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A.....tra ClThia ,",0", k."b at . \ arialion ;n the mcdlOll of ClIlculal;nlt the single number I'lll;ng o(hcaring prol«1or alten.....i.....
performanct', the SLe w Theresulling fig"",, !la• • slight variation (r\lm the current method of , .k\J lation but ~riMlli
wnh III d...·iccs that hlld reccr nly been lo:sto:d show ~ tha t in pra'1kc this ditterencre is minimal. The advaofaj:(' of lhe
variation in the~lhod is lb. . the unrena inl)' in attenua tion rerfumlance i. rcduo;ed 10 one sUlndllrd dev iation~acing the

;;.'m li':',~7~::'~~:::-i.'i01JS This makes for nsift" error analysis and fUlu~ slali-..ical analysis or tbe:re tauve
~ -----J

I . I:\TlU ) ()Ul.TIO~

For man y )'o:a~ in 00th AU<n'Itia and "'",' Zealand the Sound
Le-c l Conu;,nion ISLe) method tBotsfont : 197)) and in
poonll:ular the SlCIIOm.;thod (Waugh: 1973, 1976 ) has beeII
.-d 10.:-.timau lhe effecnve at CJIT I'IOf>c: kve l ofind,."iduab
.. bo ~ .. RrinS ho:alinl!: prot«ton in not')' ,; 111'1[;''''-'

(' ..m:IIUythe SlelGfig..e is .l~ tho:t..is oftho: , impliflCd
d l;»i focalion 5Y""-"IIl( \\, Ihams : 1999) f," I..... 'Jl«,fK:a lion
ofbearinll~udctail.:dinC'Olnbinrd A.' ll"d1ioN'."'·n·

kaI.-J Sz.-l.:ml ASI:-'ZS /169J: :!OOJ 0ttf,p<It~ _,~

.....n'~ Parr J HNI'II'fgJJl"Ol«'kN'~.

The ~l{,. i. ""on" cioK-ly defined in ASI:-.'ZS l ] i O;
2001 anJ l'<:J!""o<""i I"'" minimum aflC'llualion ptO\'idcd 10
appru \lRlat cll' llO% {~ltietly 1l4%)oflhc u"""" ufa .......rinll
f'l'DI<'CU>l" .. hen wearing lhe pO>l....,;..... arrropt'ialcly. n..,
i nl~n( K>n or l"'" SlCw is lOpmvidea re"li ...ic ti l!u~ fur I.....
DlkTlua,i"" uf a h.:arin~ pml""';l<1I" wh~n u'«l in I; rea l hfc
!ollWlIOO. II is imen dcd \<Ipm.'ide AC'lhC'"an o'·er~.,.lImate nor
unckr ....nrnate o f cnenu atic n pcrjo nnaec c

The SlCw i, ore of a numbc:r of iin~lc number r~l inl!

.~ ",u....,nlll' in u'c aTflund lhcworld f\lr .p«ifying
lhe ancnllalion of a h.:3ring pn>l~tlll". It i~ ' cry similar in
character 10 lhe Nunh A mcrican NRR (lkrger 19116,p 329)
aoJ European SNR (EN 4511: 19'.13). Reing ~inl: l c number
Illlin@: systems based on the .. ork hl' O" l,furd (I 1,l73J lhe
djscllsiionsl h31 1ln: ~nt~-d i n l hi5 papcl' in lcla l i"n lll lh~

Sl CIIOcan apply 10 both NRR and SNit

2 . ~n:THOU

n.c rno.'1hod llf C3l<;ulal i"g SLClUli~ ba.cd onlhc nf'Clilll",n lJl l

proced ure detailed in ASI:-.'ZS /170 : 2flO1. This involves a
subj«t. fit lest whereby lheocclu""'-da nd "n-occlud~"' lIcaring

thresho lds of the vokmteer lest !.Ubj~'<;15 an: mea sured. Thi5
is done al seven ocIa' c b.~ndccn lrc frcqucnc i~'S by "'''",,"u~

10 one-Ihird "",la'e Nmd " idlh. Ilhered pi~ k noise . ~
anC'flwtion is ca k ulalcd fn' m lho: lXeluded _ un-occlud ed
diITeren.:e in hearingthn:o."u ld 'e~c1 . ln l he casc ofear mlllTs

uere are a minimum of I" I"'" luhjC<.1~ l'I.'q"i .c-d " hile for
ear plugs tho: number i~ .:'!O, Fur lho: SLC.. , caku lal iun al

cacnucu>ebanda meanallcnuationanodSlandardde1.·iation
;,. do.-amn ined. ('i<Jl~: F", 1M req/li~ ofAS':\~ 1170:
1001 0 c.Jr% ' ion 0/'1. SJ.G of II Jon,r"l fH'OIt'C"" U _

- ""',
h om a pn:dd ined reference 'I'"11\U11 1• !he """'"

altC1ltl3hOIl of the de\l ice ;AI ~-adl OC\.lI 'C band is ... bl:r.:tcd
inonkrto gctthcanc-nualCd $pCCUUftlund..-rthe,x",ice
Thc di ff~ boet.. """tbco' C11IIll ..l""of rhc refCfC'llCl:
srenrum anod the anrrtll3kd 'f"«1ro m J'fO'idcs the 5m,,1c
figure pcrfnrmana-OI" SlC of l.....dc\ in- 1111~ i~ !.UTnmlIn..."J
in lhc formu la:•

SlC~ IOO - IO Iog, o ( I~IOO,''' O -\IljIJ. II)

~ "" ref"n;"",e octa,eband il"""f1'tll le,'ek;

(71. gl. .... 9). 9~. 9) "- "".ut,
MQ - ,",,-'3 n ancnual~'d lev el '" ~ Hz; and
~, - ocln e band e."nlre freque-nein

I I!j. J5f),~ll!l 4l .f..lA Hz'.

This value is lh<: SLC of l h< d<~i~~ e " perienced by l he

a>'erage user and exceeded by 50% uflhc u....rs. llJ is value
cOllld ~ l1lull ghl u f as the a , e r~geSLC urlhe Sl{'~l· l n

order to calcu la tc lhe SLCllI) i lL'leadof u~ing l llcmcan

allenualed lc"el lhe mean minus une slan<lald dc " ialion
..lIenuale<:l le\ cli s emp k»'cd. So

"here M'~ is no,, ' the mean anen uatcd In c! mi nu~ ooe

::~~~17;:i:: :::Z~',:j~~I~i~~~ l~~~i·:~~:~~~
for simplicity SLCw is used

This method of a lculaling the SlCM h.., !><.'f\ro ... ell
for many yea~. HowC'\'cr. it doc~ w ITcr rrom one -e Ot lUS

dra...back in thai it ron lains K"I'cn ~tandard de, 'ialions frum

1. 1lIfS.,..,...-um;. ·driilord·inAS.'NZSl!70 .....,""OOdO ".....Il. ,dl
~...c71.8 1.8't.~J. 9S. 9Jond ll6d8. (),;~ca.ndee-ltC

freqocnclro of IH . 250.SOlI. lL 2... ~ ...... ~. H' Jn9<aimy
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tl>csn cn « u ve b,1l!d atlcnual;Ofls artd any error analysis of
tile:resu ll must U!\C the seven standanl <lni al;""s . The seven
octav e band attcnll<uiun' an: required for the Octave Band
mcthod for heari"g prnlccl" r so:lcr tinn

An alte rnative proced ure i. l<lca1culale an indiv idua l SLC
(iSLe) for each lest subject using cquation t l l by substituting
the indi\'idual ancneated level at each octave band. An
average ofthe iSLes then prod uces II mean iSLe (miSl C) . By
su btrac tion of the stand'l' d deviation we have an miSLC~1l" T he
[Ola lerror formiSLClIl,i, cakulated using lhe sinllie , tandard
dev iation.
Since the introductio n of the curren t method of atten uation
to:sl i ng i n AS/!aS J]70: ]IHJ] in 2 U0 2 t hen: ha, ~n a lola l of

III devices (9IlCM mulls and 13 ear plugs ) le,' ed at NALlhal
were suitable for inclu siOll in this ana lysis. Two methods of
ana lysis ....ere applied to lhesc I I I dcvic r:s for co mpar iw n

3. RESULTS

Table J show s the ancnuation R.-suhs and el k ulaliuns fur
SLC !!Oand miSLC lIO as an eumpk fur ,~'e I'l'rti eular set of
earmuffs

For the sta ndard SLCw PfIX.'C'!>Sthe", ,,,,Ib lln; ca lculaled

ve rtically for mean aue nuaucns and sta nda rd de viations
followedbyahori"on\.alealculal;on for thcliIl:l I S LC!lt~"'hi le

lin initilll hori7l>ntal ca k ubl ioll of an indiv idual SLC (ISLC) is
earricdoul followcd bYll \Cn ica l cakulati,lllo r tltcmiSLC llO)·

Hy way of example tlk: '."lIk ulat i" n I"r thc SLCM and
m iSLCiIf)can be fo llowed fn>r" T"ble].

Using equatio n (2) we get,

~~~lJf ~ 100 - 10 loglO(I (f>,n04- 10",96 + Id' ,·" + 1000,l l +

+ 106 <2+ 1 0~ KI),

thus SLC!!O - 24.6d 8

.\'",~. SlC"";, --.JNr-JN ,,, ""'_, ,~ N.-nn. ;" IM, <",,~

;'!om·N.o~kft~fn- """)''' _~'' '''.'' '''''/'''U''

fo r IIlc iS LC value equation ( I) is used by.ub>lituling thc
atten ualed spcl:lrum le\'CI ateaeh octavc~nd for cat:hlesl

subj l'\.1 . Forcl'.3mplc,for thc lirs ts ubjoxt lhciSLCcakula li<1lI
would be,

iSLC= 100- 10k>g , u(l OO· I(11 .J ~) + 1()'l1l'l -1O) + IOUl(lf'Io.)' l + ...

+ 100" ,9J4 54 100.1IIll>-46 ,),

Table 2 hample UflM c.kul.liun of 51e from ~ta SUPl'liftl from bble 1.
Octave band cent re
frequenCY lHz) 12' 25. ' DO 1k 2k 4k 8k
Referen ce band level
(dB) l.eq~alor'\l IO l 00 dBL...- " " " sa ss sa ee
Mean - SO atte nuati o n 01

3.' 11.4 ec.c 27.9 27.3 ae.e 21.5protector ldll)_ _ _
Attenuated spec trum

-
level (dB) 612 " .e 69 ,0 65 .1 61 .1 .., '"
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iSl C = IOO- I O luJ!.I ~( I<f!-~+ 10" 1 + 10'-4 + . .
+I04l +1 ~1l),

iS l C -1l9 J R

The rneau t,f the iSlC~ art: calculated (miSlC - 29.2 dB)
and UK )t.Indard tk "i atit>n (4.7 dl:J) .....blr... loo 10 rt:~ull ill an
...iSlC",,()r24 .~ dB

A§dcmon~ralcd in Table I lh~ SlCM;llld 1h<:...,-SlC., art:
":TYdOK in\-alUl:and.ingo."'lI<.'fal,lh is~SC'enJlObclhc

usc, MalMlNl l io....,ll)· IbI: I ..... pro.:non art' not the umc and
.hould not n«nsanl) oon;luok..-illl lhe Sllm~ !null. When
lM mulls of lhe Sle . and the ...,SLC IlO fOf a m i'l,lun: of
the I II tk.-~ tpIugs and mulTs) Ic'stN arr rompaud tller~

;s high~blion (r " ,99 ) as ""","n in FilfU"' I . 1M 1"0
roi nlS I(IJ.I, 16.11.k 11.. ... 16"11 thal al'l"'"", wbe .. ~lI .buu

the po.-ibk lin~ of best lil . r ronJ.:d and un<ordcd ' o;n>oos
o f a~ cks ign o f ear plul!-. This poor pnfonnancc coul d be
uplaincd throughthe rt:lati.~lylarrestand.mt<kv"lioa for
t>,>thdr .icn of7.7 and 7.3 dB~ivd)' cum p.r ed 10 tho:ir
...,'Sl Cw ... I.....,.nf 17 alld ItodR

: I'~...~ .. /. .. ... / '
~. ,./
' .. / '
. - --_. -

Fi~u", I: Tho:mean indi>tdulol SLC'.. (mISl C,.l . ...... loUndard
SI£", dcmo"""TlI1 ,n~ l~ ~~ n:lallon"' .p hc1" n1I Ih< , .. " f'Jlurft

As a fun ber compen-on lIf rt:' ult, "-igull' 1 !.lIo...s the
relation betwee n SLC and lh~ m,'SlC. Tilt: ..-on elalion sho....s
that thcSl C lends IO hc, ona ' l.'rDllc, . boui I da greeter rhen
the ",iS Le.

T he WinOla!) ' or I,,,ul l~ or thc overall snnistlc al ana lysis
is pn.:>lCnl,>din TaMe J. T hi, gi"e., f" r lhe ind i..-aled b'n lUp of
dcvio.'l.'!>.lhe a.-erallc SlCIIO a~ eelcu l..k d hy lh" A" slralill,,1
Xe ....,.eafu"J Slarnh,n l method ; lilt: . "" rall" ",i Sl C followed
bythe a>'('n@:'-' ~landardde.·;ali"ll of lhe ",iSlC I'lf lhcgrnuro;

the a "<.'T'~gc m;SI.CIIlI• calcu lated by subtrac linll Ihe standard
dcveuo.. fr"mlhe ", ;SI.C.

4, mS CUSSIO N
The origi nal impetu s in the me thod of ..-<tk ub tinll the S l Cwo
ut ilising ,llc mean allc'nua li"ns an l'iC durin ll a time ...hen
~'(lmf'u tel'l;and caku lalors h.nd amuch m(lfelim i lcd capabi' ity lo

carry ou t com r ie>;rroce "'C~ , II WI' an h;~torical proces s. \\'lh
the usc of ~tK1 l~mr.. rary comput ing capabi lities, ea lculalion

:Lz..··"/".O IlQ

[ / " .
. " / -

FiJurc 2: The f'tbtioJcMip bet ",,,,,,, "" SlC .... SCL
On ~~~ Sl.C is 1 dB palin' tMn m,SLC

r..... ,
SwnruryofR'SfJnllM kw_pIu,..__lT.-.d .Jl"i«s fof

ee llWD~dion-ed

""- ....... ....... .......
Dm<ffll Sl.C. ...<;IX .," _ ·<;I.C•

(.If / /. lfl l ' If' (.~-..... II.• '"
., ,..

t'!'-Ill--(!" - 'IlI 1 25,. N.' " 2!9

aD......,. ,.., .. 25.1pk.rI 8<_ I'I'. 2.~.O

~ -
using tbe tr...JnlOlUllTk.'l hodor lhesultll:esledvan.atioo is
eas ily lld1in'ed , ll>c Mh anlalle of lhe IlI,"\O uriali"n com es
....i!h ltM:pwdo..'1ioo o f. s lIllLle sta ndard dc\-iiuioo. For an nror
ana lysis and a ~i rnf'1c n:lat ioo <>h ir beno'Cl:ft the ",iSle and
the MiSI.C", the advanta~ of the C~;.ICn..~ of one wnobrll
<kv;ationisol»-ious.

Figurr l !>howsa ccrnpan....n bmo'ttl1 SLC.and m,'SI.C.,
and presc nts an a'll umetl ltlul lMlwO \'alues an: oornpara bk
on a prat:lical ba sis.FiKJIrr lsho""slhc(on~iSlcnt~lal iom;hip

he"", :cn m,'SLC and SLC wilh lhe jeucr usua lly be ing a Iin l~

Iarg"r than thc fimncr, in lhe ordcr (,f ooc d«ihe1.
It is now limc I" I"" k al reasons ...hy it may he ofadan lag~

10 usc th is method of miSLC M "-lIk ulal ioo in rrc fer cl\t."e 10 lhe
tradi tional m\'lh c>tl, Using lhc serne 111 hearing protectors
from 1Ih<."'e that demonstrated the correlation betw een 0111 IIml
nCW method, Ill' cllku b tion of the r crfonna nce fIllrDlI1c' lc t, it
iseon strucliV\' 10 plot lhr ;ta ndllrd devianon of the hearing
protector aga ins t lhe auenuation pe rfonn ancc. Th is is d isp1a y~d

in Figun! J.
From Fig" ,... J we can s« lhallhcn:is a .l ron g ncga li. 'c

correla uo e displa yed berween bt:-aring protector pcrf(ln"arM;~

and ~tandard~'ialinn, somcthlOl! thaI wnh thc ( un cnl metllnd
ofc..kul.>lion ",'ouldhcdifflt:ull lo displayqollr so clcar ly.
TIlt: n:lati"n bc:""C'Cn lhc ... 'o u loes ca n br e \ pres ,.e,J ... .

", ,'Sl C - H.30 - 1.2f>SD, (rl " O,]f»
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is a much broade r spread in pcrfm mance com pared 10 users
ofhigh.tlen uat ion de,-icn. Hencc lhose indi,idualswho usc
heari ngpn;'I~'Clo", inlo", noise arellS. whcrc lc<os anenualioo is

l\.'quired ,,,,i l1e.~periel'l(:eawidcrrange()faltenuation_U~

who experi ence 100 much atten ualiun may find tltis ove r­
prol<:cti{lO anll()}'inllanddecreasc thcir heari ng proteclor u>c.
Th is is an undesirable eutcemc

. "
~.

-~________ ..~., • . 0

. , ...
hgure l : A 1'10l of hc~finll "" ,.....l<1f pcofnnnal>Cc calcu l~h:d by the
Wl!I<"' f..-d~aria lion in lhl:nll;;loo.l. IM mean indi~ idual SLC j miSLC).
\..".. ... lhowndard dcvial ion fur lll lc'.cd h~.,.;ng pn'lCclOrll show i ng

a ltron' '''' lo\>Ili.·c ....>m:laIKm

Th is indicaics thaI tllelc i~ a clo'<C correlation be twe e n

the attenuation pcrforma nc.... of the device and the standa rd
dc , 'ia lion [ d.,~lly In.: sland;lrd do:vialinn should he independe nt
of the device attenuation aoo \ ice-versa

Previou sly lhepreS(nl:lh< ~ 1 o f suc h data wo uld have been

difficult as in theca,eof SI-C""fllrclIalllpletherewould be
seve n standard deviatio ns inHllved from ea<'huflhe sev<:n
octave bands , One way could be to u-c an average ofthe
individual oc laveband standard deviationo; hut lhc relation
tcrwccn this averag e and the sta ndard deviatio n of the
ov erall atte nuation performanc e param eter is nOl a, regular
as w(luld he desire d The relalion b•ctwccn the average oc ta, 'c
band standa rd devia tion and uie siuglc standa rd de\ 'ialio n is
illuslr ated in F igul't' 4

, ...
0'·0

1"0,
~~

Figure 4: The ... l a t ionship bctw~nlhe mean of t h. individual""la.'c

hand .landard dev,alions and the ,l"nd~rd de, i. lion Ilr lh<'"vemll
'll enu"tionperform.nce

The prcscnlation ot iesr resu lts as per Figure J can allow
us to loo k at hea ring protectors and hea ring protcctor use
in a differe nt light. For ~ ~ample. it is clear ihat as th~ value
of the rating of the hearing pro tector dl -CTc3 ....-S Ihel'C' i' a
corrcsponcmg increase in its standa rd deviation. Th i\ mea n,
thm foru~rsof hearing prot.'t.-1ors"' ith low al1cn uat i"n tltcrc
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A further relalion, hip nmcan be disp layed is tbat bctwcc n
the clampi ng force and atten uation (Cl\clu,je,carplu~d" la)

Th ese results {Figull! 5) ~lu.l'" \I genera l Icnocucy toward
an innea," in aU''1Iual;on ",i th increasing elampios. f<>«:e
lnlll ilively this """ uld s.:em to be a reawn able ll:'Mlll.l lnwc, 'er,
there is a largeclu, ter nf dcvices llJat have a clamping force
in the range of 10 to lJ !\~",lOuswith a spreadof atlcnuat ion
values from 22 10 31 dB, indic ating an inl1ucl'l(:e uf factors
ot her than clampin g fora alo ne

Figure 6, The relal;oo bo.'!wcco clamping (0"''' and the o'CflIIi
' tanJarddcv ;ati"no (l hea l1(11ualioooflhedc,'ie"

Anntherrel alinnship isthatbet",~ clampi l1gfo",c and thc

standard deviation for the overall eueeuanon figu rc {Figllll!
6). This shows thaI there is an overall trend for th" standard
deviano n 10 decrease as the d ampin g forcc iocrcascs .again
a n:awnably intuhivc rcsult, bur the wide scatter ofresult:s
sl\o.w.... that mere is obviously a depe nde ncy on otheJ factors .



5. CO~CLUSIO!"\

The sugges ted variatio n in the analysis o f hearing protec tor
rest data provides a signific ant advantage when examining
lhe G~'TIt-Tdl per fomta nce o f hearing proleclors and when
com paring individual pcrfo nnance, The usc of a single
slarldard dev iation alsosi mplifies3nycmlfcak ulalion proce»
Ihalmay be requircdror lhe ~nlaljonuf l hc rel iabili ly a nd

, al idity of allenualionl e' tdala
Someexamplcsoflt",:ad"antal'euf usinglhe suJ!J!~led

variatio n in analysis hne be en illustrated with brief
d"""u ,,iuns. Octailcd d iscussi un of l~poinlsis alupicfOf

fun bee rcscarch
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