -0.47 2.74n 3.80* 5.10*  Unavailable
stage
Back of
entertainment - - -0.72 2.49 3.56*" 4.85*  Unavailable
areal/ Bar
Ugper seelig - - - 3.21% 4.27* 5.57*  Unavailable
area
Bathrooms - - - - 1.06 2.36 Unavailable
Entrance - - - - - 1.30 Unavailable
Outside areas - - - - - - Unavailable

Inside seatec
area

* Critical value:t > 3.02 indicates statistical significance

ASignificance varies between sets indicating pepeatability
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The variance of the recorded mean SPLs betweeardas in Venue 4 are represented

in Figure 11.
80dB 85dB 90dB 95dB 100dB 105dB
SIS EQDHY ™ < DaBﬂ‘U‘U‘iilS‘m" UpPerRAUNR FNeg
‘Entrance N Béck of entertainment aret at@a/b
outeidearod- In frontof chosane
<> ~ <

Figure 1h Venarme 6°SFLsirmvenue 4

Figure 11 above demonstrates that venues with an pjan are not ideal for creating
a variance in intensity levels between areas. Vehigsimilar in design to Venue 1 in that

none of the areas in the venue are structurallgirs¢g with the exception of the outside area

It is evident from the results above that the mgjaf the comparisons between areas
within the venues indicated a significant variameeecorded SPLs. It was noted that the
open plan venues (Venues 1 and 4) indicated fereasawith significant differences in SPLs
compared to the venues with structurally separateds (Venues 2 and 3). Furthermore it
was noted that in the venues that structurallyatsal the main entertainment area (Venues 2
and 3) consistently indicated a significant var@aont SPLs between the areas within the main
entertainment area to those separated from the Bneafinal trend noted was that in all the

venues, the outside area was significantly diffeterall other areas within the venues.
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4.4 Relationship between the structural characteristics and the sound pressurelevelsin
venues

The data from each set at each venue was analgsgglthe ANOVA to determine if
a significant variance existed between at leastpmieof mean SPLs recorded in the venue.
The null hypothesis (5§} being tested was that there is not a statisyicalgnificant
relationship between the structural characteristit® venue and the difference in SPLs
within the different areas of the venues. The adtF hypothesis (i being that there is a
significant relationship exists between the striadticharacteristics of a venue and the
difference in SPLs within the different areas af trenues. The Chi-square texf)(was used
to determine if the relationship between the stmatcharacteristics and the variance in the
mean SPLs were significant. A confidence level 8¥®(@ = 0.05) was utilized. A-value
less than thei-value thus indicated a direct relationship betwiwnstructural characteristic

and the variance in the mean SPLs.

For each structural characteristic observed theltee®f the Bonferronit-test of
variance for each venue were used to calculatéd¢g@ency of significant and insignificant
variance of the different positions within the ventrhe positions compared were based on
the structural characteristic being investigatéahbuld be noted that when significance of
variance was not repeatable between the first andnsl set of recordings in a venue they

were deemed to have a non-significant variancet@peor reliability.

Each structural characteristic is discussed betowrder to, as per the main aim of the
study, determine if each characteristic may beffattere venue-based hearing conservation

strategy.
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4.4.1 Main entertainment area
In venues 1 and 4 the main entertainment areas we¢rgectioned off from the rest of
the venue, whereas venues 2 and 3 were structbe¢dhe main entertainment areas was

closed off from the other areas of the venue.

Using the results of thietests, the frequency of significant and insigrifit variance
for the different structural characteristics wasoreed. In each venue the main entertainment
area (front and back) was compared to all otheasarecorded in the venue (bar or the upper
seating area, the bathroom, the entrance, thedeutsea and the inside seating area). Thus
for each venue, the significance of variance betwagh positions in the main entertainment

area and five positions were recorded, giving al tot 40 observations (Table 21).

Table 21Frequency of significant variance in different maimtertainment areas

Number of observations of
insignificant variance/
unrepeatable significance

Structure of the main Number of observations of
q Venues . s .
entertainment area significant variance

Main entertainment area

sectioned off 2and 3 1 1

Main entertainment area

not sectioned off land4 12 :

The results of the Chi-square test indicapevalue of 0.008037545{=1) thus using
a critical value of 0.05, the null hypothesis can rejected. This indicates that there is a
significant relationship between the structural rabteristic of sectioning off the main
entertainment area and increasing the varianceeoSPLs recorded within and outside the

main entertainment area.
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4.4.2 Bar area

The bar area in Venue 3 and Venue 4 was positiahéte back of the entertainment
area. Whereas the bar area in Venue 1 and Venue @o& within the main entertainment
area. The frequency of significance of variancaveen the bar and the main entertainment
areas were observed and can be seen in Tablet@falAf eight observations were analysed,
specifically between the bar area and in fronthedf stage as well as at the back of the
entertainment area for venues 1 and 2. In venuasad34 the observations included the

variance between the bar and in front of the stageell as in the upper inside seating area.

Table 22Frequency of significant variance in the bar areas

Structure of the bar area Venues Number of observations = Number of observations
of significant variance of insignificant variance

Bar in main entertainment area 3and 4 1 3

Bar area outside the main

. 1and 2 4 0
entertainment area

The results of the Chi-square test indicatepivalue calculated at 0.028459%8<1)
thus using a critical value of 0.05, the null hypesis can be rejected. This indicates a
significant relationship between the structuralrekteristics of the bar area in a venue and
the difference in intensity levels between the bad the main entertainment area. As a
significant reduction in intensity levels was notedoth venues with the bar area outside of
the main entertainment area, it can be statedthiastructural characteristic may be used a

venue-based hearing conservation strategy to retieagsk of MIHL.

4.43 Outsidearea

All the venues in this study had an available @l@sieating area. In all four venues it
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was determined that SPL in the outside area wasifisantly lower than in the main
entertainment area. Firstly, this indicates thhbatside areas are beneficial as a structural
means to reduce the risk of MIHL. Furthermore, tlsisggests that the structural

characteristics of the outside area do not affectréduction in SPLs.

4.4.4 Upper inside seating area

Two of the venues (Venue 3 and 4) had an uppedenseating area available where
attendees could sit and view the band. Both ofetlvesiues positioned the upper seating areas
within the main entertainment area, structured &xftaThese areas were therefore open to
the main entertainment area and attendees couldtihie stage from these areas. Tests
above for both venues indicate a non-significantavee of SPLs between the back of the
entertainment area and the upper seating areaehue/3, thet-test above indicates a
significant difference in SPLs between the uppeatieg area and the front of the main
entertainment area, whereas, in Venue 4 a nonfsigni variance was indicated between
areas. These results suggest that as the intéesgls in the main entertainment area and in
the upper seating area are similar, an upper gsgatea may not be considered a venue-based

hearing conservation strategy.

4.45|nside seating area
In venue 1 and 4 the inside seating areas weresextioned off from the main

entertainment area, whereas in Venue 2 and 3 thateas were structurally separated.

The Bonferroni-test of variance results between the inside sgatiea to the front of

the main entertainment area and to the back oflertainment area were used to determine
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if separating the seating area from the main aitertent area could reduce the risk of
hearing loss for attendees. The frequency of olsiens of significance is presented in Table
23. In venues 2, 3, and 4, all six comparisonsceteéd a significant variance, whereas in

Venue 1 it was indicated that there was a non-Bogmit variance between the positions.

Table 23Frequency of significant variance in the insidetsgnareas.

Structure of theinside seating area Venues Number of observations  Number of observations
of significant variance of insignificant variance

Inside seating area separated from

. : 2 and 3 4 0
main entertainment area

Inside seating area not separated

; b 1 and 4 2 2
from main entertainment area

The results of the Chi-square test indicafevalue of 0.1024704351{=1). A critical
value of 0.05 was adopted and thus the resultscatelian insignificant frequency of
observations, suggesting the null hypothesis shbeldccepted. As the null hypothesis is
accepted it can be stated that the structural ctaarstics of the inside seating areas in live
music venues do not directly affect the differententensity levels between areas. Therefore
the structural characteristics of the inside sgaéireas should not be used in attempting to

reduce the risk of MIHL in venues.

4.4.6 Entrance

In all the venues it was indicated that the SPLs$hatentrance were significantly
lower than the SPLs recorded at the front and leddke main entertainment area. These
results indicate that, the entrance areas of veackas a structural characteristic that could

reduce the risk of MIHL if made use of by the attees. It also indicates that the structural
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characteristics of the entrance to the venue defett the reduction of SPLs at the entrance.

4.4.7 Bathrooms

In three of the venues the bathrooms were not aggghrstructurally from the main
entertainment area. In venue 3, the entrance tbdtiteooms was in the outside seating area.
Thus attendees were required to leave the maimtam@ent area, walk through a section of
the outside seating area and then enter the batistddsing the-test results, the frequency
of significance of variance of the SPLs betweenltathrooms and the front and back of the
main entertainment area were recorded (Table 24kehue 1, 2 and 3 thetest results
indicated a significant variance between the SRiconded in the bathrooms and those
recorded in the main entertainment area. In Ventleedresults indicated a non-significant

variance between the SPLs of these areas.

Table 24Frequency of significant variance in different batbm positions

Structure of the bathrooms Venues Number of observations  Number of observations
of significant variance of insignificant variance

Bathrooms not separated from

- . 1,2and 4 4 2
main entertainment area

Bathrooms separated from main
entertainment area

The results of the Chi-square test indicate ghalue was 0.345778586@if€1), the
critical value adopted in this study is 0.05 andsttihe results indicate a non-significant
relationship between the position of the bathroand the difference in intensity levels.
Based on the calculation the null hypothesis wase@ted and thus the position of the

bathroom within the venue may not be consideredeau&-based hearing conservation
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strategy.

4.5 Summary

This chapter aimed to discuss the results of theystegarding the plausibility of venue-
based hearing conservation strategies as a meaeduwfing the risk for MIHL. The results
indicated that currently venue-based hearing comasien strategies have not been
implemented in live Rock and Heavy metal music enin Johannesburg. The results
further indicated that the managers and/or owmgesviewed would be willing to implement
such strategies in their venue. These results stigbat certain structural and acoustic
characteristics of music venues may be used asiplawenue-based hearing conservation

strategies.
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Chapter 5: Discussion

“...Sitting in an empty room
Trying to forget the past
This was never meant to last,
I wish it wasn't so...
(Oh!) I know what it takes to move on,
| know how it feels to lie,
All  wanna do
Is trade this life for something new
Holding on to what | haven't got...”

(Bennington et. al. 2010, track 8)

This chapter summarizes the results of the stundlyiacludes a discussion of these
results in relation to the literature. Data is ipteted so that conclusions can be drawn
regarding the plausibility of venue-based heariogservation strategies as a means of

reducing the risk for MIHL.

5.1 Hearing conservation practicesin liverock and heavy metal music venues

It is evident from the results of this study th&ahng conservation programs are not
being implemented in the participating live musenues. The discussions held with the
venue owners and managers clearly indicate a lgel l&f awareness of legislation, such as
the OSHA of 1993, specifically as it relates to theponsibilities of employers in terms of
noise. This is supported by findings in the curstody that no staff members were provided
with HPDs despite SPLs exceeding 85dB in most anatsn the venues. The OSHA of
1993 clearly states that no employee shall be perinio work in an environment with

ambient SPLs exceeding 85dB without hearing primtect
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These findings are in contrast to research conductédustralia (Guo & Gunn, 2005;
WWA Commission, 2003). Research has found thaténentertainment industry, employers’
awareness of responsibility of employers in terrhaase had increased between the years
2000-2005 (Guo & Gunn, 2005). This may be conteduto the release and promotion of
noise policies such as ‘The code of practice: Nasatrol in the music entertainment
industry’ in Australian entertainment venues (WWAndmission, 2003). Research studies
are also conducted to determine whether this ksl is adhered to (Guo & Gunn, 2005).
There is no evidence that similar legislation omseare being promoted or enforced in the
South African music industry. This may contribute the lack of hearing conservation

programmes within the music venues investigatatiercurrent study.

Despite the fact that hearing conservation prograsmpromote hearing awareness and
education (Bogoch et al.,, 2005), none of the vendisplayed posters or pamphlets
highlighting the risk of noise and the benefitspobtection. These results are supported by
previous research that found that hearing awareaedseducation regarding the risks of

music exposure is limited (Bogoch et al., 2005; @hat al., 2005).

The limited use of HPDs by attendees of the vemugsaded in this study, highlight the
need for the implementation hearing awareness dgmgan live music venues in South
Africa. Research has confirmed that knowledge awdreness of HPDs and the adverse
effects of noise on the auditory system may in@easnpliance with HPD use (Bogoch et
al., 2005; Horrell, 2009), Hearing awareness angcation within live music venues may

therefore prove to be a useful venue-based headngervation strategy. Specifically, as all
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the managers and owners interviewed in the cussandy indicated that they would be
willing to implement hearing conservation progransmehis willingness to comply with an
awareness program was on condition that the HPOdsna@aterials (posters and pamphlets)

were provided to the venues.

It is encouraging to note that some musicians paifty at the venues in the current
study were using HPDS. This indicates that musgceme aware of the benefits of proactive
hearing prevention despite the lack of hearing aness campaigns and legislation in South
Africa. This correlates to a previous study conddcin the South African music industry

which indicated that 62.5% of the musicians in gtatly made use of HPDs (Horrell, 2009).

Although hearing awareness campaigns are one ohvhdable venue-based hearing
conservation strategies, it should not be usedadlaiion. Hearing conservation programmes
should ideally incorporate a combination of streegto maximise efficiency (WWA
Commission, 2003). This is especially relevant tatias been reported that relying on
awareness programs in isolation to increase pergwatection compliance is not effective

(Weichbold & Zorowka, 2007).

5.2 Acoustic and structural characteristics of liverock and heavy metal music venues

5.2.1 Acoustic characteristics

Six acoustic characteristics have been outlindiddrature as effective in reducing the
intensity levels in the venue. Each of these asp®dli be discussed in terms of the
recommendations as well as the frequency of comgdiavithin the venues investigated in

this study.
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5.2.1.1 Dry walling

Dry walling was used in only one of the four venigsnue 1). In this venue, dry
walling was used to separate the entrance frommhben entertainment area. The SPLs
recorded within this venue in front of the stagd ahthe back of the main entrance area were
excessively high when compared to the other veri8es Table 11). The use of the dry
walling in this position may adversely affect thELS in the venue as it is positioned in the
main entertainment area where the sound qualitypendeived loudness are of maximum
importance. This is supported by the intensity levecorded within this venue. The SPLs in
front of the stage averaged 104.03dB and 104.00dBhe first and second set of recordings
respectively. The SPLs recorded at the back of rtfen entertainment area averaged
103.28dB and 102.51dBs. These intensity levelseaoessively high and an attendee may

safely stand in front of the stage for 7.5 minute®re being considered at risk of NIOD.

The use of dry walling in music venues is not emagad. It has been found that the
material used to construct dry walls absorbs lagdiency sound waves (Gastmeier, 2009).
Although the use of absorptive materials, suchi@s cpanelling and posters, are encouraged
to reduce the SPLs in venues, low frequency speaifsorptive materials are not. Research
indicates that these materials reduced the pemtdoxgdness without actually reducing the
SPLs (Gastmeier, 2009). Music is therefore ofterther amplified as to increase the

perceived loudness of the music (Gastmeier, 2009).

5.2.1.2 Wooden flooring
All four of the venues in this study contained wendlooring in at least one section

of the venue. In Venue 1 the wooden flooring wassent in the outside seating area and in
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Venue 2 the wooden flooring was in the bar areachvivas structurally separated from the
main entertainment area. As the wooden flooring m@swithin the main entertainment area
for these venues it can be assumed they will ne¢raely affect the SPLs within the venue.
In venues 3 and 4 the wooden flooring is within ti&n entertainment area, specifically the
upper seating areas. As the wooden flooring isiwithe main entertainment area, the SPLs
may adversely be affected, specifically in Venueh&re the sound engineers were positioned

in the upper seating area.

Similarly to dry walling, wooden flooring is discaged in music venues as this
material also absorbs the low frequency waves. idsudsed above, the SPLs in the venue
are thus increased to counterbalance the perceadecction in intensity levels (Chasin &

Chong, 1995).

5.2.1.3 Reflective surfaces

In venues 1, 2 and 3, large reflective surfacesr@vpgesent in the main entertainment
area specifically glass panels and windows, inthigathat the majority of the music venues
in South Africa are not currently considering swatoustic characteristics in their venue

design.

The over use of hard, reflective surfaces is dismged in music venues (HSE, 2008).
Although some well-placed reflective surfaces mayprove the reflections and
reverberations in the room (Gastmeier, 2009), theruse of these surface may result in
excessive intensity levels as well as a poor sauality within the room (Gastmeier, 2009;

HSE, 2008). When the perceived sound quality ificsemtly loud with an intimate quality
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and a good texture, intensity levels are lessyikel be increased to counterbalance poor
sound quality. Thus, sufficient early sound refl@aes, an even sound distribution and
appropriate sound reverberation are beneficial dth the musicians as well as attendees
(Gastmeier, 2009). Other adverse effects of lalgieréflective surfaces include acoustical

glare and source shift which further results iroarsound quality (Gastmeier, 2009).

5.2.1.4 Speakers

In all four venues, speakers were placed on ther flethout allowing an unobstructed
space between the speakers and the attendeess\2ame 4 had speakers suspended above
the audience as well as the speakers placed dlotneln venue 3, two speakers were placed
on stands in conjunction with the speakers postioon the floor. These results again
indicate that the live music venues are not coesist considering the acoustic

characteristics during the venue design and set up.

With regards to the speakers in live music ventiese are two factors that need to be
considered. The first is the placement of the spesaind the second is the distance between
the speakers and attendees. If possible the sestkeunld be positioned up high, on the walls
or on stands to avoid excessive exposure to ingalgdin close proximity (HSE, 2008). This
characteristic is not used to improve the soundityuaut to increase the distance and thus
reduce the intensity of the sound as it reachesattemdees. Secondly, it is suggested that
there is at least two metres of unobstructed spatgeen the performers and attendees, as
bodies are absorptive, and thus the perceived sityetevels will be reduced (Chasin &

Chong, 1995).
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5.2.1.5 Seating in the main entertainment area

In Venue 1, there was no seating in the main aaitertent area. However, in venues 2
and 4, there was an abundance of wooden tablesseatthg in the entertainment area.
Although small cocktail tables were present in \@y they were made of metal and thus
would not absorb the sound waves. Furthermorecdioktail tables were placed away from
the stage, closer to the bar. These results conlffianthe recommendations regarding seating

in the main entertainment were not consistentlgewi in the venues.

The seat-dip effect needs to be considered innfiusic venues. This effect is caused
by the over-presence of absorptive materials, lysaala result of seating in the venue. This
may result in an energy reduction in the 100-400rdie (Gastmeier, 2009). This factor is
important in venue acoustics as overuse of abserptiaterials result in compensatory

increased intensity levels to increase the perddwedness.

In venues 1, 2 and 4, the SPLs at the front an#é bathe main entertainment area
were not significantly different from each otheopwtever, in Venue 3, a significant difference
was noted between the recording obtained in fronhe stage to those obtained at the back
of the entertainment area. This unexpected phenomean also be attributed to the seat-dip
effect. The seat-dip effect results when there xsessive absorptive materials (usually
seating) in the entertainment area which resulta rreduction of intensity levels, this is
usually caused by seating in the entertainment @eaatmeier, 2009). This effect is usually
avoided as the intensity levels are often increasembunteract the sound absorption, which
results in higher SPLs in the room (HSE, 2008). kv, in this venue, the seat-dip effect

was not caused by seating in the entertainment laredy a large audience. People act as
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absorptive materials and thus, as in this casa,rwom filled with people, the SPLs may be
significantly different in the front of the room those in the back of the room. This example
of the seat-dip effect proves to be beneficialhesattendees in the upper seating area and at
the back of the entertainment area where expossijtificantly lower intensity levels than
those in front of the stage. This does not coreelatthe previously mentioned literature that
discourages excessive absorptive materials in thie entertainment area (Gastmeier, 2009;
HSE, 2008). A possible reason for the differencefiimings is that seating and other
permanent absorptive materials are present duhegte-performance sound check, where
the intensity levels are adjusted to produce a lowidcomfortable listening environment. In
the case of Venue 3 where the seat-dip effect wasex by bodies, the absorptive materials

were not present during the sound check and theilcompensation did not occur.

5.2.1.6 Background noise

All four venues were removed from road traffic moiand did not contain noisy
ventilation systems. Furthermore, by comparingsinend levels recorded at the entrances to
the venues to the SPLs in the main entertainmesd d@rcan be deduced that the venues

effectively isolated the noise to within the venue.

Background noise such as air conditioners or rogtid noise can affect the intensity
levels in music venues. The overall intensity levehn be reduced optimising the acoustic
isolation of the source of noise within the vennd decreasing the background noise without

deducting from the perceived loudness of the m&astmeier, 2009).
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5.2.2 Structural characteristics
Currently, internationally there are very few recoendations in terms of specific
structural characteristics being used to reduceisieof MIHL in music venues (Crandell &

Smaldino, 2002; Gastmeier, 2009; HSE, 2008).

In venues 2 and 3 the entertainment area was sedtioff. Venue 2 was more
successful in this regard in that the entertainnaeeh was used solely for the purpose for the
attendees to enjoy the live performance. In venuetl3r areas were incorporated in the
entertainment area such as the bar at the badkeoidnue and the upper seating area. It is
evident that in the current study two of the ven{yesiue 1 and 4) were open plan in layout.
Having a venue open in this way is not recommertilerlthe effects on the RT in the venue.
This is consistent with previous literature thatammends that other functional areas, such
as the bar, should not be positioned directly opposom the stage (HSE, 2008). This
recommendation was not adhered to in venues 3 abdth of which positioned the bar at
the back of the entertainment area. In additionaliffour venues the sound engineer was
positioned within the main entertainment area. Thither demonstrates the trend that South
African music venues are currently not consisteatliiering to recommendations that aim to

increase the auditory safety of a venue.

In literature the current recommendations referthe venue size and RT. It is
postulated that the smaller the venue, the bdieisound quality of the music. This can be
explained as a large volume space with minimal igdt&m or occupancy will have a long RT
(Gastmeier, 2009) Reverberation degrades speeckptem and thus the shorter the RT the

better the sound quality (Crandell & Smaldino, 20@ased on these recommendations, it
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can be advised that if venues section off the reatertainment area, the sound quality within
that area will improve. When there is good sounalitpin a room the intensity levels are not

unnecessarily increased.

The structural characteristic of a separate emennt area is supported by the HSE
(2008) which recommends that the band should faeenajority of the attendees but should
not be directed at the bar or any other work afé& suggests that other work areas should

not be in the entertainment area.

It is evident from the findings above that the eatrtrends in the acoustic and structural
characteristics of South African music venues do camply with the safety regulations
stipulated in legislation and hearing protectiomtpcols. This indicates that the OSHA
(1993) guidelines are currently not being enforcethe venues included in this study. This
further highlights the need for extending hearingservation and awareness programmes to
venue owners and managers as they are currentlpwate of the current legislation and
hearing safety protocols for music venues. Thesalirfgs indicate a need for the
recommendations pertaining to the acoustic andtstral characteristics of music venues to
be included in legislation and policies in order finese protocols to be successfully
implemented in venues. Studies in Australia hadkcated an increase in venue awareness,
responsibility and compliance over time due to gestralian government implementing,
promoting and inspecting health and safety reguiatand hearing protection policies (WWA

Commission, 2003).
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5.3 Recorded sound pressure levels

Intensity levels recorded in live music venues hadn reported as dangerously loud
(Bogoch et al., 2005; Chasin, 2009; Dillon, 2008hi&uziger et al., 2006). It has also been
described as one of the loudest recreational #&esv{Dillon, 2008). Previous studies have
provided evidence of the average SPLs recordedusiarvenues (Jokitulppo et al., 1997;
Sadhra et al., 2002; Williams et al., 2010), bus hat provided insight into the different
SPLs in different areas within a venue. It is plzad that this information could prove
important as if practical means could be founddduce the SPLs in functional areas of
music venues, the attendees overall noise expasoudd be reduced. The mean SPLs for

seven areas of the four venues are discussed below.

5.3.1In front of the stage

In all but one venue (1, 2 and 3), the highest n&Rhs were recorded in front of the
stage. The exception was the second set of regzdm venue 4 where the mean SPL
recording in the upper seating area exceeded the ®EL recorded in front of the stage. The
mean SPLs recorded in front of the stage ranged 84.56dB- 104.03dB. The results of the
current study correlate with the findings of Witha et al. (2010) which found that the
intensity levels in music venues averaged at 97.9@Bis is however in contrast to a study

conducted by Sadhra et al. (2002) which recordedaaye SPLs of 90dB.

Although risk predictions cannot be made on theserames (mainly due to the
limited length of the recordings in the currentdsfuthe time weighted equivalent can be
provided based on the ADE limits as discussed Bpmi(2008). The ADE limits for each

venue are presented in Table 25 based on the ne@asnits recorded in front of the stage.
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Table 25ADE limits based on SPLs recorded in front of tiage

Venue Set ADE limit
1 7.5 mins

! 2 7.5 mins
1 60 mins

. 2 15 mins

1 7.5 mins

° 2 7.5 mins

1 60 mins

4 2 30 mins

Interestingly, although the recorded mean SPLs &éetvsets were similar for venues
1 (104.03dB; 104.00dB) and 3 (103.21dB; 103.99dB})he other two venues (Venue 2 and
4) a noticeable difference was recorded betwees $etaudiological terms a noticeable
difference can be assigned to differences exce&ltiBgas this will transcend to a difference
in the time weighted exposure limit (Dillon, 2008).venue 2, the mean SPL for the first set
of recordings was 94.56dB whereas the averagehéosd¢cond set was 102.70, indicating an
8.14dB difference between sets. The only changeottairred between the sets was the band
playing. In the first set, the band played lightkanusic whereas in the second set a heavy
rock band was playing. Likewise in venue 4, durihg initial set a lighter rock band was
playing and the mean SPL was recorded to be 95.8#dBeas in the second set the intensity
levels averaged at 99,13dB indicating a 3.76dBetkffice. Again, the only change in the
venue between recordings was the band. This itefichat the band playing and the type of
music played largely influences the SPLs within thenues. This correlates to current

literature which states that the incidence of Mi#ries between genres (Einhorn, 2009).
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5.3.2 Upper inside seating area
Two of the four venues (Venue 3 and 4) containedigper inside seating area. In both of
these venues the upper seating area was posituiti@d the main entertainment area. Both
areas contained wooden flooring and both areas Vofiréike in nature. In both of these
venues the mean SPLs recorded in the upper seatiagvere the second loudest recordings
in the venue, with the exception of the mean SPthénsecond set of venue 4. In venue 4, the
mean SPL recorded in the upper seating area extd¢leelenean SPL recorded in front of the
stage for that set. This unexpected result mayoogributed to the majority of the speakers
being suspended above the stage which resultetieim toeing physically closer to the

attendees in the upper seating area than thosenndf the stage.

The mean SPLs recorded in these upper seating asemgd from 93.10dB-
100.03dB. In terms of time weighted equivalentsli¢ibj 2008), an attendee in Venue 3,
would be exposed to the mean SPLs in the uppengeatka for the first set of readings for 1
hour, but based on the second set of readings e would be met after 30 minutes. In
Venue 4 the time weighted equivalent for the fast of readings is two hours but only 15

minutes for the second set of readings.

The variations in these time weighted exposuretdinfiighlight three important
considerations. The first is that these differenceshe mean SPLs recorded in the same
position in the same evening in the same venuealgle@monstrate the importance of a
prolonged noise assessment when the results wiliskd for risk management. The second
consideration reiterates the effect the band amedntiusic genre has on the mean SPLs

recorded in the venue. The final consideratiorha& venues, with a significant difference in
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the mean SPLs recorded between sets, the louder ga@tsistently later in the evening. This
correlates to the results of a study that the Bitgrievels within music venues consistently

increased as time progressed (Williams et al., 2010

5.3.3 Back of the entertainment area

In the venues with an upper seating area (Venwssl3}), the mean SPLs recorded at
the back of the main entertainment area where gutbain the upper seating area. In both
venues without an upper seating area (Venues 12gnithe back of the entertainment area
was consistently the second loudest area in theevéiihe mean SPLs recorded at the back of
the entertainment areas in all four venues rangad £1.57dB - 103.28dB. The ADE limits

based on the mean SPL for each venue are presaritdile 26.

Table 26ADE limits based on SPLs recorded at the backefithin entertainment area

Venue Set ADE limit
1 7.5 mins

! 2 15 mins
1 120 mins

2 2 30 mins

1 60 mins

3 2 30 mins

1 120 mins

4 2 30 mins

The mean SPLs between sets in venue 1 and 3 disigroficantly differ. However,
the differences between sets in venue 2 and 4 @&2dB and 6.09dB respectively. As
discussed in section 5.3.1.1, incidence of MIHLiemibetween genres (Einhorn, 2009). The

audiologically significant difference (>3dB) obsedvin venues 2 and 4 can be contributed to
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the genre being played. In venues 1 and 3 the game was played throughout the evening.
In venue one two heavy metal bands played, whilsienue 3, the same band played across
both sets of recordings. In venue 2, the first bptayed light rock music and the second
played harder rock. Similarly, in venue 4, two éi#int rock bands played during the first and

second sets of recordings.

5.3.4 Inside seating area

All the venues had an inside seating area thatneag the main entertainment area.
In venue 1 and 4 the seating area was separatedtifi® entertainment area by distance but
not structurally separated. In venue 2 and ventige3nside seating area was structurally
separated from the entertainment area. The meas &fbrded in the inside seating areas
across the venues ranged from 82.37dB to 103.28dBvenue 1, the time weighted
equivalents were 30 minutes and 15 minutes fofiteeand second set respectively. During
the first set of readings in Venue 2, the mean S®terded indicated that the inside seating
area was acoustically safe for extended periodsrsd as the average was less than 85dB,
however, the second set of data indicated an expadlowance of 4 hours in venue 2.
The mean SPLs recorded in the seating area of i@aund 4 also indicated no exposure limit
due to averages below 85dB. Intensity levels be8&dB are deemed low risk because the
risk of developing MIHL due to overexposure to higkensity music is dependant both on

the average SPL and the length of exposure in ({@hesky, 2008).

5.3.5Bar
In venue 1 and 2 the bar areas were separate fienmain entertainment area, in

venue 1 by distance and in venue 2 by structuransieln venue 3 and 4 the bar areas were



93
VENUE-BASED HEARING CONSERVATION STRATEGIES
positioned at the back of the entertainment arehtlam intensity levels were thus discussed
in section 5.4.1.3 above. The mean SPLs recorddterbar areas across all four venues

ranged from 81.12dB to 97.10dB.

As per the time weighted equivalents (Dillon, 2Q@Bg ADE limits for venue 1 and 2

are presented in table 27.

Table 27ADE limits based on SPLs recorded in the bar area

Venue Set ADE limit
1 30 mins

! 2 60 mins

1 No limit

. 2 4 hours

The difference of the mean SPLs recorded in thecbapared to in front of the stage
in venue 1 was 8.09dB in set 1 and 6.90dB in skt 2enue 2 the difference was 13.44dB in
set 1 and 13.91dB for set 2. Although both venuelcate an audiological significant
difference in SPLs (>3dB), it is evident that th#edence is significantly larger in venue 2,
where the separation of areas is structural. Tidgates that structurally isolating functional
areas is an effective means of a venue-based Qeaoiservation strategy. This correlates to
previous recommendations promoting segregationdmviunctional areas of venues and the

main sound source (HSE, 2008).

5.3.6 Bathrooms
In venues 1, 2 and 4 the bathrooms were not stalttiseparated from the other areas. In

these three venues a small open corridor joinedo#tterooms to the rest of the venue. In
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venue 3 the bathrooms were structurally separated the venue as they were accessed
through the outside seating area. The mean SPbsdext equidistant between the entrance
to the male and female bathrooms in all four vemaeged from 82.09dB to 93.39dB. The
time weighted equivalents for each of the mean Sitre calculated to be 2 hours in venue
1. In venue 2 and 3, the first set indicated arraye SPL of below 85dB, thus the time
allowance is not limited. However, in set two dtemadee could safely be exposed to the
mean SPL for 4 hours. In venue 4 the exposuredimére 8 hours and 2 hours for the first

and second set respectively.

5.3.7 Entrance
In all the venues except venue 3, the entrandegt@eénue was at the entrance to the building.
In venue 1 and 2 the entrance is on the same davitle venue. In venue 4, the entrance is on
the ground floor with a stairwell leading to thatref the venue on the first floor. In venue 3
the entrance to the venue was outside and opertbd tmutside seating area, which then lead
to the main building. The mean SPLs at the entanaeged from 74.69dB to 91.87dB. The
time weighted equivalent in venue 1 was four homrsenue 2 and 3 there is no time limit as
the mean SPLs are below 85dB and in venue 4 tlemaended limit was eight hours for
the first set and four hours for the second seallithe venues the mean SPLs recorded at the
entrances to the venues indicated a significaféreéimce to the mean SPLs recorded in the

entertainment areas.

5.3.8 Outsidearea
All four venues had an outside area with seatingzenue one the outside area opened to the

bar area, in venue 2 it opened to the inside gpatiea, in venue three the outside area was
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accessed through the main entertainment area arghire 4 through the bar area. The mean
SPLs ranged from 71.77dB to 89.39dB. In all thes $et each venue with the exception of
the second set in venue 4, the time weighted elgntsawere either for eight hours or were
not restricted. This thus indicates that the oetsickas for all the venues are acoustically safe
for at least eight hours of exposure. The exceptas the mean SPL in the second set in

venue 4 which indicated a time weighted exposuné bf four hours.

5.4 Relationship between the structural characteristics and the sound pressurelevelsin
venues
As MIHL is on the rise (Chung et al., 2005) and mousttendees do not report the
intention to change their music exposure habitgg€Veet al., 2010), the use of structural
characteristics to limit noise exposure in musiques is important. Despite research
indicating that structural characteristics (e.gsige and layout) may significantly affect the
intensity levels in venues, recommendations reggrthe structural characteristics of venues

are limited (HSE, 2008).

The structural characteristics of each positiothefvenues are discussed in terms of the
relationship between the different structural chtmastics found in each venue and the SPLs

recorded.

5.4.1 Main entertainment area
In venues 1 and 4 the main entertainment areas e to all other areas within the
venue. In venue 3, the main entertainment areaisadsted from some of the functional

areas such as the bathrooms and the inside seagagbut not to others (bar, upper inside
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seating area). In venue 2, the main entertainmezd avas isolated from all the other
functional areas of the venue. It was noted thaterwkthe main entertainment area is
segregated from all other areas of the venue,dl@niing hearing protection strategies are
automatically adhered to:
* A small area will be utilised for the performanaeghich minimises the RT and
improves the sound quality thus reducing the SPas{@eier, 2009).
* The speakers will not be positioned directly facatger functional areas such as the
bar (HSE, 2008).
» Speaker placement will minimise the sound diredte@mployee locations (WWA

Commission, 2003).

5.4.2 Bar area

In venue 1 and 2, the bar area was separated frermain entertainment area. In venue 1
the bar was separate from the entertainment sthisdygh distance, in that an attendee would
be required to walk away from the stage, pastriglé seating area and then reach the bar.
The attendee would not need to pass through agmssadoor to reach the bar. In venue 2,
the bar was structurally separated from the ententant area by walls with glass windows.
The wall separating the two areas formed an L, wittoor on either side. Thus, an attendee
would be required to exit the main entertainmeegaria either of the doors and then pass
through the inside seating area in order to rehehbar. In venue 3 and 4 the bar area was
situated in the main entertainment, directly acrfoss the stage. Literature discourages that
speakers be placed directed towards functionabaespecially areas with employees (HSE,
2008; WWA Commission, 2003). The results of thisdgt based on the variance of SPLs

within different areas of the venues indicatedgmigicantly lower mean SPL in the bar areas



97

VENUE-BASED HEARING CONSERVATION STRATEGIES
that were separated from the main entertainmerd. arbis study indicates a significant
relationship between the venue-based hearing cgatsmn strategy of separating the bar area
from the main entertainment area and the variaficePbs between these areas. If venues
were to comply with this strategy not only wouldeyhreduce the exposure levels of
employees such as bartenders but they would atsodar attendees with an ‘auditory break’
when the attendees leave the entertainment argarthase beverages. Adhering to this
venue-based strategy would simultaneously causevéinee to adhere to the following
recommendations:

* The speakers will not be positioned directly facotlger functional areas such as the

bar (HSE, 2008).
* Speaker placement will minimise the sound diredte@mployee locations (WWA

Commission, 2003).

5.4.3 Outsidearea

All four venues in this study had an outside septamea available. During the
literature review reference could not be found $;mg an outside area as a means to reduce
the attendees high intensity sound exposure. Ifoafl of the venues in this study the mean
SPLs recorded in the outside areas where signtfickower than the mean SPLs recorded in
the main entertainment area, regardless of the gaation or acoustic characteristics of the
outside area. This indicates that providing anidatarea for attendees is an effective venue-

based hearing protection strategy.

5.4.4 Upper inside seating area

Venue 3 and 4 contained an upper seating areaotimvenues this seating area was
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within the main entertainment area and open pladeisign, in that it looked down to the
stage. In venue 3 the area was accessed via easmiin the outside seating area, whilst in
venue 4 via a staircase next to the stage. In @hn@nce analysis above, inconsistent results
were found between the upper seating area andim &f the stage. In venue 3, the mean
SPLs recorded in the upper seating area were mignify lower than those recorded in front
of the stage. As discussed in section 5.2.1.5 ghtbige significant variance is thought to be
due to the seat-dip effect caused by a large ciavitehnt of the speakers. In venue 4, a non-
significant variance was found between the meansSBtorded in each area. In both venues
the variance between the mean SPLs recorded indper seating area and the back of the
main entertainment area proved insignificant. Duthe mean SPLs in the upper seating area
indicating majorly a non-significant differencettee SPLs recorded in the other areas of the
entertainment area, the upper seating area shaildhenr considered a structural means to

reducing the attendees’ noise exposure in live onenues.

5.4.5Inside seating area

All four venues had an inside seating area. In eehwand 3, the seating areas were
structurally separate from the main entertainmesgd.aln venue 2 the inside seating area was
L-shaped and was separated from the entertainmeatby walls with glass windows. Two
doors joined the two areas. In venue 3 the seatieg was separated from the entertainment
area with solid walls and a single door. The rasultlicated that the mean SPLs recorded in
the inside seating area were significantly lowantithe mean SPLs recorded in the main
entertainment area in venues 2, 3, and 4. A namfgignt variance in SPLs between areas
was found in venue 1. This study indicates thatlationship between the characteristics of

the inside seating area and the variance of sotegspre levels between areas does not exist.
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This does not correlate to previous findings, aeaech indicated that positioning functional

areas away from the speakers is a functional hgparotection strategy (HSE, 2008).

5.4.6 Entrance

Similarly to the outside areas, the mean SPLs detbiat the entrances to all the
venues proved to be significantly lower than thosmorded in the main entertainment area.
As this significant difference in SPLs was evidéntall the venues, it suggests the size,
position and characteristics of the entrance aaat affect the mean variance in SPLs
between the entrance and the entertainment aréareTls a dearth of information on the
entrance to venues as a potential venue-basecgantection strategy. For this strategy to
be practical the attendees would need to make fube @ntrance areas to venues. This could
be achieved by positioning a functional area siech aeating area, the bar or the bathrooms
close to the entrance of the venue. Alternativélys could be achieved by positioning

activities such as pool tables or darts near tetiience area.

5.4.6 Bathrooms

In venues 1, 2, and 4 the bathrooms were situatside the main building of the
venue and were separated from the entertainmeatvéaea short passage. Venue 3 contained
two sets of bathrooms, one set was within the ensdating area which was structurally
separated from the main entertainment area. Thendeset of bathrooms was accessed from
the outside seating area and was thus also stallgtseparated from the main entertainment
area. In venue 1, 2 and 3 the mean SPLs recordbe antrance to the bathrooms proved to
be significantly lower than the mean SPLs recortgtedhe main entertainment area. The

results in venue 4 did not correlate to these figsi This study indicated that the positioning
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of the bathrooms within the venue does not havéaextdrelationship with the variance of

SPLs between areas.

5.5 Summary

Based on the discussion above, it is evident that results from the current study
highlight five structural characteristics that nmeyuseful tools in reducing the risk for MIHL
in live music venues. These characteristics include

1. Increasing the distance between the speakers amtidnal areas such as the bar,

seating areas and bathrooms.

2. Positioning the bar outside of the main entertamnagea.

3. Structurally isolating the main entertainment drean the other areas of the venue.

4. Providing attendees with an outside seating area

5. Maximising attendees’ use of the entrance areatlwtamsistently presents as a ‘low

intensity’ area in live music venues.

Furthermore, the findings of the current study @ate that venue-based hearing
conservation strategies in live Rock and Heavy hmatsic venues are a plausible means of
reducing the risk of MIHL. This specifically relatéo increasing compliance with personal
hearing protection, educational campaigns and cam® with the acoustic
recommendations in music venues (Table 28). Thislysfurther indicates that specific

structural practices can be used to reduce theofiskHL for attendees (Table 29).
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Chapter 6: Conclusion

“What was left when that fire was gone?
| thought it felt right but that right was wrong
All caught up in the eye of the storm
And trying to figure out what it's like moving on
And | don't even know what kind of things I've said
My mouth kept moving and my mind went dead
So, picking up the pieces, now where to begin?
The hardest part of ending
Is starting again!!”

(Bennington et. al. 2010, track 8)

This study aimed to determine if venue-based hgaconservation strategies in
amateur live rock and heavy metal venues are asibpl@umeans of reducing the risk of
MIHL. This chapter summarizes the findings of thady. Thereafter, it focuses on the
strengths and limitations of this study, the recandations for future research and the

implications of the results.

6.1 Summary of theresults

This study indicates that currently there are naring conservation programs
implemented in live rock and heavy metal music esnin Johannesburg, South Africa.
Results also confirm that managers of these liveieowenues would be willing to implement
hearing conservation programs including awarenesgrgms, education programs and by

increasing the availability of HPDs in the venues.

The SPLs were recorded throughout the venues aittstsial analysis was used to

determine if the mean SPLs in each area of theegwere significantly different from each
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other. In all four venues the ANOVA analysis indexh a definite significance of variance
between at least one pair of mean SPLs recorddéeimenue. Thus, in all the venues the null
hypothesis was rejected and therefore it can lhedsthat there is a significant difference in

variance of the mean SPLs between different areassenue.

The structural characteristics of the venues weedyaed to determine if a relationship
between each characteristics and the differencesnéan SPLs exist. The structural
characteristics that proved to indicate a relatigmsvith the differences in SPLs within the
venues included: i) separating the main entertamragea from the other areas in the venue,

i) the position of the bar area, iii) the presen€an outside area and iv) the entrance area.

Thus this study has found evidence to support wbased hearing conservation
strategies as a plausible means to reducing the aisMIHL in live music venues.
Furthermore, evidence from this study indicatest tima addition to traditional hearing
conservation strategies (e.g. awareness prograchpersonal hearing protection), structural
characteristics and layout of the building can beduas venue-based hearing conservations

strategies as well as traditional hearing consEmwatrategies.

6.2  Critical evaluation of the study

6.2.1 Strengthsof the study

The strengths of this study lie in the settingh# tesearch as well as the exploratory
nature of the design. As this study was conductedive music venues, during typical
weekend performances, the results provide insighd the current practices within the

venues. Furthermore, as this study did not manipule environment, the results provide a
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true indication of the SPLs occurring within livausic venues. The exploratory nature of the

study allowed the pre-existing conditions withirese venues to be evaluated in terms of

trends within the venues which may be used to a@tihg conservation. This ensures that

future recommendations regarding the structuratirements of venues are realistic and

goals will be obtainable.

6.2.2 Limitations

Whilst this study has provided valuable informatregarding current and future hearing

conservation strategies in the music industry,lithéations of this study need to be taken

into account:

This study was limited by research design in thdid not include a true experimental
phase whereby the relationships discovered betweeivariance in sound pressure
levels in the venues and the structural charatiesisould be examined for a true
cause-effect relationship.

This study was further limited by the type of equgnt used. As dosimeters were
used in the study, the SPLs in each area of thaeverere recorded manually at one
minute intervals by the research assistants whildws for human error. Ideally,
advanced sound levels meters capable of automgticatording and storing the
SPLs at minute intervals should have been used.

A further short-coming of this research was thegthnof the measurements. The
measurement sets of 35 minutes were decided onl lbbastne statistical requirements
of at least 30 repeated recordings per set in eaclue. However, audiological
requirements for risk assessments require londggro$eecordings, ideally eight hours
per set. For this reason, this study did not reflageSPLs recorded in the venues to

risk predictions.
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6.3 Recommendations for future research

The results revealed a variety of interesting tsenBreliminary answers and many more

guestions were raised that will need to be answieréte following type of future research:

* It is recommended that further studies are condutdeconsolidate the findings of
this research. It is further recommended that empartal studies are conducted to
investigate the functional use of the hearing mtite techniques suggested by this
study.

» It is also recommended that this study be replec@tevenues where the floor plans
and actual measurements of the venues are avaifbdieonly will this allow for the
repeatability of this study to be evaluated, butl wiso allow the researcher to
calculate the expected SPLs in each area basedhymical distance and structural
obstructions. This information will be importantr farchitects and engineers when
doing prediction based calculations in music venues

* Another study that would provide valuable informatiwould be to record attendees’
noise exposure over the course of a typical eveminghe different venues, to
determine if the structural differences within trenues affect the attendees’ overall

noise exposure.

6.4 Implications of this study
The implications of this study include clinical, us@tional policy, and practice,

factors.

A clinical implication is that the audiological comunity should be required to

include music venues in hearing awareness campaighpromotions.
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In terms of educational implications, music venugners and managers require
education in terms of the health and safety reguiatadopted in South Africa as well as

education in terms of allowable daily exposure tgfior employees.

The development of policies is required to ensuhe thearing protection
recommendations, designed to reduce the risk of LMilH music venues, are correctly
implemented. This study also highlights the needpfuicy development with regard to the
acoustic and structural recommendations to redueentensity levels in music venues and

thus reduce the risk of employees and attende&swiie venues.

This study indicates the need for investigationgh® South African department of
labour to ensure music venues are complying with @HSA regulations. The final
implication of this study highlights the need fotlbw up investigations by the department of

labour to ensure the on-going compliance with th@va mentioned policies.
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“When you were standing in the wake of devastation
When you were waiting on the edge of the unknown
And with the cataclysm raining down
Insides crying “Save me now”

You were there impossibly alone...

...And in a burst of light that blinded every angel
As if the sky had blown the heavens into stars
You felt the gravity of tempered grace
Falling into empty space
No one there to catch you in their arms...”

(Bennington et. al. 2010a, track 12)
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Appendix A: Current hearing conservation and venue acoustics

Part A: Owner/Manager Interview to be presented verbally by theinvestigator
Current hearing conser vation

Initials:

Job Description: Owner/Manager

HPDs (HPDs)

1. Are HPDs available at your venue? Y/N

2. Why?:

3. If no, would you be willing to sell HPDs at yougnue? Y/N

4. Motivate your answer:

Awar eness poster s/pamphlets

1. Are there hearing conservation posters at thee®2  Y/N

2. Would it be possible to have hearing consermgtiosters at the venue? Y/N
3. Why?

4. If Yes: Where?

5. Are there hearing conservation pamphlets avéinee? Y/N
6. Would it be possible to have hearing consermgb@mphlets at the venue? Y/N
7. Why?

8. If Yes: Where?

Low intensity areas
1. Does the venue have some areas that are gihnateothers? Y/N
2. If yes: Where?

3. If yes: What percentage of attendees make useafreas?
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4. If yes: Are these areas:

Always empty

Mostly empty

Quite full

Very full

Usually packed

5. If no: Would it be possible to try create a ¢eiiesection of the venue? Y/N
6. Why?

Part B: Observations
Evaluation of Current Venue Based Hearing Conservation Strategies to be filled
out by investigator

HPDs

1. Are HPDs available in the venue? Y/N

2. If yes: Provide type and cost

Type Cost

B @ NP

3. Where attendees observed making use of HPDs? N Y/
4. Where staff members observed making use of HPD¥7N
5. Where band Members observed making use of HPD?N Y

Awareness posters
1. Are there any Hearing conservation awareneggsgsamphlets in the venue? Y/N

2. If yes: Provide Type, sponsor and brief desaipof the poster/pamphlet

Poster/Pamphlet Sponsor  Description
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Acoustic characteristics of liverock and heavy metal venuesin South Africa

Acoustic characteristics

Notes

Size of venue in m2

Presence of dry walling or thin

walling (less than 1 inch)

Wooden flooring

Seating in the mai

entertainment area

Distance between the speak
and the audience

Presence of background noisg

Presence of reflective surface

Distribution of sound

Speaker specifications

Type of speaker| Number

Size Output

Manufacturer
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The placement of the speakersin relation to the stage:
Sketch stage and speaker placement in block below
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Structural characteristics of the

venue

Notes

Main entertainment area sectioned off

Bar at the back of the main entertainm

area

ent

bar sectioned off from main entertainmg

area

2Nt

outside seated area available

Inside seating area sectioned off from m

entertainment area

ain

Bathrooms separate from main entertainm

area

ent

Bathrooms outside

upper inside area in main entertainment ar
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Appendix B: Research assistant record form

Assistant code:

Area:

120

Date: Test number:
Time Reading Time Reading
hh:mm hh:mm

00:01 00:19

00:02 00:20

00:03 00:21

00:04 00:22

00:05 00:23

00:06 00:24

00:07 00:25

00:08 00:26

00:09 00:27

00:10 00:28

00:11 00:29

00:12 00:30

00:13 00:31

00:14 00:32

00:15 00:33

00:16 00:34

00:17 00:35

00:18
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Appendix C: Medical ethics clearance certificate

UNIVERSITY OF THE WITWATERSRAND. JOHANNESBURG
Division of the Deputy Registrar ( Research)

HUMAN RESEARCH ETHICS COMMITTIEE (MEDICAL)
R14/49 Ms Katherie Horrell

CLEARANCE CERTIFICATE M110846
PROJECT Venue-Based Hearing Conservation Strategies:

Reducing the Risk for Music Induced Hearing Loss

INVESTIGATORS Ms Katherie Horrell.
DEPARTMENT Speech Pathology & Audiology
DATE CONSIDERED 26/08/2011
M1108466DECISION OF THE COMMITT EE* Approved unconditionally

MI1i10840UDKE L I N A

Unless otherwise specified this ethical clearance is valid for 5 years and may be renewed upon
application.

DATE 24/10/2011 CHAIRPERSON . ... 00N Q"-@’
(Professor PE Cleaton-Jones)

*Guidelines for written ‘informed consent’ attached where applicable
cc: Supervisor : Dr Karin Joubert

DECLARATION OF INVESTIGATOR(S)

To be completed in duplicate and ONE COPY returned to the Secretary at Room 10004, 10th Floor,
Senate House, University.
/We fully understand the conditions under which I am/we are authorized to catry out the abovementioned
research and I/we guarantee to ensure compliance with these conditions. Should any departure to be
contemplated from the research procedure as approved I/we undertake to resubmit the protocol to the
Committee. Iagree to a completion of a yearly progress report.

PLEASE QUOTE THE PROTOCOL NUMBER IN ALL ENQUIRIES...
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Appendix D: Venueinfor mation leaflet and infor med consent

I ntroduction

Hello. My name is Katherine Horrell, I am currentpmpleting my Masters degree in
Audiology at the University of the Witwatersrand. dccordance with requirements for the
degree, | am conducting a research project. Tdsearch aims to provide the audiological
community with information regarding the currentaheg conservation (protection)
strategies implemented in live music venues in dobsburg as well as the acoustic
characteristics of such venues. Furthermore, ths®arch aims to determine if structural
characteristics directly affect the sound levelhini music venues.

This consent form may contain words that you doumaterstand. Please ask me to explain
any words or information that you do not clearlyglarstand.

You are invited to consider participating in thésearch study. Your participation in this study
is entirely voluntary.

1. Before agreeing to participate, it is importantttlyau read and understand the
following explanation of the purpose of the stuthe study procedures, benefits,
risks, discomfort and precautions as well as therrztive procedures that are
available to you, and your right to withdraw frohetstudy.

2. This information leaflet is to help you decide buw would like to participate. You
should fully understand what is involved before yamee to take part in this study.

3. If you have any questions, do not hesitate to ask m

4. You should not agree to take part unless you atisfisd about all the procedures
involved.

5. If you decide to take part in this study, you vk asked to sign this document to
confirm that you understand the study. You willoae given a copy to keep.

6. You will be given written and oral feedback regaglihe results found within your
venue which may help you in complying with the quational health and safety act
(OHSA) regulations for workplace noise.



123
VENUE-BASED HEARING CONSERVATION STRATEGIES
Length of study

The aim is to determine the current practicesvef inusic venues and thus your involvement
will include:

The total amount of time required for your indivadiyparticipation is approximated at less
than half an hour, which will include discussing thearing conservation strategies at your
venue. The researcher will also require accesseaénue over the course of one evening in

order to take intensity measurements during arhusic performance.

Terms of agreement

If you agree to take part in this study: the reskar will ask you 21 questions regarding the
venue, hearing conservation and speaker configiigtiand you allow the researcher and
research assistants access to the venue on oniegaeming a live music concert to record
the intensity levels using dosimeters and to reemmd analyse the acoustic characteristics of
the venue.

Risks of procedures

There are no risks involved in participating irstetudy

Benefits of procedures

Benefits of the study include education and awessron ear and hearing care as well as the

effects of noise on the auditory system by mearsawareness pamphlet.

Rightsasa participant in this study

1. Your participation in this study is entirely volamny.

2. You can decline to participate, or stop at any fimiéhout stating any reason without
any negative consequences

3. | will provide you with any additional informatiothat becomes available during the
study, which may affect your willingness to congrthe study.
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Confidentiality

1. All information obtained during the course of tisisidy including personal data and
research data will be kept strictly confidentiaht® that may be reported in scientific
journals will not include any information that id#ies you or the venue as a
participant in this study.

2. The information may also be inspected by the Usitiof the Witwatersrand Human
Research Ethics Committee (HREC). Therefore, yaelheauthorise me to release
your data to the University of the Witwatersrandniéun Research Ethics Committee
(HREC).

3. These records will be utilised by them only in cection with carrying out their
obligations relating to this study.

4. The raw data collected in this study will be stoneda locked cupboard within the

University and will be destroyed after a periodieé years.

Thank you, if you need any further information yare welcome to contact me at any time on
074 065 1010 or kat.horrell@gmail.com. Should y@aveéhany questions or concerns you
may contact the University of the Witwatersrand eeesh office on
011 717 1234 or anisa.keshav@wits.ac.za.

Yours sincerely,

Katherine Horrell
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Venue I nformed consent

1. | have received, read and understood the abovdewrinformation (participant
information leaflet and informed consent) regardimg study.

2. | am aware that the results of the study will bergmously processed into a
dissertation.

3. | may, at any stage, without prejudice, withdraw aapsent and participation in the
study without any negative consequences

4. | have had sufficient opportunity to ask questiangl (of my own free will) declare

myself prepared to participate in this study.

Participant

Printed Name Signature Date

| nvestigator

|, Katherine Horrell, here within confirm that tladove participant has been fully informed

about the nature, conduct and risks of the abawyst

Printed name Signature Date
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Appendix E: Information sheet

Adapted from Horrell (2009)

This information sheet aims to provide you withoimhation with regard to HPDs (HPDs) as
well as noise and music as a health risk. If yovehany queries or concerns with regard to

the following information, please feel free to cacttme on 082 497 5570.

Definition

HPDs (HPDs) can be defined as instruments usededace the intensity of the sound
entering the ear. HPDs are used as a preventatasure against Noise Induced Hearing
Loss (NIHL), including Music Induced Hearing LoddIHL), and are important in hearing
conservation where individuals (including musiclaage exposed to noise levels considered

dangerous and cannot be reduced by engineerindnunestrative controls.

Why should | use HPDs?

Exposure to loud sounds can cause a Noise indueadnly loss (NIHL). NIHL can be
traumatic, where the individual may have experidnaeonce off high intensity (loudness)
exposure that results in a sudden permanent helasagAlternatively NIHL can be gradual,
caused by recurrent exposure to noise at or abbd®.8In the case of a typical gradual
NIHL, initially the individual will experience a teporary hearing loss that can be described
as having a blocked sensation in the ears andaiging in the ears (tinnitus) that persist only
for a period of time after the noise exposure. Tikiknown as a temporary threshold shift.
However, repeated exposure may result in a permahegshold shift. Once an individual

has acquired a permanent threshold shift the damgmmanent and irreversible.

The impact of NIHL, including MIHL, on an individlanay include an emotional effect and
stress as a result of communication difficultiegidd exposure is linked to an increase of
serum cortisol levels in the blood; serum cortis@ sign of stress and is linked to insomnia,
high blood pressure and irritability.

NIHL may affect an individual’s ability to monitdoudness, thus one may perceive a sound

to be louder or quieter than it actually is. Nlildlay also affect an individual’s ability to
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locate sounds in the environment, thus one makthisound is coming from one direction
while in fact it is coming from another. Further rmdNIHL may distort sounds including high
frequency sounds and vowel sounds which are driticaunderstanding speech. All of the

above factors may affect an individual’s abilityaocurately play and create music.

When should | use HPDs (HPDs)?

You should wear HPDs when exposed to sounds treat8&dB in intensity (loudness),
especially if you are exposed to the sound forteigiurs or longer. 85dB can be likened to a
telephone ringing or a hair dryer. As the soundtensity increases, the period of time that
exposure is considered safe decreases. You can aubrkhe time considered safe by this

simple calculation. For every 3dB increase in istgnthe time considered safe is halved.

Timethat issafe at different intensities. | Examples of different sound intensities.

85dB: 8 hours or less is considered safe30dB: whisper

88dB: 4 hours or less is considered safe35-40dB: country residence
91dB: 2 hours or less is considered safe60dB: average conversation
94dB: 1 hour or less is considered safel 70-85dB: average street noise
97dB: 30 minutes or less is considereé8b-90dB: hair dryer or telephone

safe. 90- 110dB: Disco
100dB: 15 minutes or less is considerdd0- 110dB: motorcycle
safe. 105- 115dB: power lawn mower

At 112dB a minute is considered unsaf¢.120dB: thunder clap

At 130-140dB a second is consideretb0-170dB: jet engine
unsafe.
(National Institute for OccupationaFeuerstein, 2002).
Safety and Health (NIOSH) publication
No. 98-126)

How does this relate to me?

Studies have indicated that live amplified musia ggach levels that are considered
dangerous even for short periods of time; Rock edsaan reach up to 140dB.

A good way to determine how loud your environmeansito use this rule-of-thumb. At 90dB
you have to raise your voice to talk to someoneetemaway, at 100dB you have to raise
your voice to talk to someone right next to youl HddB you have to shout in their ear and at

120dB you can’t hear yourself shout.
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Types of HPDs
The three types of general HPDs include ear plegsmuffs and canal caps.

Ear plugs

Premoulded ear plugs Formable earplugs  ustdin ear plugs

Ear plugs are the most popular type of HPD; theyiaserted into the ear canal and form a
seal against the canal walls. Three types of &ayspare available, namely Premoulded,
formable and custom earplugs.

Premoulded:Premoulded ear plugs are made of vinyl, siliconeothier flexible material.
They come in different set sizes that fit most wdlials and may come in single or triple
flange styles. Premoulded ear plugs are re-usablthey may be washed, however they
should be replaced periodically due to deterioratibhese can be found at your local
hardware shop or pharmacy.

Formable: Formable ear plugs are made of soft, expandalam for fiberglass. These ear
plugs come in one size; they are compressed amultealsinto the ear canal, where they
expand to the shape of the canal and create amahable ear plugs are disposable in
nature; however, they may be washed and re-use®infeeks or until optimal seal no longer
results. These can be found at your local hardsfaog or pharmacy, for as little as R5 a pair.
Custom:Custom ear plugs are made specifically for youraga your hearing needs; due to
this they provide the most protection. Custom d¢aggphave one unique feature, they can be
designed to filter certain frequencies, and they provide the required protection but do not
distort the musical signal and may also allow far tearer to hear speech without removing
the ear plug. However, these ear plugs are expersid the individual must be referred to
the audiologist for ear impressions to be taken.

Audiologists in your area can be found by visitthg following websites:
www.audiologysa.co.za

www.saslha.co.za
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Ear muffs and canal caps

Earmuffs and canal caps are rarely used in theaalusidustry; they are intended for use in
other occupational settings such as mines andrfasto

Thank you for participating in this study and takihe time to read this leaflet.
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