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CHAPTERS

Non-auditory Effects ofNoise:
Physiological and Psychological Effects

S.I I~TRODUCTIO~

PhysioloSically adverse noise effects (e.g. aluralion, in Ihe peripheral blood
circulation) slill pose Ihe question whelher noise causes "Ira_aural diseases
l)e,;id~ noise-induced hearing 105', This question can nO! be answered in Ihe
affirmative umil now. Ho....e"... noise was found a heallh hazard in
combinalion wilh olher slre,solS.

Rega'dmg lhe psychologically ad\'erse noise effects. n IS 10 be said thaI Ihe
,Iressor noise mainly affeclS performance and delraCtS from people's individuai
and social wellbeing, Dirtc, nOise eff.cts ar. disturbances in auditi"e and
non'audili,', performance. communication. informalion·processing. resl and
rel..at;on. lodireel noise effeCl' are impairment of people's wellbeing:
wmdow, h.,'e to be dosed. people reduce Iheir 'peech communical;on or
refrain from il. the~ change their d"'ellings or dwelling areas, Vanous
social·sciemific in"estigation, harmonize in a high d.gree ,n Iheor r..ulI
regarding Ihe quantity of en,ironmenlal noise polluIion and en,uing main
psychic effecl' (comprised bY" lhe lerm 'annoyance).

The presenled noise effects are 10 be seen a, mean reference "alues
f1uctualing in dependence on the individual', characteri'tics, Application of
moderalor variables can considerably impro"e lhe accuracy of predictabilily of
noise effeCh.

Acouslical-defined guide lin.. and limit "alues are ,nlended 10 prolect Ihe
a"erage populalion, Allowances have 10 be made Iherefore. for cr;lical groups
who need special protection due 10 their enhance<! sensiti'ity 10 noise,

S.2 PHYSIOLOGICAL EFFECTS or NOISE W..,rd Jansen)

B..ides the affections to Ihe ,nner ear. some otlier ,'egelat;". and phy-siological
effem of noise are known (Welch and Welch, 19W: Jansen, 1972). The
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~u~~liQn l~. Cill Ih~:,( ph)Slolopcal cffcm alrcad} OCCUI btlo14 lht ~yel al
"'hi<:h noi!.e-Induced heann,los$ " to be e~pect~~This 'll>eSl!OIl IS definnely
to be ans..er~ In the affin\'ll\l'e At ""'nd le'ell; of ~ and 60 d8(A)
'egeta\l"e response- an alrud) be obs/:nw_ finl .eKlIOns beeCHnf:
""'nifOled b) monnonn, eleelrl>Cnaphalogr2pluc (EEG)r~ e'en a'
35-W dB(A) (e-.oI<w pooenuals)

Do~ reaetJofJS alrud~ Slpl!} ~"'""'~ThIS qunnon ~ concerned iii

for a Ion.. time Befon' ItOUlI ,nlO the details it CUI be ..atw Hnheno no
noese-.nduced tra__ '0 addJ""" 10 heM1,,¥ Iosi _ hi> been fOllnd and
lhere ;. no ,ndoeat.... ""'I a ·noose-<1tsca>c' UlSb Id, y, HO. 198)1,

But ...... IS the dIlatatlOll of the pupols to e>.pb1l1 ..ha, .. lJ'lolO-n In FIgure
8,1~ Slno:<l~ 'jl<'"ttng, Ib.. IS a ·rell(1lOll' ""~ E'e~ orprustn h.2!IlO ..and
~ ..rnsda) after da' and reacts to the StrlNMln_ E,en to set OIIt of bed IS
..r~· From ther~an be leamW th~t acrt&1np1tl~1 processes
take pi"", In fnporIS<' to _ r.ound sumul... the pupoh d'late Other
In'"CSflp''Ons ha,... sholOn that the Il(1I\1tl of the sali'"~ ti ..ell ti the
perspiratof)' Jlandl. berom~ afleeled Abo the penphetJI CttnlJatlOll. the
pstne-mtCSllnal mo>ements. liquor pr~."e and man) other fUnellOm ha'e
been pro,'~ _/feel_ble b) flOl!>C (summan~ed bl lamen. 19801, But In all
these """"s "'e an onl, speal of ·reani"",· and not of -d'!>Clses' Of COU~.
there IS another qUCSllOl1 aunn. In mind the range of oound le"eh "hteh
<:aU'" hear,n! Iosl; - ",,,,,Id not. ne'·erthclcss. the phr>ioloJical effect; of
noi'" ,ignify illne;s If there "'ere not alread~ a nol"'-Induced hurmg los.lo~

For. hcanng 10M protects Ihe organism in a ccrtain degree from Ihe
transmIssion of sound energy. thu, pre'cnllng it from ob"'ous phl'Siological
re'pon.....

At prc""l11. it can alread)' be ,'ated Ihat noi'" below the threshold "alue of
\l() Or S5 dll(A) CannOt be pro,ed to be a health ha~a,d_ Yet It ,,'ould ,.:r" our
purpose to h.,'e an ..,b)eClt\e ernenon "h,eb could be: ...",d as a referene.::
mea,uring "alue Thus. "·e could find <MIt "hether thefe t1 an) quanml"'
rttammend for the determInation 0( an appro.imate ""I"" If there "'ere
Ie"els ol ....k belovo the thr~..Iue .. h",b ",!"en t.., prott'Cl people from
JlOISC-lnduced hcann~ lol.s ..ie ,,-oold noI ha"e 10 in'·OItl"te tblS problem any
more. as III unao:ttplable Ie,-el or a ~mlt of unre........bIeneS$ ,,-oold ha,"C
been establIShed lon, allO- But that IS noI the ""'"

Another noose·relatW elf«l IS the alf«llOO ollhe penp/leral ~tculat>Oll

Fiplre 8.2 in_rates the effects 01 an aruflCial .....nd. At rest Cttnllauon IS
normal- APP!fCll>OIl of broId-band noise reSlIl" ia a rcductl(llt of blood
...pp1) .. h",h IS t.., undenland as '~ncrion 'The p1tl~ocaI rcspon;.e
to noise ends ..muI~- .."b """"" e"""",re_ 'The destee of CtrnalatlOll
dIo:lllrba...." depends on the d,fferent~ ..,.,rcn. for enmple...raIJl'ten­
in, madline for omaII 'ron pi"', pressu1' of a po>etltllaQC hammer. noose of
tllrbrnes and bnMd-band no$' In all tM.e casn the responses are rather
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,;milar, Bl Ihat the que'lion ari,e,_ are all lhe mentioned different noise
SOurce, of the same effccti"ness or is lhere still a differential]"n possible'

In lhe beginning ofour studies on noise "'e tesled al~ad, the effect' of lh~e
noises in romp.arison namel>. broad_b.and noi",. and those em.naling from a
rolling mill train and a '-apour·p~"u~ controller of a lurbine-dri'-en ship
These noise,. demonslraled in Figure 8, 3. are ollhe same energetic conlenl but



th~ PNdB·.'al"" for both th~ Industrial noi..eo diff~.._Th~ t~rm 'Pr-dB' ­
Pe",e"'~d No;~ DecIbel was proposed by Kryt~r (19m) to denol. Ih~ I~.~I at
"hich annoyance a..se' from Ihe pcre.i"~d noisen~ss. If "'e ...ume 100 PNdB
for Ih~ nOIse of the roll~ lhen 108 PNdB i. 10 be lak~n for th~ br<nd·band no,~

and agaIn 108 PNdB for Ih~ noi.., of th~ .'apour-pressure conlroller,
B.",d on Ih~ broad· band nO'''' of 108 PI'dB •• fefercnce "alue II i. to be

le.rned from Figure 8.4 Ihal noi",. ",nh the ..m~ PNdB _ nOI,,·tthstand,ng the
f""l,h.,1M ~n~rg~ romenl i'lh~ sam~ - in reahl~ e~oke differenl .egelall"e
r~spon..eo_ lIence. 11 can be staled Ihal ,,-hal "'e kIlO'" about nol~·tnduced

hearing 100& i> .I~ true for the ph)'Siolog)' of _SC' dffi1s namel~. dlff~r.nt

frequ~n~ dlS'nb\l"Ons dt<:lt different effeets
lbesc in.-esligltlOns Ill.e been earned on for a long IIm~. '''''Iud'ng lhe

applicanon Ofpk....nl sounds. fOl" uample music: (Jan~n and Klen,<:h. 196-1).
Ina~ ....of1esl'''~'ookOfWofthe·Brandenbursi>e1leKOtIU'ne'~J S Bach
and allhe .."", Il"'"~ OUr mc...."'men'" (Figure 11.5), lie'" 1\ IS also
illusmncd ,hoo' sovnd le\els of about 90 dB( A). independenl!) ..helhe. tlley
emana~ from muwcor broad-band. hlt"e lhe..,,_ CC...ral rlffi1 on lhecardax
OUlpul (suppbed blood .olume IIC" heanbcat). pulst f.equclK). mInute .ofume
and blood pn:sw'~: bullhe'e arc. "",-~nhele!.s.some cliffe"'....... The efffi1 of
mUSOCIS. as. t\Ik _"'" sootlltlOderabk. "The blood pressu"'. for- eumple. sllooo-..
slIght ,,,,,rea,,, under the Influence of b.-oad-boond ftOOlt bul SlOdr an '"",u", tS

'lCal'ce!) rceorntUbk ,Imu", IS ,he sumuLaWl!sound,
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VeSeWivc r<spon",. 10 noi",. wnh d'fferen' frcqucncy

Wc c.amined nol only lhe effecl' 01 music bUl also lh"'" of eWI)'day noise.
lraffic and alrcrafl noise a, well a, noise Wilh D<Jppler-character (change from
high 10 deep sound, and vice "~"a. ,imullaneously t>e<:oming louder'" lower).
W~ applied. also. lh~ "'-called 'wobbl~_noise'and II b~came again .,idenllh.,
'he response< differed. bUI "cre panly dependenl on 1h~ psychological
conS1itution of 1h~ ,ubjecl', Figure H.6 ,how, alIne righl acolumn 'informalion
t>c:anng. 95 dB'. [n lhal Ca,e lhe applied sound, "'ert of indumial origm or ga>'e
a feeling of annoyance. In oonsequ~ncc of psj'chologicalleS1S Ihe ,ubjoel' had
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bc~n dh';~d in 1";0 group' nam~ly 8 so-called "labile' and a ""obit' group
(neurotics and non-neurotics). ac"h types of buman ~i"gs arc ah.'ars cas}" 10
find in populalion•. TIlcre are people really una"."", of noise (e.g. seamen who
sleep in lheir cabinS bdng e~P"S"d to 9lJ dB(A» ",hertll.$othns wake-up at the
slighte't ...nod (lor exampl•. ,,'hen a lorry pa.",. in the d;"ance). Such people
are e~"emely scnsili"e and - as is 10 be SC~n in Figure 8.6 - 'hey aTe lh~

'labile" group ,,-ho, in fan. sho".. The monger ph)..iologicaJ response. 10
informa"on.l>carin8 nois«.

Thi. cannot only be pro,·~ by Ih~ fingcor·pulse amplitude bu' also by some
other '-cgetali,.., r..ponse•. lbe responses arc similar if mu,k 11 off. red "" the
sound stimulus. Htrt again Iht 'Iabiles' respond imtnStly whtrn. Iht "Iablt"
art. Oltt could say, nol al all rt.pon.ivt. TM wbjttl' txpostd 10 mu.it and
noiSt (shown in Figure 8.5) art caltgoriztd in lht 'slablt' group. Thi. tvidence
sho"'.. Ihal Ihe frequency dimibution neverlheltss pla)'s a role_

Whal we h.'-e ol>sef"ed i' that 50rne .ubjects ",-ho ha"e been expostd 10
hroad-hand noi.., a, "'-ell .. induSlrial noISt daily for weeks and )'ears 01",,,>,,
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showed Ihe Ioame reaclions The ..me m~sic or informa'ion·bearing noises
induced in Ihe beginning different r~p<:>nses in slable and labile pers,;m,_ BUI
Ihese diffe,enc~disappeared In lbe rou"," of tim•. Those. who showed in lhe
beg,nning strong reactIons 10 information·bearing noises ba,·. reaclcd Ie,.
inl.nsel>' afler a certain lime. Afler".-ards. bo'b grQUp< were similar in Iheir
re'ponse" Thi' beha"iour emphasi~es lbal lne more Ihe habi,u,,,i,,n to a
cerlmn noise 'be less lbe informarion laken from i,. and lbe pny,iological
responses become balaneed for bolb grnup< (rompare Figure IU,. lh.
re$p<"Cli"e pairs of rolumns). Hov...,-er lhlS 's only lrue fo' inlen,ili~.Ix",e 'be
le"el of l\Oise·indue<;d healIng loss.

More di"inet effeet< manife.. lh.m"'I'·... if lh. noise·induced hearing I""
1"'el i'" ide I>' exceeded. Figure 8,7 relal... lo mechanics "-00 had been engaged
in mainlalOing jet·englO~ when I~t·dri'-es look pl.ce. The Iypic.l work,ng
"loal,on .. depieted. afler re" (65---<>8 dB(Al). lhe turbin... are sel,n mOlion.
Ihe ·ldle·run· r...ulrs In a n(lIse of lOR dB( A). Ih,s ascends '0 139 dB( A) ,n lhe
·maximum·run·. then low... 10111 dB(A) in Ihe 'cooling-run' and relurns
again 10 'he reS! ,iIU.,ion, Thi' procedure has 10 be carried oul by the
le"-mechanics Ihree 10 four limes dail\' all the year round

The me.hanics were furnished," ilh ear-muffs .. "'ell a, "ilh ",und-prolce­
li\'e c1oth,ng. bullhey were nOI wilhng 10 wear lhe dOlhing, The 'ickness rale
of Ihe lest-group was aOOul soq. resu!ling from d,seases of lhe gas"i•. ,nlcs·
linal ,>'S!cm (from gaStrilis 10 ulcers) a, well .. headaches associaled ,"'ilh
migra,ne. From lh', we can <uncladc lhar lhe phy,iological reaclion, 10 noi""
below the crilicalle,'.I, - i.• , 50. 60. 70 and 80 dBtA) _ gradually de"elop 10
illness<auslng respon""s al Ihe momenl ,,'b.n lbe !e"el of 100 dB(A) is nOI only
exceeded WI reacbes sucb ex".me "alues as are reroTled bere h bas 10 be
menlioned Ibal 50% of tbe mecbanics ,,-ho had been subjected to ememclj'
high le"els did nol show an>' alleration in lheir phr,ical condition.
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The dotted hne in Figure 8,7 demonSITat~ the peripherall'irculalion of the

subjects wh~n earmuff. Wilh an dfeeti,'c allenu31ion of 30 10 35 dB(A) ....ere
used. Th" mean., "hen the attenuation eff~l of the earmuffs of about .JO.-35
dB(A) has been deducted from 139 dB(Al. 105 dB(A) shll remain If
SOIlnd-prOIC<'I"'C clothIng W... Orn. Ihe noIse effects. shown by the normal line
in Figure 8,7. could be nearly eliminated.

We Ii..,. ca,ned oul additional investigations which pro'-ided e,-idenee 'hal
the internal organs can be affeet"<.l directly b) noise (d. DIlring.1 al.• 1980).
Using an underwater loudspeaker to dire<:\ SOIlnd "'aves of 90. ascendIng to
15(J dB(Al. to ,solated pi«es of in'es,ines it "". found that no gastric-iotes­
tinal movements lOok place allhe upper le"ol. Relurning to the example of the
test·meChanics. assuming 105 dR(A) 10 be COndUCled by lh. ear; but al lhe
",me lime also dircclly absorl>c<l by lhe organism (lhe mechanics do their joh
only drcssed wilh I<)()S(: ~hil\S in Summer which mean, Ihal their "hole
organism is exposed to the noise). h is sugg""led lhallhlS might conlribulc 10
!hc aforCloaid inc;,Jenee of siekne>S. Con<e<jl>Cnlly' il can be "aled lhal a risk 10
II<-allh only begins at "cr) h,gh noise b'cJs. inJcpendenl of the kind of noise.
The noise eflecl is definitely of a physiological nalure and depends e"lusn'cly
,,m 'hc noi,. le,'e1.

I! may be added tha' "-e ha"e Iried 10 find oul "hethcr thc predictor;. shown
in hgurc K.8. ,,'crc reall) 'he f.clors which had cau<.cd 'he di..a= in a group of
sick people. The m"'l important predictors "'e,e, outdoOl noise Ie"el (people
.re expose<lto high-noise level' in lheir reerea!ion lime). high·""ise le,-els
o"g,naling from jel eng,n", allhe workplac<c. age. phy'ical Sir"". hearing
lhreshold, I"~'ch"",malic 'ymplom, and so on

Three·fourth, of aIllhe heallh imp.irmen,s could be allrihuled 10 the .bo,-e
mentioned p,ediclo""

What malters nov. i' whelher. in caSO" "he,e noise i•• heallh hazard. olher
facto'" can also be held re>pOnsible for the'" ph)..ical ,mpamnenlS. The
conclu'ion i. jU~lified, besides noise-induc<cd hearing 10M noise can ne'-er be
lhe only C.use of ph~..ical impai,men!! I" COnnec'ion wi'h Our lest group it i,
undoubledly correCllo say Ihat nol'" "'as lhe main factor in lhe" phy..ical
impa"menl, since noise influen= in their pri"a!e life .nd noise·induc<cd sir""
al lheir workpl.c<c had been Ihe m"'l con,ider.ble prcdiclo", OU' of ,he" hole
range of environmenl.1 "'essa....

Bu! in nonnal caSO" 'here exist olher exogenous factors besides noi..,
namely vibralion and duS!, climale, toxic agents, elc. (Figure 8.9), "h,ch affccl
human beings and clici' reaclionl. additionally 0' in rombina'ion. moderaled
by indh'idual constilution, di,,,,,,ilion and mol"'alion. The,e are also a number
of olher psychok>gicalfacto," "'hich h.'-e pl.yed their p.rt in the c.se of the
jel..,ng,ne mechanoes "ho felt lhe slfess due to noise 10 bc lhe maln Cau'" for
lheir ph}'sieal impainnenll n.mely'. I"ych"",malie symptoms .nd stress in
their pri"'le hfe.
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Figure l\. III ill"""le", e~pcrimcnlal.•n.I~'!IC.1 and epjdemlo",gic~1 investi­
gations (Jan",o <lUI.. 19H 1). A group of industrial ""orke", wa, e'amined with
regard to the (oxic.1 agents they hav. been CXI""",d ,,,, th" yea" of lhe" noi'"
.xpo,",e. ai.IxI,n. du" at their workplace.: but, also, with regard to other
factors of ri'k, namely smoking habils, "",ial ""If.c,t,malion and age. As
Figure R.IU shows_ onl)' 20% of lhe phy"cal impairmenls in lhe"" ""orkers
(who had been e"poseJ to an average no,se-Ie"el at work of 90..115 dB(A))
were Jue to lhe afore-mentioned predictors. Airl>orne JU'1 waS mosl
delr;menl,1 to ,he" he.lln and lhe noise e'l'O'ure "'a, of much less
consequence.



From that it can be inlerred Ihal Ihe question about noise effect' and the
"alence oflhe different noi,e SOurce, cannot be an,wered clearly and prec"e1y_
The individual noise wuree' Can ha,e a cena,n eflen relevant to health Of no
effect to health at aiL But "'e ha"e to consider the large number of funher
predinors in human beings and Iheir surroundings_ Psychological and
$OC'iological lano.. ha"e to be laken into account Thi' lead' to the problem of
lhe psychological elfecls of ooise.

8.3 PSYCHOLOGICAL H'FECTS OF ~OISE (ukhard Gros)

Inlormalion theory uses the lollo..-ing Ihree lerm, to describe the informal ion·
nchange process

Emis.sion~Transmis.sion _Immis.sion

A "milar pattern is used by' Psychology to e~pla,n human beha"iou' and
sensalion"

S(stimulusj - O(organism) - R(reaetion)

To understand the p')'chological elfects of noise the following Ihree mam
faCloro; ha'-e to be considered as a .. hole:

S(ooise mess) - O(organi,m) - R(ooise effecls)

The laClor 'organism' co"e.. a comple~ 'ystem namely, processing 01
information. habits and auilude, as well a, imponant personal an(l,or
'itualional characteri'tics. Figure 8, II 'bow" the comb, ned act,on of ,tress and
strain with special regard to Ihe 5O-Called moderator "ariable', A moderator
variable i' operalionally defined a, a quantny of influence. at first unknow-n.
belween Sire,. and strain. It can deci,ively delermine tbe inlen,ily of Ihe
reaet,on to ,tra,n ..'Ihout beIng direClly conn«'ed wi'h 'he OCCUrrence ofStress
(ef_ DFG. 1974)_ In 'he followin8. the ps}'chologieal effect' of noise are
considered and the influence of moderator variables i, taken into account.

8.3.1 Interf........ w-;th Human Perl"ormance an'; Beha,-iour

Performance alteration due to noise is the mOSI ronlro, e"iallopie in the field
of research on noise effeCl' (ct. Broadbent. 1m: Burns. 1973, Gulian. 1973:
Kryter. 1970: Miller, 197~: Poulton. 1979). The rele'-ant scienlific hterature
renders both. repom w-hleh pro"e Ihal performance incr(8~ under Ihe
,nfluence of noise and such wbich maintain jU'llhe conlrary. Others, hO"'e'-er,
could not find anyefleCl on performance at all (summarized by Loeb. 1980).

The ''''0 e,lremes on a Iwo-po;nl scale could be presented in a simple
manne, bji discussing tbe positions of Iwo eminent noise researebers. Kryter
(1970) is of Ihe opinion that noise ha' a rather pos;ti"e effeCl on performance
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whu~a, Broadbenl (1971) thinks lhat performance is affe<'l~d quit~ n~gal1Vdy

by noise. A possibl~ ~xplanalion of 'his probl~mse~m, to be lh~ diff~r~nt use
of lh~ t~rm 'performanc~',Th~ mosl >'ari~d forms of reaction (e_g. conlrol
activity. opponunily 10 choose. rapidily of reaction. I~arning achi~v~m~nl,

memor)' training) ar~ all ddin~d a, 'performanc~'or ·achi~>-~m~m·.

A possible criterion lor splitting up the comprehensi,'~ '~rm 'performance'
is. for uampl~. 10 separal~ flOm il th~ part of inlell~<:tual acli>'ities. In 'h~

del~rminalion of sound·le"el lh'esltold '-alues. lhat ensu,e an undisturbed
performance. lhe specific kind of acti>;ty should be lak~n in consid~ralion. a.
was ~mphasiud for ~••mpl~ by Sch1'>np!1ug and Schulz (1979):

-Sound I~>'~ls high~r lhan 90 dB{A) will. as a rul~. lead to a d,op in
performance .nd a de<'r~ase in ""ellbeing al "'livilies ofany kind. &Iow
this le>-eL ho",~v~r. ,h~ ,usonablen,," will largely d~pend on lh~ l<ind of
work to be done. E'-en >'~ry low noise le"els (below 55 dB(A» can
produce di'lUrbancu

_ Thr~shold >-alu~s ar~ to be set on panicularly 10" in case that lhe lask 10
perform
_ m.k~s high d<:m.nds on "..ork~r·. inl~llc",

(~.g. planning aClivili~s).

-m.ku high d~mands on "'o'kd, funclionsofm~mory.
_ if lh~ worhr lacks practise.

Th~ kind of work to be don~ und<:r lh~ innu~nc~ of noise "'''IS also tak~n inlo
consideration when a guid~line was utabh,h«I in lhe Federal Republic of
G~rmany: 'A,sessmem of Noise in lhe Working Area with Regard 10 Specific
Operalions (VD1·Guidelin~No. 205S. Part 3. 1981)',

Th~re are lhree 5OIInd·level cla...,s depending on specifIC activilies: the
highest permiut'd noise Ie>'el< al ,he work·place. including the dislUrbing
ouldoor noise that pouJ'S in. are (see VOl 2058. Part 3, 1981):

-55 dB(A) iflhe inl~lIe<:tualpan of work pr~dominal~s

(e,g. if a"'i';ties d<:mand intense concentralion, creati'-e
thinking. or if decision. of consequ~ncesare 10 be mad~).

-70 dB{A) if uncomplicated or partly mechanized office "'ork is to be done
(or similar activities).

-85 dB{A) at all oth~r activiti...

Jansen & Klosterkot!u (1980) contributed _ in cooperation with SOme other
renowned sci~nlists of different faculties - to lhe clariflCalion of the varit'd
explanations of noise and ilS etfe<:ts. They found the most frequently
explanations in case of alteration. in performance to be lhe following:

1. Distra<:tion andlor reduction in an~nlion.

2. Prolonged reaction lime, simultaneously resulting in a slow-down of
physical and menial p,ocesses.
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3. Changes in aspiralion le,-el.
4. Increase in readiness of risk_laking beha,-iour (in connection with speeding

up of mental procc"",),
S. l""rease in lhe general activity of the organism (psychophy.iological

activation) connected "'th a dtt,ease in discriminatioo abi1il~ and ,n<Tea..,
in inle,f",n••_

Summing up. the aUlhon staled lhal. generall~'.all the ph),.i.al and mental
performance. can be affected by noise wj,h regard to thei' quanTity (e,g.
volume. speed) as well as their quality (e.g. grade. frequency of ..ron).
Impairment of performance ,,-ill be the more likely. the more complex. difficult
and limeronsummg rhe acti'-il)' necessary is to 3ch;",., lhe '"ult.

Figure 8.12 .ho,",'1 a rough palten! txlsed on lhe ""und Ie,-c!. In lhe
individual case, there can result shlln from spceific characlerislics of perwnal­
il)' and Silualion. A coincidence of ",me of 'he'" characteriSlics can Iud 10

effects lhal exceed lhe lum of Ihe single effecTS.

Sound Ie"el
IndB{A)
me..ure<l
during 'e>!

-m

lligller ,
lh.n \00

Sub"a.".' a.d la"'I1$ <1«",.", In perform.nce
InffOq""n'

locru""d p",babiln}' of "'<lUI< in perfonn.once
"'i,b hlP. n«d for aeh,e"emen': rompen<a'ion
p""'ble

lI""••""d probabih'! of ..."',a",i.l <!«T••"" in
perform.nce, rompen"'lion more Mft<'UI'

Su"',a,,".1 an<ll..Mg <l«r••", In performance
10~ <xp«.1ed

Figuro 8.1, S<>und L.,'.I.an" elt«t> on performance

Wilh regard 10 lhe p""ern sho"n in Figure 8.12. Jansen and Klos'erk3Her
(1980) especially dr." lh. an.nlion 10 'he fact. lhal allowan••s ha,·. '0 be
made for bolh. 'he differences between Ihe indi"iduals (inter-ind"'idual
differences) and the "arying respon"" in on. and the same perwn depending
On the 'ime (inu'll·indi'idual '·anability).

ActOrding 10 Jan",n and K\osleTk311er (1980). 'he indi"idual differences
are to be anributed to lhe fotlo"'ing factors'

- individual excitablene.. and ",nsi"";l)'_
-Ind"idual proneness 10 being diSturbed. diSlracted. as well as labilily.
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-indi"idual performance capability (a, determinant of lhe t",k·inherent
difficulty).

- individual atlitude toward, the noi'" and the noi'" >ource.
-degree of achievcmenl mOli"at;on,

The compens31ion of noi", dfcelS. als<> mentioned (",e Figure 8.12) (by
inCTusing motivation. for example) can in ilself produce adverse effecl'
(I"ychic com)

FlI acl.' ••
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Be'ide' the influence quanti"es, with regard to >ound le"el and kInd of
ae,i,·ily. indi"idual"s eharacterislic. play an important P<'rt. Jansen and
Hoffmann (1965.1973) studied, for ",ample. the subjective mood as well a<
changes of handwriting'pressure under different noi", situations in depend·
ence on the personaht; facto, neur01icism. The noi'" silualions contained:
white noi", 75 and 95 dB. octa"e-band noise 95 dB (mid. frequency 3.200 Hz).
1hi,d·oc'a'·e-band nOIse 95 dB (mid-frequency 3.200 Hz). and pure tone 95 dB
(3,2oo Hz). Judging noise ,ituations by means of adjcet"'e "ales it wa, pro"ed
that increasing loudness caused increasing .nno;ance. The concept of
anno\'ance consisted of three dimensions; emotional fac'or (pleasant-un­
pleasant). activity (.cti"'-Inachve). and ten'ion (ner>'ous--<XlOl). The negati"e
judging of noise wa, intensified by the personality factor neuroticism (see
Figure 8.13). Handwriting·pressure Ie", showed a noise·induced drop in
handwriting pressure. The effects of narrow-band nOIse exceeded 'hose of
broad.band noise, Thu, neuroticism was found to be a factor that inc......s
noise·induced effects.

Basow (1974) was able to pro"e the effects of white noi'" on the perform.nce
of aaention as a function of'he lcndenc)' to become anxious. Di",ipio (1971)
likewise found the ps)'chomotork performance depended on white noise as
well .s on personality "ariable<, Guski (1975) ;n,'estig.ted in an empirical
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~ludy the approach of Gla~s and Singe! (1972) acrording to which aprMn's
reaction to noise depend, in a higher degree on hi,oognit;ve evaluation oflh.
noise event than on the noise itself or one of his own perwnalily
characteristics_ Based on his s{udie,. Guski (1975) concluded that the
o~rved drop in performance under no;... e'JlO'Sur. is mainly due to the
>Ubjeers evalualion of the no;", 'ituation and 'herefore the alleration ;n
p"rforman"" is only 10 be seen as a seoondary, by cognition elicited "'und
effecl. In a field-experiment dealing I"ith noise. sleep and performance,
similar result' were found by Gros (1985). Methodical a'pects of researching
noise and performance effects are discussed by Or", and Mehnen (1986).

Summing up il maj' be said. the pr."'nt stage of knowledge regarding the
psychological effects of noise on human performam:" can l>e'st b<: describ<:d by
the theoretical concept of the 'moderalOr ,'ari.blC5'_It is assumed Ih.1 noise
dicils cognitive and emotional evaluation p,ocesses which are modifiable by
characteristi'" of the .ilUalion a, well as of the indi,idual

Figure 8.14 (bas<:d on DFG. 1974) demonmale, the possible diffe,ent
dfect. of noise on performance b)' means of the moderato' "anable
'sen'iti'ity 10 noise' ,
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SPECIFIC THEORIES

Figure 8.14 b.mpl.. lOT different efloc" of. moderator ,'ui.ble

8.3,2 l'!;)d",IOgi<al Well.Btlng aDd Anno)'ance

Sound e'enlS that ehcil annoyance detract from people', wellbeing (UBA.
1978). Noise has. b<:cause of its acoustical cha'acteristi'" (e.g, inten.ity.
bandwidth or impul,e content). dimity ad'-erse effects on man. SIa,t1e
r.sponse or defen'i"e blocking. for example_Other direct effects can be due
to the infonnation·b<:aring c!Ja'actenstks of the noise source (e,g. moped.
louy)_ But annoyance mainl)' ,e.ult, from people's knowledge not to be able
to escape that as unnece<Sary felt noise.
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The indirecl adverse effects of noise can be impairment of people's p'ychic
wellbeing due to di'turbance, during recrealion and rel3Kation. Annoyance
resulls also from being compelle<llo cJo.e the window,or to raise one', voice in
order 10 reduce or to drown the ooise coming from ouldoors (ct. Rohrmann.
1976. 1m. 1975: Rohrmann" ,,/.. 1978. 1980; fjn~e el di.. 1980). From lhis
lasling alteralion in behaviour -e.g, increased drug consumplion - Can ensue
(Meier and Muller. 1975). fun her noise-induced alleratlons in behaviour arc.
lum;ng up of radio or telc..ision. reducing speech communication or refraining
from il. changing one's dwelling or moving to another arU.

The extent ofcontinual annoyance due 10 sound emission i' only reflecled in
people's reaction. II wa, aseenainc<! lhallhe connection bet"'~n lhe dcgr~ of
annoyance and the physical sound pressure. above all in lhe mid-inlensitie' (45
1070 dB(A». is not especially close. The acouslically charaCterislic values of
noise reprcsc:nt in lhis connection only 0'"' determinant of lhe anno)'ance
reaction besides lhe sociological, physiological and p'ychological characleris­
ti"" of lhe aggrieved individuals. Thus. the CO<Iccpt of the moderalor variables
can also be applied to the effect' of annoyance due to noise.

The DFG study on aircraft noise (DFG. 1974) comprises an empirical
uaminalion of the moderatol conccpt. The accuraCJI of prediction regarding
noi'" effects could be doubled by inclu'ion of moderator '·ariables.

World·wide demoscopical survey' have been eaHied ou' in order to
a5«'rtain lhe u.enl of anooj'ance eliciled by environmental noise (Bradley.
1980; B"",,'Tt and Law. 1978; DFG. 1974, Fidel!. 1m. 1978, Finke el di.. 1980,
ROhrmann el "I.. 1978: su>:u~i. 1978}. According 10 lhis as "·ell.s 10 other
sludies. about 80% of the We'tern German population. for example. feel
dislurbe<i _ depending on the noIse souI«. Loo~ing in this connection at
traffIC noise. lhe mosl annoyance-<:ausing effects are ascribed 10 lorry ooise.
follow.d by aiteraft noise. indus.rial and construction nOIse. as "'ell as noise
ori8inating from the n.ighbourhood (UBA. 1975),

Th. most commonly used social--scientiflC m.asurins inslrum.nts are
inten-'ie"'" questionnailes and ps,-chological teslS whieb are executed in
conneclion Wilh an identification of r.Speelive acoustical dala. Common to all
social-sci.ntific procedure. i' the coll.ction of substantially v.ry differenl
aspeels of annoyance-cffe<:ts which are finally r.flected in global values "'hich
ha..'. to be obtained by .tallstical procedures (GUskl "al.. 1978). It is to be
taken into aCCOunt that glONI val u.s oniy represent a"erage an oo)'ance effect.,
Ther.fore, th.y are .uitable at most for th. int.rpetation of average reactions
in g.neral. Figure 8.15 giv.. an example (d. Sha.... 1975).

Social--scientific inquiries ""b,n communities 'har ar••x~ to noise "'ill
fail 10 register tbe direct ooise effecl' but rath.r e'tablish the indir.ct and
long_t.rm ones. Ne,'.rthcl.ss. lh.se in,·.st;gations are - under .imultaneou.
m.asurement of tht- noise 1...·.1 in th. respective area -ofgreat importance for
th. research on noise .ffects. Th. connection bet",een th. degree of """u'lical



2~

",
•••",,
> .,••,,

",,

,
<

"
<

2 0

• I"
0• " 0• 0,
\ <, ,, , , ,, 8 , ••,,<

, ~=----o,---~---;,--!so 61) 10 80 ')Q dB("'!
Approx'''''''# Da;,-NOQi>' N",", L*v.t Ld"·, ' """ "'..,

o L""'" ."p." ''''''y ,,,,,,,.,,., • '" "l,u ""v
• J II> ,,'"" fa _ ..' • ......., ro ''''''''''''

""'"""""-', ,..·-· , ,--"
C ~ , " ~ _. ""••'.f ' ,_" "., " ' , " .,.""".',
F ,.", _.'" """

en""(lnm~ntalpollmion and th~ social-scientific registerable noise dfeels is. as
a rule. more marke<lly ,<"eCled in .uch ,urve~'S than in other studi.s on noise
effen., The inquiry' results of indepcndcnr research !UmS hannon;ze 10 a high
dcgree (e.g. Rd'ter. 1975; Tracor. 1970; Valle! ~,al.. 1978).

8.4 /liOISE A:"lD CRITICAL GROUPS (Eekh.rd G..... and
c.r<l Ja_n)

Measures of noise aba1ement are. in general. based on acou.licalthreshold or
limiT-values. idemified as prole<:live to the average person wnhin (he
community. But the'" UiSI Crilical group< wllhin lhe population "'ho have a
righl of being pr01ected again'l noi.., by specifK: measures. Although no model
of a genel1llly acceptable classificalion of the cf1lical group< has been available
until now, it can be 'laled thatlhe elderly. children. sick people (especially
lhose living in acule oondition' as. for example. hypenonics or reoonvalc.·
<ems). pregnant women. as wdl as lhe lower social cia..,. need pa,ucular
al1enlion (Jan..,n and Gros. 1'n6: Gros and Jan..,n. 1978; Rehm and Gros.
1980: Mclean and Tarnopobky. 1'n7; WHO. 1980)

Using physiological Crileria. those critical group< may be defined a. people



'"
"ho .r~ in more YUI....ab!e condlllOn. permanently or tcmponrily. l'be .,m of
• "ud) carried oul by Rchm and Gros (l9llO) "-as 10 show ..-hclhcr 1M
ph)~IIUaion of ill people: 10 _"'as diffe~nl from the rexuon of
health)" peoplc:. Tbty found w! ,n rompemon to Maltby ...bjcctJ, patients
suffering from cerebro-'2K\Ilar dM:_ Jol>ooooo'w. ~~1OII10 noise ..hidl could
be judged as abnormal. It lee'" 10 be _ ,mpo,wll WI the capagty of
'nn<:""'-"l tbe pcnphc:...:J biood no. aIler """01 bad.~oiI:uondue to
......., .. "cr)" mlJdl reduced (Rchm and G..... 11l!lO). TIu< appnt1 to"'JFS'
IMI • nonnal adeqllalc p/l)"loIOlopcal re.pomc 10 !OUDd wmull .. _
.....rranted in these soclr. peoplc: _.«lftIi,uon "iudl (lQUId lh... make tbem more
SUS«plibk '0 tbe ckllllMntai tffecu of noitc

If. for aample. a mnIiaIJ.,- tNfiMd huJth-prntrcm",~ , ...1... "'c,e
laken as I bMos. all those would ha'"" 10 be procected "00 arc cspecWl)
l"Ml',..e 10 noise, .."", they arc alrudy at rnk at ......., It,d, thai arc far bdo..
the aco...nadly tkfiIwd th'e>holcl ,alUQ, CO'"Cred ~ admtn....rall"c npta­
, ...... (oe.: FigureS.tO.~on RolIonuo. 1977).

I>«J/'" "..ptlr"'.r>l
._ .."'-.,...... .... _. 01--.-.-
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It should be borne ;n mmd.Idd,uO.l.ally. II.." tbe _ntioned UOUJ!" noc onl)
Mlffer particularly from _ polIulIOfl but can KarCeJ) participate in 1M
.d....all~ of c-l!- modem tramporlauo" tcdtniq..... one ol the mal"
OI"ip""lon ofen"fOI\mcntal _

Al'OOIhcr nlJi<e..rcbtcd effCl;'! go" btc s«n ,n a wft in the soaaI~t1,I(Ilill'e of
~ """"..,xposed are'" (<1 Bcrnd,., and Low_Beer. 1973), Fi...... I...
popubtion nUChAIG. then a dian,., In itSSlr\ltlurC ukes pIaD: sillc:c """t~
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people May who ale nOI in a position [0 move to quielliving artas due to
financial or other reasons (e.g. the elderly, (oreigne,.,;, socially underprivi­
leged). Then. gradually. lhe quality of the infra-structure deteriorates.
recrealion grounds. medical. ruhural and matui"1 car<: """!re, become
redue<:d,

Hence. ;1 follows. shall IhO$C population group<. who are particularly
sensitive (0 environmental noi..,. be subsumed under the proteclion of
.<:<JUllie.lly defined threshold .'alues either noise proteclion has 10 be made
more individual or lhe no;", level must be "" low that it ensures adequate
protection as f..-reaching", possible.
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