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SUMMART

This paper deals with the usa or Fesponse/recevary to WSLILOrY scartle as & lsteratory tachnique for
sioulating same of tre Frinalpal aageats of e Latcial AB00X PAASe Bf guldem Searguzsy situations. It
13 Fubnitted that auditcry startie, wizh i=g3 nezPwotaciens, procaunocd 4uiogomic resction, fear-liks
14bJeotiva atperience, aod frequeat dabaviers: disruption, spprovisstes ths respones pettern to pn
"rpeote in the iritial sroek phase of scéddes trumatio ssargencies, and that by Itudying the tioe courass
of parforranze resavery folloving ssartle, as well a3 L=gtvieun) diflerazmae n PeepoOIR/recorary, we say
£228 & better vnderstanging of scoe of the varisbles relgted to eThrae reactioas 413playeq by
individusls in real-life cacrgency 3ituations. Passarch studies conducted 15 our Ldoratory aca 1p
othery 4o PerTormances ieirnant/recovery folloving atartis gre TaTiswnd. Dheee aludlies include those
dezling with inltisl resctice time to the starels atimulos {teslf, ¢isruptida & recovery raty of
Parcepiin’ ~gotor {(traczing) perfermssos following startle, aad the tissegouras of porformacs reogvery o
informatien Prizassiog tasks after wrposure to startle, Data are 2lsa Fresanted shrwiag a ralationship
of sevarz)l izdividusl differeace variables Lo performance fNIpanas/rasovery folloving startie. hese
variadles inoluds autonoszlc rosponse L2 the atartle 3timilus aae laval of tase Profisiemcy priar o

startle, e

INTRCDICTION

Alroraft edargunciss oftan pocus vitdsut pricr warmisg and raquire renid me3sonys. Altnous: Lt 1p
soRIMTlY scoepted that respocas tises to wnerpectiad svents Kuserally sxosed thoee to oEDarasdle eventy
Chat are asticipated, actus) dAls 68 response times to wnerrestad stimvli or evesrs oecurring
infrequestly 1o real-1'fe ssttiggy are surprigingly sparse. -a ene of th few 3tudiaa fo waicn Auch dats
were oblained, arsick, Eibler, ans Topmillier {1355) axastiand She time that 1% took secrvtaries to press
3 JTIot located 9.5 1a fren Eir typesTiters «as the siizviug (Sz30r) was esunded it wvarsicg
UoCR or Lwicw 4 weak Over & fegonth muriod, Aelulive to alqried stoditions, the incresse in res)ouse

CtEer studies of respocse times e UREEDAIted 4veDLa Bave Wnen oeaduotad by lowestigazors osoearnen
vith driver resstiocgs 3o sifulated eoergunaiss. Muto and Visrville (1982), Cer SIaplt, founmd that
brazipg tiss To an uUSepUCied swenl, presested aftsr PrOlongee erivirg, Averaged awus 1.4 gec vhen the
4YSut firat ocourred. By the tise the fourth “amargenoy* scenrred, respends times were thout aqual te
bis8line reapenss Lises {(approcimitaly 1.80 ses). s, wnarpestadases resulted ia drelcing timee that
vers 23 percrnt longer, st mess, mmutm.mmmumutmum. In « sessvbat
aintlar atucy, Jobasssen snd Aumar (1971) Alne comparwd drakisg ressossa times ta axpeatad wnd unexpeated
situatione. Co tve gverage, draking tiwe to soerested sitmtions sveraged .73 300; this decreased to
5% sec Yheo the events wars Aaticipated. Ubexpectedsess, thus, resulied is resposse tises thet wacs
spproxisately 35T loagar than resjonss Lime for antioipated wventy.

4 fev regorted stadles bave dealt with siszlated nuclear pousr piant ERArgeDiles. 16 these rtudiss,
pecd ar rapidiy a3 paseitla to aimilated
visusl indjonzors, MLt signal tmtas of 1.35 t8 .35 per bour,

tROrguBoles aignalied by awdidle aslarms sad
redponse tizes (estimmied frem the darg Siven) ranged frea 1es¢ than ! seq Lo SpFTEtisataly 2.3 see (Lons

and Sayers, 1976).

Of the studies Juet disousssd, those the: Jmve oORpArNd respeans lises to bath sxpected ang
unerpected stimull ese relatively comagetest in theiy findings. Maiimm peroest incregse 1o raspecse
tise due ummmormmuamrmummauasmt. Wien the
infiusdoe of repetition has Mean exained, reduction Ln unserteisty saused fezpoces timwe ta aprroximate

Suck rindings st yepport o tha csaelusion Teusied by Varriek, Livler,

baseline (alerted) sonditices.
and Topailier that ooe may be able t» axtrepnlate bo usalertad sesditions frow dals osileated under
cwlarable alertad conditions.

1o masy types of emerguncy situationa, howsver, cne s Aot aoly the factar af unexpectedness to
contend with, b’:: alao the ediliiomal asd polantially disruptive fastor of iatenss suvtionsl erousa}l.
AStial data vith regard to rspanae tise %o “Tmumstlio eesrpeacy aventd, te say selting of tae tims-course
of behariorel recovery fellowing syuch eX;0ri402¢3, 4re Tirtuilly comeristenl. Jart of this is clearly
e to B¢ catesas dUIC1cylty of ereating wwar soatrolled, ¢Iserimentil cedddtims the particular
Perasptual/coxritive events tast, decause of their Seaning or Jigniricasce Lo the ddividusl, ars he
wiadl iriggers for the cootisozl TeATLions a3sociated with real-lifc coergoocies.
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RATICHALE FOR THY UNE OF STARTL:

A puazatble Eechnigue IOF cirdunveating this dileaad invelrsd the use of #tartld. Barore conaile
LOLS appconel, however, 4 brief review of the Atartles respondd 13 varranted. In sssence, tne alicila
reClex la prisarily a sudoulsr rescenid where *he osmplets ceaction congiats SO 3 3eries of avolunta.
cantractions DegArning 4t the hsad wilh tha syedlink ard rapidly progressing o °As tega, It i
LYo lenlly avoked by lapulsive auditery etizull (e.g., 3 ptatol snot}, although other, ane geanerslly 1.
affective aztiauli, 2ueh 53 2 Jat of jce water, photoflash, ind <idotrio shock heve al3c leen found to
alictt (L {landia and Hunt, 1939}, It always 2eglax within 100 maea of the oliciting atlealua, and oc
RavA . uputlon of .3 300 for a mild tul gdeplule ruisonas Lo aporaximately 1 o 1.5 340 for an fncen-
rowction {xxman, Friesen, and 3lmoma, 1965p Lamdls snd Hunt, 1939), althousn the muacle refler,
dreribed (e detadl by Landis and gunt (1939), Ls often conaldored to deflne IDe startle patiern in i
satirrhy, Lhe total pattern lzoludes physiciogical a3 wwll a3 subjeative coaganenta. Tha phritalagiea
repenan aonsfaty of & pronounced, Keneralliied irarease Ln autonoale and central norveus syezes active
and kg Bocn desariBsd (n dotzfl by Srernbach (156Ca). Thia pakisen of phy3iolsgitdl rospchse, when
#negacad with sutoneslo respopze patterns produced by exaralse, the ¢old presssc kast, and 1nJestiony -
upinephetan aud nureplaaphring, nds been found to glosely resecbie the pattern produced Uy eplnepnrine

1njmet lua (Sternbach, 19600).

The {saling stata evoked by atartle 13 oore SLIlault Lo aliesify. Wnile often considered to be
ralated Lu the emotion of aurprise (Han, Fricasn, and Jimons, 1985), others have identifled it not ar
vitR ucpriso, dut With fesr and snger 3s well {(Dlazz, 1925; lardis end Hunt, 1919; Saggs, 1925).
Intiesatingly enough, the epirephrise-like phyalelegical PEttarn to elartle thal vas noted above 13 alsz
thn charantaristie pattern found to de prodused Y7 rear-indueing situsticna {Ax, 1993; Sahagter, 14%7).
Althuugh axrseing Lhat the (eeling szite asscoisted vith startle appears alassst %o fear and anger,
Lunita wt (funt (1733) conslder that it oWy D4 Dest ta deflne atartle a3 presnotional. They note taat
*It «oe3 rnat atand 21n the 3ide group of phenoceaa 23 ihe adjor epetions, yet 1L sesms %o be glosely
retatad Lo thea and to belang genericaily ia bhe Jeae flsid. [t 1a in Lomediate reflex reszponse to

fawdden, Gitenaae atisularionr whioh demands #cae out-al-the-ordizary treatsent by the organisa, A3 suoh -
/ partakea uf the NALUre of ag s3ergency readtion, dut I! is s repld, transitocy rasponse much more olsple
1o (ta wrganization aad expre3sicn tham the so—called 'ezotions’* (Landis and Hunt, 1939, p- 151).

in 4 study ooncaraed wvith the question of why o8¢ individuals 3eea to *freess,” vaile othary Aprea
t2 reatl alrolt inatantineoualy in esergenoy sttustions, 3terndeck (1940a) resscned that atartle
ceaulilng O 3 Loud auditory otimulus might 3¢ used o approxicats ihe principal asepaaents (Jurprisy,
faar, (aten3s phyafolegicsl 1rausil, and temporary balaricral Jisruption) that are dogmonm to gany tygea
of suddan seargencles ind benos provide 2 tachoique ror atudying bSehavioral fecovary relloving trasaatia
urents undae laboritory condilions. Ib 13 generally asoepted that suddsn smergeacies frequaccly, Lf rot
tretoally, allell fealinge of fear or anxiety, and, a3 wo have Just nated, 4 numder of studliez Rave
dmdngtrutod that stactle does eovoke an eaxpeprlence, aibeit rather traneftory, that his bdaen identified
not unly with surprise, dut with Cear 31 well. Further, the phystological response to 8Lartle, Whan
epapreml with tia sutOonOEla responce patlierns prodused by & number of other stressers, Bid deen found Lo
slosaty reaaudle the eapinephrise pattarn a3gooiated with fesr-Induding aituationa, Taken in conjusation
with the Laswils and Hunt (1939) Delfel shat the catal startle patters resgadles >hat Gf an eAd4rgénoy
radnlion, Lt would not asew UArsdsoRable O Delleve Lhal 3tudies of respense o atartls alght provide a
usafiul Lakoratary approech ta the atudy of human Dehavior In suclen stress sftustions. The present paser
Wopta iy Sesition and revievs redosred £ladinga relavant %o petrfOrzande redavery frea startle, Ho
AGtempt 13 nwio here to docuoent the methodologioal cenasdersticas (a.5., stimulus parameters, acodifyiag
vartiolud, AL¢Carentiation of Jtartle {ron crleating and defendlve ceflazes, seavuramant reguirencsty)
thac misc by recognised L carrylng out Tesaarch ia this ares. Relevant meihodolagical coasiderstions
Arg retleanl or desoribed by Grakia, 19797 Lardias and Kunt, 19397 Zrmwn, Friesen, snd Siacrs, 198%;

Muakln, Kotyes, and Dever, 1949, and Thaskray, 1972. 0

RECIPUNZE (s, 10 STARTLE

Halng 2 platal ohat a3 the sblsilum for & required dutisn press responge, Sterndach (1945a) found
thit yoluatwry response tises to etartle stimulation ranged (rom 128 to 1,262 mees with & mean (dotisatad
(vem tha data) of 950 m3eo. Iterabsch'a pricsry concers, howevers, waq 2% with estadlisning the aotual
rAnge or Linlks of responas time to atartling events, but rather with iavestigating paychophyslolagieal
~crrelatys of individual diffarenses in ties to reaposd. In this regard, e exaained phyaiolegical
reating aod rusponss levelz of the 10 fastast and lowest resotars s atartle. While thers wus Ao
wewntagful rotatlonship of reabing ahysiologilesl lavels to reaction tize, [ast amd siow reaotora diffared
algatCicantiy in Lthelr physlelogionl reapoase L 3tartle on & number of variatlesi slev reaatord ahoved a
algalficsatly greatar inorsass in 3y3tolid blood pressure, pulse presaure, palaar akin sconduasanca, and
keart rata than did fass resgters, I3 &3dition to grester sulonoais responze, informal sticassats gide
by alow meactacry (g.8.. 'L Jnev I was supgossd to <0 zomething, but I couldn*t thiak of it at first.* °f
thendne. [ merssed 4t at first, that I raslized I bada't." *I% teak Se & aoeant to reilize whatl I had %o
40.%) wiyestod groater cognitive disruption ax well; Ao auoh statesenta were msda by the group of st

rrictora,

A zabnspent study by Thackray (19637 artended the Jterabich atudy Yy Analuding a cogparisen of
raspanss Liaes to high-intensity, startling ssisulfl with reacticz tises €3 nonatartling auditery stisull,
The prinaipal intent of this iavestigation we3 Lo provide beseline data LRAR might be used 50 e3timite,
pLint reagonaa-tidesvto-potentially eriticalJjfuaticds, uck a3 unexpeated olear.sfr turdulence or 47T
audden falluro fn an sutomstie ooatrol syatem.V Subjects were Lnstructed 10 respond to any auditory "
Atlouing by moving a coatrel atiok as repidly a3 poasible ts the left and siauitanecualy flipping Usc ’:
foapcAna button lccated on top of the stick. The first aticulus consisted Of an unexpeotedly loud U":
af 120~1h nsise; this waz follcwed Dy & gerisl of 50 low-[latensity auditory stimuly at ocnstant 15 a4
lotecvnla and A-final 120.d5 atisnlus. Thoe nean (393 aze2) and renge (356 to 1800 myeo) of rasjonse
Limng &3 the (nitial high-intensity stiwviuva wers sialler to thoss obtsined by Scernbach. LIko
Sterahach, aqtonoala reasgivity to startle was Cound ba De pasitively correisted with responss Ciz¢ t:g
atartla, Tha second higneintensity atisulua pressnted 15 ceq afles the 147ied of loweintenzlty dTiBULLy
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and with no iadication that aarShiag other than ancther low-istengity aclmulus weylg occur, yielded a
ssan {116 msec) and pange (167 te 1550 2aec) of responye times that were coRdiceraply lower tham that
obtained to the first hign-inteasity stimulus. Interestingly eNough, SUSOTOULL response to the sedand
loud stisulus vas found to be inversely relaced to Teapogfix tige. Thua, vELle cagnitude of autonoayy
respoose to the {aicia]l high-_skan2ity aound waas 1,e33ly relgted =o periorsance glarudLion, a<tonomic
Teeponde Lo Lhc secasd, and aubjeatively lsss srartling sound, wvas x380312ted wisty perf{arsancse
facilitatien. Onc aight nypotheslxe that, in aqoordsnae VIth the prediotions of jotivatiaon Teeory
(Ralma, 1929), aroussl lavel to =hs 1nitisl startie way SuTridlently nigh te @isrupt perfeorasncs, while
the lowsr arousal axzoalated vith Lhe second otartle 2dted Lo faeilitate perforwasce.

Although Posiiive corralaiiens vere found Becwses reacticn tioes "o tha lov-intensity sounds (ten=358
azec) and rIpOTIe Lides to Lis Algn-Inteneity, startlisg stizgls, tha mast iotrreating aspect of this
Tinding vas that startle ajpeared to Zagnify differeaoes betwveen individusls in their resctioe tiges to
the low-ltitaurity, nonmatariling toces; i.e., slow respotders tended to ressoad 4vel motw alowly, vhila

the fast reaponded more rapidily to startle stimlatian.
RASPORSR/MECOVERT OF 20KTINCOUS PSYCHOMOTOL PEAFORMANCE FOLLOWING STARTLE

Whila tbe 3Tudies describded above provide taslc inforuation on the time required to make a disorats,
voluntary resposse to startle, they rfall to izdicate whether this tine frams acotsasIed all of thre
disruptive effocts of 3tartls or whether sows disruptioc aay mxtend beyond this perisd. Siace tha reflex
BUSCle response to sta=tls, depacding upon the intenaity of the resctien, may last from -3 to 1.5 aac
(lardis end fuat, 1939}, 1t L2 evidest that a Sajor portion of the time required =3 complets a voluntesy
fwspooar following startls 1a & diree: reault of tAls reflex intarferwace. To provide laferasatics on
Poasible disruptive offects of startle beysod this period, Theokray and Touchetene (1970} studied the
cusovery ruts of contiouous peychomster pecforemnce following atartle. In tAta tudy, subjects performed
. occopeneatory tracking tssk cantisuously duriag a I0-mes periad. A 1154b burs: of whits neLee ccourred
nexpeotedly 2 aln iste tde 3eszion and again at the middle of Sy desulon. raoking error duriag vra
first alouts following the iaitisl atartle stimuus iv shown &2 Pigury 1. Aleo shown 12 eeis rigure are
the respomse/recovery curvas for besrt rate apd oldia sucdustines. ilthougn paxisus pearforwancy
disruption socus—ed duriag the fisst 5-860 seasuresent period following atisulatien, signifisant (pc.08)
iopairzent was wtill present 10 sea alter 3tartls.

‘-

— NI PECY (TO) ”

mem—s GRPUCTARCT Ki 1Y
cevuse Al MCART ST by

e
1 X3
Uni
38
0§
i
(ERE-1
-
e 22
ey
-
CUMY ey
U}
. i1a
e

‘S-...,.__

Y
s,
-~

-
-

35
L LY ]
o i VA SR P

-
snlani ante

| )

o
[]
I
L]
)
."
1]
’
!
disass
.

L T T
ol - Siomd wilhvay

Hean trasking error, maxisus heart rate, 2pd cooductapes level during sucessaive S-seo
intervals follewing atartls. Also shows are pre<startis values for seoh wariable.

The disrupticn is trackiag performscos, pevalisting into the 10-ses peried following startle
stimulatico, olserly extsnded beyend the 13itiAl disruption onused by tde refles respotids L1t4elf acd
Vould APMAr Lo Ww 3 maDifsstitise of a loogur lasting, sare gmaarsl saysislagical/enotioeal response to
the unexpeated noise etimulaties. Suppart for this view is suggnsted by the apparent oovarisiios of
AsArt rals witad perfermaste tiat ia showva 10 Pigare | snd that appears 10 extems at least into the first
30 sec rollowing stimulation. {Inojdectly, i is of interest to pote in this Tigare that significant

perfofmanes igorovement cocurred duricg the 85h S-zec iaterval folloviag startie; facilitation 4t thias
ocne locutisn 4lso occurred fellowing the secand ssartle stimulus. Sin0¢ netther of the adtesomio

SolIures showed aay corfespobding chaige during tALs tise perded, 309¢ eCOLrAl Jarvous systes faailitory
process iz suggsatad.)

Figare 1.

Tha pattern ef perferwance charge and physiclogical responss te the stcond of the Lwo startle
tude, was quite siallar to that shews in Tigure 1, Of taterest

stisull, although of semewbat lower magni
Vaa tha finding that saguituds of traaking srror ta the tyD Startle stimyli vas algnifiaantly cerrelsted
This enabled o3 to form two sulgroons ef eshjeats whose texcking srror follouiny botd

{rs.€0, pc.oO1},
dtartle svents placed thas in ¢itBer the top third (high ispairmest) or bottom third {lew ixaimeat) of

ths combised distributioms. ANslative to prestartlae tracking perferszses, 1t was found that the
high-impatreent grovp aleost doubles in deir traciking error soores lamediately foliowing etartles tie
lov-ispmirosst group abowed 1it:le difTerencs Satuvees their preatartle and postszartle levels of teacking
SFror. Wilh rezard to physivlogianl respoose to startls, the RLgh-ispeirseat FoUp 380ved zigifioantly
Sroater heart rite accalerstisn, hut the groups did oot differ significantly (p>.0%5) in cosductanes

¢hangs.
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L ostudy Py Yiaeak (1969) likewile eviluated indiridual nifferences ip paychosotor dlaruprion to
Uslng & 4icPlie linestresiay ctasx, Y132aXk stwdied dirfersncal 1N parfermance

startle stimulation.
Els Iindings wase siallar Ly tngas of

disruptian to an unerpeoted 100-db sound free 31 Kisagn horsn.

Thaekray and Touchstona { 1§70} performancs L3pairment following atartle wad related 30 ricer syag

profiatenoy, with leas proftalent subjects bdeing conaldsr3dly zore didruptoed by startle. s nopes

exrlier, Thociray (1965) alaa found dvidence 10 sugged: thai, wilh Ihe partlcular re3dtlon bize g3k

smployed, startle tended to exaggerite prosxiating dirlferences Detveen Individutle la tNeir nsaacar:lq
the 2low Dedsné s.ower and tha Casl re3ponded viih aven ahortar latencles g

reqoonse time} f.a.
atartle. Taken togather, the regulia of theas tarwe 3tudled 3IUZAA3L the Zeusral hypstdests thas the
exteat of diaruptinn following startle 13 dependent upen grastartle tevel of parformancas, witn tra
greatesl iopalirumeat ocourfing Among thode WRa ars sliher slovaat er lesst prollelent prlar (o startla.
pafors goncluding this section it should be aated that Doth ¥listk and a1 subaequaat ssudy by May 1a:
Rize (1971) found ihe tetal aduration of tracking impairzent follewing startle Lo b GIlY 2 to 3 sec,
In & retxamination or

waich ly copsideradly less than that found If the Thaokray and Touohstane atudy.
thelr dasa, Theckray tnd Touchalona likewiss found maxioud iopelroent Lo oceur within N3 saze i(ae
perind &nd condaludad that is lemst sons of the dlsruptlon that Laikes plice withila the J-3e¢ perice
following startle {2 stiridutadle $o direct smechanical effeots of tha musels reflex onm wotor contrel,
Howaver, the fast that Trackray and Touwdnstone found Lrec<ing cecforaanos to be signiflcantly impafired
for Up to 10 aes following 3tartle olearly desonstrales that diarupllive sffsats Lranscend the Ligs pertod
that one Qlght rsasvoabdly atiridute to wechanical #ffeals of the startle roflex. . The longer pecied of -

disruption’ found by Thaokray and Touchétone may have baen due To the use of & aore diffiocult traswing
tagk andsor tha use of & Gore refined maagure of tracklsg error then was used in either The Viasax ar the

Hay asd Alce atudy.
RECOVERY OF COQNITITR FUNCTIONTNG FOLLONING STARTLS yo

Although perceptudl-aqtqr reecvery following Itartle 2ppaars ta be quite raptd, thapg i3 evidence

that caaks favolviag declaios saking or loformation processing uay be ispaired fom g léager pericd af
Thus, Ylasac (:1969) studied tha effacts of atartle on conkinucys awntal suderadtiop and found

tiae.

parformance %o be signficantly impairad during the first 20 sec following stimulatien. 4 sisilic perics
of {epairmest ww3 round by Woedhead (1959, 1569}, who abBtiined deocleRent2 on & continuoua Iymbal.xatehing
task listing from |7 to 3t aeo after startle. The fact that impairment ¢o 203 teska Colloving startile
aty last for at lesat 30 3e¢ lends furthor aupport 40 our Balisf thAl startle effsots may extesd -
aonsiderably bayond the initlal period of setor disrusticn produoed By the reflex redpense Ltaels.

In all of the startle atudies Juat revieved, however, performance recovary ofCsots ware atuiled anly
during deae partien of the firat 60 340 following atioulaiion. While LI 1s certainly posolbdle that
parrormands lapeirsent dogs not extend dayend this tims pericd, startle le known to Be acccapanied by
rether pronounced sutopoals {eepesially cardlovaseular) chanses (e.g., Thackray and Touokatooe, 1570,
1983), and tt L3 concelvably that auoh changes asuld have more laiting offedta on performance, Thus, &

prozouncéd discharge of the autonoalo nervous aystea cught Mva & long-terx actirating affest leading to
perforasnce fiailitatien, or, dooversely, It zignt produde a paried of Jarssyopalhetid Overcospenaition

rasultiag in evestual 4drowsiness and impairsd performance.
A

. in owr eost recant gtody {Thackeay aad Touchatsne, 31533), we used onitorlng and (nforsatien
procasaing tasks o exasine both shoft- ane long-ti=n performince recavely effeats following z siculatad

ssergency sltuacion (3 radar fallure) thit was zocempanied By efither 1 startling er a agnatartling
The Jutject’s prizary task wes tc wagiter a siaulated air traffio eontrol (ATC) recar

a:dicory signel.

diaplay, One hour into tiM s633ion & rsdar faliure Qccurred thal vas sccoupanied By eithesr x loud (104
db) or low level (57 dB) Burst of white nolae adting a3 =n alere slgal. 3ubJects were than required to
turp ia the abair aad begin perforaing i sisple iaformaticn pregesaing (serial rescetion) task, (IThe
serial reaction Cask ocnsilited of a delf-psoed, four-chalics raaction tise task in whnich the subject
pressed e of four Reys in respodese Lo 3 centrally diaplayed naumber.) Five ainutes of performarce on
thig task was rfollowsd Dy 2 returs to radar oonitaring. In addilion to perforsanca, phyzfaologicsl and
subjoctive meaInras of startle and aroudal were alic obtalsmed. I was hypotheslied that performance
Collowing the high=intenaily alarg 3lgnal {expected o elislt 2 atarile refiex) wauld be significently
iapaired relative to performanae rollovwing the low latan3ity 212131 (erredted to aliait an orleating-ty?e

respoase).

Heart rate rasposae snd aubjective ratings of startle were aunalsten: in degoastrating that the
high-inteneity aignal was olearly startling to aubjeots An this graup. Convaraely, the group expazed ta
the lav-intansity signal 410 not rete the aignel a3 startling, snd the slight Mart rete degoleraticn
that ccourrsd imasdiately folleving stisuiation wea cansisteas vith the ezpsctalion that thia levsl of
a3ias would produce only as orienting or surprise resction (Craham, 1579). Io epits af thase :
d{fferences, hovever, both gsupe showed alaast Ldentical patteras of perforannce changs during the firat
sinute following Noide stisulstias. Reletivs to prestimviuz levela, oeal response tises on the serial
reaation (31) task vers significactly eleveted only during the rirst & sea Collaving noisep thersslter,
perforsance reburned t9 prsstisulus levais far the rexainder of tha Z0-eec pariod. A goeparigos af the

re3pense pattarns abtained for the ivwo groups 13 3hovn in Figure 2.

AL (L3t xlance, this lsck of any difcerence batween the startled and nonstartled groups in aeacn
perforaancs Juring the £1rat § zeo rollowing stimulation weuld sppear to be inconajatent with the
Clodings of our provious atudies and thole of others raviswad sarller. Jince thade results waps not
ex3ectad, response tlses Juring the firss S-cos period wars #Xsilrned more olovely. The tins fruos the
OE34t OF tha aolse eignal teo the flrat 3R responie waa obtalined for ach subject. Thesa {nitfal 3R
respones times, which enacapess the Lize reguired to tranaitliun (ro@ the radar L3 the IR task, vers
plotled on lof probadility paper and are shewn i1 Flgure 3.  Althougn soan time to aake this faitis)
reaponae (designated task tranaition tise) did not <iffer ogong the twe graups (3.91 and 2.8% for the
GeANa GF the Nighe and low-intenalty groups respeetively), Figure 1 qleecly suggests a difference betveen

An F tes® of tha variances of the wo groups

the groupd la range <r variabllity of tranaltidn timomd.
revealed the startlod group Lo e aignificiably agre variadls (FOIA/I%)e2.61, pC.03) in the tize requiced

i
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Figere 3. Tark trasaitien times for the tww froups,

to ssks this initisl response. In exaainstion of TATARYILAYY of respouses on the SR task subsequeat o
this firet responss, but still within the fiest G-90c perioe Tollowing stisclation, revesled vEriaftoes of
-2869 an3 .1273 for the Righe and lowsintensily groups respettively, Toses values, slthough {5 the aase
direstion ay ths transition tine wae +» failed te ressh algnificane (F{1N/18342.25, P03 The
differsnce DALWecs groups 1A respense Variability was this esafined to task traasition tine,

Analyses of the vidaa-taped racordings taloes duriag nolse stimglatisn elarified theae findings., Xa
tom group recsiving tim nsastartling soise signal, behavier following stimulstied vas ertremely unifors;
sudjests alowly turned 1n the chair and Begaa perforaing thy 3R task. Ia the Righe=intensity (atartle)
Sroup, thecs were pronosossd individual ALfTerences foilowing atialation with sems wbjeots appaaring
<414 and casfused by 58 Asles Wlls Athers recoversd alnoet lesedliastely and repidly beguz parforaing
tbe task. The disruptive efTeet of the lowd sound fwmmmmbudﬁt&m:'mtmrr
ahtwn by otbars spparsatly Melanced mm:w«:mm-:mln-mmutm. Tals zl30
mm«uudm«mummnmum«mmm. e (asrezsed range or

variability of ioitin) respoase to startie that was found 18 this 5y i elearly ataflar to that
te startle and cracking perrermancs

discuzned earlier in the contert of botd wvoluatury reastion ties
follswing startle.

Urdike resposse Times which, azcept for the 1Aitial task trmnsitisn tise, wers largely vasfrectsd by
startls, the frequsncy ef incerrwot responses {represeating errora la icformstien proceasiag) vas found
£0 34 SLEALLLcABtlY greater in the 3Tartled than 1n the meastartled Foup Luring she Tirst ainute
following atimulation. This fisdiag is 1n geasrsl agresmeat vith the £1nding of Yiasak {1958} and
Woodhesad {1954, 1969) mentiowmst warlier, that infermatisa procassing My se impuired durilyg cecovery rod
startls for pericds rasglag [rm 17 900 e wver 30 swt. Voodhesd {1943) bas noted that 30 Lo &0 aeq 13
the period tihat 1t geoerslly takse for autonokit Cesponzes sech &r Deart rate te recover to approximats
preatimulue levals following startle and tBat Lt may nat b sars seincideacs bnit this cerrespends o the
TCCOVTY period of cognitive perforzsnce.

Thers wha w0 evidenos thet startle affected frequensy of errors or e} parlolfaancs on githar the IR
tisk o oa the radar task ubscqueat to Lbe Flrat misute following stisulation. 3inoe A8itINr Deart rale
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nor gcondyctance level Jdirrered oong the groups dyuring thodd auDI+juent perteda of 3R and padac
perforaznce, LU may be aconcluded LREAD 30N Ene phyjiciogical BRd ;ercorzance cffools of Jlareie sre
largely confined 2 Ine tnitlal it-ain perlod followiss atortla atlsulstien.

PIELD STUDIES OF RESFONSZ/ARCOVYERY TO STARTLI
It weuld be degirsbla to zompare laBaratory rindings <¢f performance reoovery TGS startle with >he
siadings .of osaparable dfudies ocondueted 1a ihe [lald, Cnrortunataly, aded co3parilona ars few Secause
In cne of the faw “leld studies of which I am Jwara bhap

ar the sauaity of publizhed (indings.
specifically inveatigated tha e(fects of startle on perforzance, ligarsan xnd Satih (1975) ccapared thre

axtent of disruptlon of,driving belavlor produced by unexpestied alr-dag deploymect with tnat resulting
from hoed fly~up. PLirty-onas caie &4 ‘emale drivara ranging In age frea 19 to 74 years wvera teszed.
Althougn air-bag deployment, accompanied by 3 shot-liks sound, was experienced a3y belng aonaideradly wor
szartling than hood fly-p, both Lypss of events prodused eimiler, narked qhanges ia Deir: rate, blocd
presaure, and skin condustance. In 25ite of pronourced subjeative and phydlciogical evideace of ztartlg
drivers apparently rstained conirel of tha taat vehicle and were reported to e luold on quastioning les
thalr paper, "The averags steering.wheel rotatia:

than 10 seoonds after cushion deploymant, As stated (n

vay 85 degrees during B0od (ly-up and 72 degrees during cuahion daployzent. This degres af

ateering~-vheol rutaticn would correspond Lo approximiely 3 to 4 degreaa at the tire. [n combination

with the lateral-deviation data, it 3hows taat adequate ateering oontrol can be and is malatained in the
§39}, Although Lha 80feaf3 of these sbartling avents night sppear to be lsax

tartle uode3 tested* (p.
than one might have expeated, Lt should D& roted that the actual tise-sourse of perforvanca recovery
cannot bs delerminsd from the data as reparced in this 3tudy. There 13 a0 inqleation, hevever, Lhat the
durstion of performance d{arupilon f¢und by Iiperman snd So{itn would 4irfer appreeliadly froa that feund

in qur ladoratory atudles.
§O

CONCLUIIONS
It we cosbine the results of all studies ounatdersd thus far, ceértals gensrilisaticas concerning

responge/recovery folloving atactling nventa <an e madse: .

1. Siaple, voluntary redponsed lo startling stimull or evenis can generally be made within 1| te 3
804 follewing stimutaticn (Starmdecn, 198Cap Thackray, 9651 Tdowrsy and Toushstoae, 1983). 1In tala
regard, mean time to respend to 2 s2artling st{aulus say anok differ appreclably from Gean tims Lo respenc
%0 an wezpeated evest or Itiaulus that fs siaoly surorlaing. It 13 likely, hovever, that tie range of
responae tisas to the former Lype of evant will significantly exgeed the range of responss %ipes to the

latter type of aveat {Thackray, 198%5; Thackriy and Tcuchatons, 1983).

2. More complex percaptuilesobor banavisr, syol as tha® requiring ceatinueus psychosoter contrel,
11 lixely to show saxisum disruption during this sans 1= to 3-aea period (May and Rioe, 1971, Thackrar
and Touchatens, 197¢, 1903 Tlasuk, 1949) Ticerzan end Saith, 1973), slthough eignificast, Byt lesaer,
disruption Day s2ill b4 preseat far up Lo 10 2e0 follaving astiaulaticad (Thackssy and Touchatode, 1570).

) 3. tvidencs from several studles juggests that the sbility Lo Drosera inforsaliicn oay bs izpalred
for 17 to 60 see (olloving the odcurreacs of s atsrtling event (Thackray and Touchitond, 1983; visaax, '

1969; Woodquead, 1999, 19439).
d. Individusl differences in the sagnitude of performance ispalruen® fdllowing atartle appesr (a)

directly relatad to physiclogiosl remotivity to atartie (Sterndach, 19€0m; Thackrsy, 19695 Thackray ad

Touahstone, 1970) and (b) iaversaly related to level of prestartle task proficienay (Thaokray, 19635

Thackray and Touchatons, 1970; Ylasak. 1969).

In order Lo evaluats the relevanaoe af the edove ladoratory and fleld [lodings of respotss/recovery
folleving startie oo delavioral responss {ollowing reel-li’fe smergencies, 1 L3 faportant to rwcognize
that unezpeotad and traumatio esergency situations I(n real 1if's prodadly invelve at lemat two phases.

The (irat phase, which coyld Be terwad a “sloak phase," constltutes.the.initizl resgtion. Ia this phaze;
the lndividusl attempts to reapond with Lsmedlste Bahaviors thst are intended o cope-with or reotify the.
'unezpested event., Whils the beliaviars smployed gay appsar to Da irrstional and setually worsan the .
situation, this 13 oiearly not the Latsat.” With some individuala, bebavior sewss to OecomG 3u3pended

(afCeative 4omobility or *freezing?), although numercus studies of response to disaster (4.g., dlnger,
1982) auggest that this type of reaponde Lz the exception rether than tde rule. Whea it doea coour, 1t
In soue ewergencles, the ghoalk phass 13 rolloved

Ippeara ta be a rather teaporary or adentsry reiponss.
by & second phmse wvhich cauld be terzed an “evaluative pbise.® This phase ococurs if the esergenoy

3ituation hay not deen resolvad duriog the Lntial ahcek phase and i3 charaoterized dy an sserging

percepiicn or evalustion of the 31tusatlisn in tercs of the ingividualfs abllity, or laok of ability, te
It L3 duriug this phase that panla, LF 80 30lutlua or ssoape seeas passible,

90pe with the easrganay.
may-oc=ur, Howsver, panio, ilke affeotive Lmecbility, alsc appesrs to De 3 rslitlvaly lafrequent fora of
disester response (Simgar, 1982), -

If one ia vuu;ag to accept that the smoticnal/payslalogioal response to atartle G4n serve bo at
lesat approximate the initisl shock phase of trawsalblic, real<life emergendles, then rindings of
labaratory studiss of pesforsands recovery following atartle £3y Nave relevancs in predioting Lhe tloe
course of Dehavigrsl recovery following such evants and eay asaist in our understanding of some of the

ds we have noted,

aTtrece reaabtions disglayst by ladividuals is real-l1Ce energenqy situatione, .
\aboratory studies have Liolaced seversl indivicual difference varlables (sutoneato resotivily mgn ;lon..

of peior task p;qqu._-;q,) that appess o be correlated with erforsance reoorery from atartle.
first of these, autcaoslo resotivity, suggests that inhereat, sonstitutionsl fxotora undoubtedly pisy
scas role ia startle rezovery; the secand variadle, t23k proficiendy or skLll lavel, would suggest that

atas of the performanas diiaruptlon ralliowing startles may be amsnable to tPALAING, Research Ls needvd,
NoweYer, to dotersine tha axteat o wilch Individusl differencss in respondd/resovery (ound in laperstary
atudlsa of atartla can sarve A3 uveful prediatars af dlaruptien/reccrvery rollowing giaulated sanpganoles

ChAt clasely approxinats “eal-lifs aituations,



