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Non-auditory cffects of noise: Psychological Task Performance
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ABSTRRACT

The intormation processing imterpretnton of varions oviation tasks conplusises the impoctance of attentional
wd cognitive processes, This review discusses the cipirical evidence of one of twe non auditory efTects of
minse vide, Lhe elfeets on psyeholapical task performance. Three main aviation relevant abilities are oot-
lined: vigilanee, serial responding, and memory and cognition. [1is proposed that the seemingly equivocal
evidence in this tield can best be explained in dynoamie enviromments within the conceptual framework of the
multiple resowrees model, o theis medel, task variables oodality of inputs, Gope of coding operatinns, sbages
af provessing and nature of respanses) and subjective variables such as selective strategies are seen (o be
the prime determinants of quantitative and qualitative offects.
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onge threatens the haalth, satety and well

being of people connected with o exposed

Wy aurospace as owell g% non-scrospace
nperations, It is oné ol the most extensively
studied stressors because of il predominanee in
indusirial and militury sedings. The effects of
myge on oman  could  be  phvsiolocical o
perchalogical. Exposure to excessive noise affects
the auditory system and cavses lemporary of
permanent  threshold  shill,. These changes in
physiolomic mechanmsme or functions anmbyiable
0 neise are knoven oas auditory effects. Effects
other than these wre culled non-guditory ones,

Mon-audidory effects can be divided me 1)
peneral phvsioloricu] responses imcluding chanpes
oocurming, n other sepsory channels, changes
during sleep and those related to health and D)
psxchiological responses which comprise of effects
of noise on lask perfonmanee and well bemp which
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refates wy annoyence and soweial effects: These are
apscussed briefly here Norse may dirgctly imertere
with the reception of auditory sighals such as
speech,  however  the  effedts of nidse o
commumcanon are fot discussed, as  these
predominantly are due w masking phenomena.

Nowse also affects the  attentional  and
cognitive processing of information recetved by
both guditory and other mudalities resulting in
vapous pes of effecrs on psyeholompical rask
performance. CGeperal cognitive abilities are important
o awiation personnel especially piloy and wir
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MNow-Anditory eftecry ol mogse: et al

affie controllérs (ATC) as their ioh pErtarmane
draws heavily on thesye abulities, Filors depend on
@ numbrer of moie peneral cupmnive alnlities that
ares [0 varying extents, independent of specialised
hoowledpe  There
underlving payehomons privcesses involved, upart
frasm the lesrned skill of “stick wmd ridde: " conemol

avilim are s cerlam

Humun anformution priwessimer takes place thoa
sequence of uperations bepimming with sensups
pereeptions. The stage, rhe
making TESpOnSE phase, i

Storage  amd fest

decision selecnon
dependant on attentional and memory Processes,
unel the sequence ends wirh FEAPOONE ey uliin
This review discusses i detil, the literatiere on
the vanous effects of noise un Fmpariand specific

peychological  processes.
General Physiological Respunses

The stare of understinding is still unclear as
o relationships  betwean podential  adverse
physiclogieal effects and 2enerdl noise cxposure,
as well as significance o general health of changes
that da ocowr,

A number of investigators have reporied
general and specific phyvsiological responses. i
sound [I, 2] The reported  responses  inolids
effects on peripheral bload flow, respiration, (GSR,
skeletal muscle rension, gasme-intestinal motility,
cardiac  response, pupmliary dilation, renal and
glandular functicn. Since these are considered as
measures of srousal they have alsa heen srudied
as the ‘orienting response’ (OR) which habituate
with continvous/repetinve stimulation.

Startle may be evoked by a wide varcry of
stimuli, but is particular]y susceptible o sudden
unexpected noises. Physiolozical aspects of the
startle response include increased pulse, imcreascd
blood pressure and diversion uf hlood flow to the
peripheral limbs and fross musculature. In the
HETDSpACE cnvironment, potential adverse effects

ok

of derospace noise environmend shoudd be evilugled
espeatally when they fall outside thes condiiong
stcifie] existing stindards and crilera foy

Mowuble noige EXISEFes.

Some studies have concentrated an climeal
syndromes such as hypertension, gusine uleers,
slundular atophy and hyperirophy stce long werm
vr darly expiastires ngeht Jead 1o chronic healih
problems [ 1 4], While there is evidence that this
15 mn the evidence 15 far from conclusive, sineg
s debatable whether causation ol diseise by
Erposuie Lo nowse has heen established |5].

Adequare Sleep iy g hrabogical necessily
there dre two general kinds of sleep interference
due Lo nedse: actual arousal o wakening, and
changes within the sleeping individual who doe
tot awaken. Niise does influence sleep, awakenings
by sound as repartid 10 varjous studies indicate
that the intensity, duration of the naise and stage
ul sleep are imponant faciors, Additional subjective
variables such as ype of sleeper, age, sex.
restedness and motivanon to awake partly determine
effecis |6, '

Effects of Noise on Well Being

Noise annoyance or unwantedness of the
sound is described as perceived noisiness (PN),
This is dependant on 4 number of fuctors including
the level of noise (7], the circumstances in which
a given naise arises, individual expectation and
dllitudes, and the frequency conteat of the noise
(8]

Sociul effects of noise include a range of
effects associated with being in  noisy
nzighhourhoods has been noted including  high
crime rate, truancy and a reduction of casual social
interaction associaled with notsy areas. The mast
widely studied social behaviour 1s that of helping.
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A ranpe of stdes has shoswn that individuals
exposed 10 poease above B0 dBIAYT are less Tikely
o grant intervacws and less Bikely o olTer varous
Kingds of asssdanee Noose appears o0 potentiace
the expression of anger and the qudgemem of
others also appeurs 10 chonge 1 nose [8]

Liftects of Noise on ‘Task Performance

The alled man i the sticet” believes tha
his efficiency w work bs loweied by eaposute o
moise et pencnided by the “man o the lab’ i
et eyl ly suppaort this beliel There have
been greal many studics ooneerned with this
guestivl. Moo wneguiveeal simple peneralisanon
ahosial the eflvcts of nivse on bebaviour may be
drivwn, leaving same 1w conglude that vers many
mnteract ng tactors, cocumstances and e munner
e whieh they imteract bsovery comples and only
peartiadl v kneasr | )

Muoise is defived as wn wnwanied  sownd,
umelaled e the strueture of performance task
heing carried cul A ditferentiation may be drawn
between imtermitient naise and continuous nekse.
Bl mesl noise encountered in practieal working
sitdations 15 a nwsiore of different frequencies and
imensities {and different seunds), this review of
its effect on perfornaoce  considers  primarily
brogd - bund notse, Here, mose mayv be taken
meAn contmons brood band sound with sound
pressure level (5PLY over EU dB. Exceprions are
pointed oul in the ekl

Tnpulse and Totermilient Noise

Unespecled bursts of noise pricioee masked
but {ransicnt changes in the peychophysiological
response.  CThree  categones  of  response 1o
unpredicted  nodse may be distimpushed, sanlc
response, DR und defense rellex [9]. The stanic
response s Hennslly. prvcorive muorscu i
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Non-Nugduory effeesof nowse: Soseph e af

reapanse Dincluding eve closure, tacial muscle
comteaction and head pecky whoreas the OR oo
general alerbimge responsg and defense relles s g
response W ntense sound  somuli thar are
meeipreted as harmful. Effects oo perfisnmng
protuced by socdilen poussss o 1J|'L:i:-.=ih|'-.-' resliieed
t this dramanee snderivine change in bodi v state
and can o be Because ot cdlistragtion

Phe duraton o the phase o reduced
ethwicney Tollowing exposire o g sudden noise
wis studied, On visusl ospection: and  seriad
h.'\i)('lll‘(lll'[‘;_’_ thore MOILs HAMTI Ilr'li'lilll'lr'll'.rll I'l1
performange: tollowing norse hursts, perinds o
reduced effiwweney Jaated wpe 3 Othees have
lorarnd  edrpmiatie impuemems: 1n [uErsiel rracking
following a pistol shotiSPL 124 d13 peaky lustng
23 4 [10].

1t ¢learly depends on charactenstics of hath
monse and sk aind wpon factors such as Neguency
of disttsction and  lemporal  strecture ol the
aetivity. Some attempis have  hean madde o
establish the ypes of fasks  that are more
suscephible o such eftects with generally equivical
results: Bursts of notse slow the speed o a simpla
marnr réspanse onfy whea the burst arrives during
the execution of the response ratlier twn during
the presentation of stimulus [LL] Severul studies
huvie shivwn than the inmke of information and
other menmal sasks are disrupred by notse 112,13,
It appears that the ejements of the lask we
ssceptible 0 disruption by noise burses are thuse
el are “dara limied'.  Acnvaties of this kind
include shart perceptual or motor gvents i which
compemsatory effort an the part of the sebject s
nin possihle: Such perceproali/mator effects: may
tea retlection of the startle effect descrnibed above:
Thus higher mental aetivity such as that ovolved
i caleulation s immuame we the speethe elleets of
wireguent bursts becanse of the way o which
short term memary mayv compensale tor such briel
disruptions.
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An ampontan consideration e he exlent o
which these shir term resprnses dimiinesh with
repedted presenmtion O the bursts, Althoueh it

15 clear that elemenis of  the physiologicul
fesponse. such gx dhe OR are eliminated hy
hulstuation,  the starle FEXPINSE  miay  resist

complete elimmation. Even afrer long precsinds of
ERpOsULe leoampulsive norse, ressdual effects of the
eve bk and  ead letk response are oo
lubvratory studics have confirmed thar repehinve
mpulsive mase s sl capable of disruptive
performance ol g skilled tracing task after many
repelitivms [10], Performance in civmplex tasks is
disrupied it umalerrupted  wvision and
PHRIUre are neccssary for the suceessful cxecuton

af the task.

.\EL'..E-._’_'\.

the urder of 30y
hkely m be the pnes
usseiated  with  simategic tather  than
arousmg effects [14], A< the effeet of startle
bectmes less pronounced, (e sihject miay pain
taenical advantage by anticipating the appearances
of ‘the noise burst and overcome s effects by
compensalory effects,

Effeers thar
bevonel the bust are

extend o

ciredrs

A secomd type of srousing effect miy be
found because noise of vanablefinterminent Ly
may improve performance of tasks reguiring
vigilance after a period of long continued work.
These tasks involve the detection of small changes
in the flow of informanon arising mom one or mure
suurcet over long unbroken penods of ume
Typically the ability 1w detect such signals
diminshes as the time at work increases. Varied and
irrelevant auditory snmulation stems the decline
usually found in quiet, at least when svents, within
the task, arc presented at a low rate [15]. In long
monalonous tasks variable noise may serve o
raise the level of arousal and hence (mprove
elficiency.

Continuous Noise
The mujority of studies on the cffects of

52

Mose on perfornance are concerned  with .
vomiinueus broad handnoise, A Large numhber ol
expenences ve showe bolh positive wid ni Ll v
changes i fask pérformance. il ubsod 1970, (e
emphises was o tasks of Fovvg duradiom (vigihue
serial reaction twska) i keeping with the beliel BT
anly this type of task way sensitive o noise
elects, More recently, howvever, bricl COENITve
tisks have also proved sensitive 1 these elleats,
althomgh the changes in petlarmance ane maore
stehtle than argmally thamighi

tl o Attention and Vigilance

Attentional processes in MTight tasks inclide
focussed and divided attention, and priovinsation,
Vigilance  tasks  require  consistent monitoring
without [apses in attention. This can become
challenge ju monotonous  asks, Vigilanee has
atways been important in aviation, pilists need o
be comstantly awiure of bBath situmeant reading
and surrounding atrspace, Advances in flight deck
duromation  huve ncreasingly emphasised  the
priots’ role s a system moniror. ATC also requires
high levels of vigilance. )

Attention During Prolonged Work

Early in the history of noise rescarch, sftects
of very nense noise were noted on tusks
involving  vigilance. The way  in which the
vigtlance performance is influenced by noise has
benefitted from the development of sophisticated
theorics of signal detection. These thepries
distinguish between effects on the efficiency of
defection uf response bias and perceprual
sensitivily,

Loud Noise Influences Rexpnnse Bias

If peaple are required to state the eonfidence
of their judgement that an event is u signal, noise

fncd J Aeroipace Med 440 1), 2000
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baaks o nerease the temdeney W gee extreme
caepories  of o adgement a1 the  expense ol
intermediate colegonies, They are more propared 10
sttt el ey g s that s spnal ss o s mo
there [TA] Froam what as known about vigilance o
perlarmaitve i gquiet, we may predict what swall
happen i nonse o e e o spnals deteened
When syproads are voery unbikely, peaple repon ihe
e ol the sipnal only when they rave agh
conhidence.  and  doubiful judeements 1
something i present donol produce aorepon The
mergised vertwnty thal resabis Dom pesse then
Fveh e corredt repis 11 signals dre more
probable. hosvever, people repont enn unbess thes
are cerlain il e sigrl owas prosent. ook ful
Jubgements of the ahience of a sipgnal tend o get
reported s posiive detections. I that cuse. tuise
reduoces  the numbers o repors of  sipnals,
Lonpatienen s Likely only when sipnale are ot
K deteel and the fask ssuanen encourages risks
decisian behavinur,

The  prevanling level of confidence. in
addition W ats effects on the reporting of Signals,
will have effects on e way in which ohservers
check on the soe of & display. 1f several sources
are involved, 1t 15 possible 1o chart the process of
mterrogation by offering  the observer  briel
glimpses o astite of each display, Typically, some
hsplayy Teceive more ancnnon than others, and
this rendeney 15 exacerbated in loud nose [ITL
The action of noise in this case seems 1o be ong
of exagperating those Diases that slresdy prevail
abuoul where significam cvenrs feqnnAe action are
morg: Hkedy 10 pcour, Effects have also been noted
on ancther eluss of sieilanee wsks thar arc
senstive 1o leveds of monse as loow as 800418 00
[T8] In this case the detection of sgnals plices
“avery heavy rellance an memory. and the periods
aver which  perlonmunee wias gsscssed  were
relulively short, Beeause of these differences. the
resmlts may arse our of changes of the sirategic
TV, Some exporiments suggest that nobse cawses
A ANCIEsG T eors over ime.

el £ Avrersperes M @di 1), 2000
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Vem-Araclitory @ ffec iy af sekve s denepliet al

l'ime sharing

Evervday tisks we mule up of 8 mnge ol
dilterent avievies gachowarh differenr prioees,
Fhe etfects ol notse on sks of this sor iy o
saang fesodrges away  from elenwly ool low
poority angd oward thoose thor arg seen o he
subpectevely mmore omportand | 1Y) Some wanatsn
will bee obwerved i the patterming of response o)
tasks invodving difteremt elements. thin s 1w e
expected i view of the different desands soude
b tasksoarid Bv Lvpse o] s hions siven for ther

VXCCTR BN

Task difficulty

Newsdt of 84 very hish mtensity §114dB)
rmpared arodsal detection wsing thiee souoes of
segniatls oF wang o smzle sowrce having three Hrnes
e segnad rate [ 16] Multple sourcs tasks are more
readhly alfected by moise wharever the siznal
disenminabahity  or nstrocoons  abour  cauteon;
Where retation between task componenis can he
clearty. speciled. spansd scleenon and subjects
expactanen of spanal events mmfluenced secondury
sk performance. Nolse causes  gn ncreased
rendancy o sample dorinanl or probubld sourees
of informution, This elfeet wus only foond when
the rate OoF sampling ie limired by pacing und the
probabiliny of & fault 3% guite hizh:

These proceduras encourazes the use of
selecnve  strategies: The dea of g sladegy
suppesty o person may. on, differen oecasions
periorm the same sk by usii differsnt meéntal
operatons. Notse doos not cuuse o straighforead
reduction in efficiency bul rabier Cudses some
gelivities w0 Be favodrcd and others oot The
graly=is of performamce may reveal that the effiscty
of  potse that are ofdoinally  thoucht w0 be
mechanical and invlountary are in fact of e
strleste tvpes Verbal mmemory experimants b
shivwn that at 15 oo the deficianey i the way the
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material v ostored thar s -'1'1.'Lr'.:_‘_-:'-.'1 I RoAsE. rather
115 the chosee of oway o recall the materal. This
effect oceurs: only 8 the asdividual has @ vaety
ol mwans ol cchsposal o0 pierform the fask The
extent of thee elHect dependi alao o the fatlee

of the hist 1o b remiembered

Once o strategy iy adoped poese tends o
icrease e lkelibood of s contmued adoptaon
(S ] whin CITCIT sl ATy r1u|_*h| _-\II:_‘_:_'I"-\.[ O e
Maoreower rapid alteration between ditferent tvpes
ot 1asks  has been porpeuiarly domagomg o
performanee s, The reldcuinee o selanidon
A ?:|rFI|i'|_'_:'|' iy oS s shoswn r“:\\. wliedies I'\.I!‘1'.T]!f'l:'
the efects ol nose on the speed O response to
subtle changes o the features of o sk, Wlen
signoals inou task wre nol eyui-probubde. nose
produces faster reactions to rare signals. 1 wathout
warning the signals  become  egqui-probable
moise, e patlern of  responding  presiooshy
estahlished 1ends be camed over | %]

th} Serial Responding

Chie of the charactenstie effects of noise s
the rendeney fin the speed of wark 1o increase ar
the expense of seouracy. Sometimes, it tzkes the
form of an ncrease in speed only, somelimes an
increase inoerrars only, and somerimes both 2ffects
dre tound. In one study, 100 dB neise increased
the number of erroneouws responses mades when
vne of Tive stpnals pecorred withoot alfectinge the
average ramwe af work, later this effect was found
only 1n an incréase in the number of slow
reactions. o gaps. All these effecls of none
INCSEsE 10 severty with tme spent ona partienbzr
task |2

tc) Memory and Cognition

Memery tunchions are very important in
ayviglion 1o e able wouse Clearances, call signs,

34

adversartes;  breebines amd o500 Foreth My

sommprannsiing OF this sl o weekang menwory
P Do weinbel b Dikeds 0 mender g palin’s
perborrmance et bt e rones Tmpenrment ol
sworkme fmermory Bas the potentl to aftect visao

spadtia] proncesses, ansore o ocveatalivn e thirgeg

.:Ul'.Z’1-I|1I!I| ‘-.[1.I.|. H I'urh'lnm e AT .II Ly omamy

ERECES of sifwattinal bwrendss

| hee tendency: for nisse w0 baos selecsion
toward domumant aspects of the sthimuli bus been
clserved guate systemubenby o e merdentzl
Penrarnge poeeachneme Chedkercr] reaal] was maeganadly
tmproetd in BN rorae (versos 55 dBy |21 bt
recall of locaton was marked Dy dmpaered, [ anothel
study, verbal recull wus unaftected by Q5A0B nissse,
whercas the content of pretires of Social seenes
presented  wlongside  the  syllables swis ooy
pecalled o ooime [ 22], The ellect b ane ol the mest
resdsisl In L‘.r1||'||||n'.ll lreesrtre on (I TRI T

A number ol sthes have examaned  the
arfecr ol nose an shor and long term memory. The
eneril donclusion from these studies 15 that noise

during learning  facilitates recull wfler w delay
(typacally uan hour or mare) bul impairs immediang
remmeval of the matérial |22, What s learned
appears o be atfected oo addilion Wl muoch,
thus semantic inlormation mav he lost while
seqjuennial mformation mav bé énhanced |24, 23],

There appears o he pond evidence thar
notse reduces that effectivencss of short term
miemory in tasks requiriag mentil working space
fo thwe menrpulution of sk infirmacion: Tnlelleciual
rasks snch as problem sodving,  reasaning,
computation, comprehension. and reading have
been shown 1w depend. (gt e e elTicient use
of short werm memory  systems for both the
wmporary Baldmgz of corrent mdormation and the
contral of infonration processing operatons. Cn
sty showad that the effect of nodse on g problem
salving sk involving mmanstarmations ol alphabet
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sequences depended entally v the degree
which working memery wis mwenlvil, As the
demamda gade o the working memon Svatem
increase with e longer seguence of letters, the
elfect ol poise chanses drom hemge Gacihidon
Dty siele letters ) v beng markedly imhabsior
R

There oo jedent stdies have reported that
e el tisers ool momsgs oo sy iutien Tghil tasks atiect
memory i the decson privisss. T ecent study
omellects o 72 dBUAT nose dnopilol neipenen
moa MITHS soodutes [260], the talure to perliorm
o secondary sk rapc v and accorately prodoced
aeaneey g wne s mampobimon resadisd oan
spmifiwantby pewner flight decsiom making
espeatally i desmiing reguinng spatal skitls
Another stody | 27] foundsipmileant decremenls
W perfermance on warkimg memary and  sparesl
Lisks as ested Dy an aviagtion relevant tesr hittery
The: thel sy | 287 mcusured e ettect of Wi
dicAY white noise on don) sk ol tacking and
piemary search. Uracking acciracy wis impuire
e athuut L% amd the aniount of time speat "'at!
target” increased by aboul 209,

After-effects of Exposure (o Noise ;

A number o studies have focused on the
effects of exposure ™ noises when the neise
spurce 15 o longer present, Studies were revicwed
[29] undd the peneral resel is that exposure [0 nose
for a pernod of 2030 min impairs subssguen
performance (in gquiet) on problem solving tasks.
percepiual classification or senal reaction: AL leas
purt of these atter-effeces and direet effects ure dug
i the individual's imerpretanon of the physical
environment wpd the threat 1t poses.

Camclusion

Inténmittent and impulse nose s generally
misres disruptive than conlinuous nose 2t the same

e Aweowpriree Med 4071 2000

B .

Yool Auditoeyeffies of nimae: dovephoes al

evel resulnnge an roduead sk elMwweney between
A0 se tollowing exposure o sudden noese aod
task tcton determine the exact naure of ettects
[r these stiatsrs e bype ol pooccessing paradlel

autamaticd appears to ha the sl gl

Continbots noise awhie carrym ong sl
frek with specilic meaning mway  nol menerilly
i peeformance below 900UBLAY. 1o vigilanee
tasks,  complexay ! difficulty anlluences  sigaal
detection atey. Plecision sibour Lisk  ewvenls
become mere eilreie dr noise. Multiple source
tasks are more atfected, a5 seleelive shalegiey
Al daie  nporiinee "\'p-'ill.ll abihiey s
compromiscd amd  noise promates a0 luck o
flesimhty when stratores aeed to be chunged, [n
sgonl respondimg novse ends fo inoreass SIT

pndd vasability rather tham directly artect work rae

O memaory tasks, nose hases seloction
durieg neidantad leaming, There 15 good evidence
that minmse reduces the effecuveness of STM in
Lisks regquiring working memory. Aore recenl
evidence on sumulated Night tasks showed that
A can v Tise o significant decremen i in
performance an working memory wnd spatial ks
provoking poorer flight decision making.

It 15 dbserved thar nowse ooty the iy
three aviation refevant abilities 1 ¢ vigilanee, deny!
resmonding, and mimory and cognition in dittéren
ways, [t 1s proposed thar the scemingly eyuivecal
cvidence i this fisld can Best be explained in
dynamic  aviaticn  enviromoents  within  the
conceptual framewark of the mulliple resources
mode! [21]. Tn this medel, task vamables {modalily
of nputs; tvpe of coding operations, stages of
wrocessing and nature of responsespand subjective
variahbles suoh as selechive stralegics are seen 1o
i the prime determinanis of these dilfernmg
guantitutive and gualitative ethects.

35
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