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_ Signal frequency in a‘/iqual vigilauco tnsk wau

increased at two different tost&gg times. un%rosponding to £

‘a "low" and a;ﬁ@igh point" in the ‘diurnal Lyclc.' Two mﬂthodn N

. woro used to increase signal froguency. AN incpéame wololy

~in signal probability, with total event rate wnaffectod, 'f:~'

improved detection performance mainly at bhe' low pdint of

tho g¢yocle. This imp&ovemenf wag accompanied by a dgoroaao:i
[ 9

. in values of the ‘signal detection’ theory xnde\. B+ &n

igcrease in total event rate, at a flxed level of atghul

~probability, had no significant effect on dntecbdon raLou,

but docreased falae alarm ruégs nt both tmstlng Limoa. 'Tho

decrnaae was accompanied by incrensed vnlues oE QK and B.» .

Performance temperature relutionshipq were found only in

 tho high event rate conditipn. Mqrning valnos of -4 uxh;bifpd

a relationship wyth degrée df introversion, No rolntiannhip

'

" was found betwaen introvorsiqn and daily tomparaturo changos

.which ‘casts some doubt on the gennralihy of “chungeoynr“
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C-time nOLhe novmal waking day théy have been taken has been

c T NTRODUCTION - v T e
a ’ b '-, ' ¢ l ,. . - . . t_ . .l
. . L s “ o o : -
TThat portorimahed medsures wi vary acconding to the
- . . . . . . ‘

T

known, sinee the pionoering studios of Kleitman (roported i,

Rlvitman, 1963,  The magnitude and direction ot this ™t me
N

N . L ’ Y ' e C L
ol day elfect:” depends upon the particular task bhding viploved,

Thwt-Blake (1967b) Yound o posd Live Lrend, o tombeniey Oy
'Y e . '

r
.

“ s . Y. 2 ¢
Cpoeviormance to o fmprove ags o the day proceeded,  in measinitoes ot
I . o ‘ . . -

[ -

Sosoeriatl voeaction, vigi lamu\‘/. card sorting, -Tetter cancel tation -
. / .. )

. ) . N ..
-.\1\1\\ arithmetio caleuldtionsy n contrast, o neaat ive Ledid
wast obaerved inoa toeat ol "igit span™,. M dattor timding

v

.

¢

hat boen verifiod more rocent ly by l\fumvlv\f“. Hat ter, Beott dainds '

. - . et oy - .
Snasinl b (1970) wiing a similar paradigm,  Pypical ot Lasks
" ‘- , - . . ' . . ’ N . . ..
nwhich positive trends occur is the vigi lanee task, which

. N _ ‘ .

i ot o L\\Livw;y'l.mm duration, vepotitive, monotonous, and -

- - .

roquires sustained attention Lov proper execution. ."/‘]‘hi:: typoe

s
[y

ol task is thoe. foeus of Lhe proesont study,

-t

I thoivroviow, Conroy and* Mills (1970) havé
. . . o £ T
conctucdod that the ¢irvcadidn body tempervat wre vhyvihm s '
. p ‘ ‘ P . M " -

cndogonouy, that iw, ft will porsist in the jabsened of any

normal “Zeitgober”, orf poriodic influenceg0f the onevronment .

Brietly, . the shape of the daily curve in ltemperature can -be
) ; .
doseribed as a rapid rise. carly in the vakyg day,, a lovelling

ol'ﬁ" Lo a poak s fn the evendng, and a deeline to'a minimum in

Lhe varly morning (Plake, 1967a)c Changes in performanes

ellicteoney have been shown to closely follow this ;g\ysic\lmlitml .

. raythm, both in normal wnkj'_nq“dny studies (0., Kloitman,

-
*

o

.

i,

.‘;



o,

1 B . . i N . A -\"I.

Ve d) fand in studies of varied \cm'k-"rn.v.t aschoduloes ((nmuhmm, .

o : . ¢

Blake and 1-:d\\'m‘\ln, 1068;\;‘1()681), wm)) stud ii"u in whtuh ’ P

por tmmm( i\ nnd lmdv Lumpur.\tmu h.wu hvvn mmmm vd wynchrnn--

3

'mm‘l\,”, hnwuvm‘, lm.vu unmutlm.vn.rvpm'(:ml Lhe L'wwrhyl_-lmm to

- -

- . -

[\l‘\_‘\‘\‘\,‘\l: oul of phasoe wiHi mu'h nthm' thx%pc‘.\l\ in performanco

- . ¢

mminq huh,)nd Lhe ]u\\l\ in Lvnnm\.\lnrv (A Tuisi and Chilos, ©

12

1““? A 1uisis, 1.97.3) L n_hnul(l 'n'l wa be noted that while dhe,
oy v . . I'S - Q ., .
auneral lovel of cach fatls, Lll\ll nal vyollmj in both Lemporature
. . B ! .
(Maurray, Wwill i..unn and l.'ul)in, 10658) and pnrﬁwmnm‘:u (Wil i '

e

i

Samd Lubing, 1959) porsist. undor conditions of alvep deprivation,-

St oappears Lhen, ‘that while porformance officioney and tomp-
. . ? ' q

A .

cratwre are generatly at o lowor lovel during slooep deprivetion, \

Choy cont intte Lo ehange with basically the same of readian S \
' : ) o ., . |

vhythm, a ‘ ’ : oo
o L . h ’ ’ 1 ) ’ . ,\\\
.i\lth'm\qh the retationship betwoeon bady temperature . , i

'_\\n\l }w\'fm“mm\ce is very close, it {a questionablo whothor the -

Lo - B
!ulaLmn::hm hvtwoon Llut‘\ two i8 a causal one; it_mmm.q rathur

-
@ .

Hmt the  two vm"abluq are reflecting changu 1n at least one

* a

.\mxu\\l\'\nq nwchmn sm (Ior a dirncunsion ol tln_u pointﬁuuo.

\\l\t‘l\h(\\ll\, 197 1).. ,A p<m tible thoory Lo account for porrornmn

' ’

m\d lomLumLuro ohanqeq- durmg the day ln that clmngnq in -

-

o°

\\\\\}\u\\l level underlie fho rhythm, - - .
- _mw saurce of avidence arisos [rom studios in-the

Vivld ot sleep deprivation., Wilkinnon (1958) found tl\a'@:&;hci

usual poerformance decrement obscrved after loss of sleop was

P . .

10&\&“;' _m-ominqht when the task si tun:t fon became more complex,

Q

or contained greater incentivoe. 1t was hoted, for examploe,



leL "Know ladge or ruuult.u? had an of fedt tl'\at-“;peiralioled . -
-t‘hu. uity of atimwlant dr~ugn in uffoc‘t'iv.oly restoring the - h
nffic lnnu{’ "'n\vopvdf\plivvd h\\b\c\t.\.t%. This effect of know-
Pvdqu of rw\ultq \mq LOjlfh“de in a lator dtudy (w\ 1kin=mn,

I‘Hsl) ,.m\d witht o\(pl\\mp\ by Lho use of a wode 1l in which it

wait .\nmm\ud leL lmn_l""lf.(‘ﬂ m-oucm] and ef Hoiuncy of porformance
wore relatod .\cL.mdlnq to an invorted - v ItmcLion (llubb, 1‘955)

i

'l wan m‘opmwd l{Y\lﬂL qlt\opl».qqne W, as a ldwored state.of
[ 1

amum\l, p lastn” one Low‘\rd the mcondmg position of Lhe curve.

Tho- .\m\mim;. or nmtw\\uonal, factor t\r knowlodqo of” rcqultn

e

¢an Lhmtguc\nuvl the eFfects’ nr slooplossnons rostoring one to

il hiqhmr poattion a\lonq the inverted - U ¢urve,”’ Corcoran
c . ' L ’ o

(L962b) g Wilkinson (1963) furthor showed that noise reduceds
tho amount ol *‘purformance deterioration producod byj loss of
aloop,. Mhis would bo predicted by an arouwsal wmodel, as the-

Miwo  nbronston whould produce their coffeets in oppoaite directions,

Y 11

notae an an-arouser, and slecpfossnoss ag a de-arouger, In-

’ .

amount of qt.\mulat.\on in a vmual vigilance

'cror\ulu‘t_l‘ tj\'mi-

tank wan aly

\ qhn\\m to 1edncc> Lho offects o[ qlgcp 1/9@;; ’

’ (_Cm.‘cm"un ' 1‘161) .

[

\:m*cnfnq 11962a) advanced ‘the rather parsimonious
dofl i‘pil:l.(m of arousal, or "activation!’, as l)O.i.i\(j‘_i;l\Q "{inverse
m:obubllity. oi.’ falling asleep", Assuming that suleep dépriv-

nL\on pmd\\cvq a det erior .\tlon in perfonﬁm\co ‘due to a lowored

state of arowsal, tt might then be propc*%u.\ that the ctrcadtan
(hy thn rvpre}ont-a q,tmply varmt\on in ql(‘eptnuaq, or arouaal

lovol, which af ficet temperature and purformance similarly.

: b e K ) 5
.

-
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, o0

~N .
Exlabinyg ovidenee Favors sueh =a proposal, V"l".h\\ nemoe ~type of.

¢

tank Imwhich the ‘bine of-day offoat  hgs boon demonntrated s 7

vitlnorable Lo Losg of gleop, Vigilaneo tanks wore tho flyut

Lo Honhown Lo be suseoptible to the offvely of dleop deprive-

atlon (Coreoran, 1962, mua; Wi\kinmm,-J'\\ﬁ_n, 1964 Wilkinuson,

Hdward and Il.tlmut, U)(‘(\) p thoe suse ~pL\ln Tity-of thia type of -«

task to timo of day nl\uctu has alveady hm\n muntinnml ™his

3

nay bo duo. to what Hockoey :md Luh]ul\(\lm (1\)2:’.) torm the "load"

C T ehhractortst te of vlqi l:\ncn its roguiremont ob asustadnoed

Tatbant fony mak by iL lesq vulnm t\hlo \.n any proconn uuch aH

v

an inarease . by Yol fopt® whvich coudd dvorridelhe offeetn of .

aloop doprlvation or tine of day in shorter, and ledn yepeti tive
. - _

taskn, : : .- !

The wffeety of sluub&dep\:ivntion. furthaormore, are

~th the oppontto direction to that obsé\rvod with 1w0qh3mn jon o

d 1

from lowor to highor point" in the cu'undmn \hythu\ of hc)dy

Lemporatuge, Wilkinqon (1964) , tor \wnmpln muml that Lhu

_uf!ug_l. of sloop ant\ onh \»iqilanw \\\-\\L manilnnLud H_nnlf as

a dot urlm:utlnn in purlormance during the last half of the task,

causing yreatoer witlhyn-session decrewent, bofore overall per-

Formanco lovel w;m lovered by continuod ﬁl-;uq'.\.'lomi.”- Blako
(1971} whon _c:nmpm:lh’q vigilance |mn‘formm\cu im_r,;vnh botweon 0800
and 2100 hourn d\,\t‘h\\j the normal wak ing .dny ‘ coneluded that
tho timo of day vHuvL on perforn\mmo was greator in le second
‘l&;lf of Lhu tost than Jdn the Eirst, hpuuifi.ot\l].y, performance

deom%\m\, dm-lnqm_ho Lav.k was observed at ‘\H carljor poriods

of the diurnal cyclc«., but was V\rtuz\lly nb‘mnt at 2100 hourn.

-
1)



' Ilvnmh lt .appuara leL uLuvp duprtvauon, by 1uwormq Lhe

gunurnl 10\101 ot m'omml. h.m nn i\dvorqu ui lm:t. on Hm ‘\hHHy

Lo m\qun nLtvnucm in viqilanco ankq. whiln nnn ability
anwmw-a dnrlnq the wvak ing dc\y- due to’an .\.numum in mumm ]

IUVUI

'Pim\lly. It lmn .\lmudy boen mvnﬂmwd Hm\ thn _—_—
3.

tendeney for Abpdy Lomporatuie anc} porformance to follow a
cireadian rhythm pornintn, but at a gmmi'nl 1y lowor love) during
nloob daprivatlion. Milse peralatont diurnal eyel i_l\\].\'}}(\\\-c\}s])l,\:\\flt

Lo countoract the offeutn of .a'li:;:p loss at somu timon and VK=

agyorate 1t at others, cauning porformance to i.mp@» duying
what would bo - tho 'normal! waking lours, as would bo oxpoetod
it arousal level wora Aneroaning,

ln Lo ol day nludton. the nddit'toiml' factoy of

N

lndlvlmml cli [foroncos In thn ot fect has emerged, dnnroeiatod |

¢ a

with the porronality dimonnion of introversion-extrvavoraion, ..

'he -concaption hnu boon hold that-'h{hrbvertq ara q‘-.mm‘nlw at

a highur lovoel oi arounal. Lh,‘m oxtraverts ((‘orum'm\, l‘)GB).

huppm‘L for thin ntomd from nLudiaq in vtgilaneu porfornanco
- é

whura l.L has bden shown that extraverts b\.no.fi.t moro from’ tho

addition of "arousing" factors than introverts (m{ '7‘-' "1.959, ‘

Davies and lodkoy, 1966). - lixtraverts have also domonstyrated’
a preforence for the addlition' of audi tory stimulation during

viaual vigilanco whila Inkroverts show a preforencoe for iin o
nbnu@u (Davices, Hockuy and 'L‘nylor'. 1969). “There in also
A*

phyniologiml ovidancu whioh agreoa with the \\ypothoajn

N

(Corcorcm. 1964b). Thono renults are all cm\ai.a}.r.nt w.i'\.h m\"

-~

‘e

PO B '.GLJ



: ’bonnl{clnl to' tha performance. of oxtravarts,. as thoit ponillnn S

=

.-’ ‘ R . . . .‘. . i :}/\.'v' . " "G.

invdrtad - U relarionshlp baﬁwéon nrousai and purfnrmnnco,‘
whuro Intrnvertn occupy a thhor position alony Lhe urous&l
donthukmxthnn extrAVerts (Corcoran, lQGa). Thona fnctorﬂ

q ’ /’

which dan bo snid Lo {nereano nrounal would thon bn moro

would bo incrcnﬁod along tho stodp nscendtng porLion of Lho

invorLud -, Tntroverta, bncnuﬂa of a- ponition clonn Ln

: olemal, or. the poak of tha lnverted - U, would mhnw ho isuch

" .~ [ ]

imprnvumont. An inq;unae in arousal would movae Lhom past Lhn‘

~

',pauk Ln a poﬁ+tion on the donccnding portion of tho gurvo,

T was fcund to cijjje from aignificantly poaitiré to aigniftonntly‘

. bhu uptimum lavel,

uiLhor cuncullinq tha effactn of nrouaing faqtors on p;\fmrm-“3

-~

anago,; or cnuning a performnnou deocline in thn cagQ whuru Lhu

prevloun position along the arouanl continuum was aqundy nL

An 1nteraotion hus beun damonstratod xupcatedly bDLWGGn : p:
p?rformanca officlenoy at diffurent timen of day ‘and thu pot= ’
uonnJJLy dimans{on of lntrovernjon oxtraveraion. Lolquhnun "

(1960) and. Colquhoun anu Corcoran (1964) - found a poaitiv&'
'aurrolntion betweon degree of\introversion and parformanoo

uf[tutuncy in viq&lance nnd 8 soarch task’whan tusttnq was E

. uarrled ouL in “the merning, with introverts'performinq at a

_hlghor leval than extruverts. Tho relationahip was ruvnrnud,

‘@r gonned to exigt, when -individuals were tcatad in the nftornonn.

. Blakp, (19(7n) further relaté? thaeso findinga to indivtﬁual

e

ron

dlft r(rcea in the circadinn rhythm of boty tampnratﬂrn.. Tho (ﬁ

corrolation betwean oral tempornture and degrou of introvoreinn

. . an
E] . - ’ .

. . ’
ot . -, ) ¥



l .
, 13
. R -!f" 2
\

,nuddﬁive’ouar the ctive' part of the ‘waking day. ‘Generally, . |

4

lnLrovartud aubjacta showed a mora rapid tcmpcruturo rise in
:-Lho onrly morninq, reached thcir temperaturo pnuk 0arlier
Lhan nxtrnvurts, and -their Lemperaturc began to fall ut an
: ;‘uurllhr point in the cvening. There was thus A phase advancc
ShE Lhu introvert daily temperature curvc, compurud with the
'ourVU obLained Eor eeraverLs. _ L :
Pho rnlationahip\betWQen introversion-cxtravcrsion
and dnily pbrformnnco and temperaturc\rhthms corrcgponds to
o ALhD difforentiation Kleitman (1963) mado botWLen'"morning" nnd
""nvuning" Lypcn, which he claimed was dﬂg.to thu ‘axistance of N
"two diaLincL Lypes of body temperaturo and officioncy curvos,'
‘n.wjth Lho peak reached early in tho waking period inm onec. and ‘
" Later dn the othar," (p.‘161) Thus P&tkqi '(1969), after
'olannifying individuals és "morning workcrs" or “evoning Workers",
:on the - basin or a questionnaire meaauring opponitc chremcs in ~
: diurnal alortness patternn, found a significant diffurence “'F'}.iv -

e
A

“ between’ the scores of Rho EWo qroups along a scale of thra- o

- voreion, her "morning workers" being more inhxovertcd and
b ..

“‘"Qyuning WOrkorB" more extraverted,

u o T E [

fﬁ'." h ' The crossover in the .daily pérformuncu'ana fcmparnturo”"
ourvua, with introverts reaching their peak in. both indices
buforo extravarts, casts some doubt on the assumption that
'introverts are nlways at aﬁﬁigher level of arousal thnn extra-'
,verts (the “chroﬁic aroubal" thcory) If temporaturo is takenﬁ
"as a valid index o£ an underlying dtate of arousal; it may be
thatloxtraverts are aotually more aroused than introverts ‘at

)

H



o

el

r

later pojntﬁ in tha d]urnnl cyclo;' llere the temporatures of

Introvorts ahow' a duclino, while that of cxtruvcrtﬂ show a:

-rine, Bunidon thu nupport thin: proponnl recelives Erom the

‘ ntudion by COIquhoun (1960) ‘And Lnlquhoun nnd Corcoran (1964),'

b .
‘thera iﬂ.now evlideneco Lhnt tho effect on: indiv lual -dif forencen

. }‘ ' 0 Lo , . ' i
in,pcrformgnuc_duo to. tho tntroduction of an arousing factor

7to.thé‘tnﬂk ultunt{nn aleo vardes with:timo of day.l Blake

(1971) uﬂed boLh knowlcdgo nf rosultn and nolse as arouaing
[actorﬂ in a lottor can0011ntion Lank. Groataor performnncc
tmprovumcnt waﬂ-FOUnd nt carlier; periods of the waking day by

Lhu addition of Lhoni{rnatorn, nugguntinq thaL 1ndtv1duala

' wore iowor {n aroudal at thoso tlmcn, and closer .to the optlmal

levol lnLur 1n tho. day, - As might bo cxpcctcdt the gruatost

offuct was on vxtravortn, whes: nhowqd conaidurﬁbly improved
ot -

" porformanco with tho-uddition nf noise or tncuntjvo early in-

-

" tho dhy.' What wan dirrlcult for the Lurly thenry wan the

finding Lhat cxtravurtn showed. an tmpairmont later in Lhe day. J

Ncither cffuct wan nhown in tquoverth who wera therefore

apparently ganfucted.by thb_udditional "gtrossors", An

arousal modol which explained tﬁn-diffarontial performance

1mp:ovbmont,by oxfrnvcrgn oarly in the day in torms of their_"

'geﬁcral.low’arqunul would have to explain-the impaifmont~1ater

in the d&y.by nJeuming axtraverts to be at a highor level of

" arousal at thin porlqd of tha diurnnl’cyclp}'Jhon the addition

of -an arousiny factor would ralse the arousal lovol of extraver@s

[0

to post-optimal ‘levals, thoreby cauaing a pcrformance decline

" with tho added "nLi\79". ‘This ip of course poptplnting.a
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.;‘ - . | . ~ 9'.

‘} chnngeover along the erousal continuum during the day as
oxtraverts ‘became more aroused than introVerts, a view if
confLict with' the earlier notion that introverte wore at all
“times higher in aroueal than extraverts, ﬁowever; the findings
that introverts exhibited greater ﬂalivary output in Corcoran's

p
(1964) salivation test at all: timee.of-day, and’ that preferenoop

. for auditory stimulation was shown . hy oxtraverts re?nrdlese of
) /" time of day (Daviee, Hockey and Taylor, 1969) poee gorious
problems for the’ “changeover" theory and support the "ghronic
arousal" theory. Thus neither tneory can be coneidered adoquato -
at proeentﬁ ) |
o 1t 48 clear, howaver, thnt arousal 1evol is intimately_
involved when eubjects are witbout.sleop,:whon thoy aro at
difforent stageﬁ of their circedian‘rhythmst and when they aré
introverted rather than extravertod. It is ;Eaa11y cluar that
‘there {s not a complete identity of the funotions underlying
both extraversion qnd leyels of sleepincess perhaps mora than
';one arousal syetem is ipvolved, The existonce of two_sepﬂrnto,“
but functionally interdependent, systems ‘may be a possible
oxplanation. Aroueel"level would thonlbe detormined bonno
imgchanism, while the other could’tontrol'"aroueability", or
.reactivity, at any particuler’levcl'ot'arousal.:'"Chronio")
itheory uould theh,pe"justified‘by proposing that at any part-
. ieular‘level.of arousal introverte may aluaya'be more reaetivo'
| 'to external stimulation than-eXtraverte. Thua.it.would-not

have to be‘aesumed:thaﬁ tney are always at a higher absolute’

. arousal level, .Both arousal systems are then inveolved. .The

.o
"

. . N
i . . . . N T N
. F , . - .
. s v .
- .



loRks. on porformance in a visual®

* - ~ . . 10,

"changeover" th?ory, according to this model, is thoroforo

offly. rolQVant to that system responsiblo for gross arousal,

v,
z

i

or spnsqry‘nctivationr le®el..

~.l’r.'eF;c:r-xt:'St-uc!y. Tﬁe present sfudy was deoignéd both

as. a’ toat of the general arousal modol of .time of day offooLa,

-

“as well ns try to detect whether. a changoovor in relative

levels of arousal is aotually occurring botwoen introverts and
oxEravorto'dﬁring tﬁo day.  Migllance, it has bcen ﬂtronsoﬂ,. L e
. . . \ . L .

is quite densitive to the ffocts of time of‘doy. For this = -

*

;onson'n LQpc.of visual vigilance task was cﬁﬁloycd. Tho

froqucncx.with which signals occurred in the task was lnoroasod .

+at different periods of the waking day.. Corcoran (1963) showod.

that by doubling signol‘frequonzfi;ho adverse offocts of =loop

. Ve
gyilance task was rodunced,
o .

: . i . ) R
Increasing the rate of signal presentiation then nppoarod-to

, have tho pame “arousing" effect as kn wlodgo of reqults, or

_noise, on sloop-doprived subjects. Increasing signal froguenoy -

could be producing its effect through simply incroased dtim4

ulation, as it appeared to’ be doing in Corcoran's (1963) BLudy,

Taor an incroano in the probability that any ovent is a ignal.

In a vigilance task?uaing temporally rogular diacroto
events two possible methods of increasinyg signal.froquopcy.
arce by cither inoreooing'the probability that any cvont is a
oignal by. some dosired‘factor, leaving éyone rato constaé&,
or by:incroasioq evént rate (both'signol and‘non-sigoal) By
that mame factor in ordef to_ieave signal'probabiliﬁy at oho
same value, The résultinq effgco on performance has boen ahown

<
A\

A



~oreasing stgnal probabtlity obmw to bL QUG*\O £ luwuring 5n

to differ, depending upon wh{ch oE thuqo mathods woro ~unod, . .
“When total event rate remains conqtanh. superior viqilnnco
parformance rcsultq from 1n¢1 casing sighal probabi iy, Thin
‘Waa fifst demonstrated by- Colquhnun 11961) nnd ia ovidont in
the data of Jerison (19658) .- Hupertox er[oxmanuo with in-'
oW,
the subject's oriterion (R) “for 1oport1ng gpo p)ﬂﬂohvu of a
signal ams both detections and False nla\ms \nﬁfoanu (nnddnluy
and 001qqhqun,.1969). This is congxstpnt with the Thoory nf_
éignnl Datectidﬁ, from,ﬁhiqh it follows that a 10&95 grt&ogtbn
would be the sole result of_ﬂifincr¢nse in ghp'prnbnbigjtyfoﬂ
a signal (Green and Swetq. 1066). ) S .’

Whan signal probubtlity té kept conqtant. an 1ncronnu

in the total event rntc hnq boun shown \fy lond Lo pot. pur-

- formance (COIquhoun, 1969 Jurigon. 1965, 19¢™; Lbnb nnd &

l“\

fwhqn probability wasfkepg constant supexlor por formanca wan

Binford, 1968; Tahﬁ nnd Osborne, 1968)., "That is 8 athouqh

'Lhc tomporal frequency. of q{gnalq has boon \n010nqud thoe

resulting effect is oppoqito to that whan the probnbi]dty that ;’
a glven event is a aighal iq/rnisod. For 0Vampln whaon a total -

aof 1800 .avents were pxosonted duL{ng an liour=-long vigil, Jnrinnn

3(196a) found suporior porformance under a high probnbiley

condit{on, where 75 of tﬂe ovoents. erL sxgnalq, than undor a

low probability condition where ther wele 1% qannln' Howovor,'

v

. showh at the slowor evont ratos. Thus, at the probability

lovel of .04, 'higher deteoction rates were -shown whon 360 ovonts

(15 pignals) an hour were.presenhtod, than.with thu’ﬁroaohtntiqn



' of 1800 events (75 nignaln) Although thbru'wurUlhdro..

aroitsal hms boen moved past thao post-optimal level. Wikh -

e
1oe
.

. . -
[ .

viqnnlﬁ in thc ncrond Gﬂﬂn, a qronton.niqnal " n\o“.'porcvnt*

N
ago detcctfong nhowad a doclino. ‘ P ’_ T '

'y

L
L3

A pOAﬁiblo nxp]nnntton may lie in. th ditbornn(vw in
the gfoss amount of sonsory ntimuln@inn thnt~tho\ﬁuﬁwwuw~ o
2 . .
receives when esposod to an incroanc~in atgnal vabe due to ane

tnerease fn mignal probability, ‘on the ono hvnd.;n“ﬁ_qn in-

i ——

Cerease inethg total ovént rato on the othor.. Joriwen (1967)

v

. i r .‘ “)
‘Huquﬁtcd that the doterioration shown in poxlonmanuv at h\qh

.

event ratnn miqht ha duo to "ovorntimulutinn“ aw \nqul\ v

the graatcr'numbar af«cvontﬁ. Although thin uuﬂﬂvstnun rans

“counter to the concaoption of a vtgtlnncu'tauk an b gy guuora\\y

I3

boring, rcpntftivc, and low in ntlmulnLihu. tt may well bo

¢ l

able to explain the ditforing effoc;ﬂ of tncrvantng s\gnal

frchenqy; rncieaning pignal probability alone dock not

- L}
R . . ’

but may be arousing in tho sonso” that. there ave wore fignals .
to which‘dﬁloQart rospanRoe iﬁ to bc'mn&u. (n thlu.ﬁay. besides
the change in tho abservc;'ﬁ critofion,.lo%yl'df aroutnt may

be raiged, Tncreasing tho tcmpordl Frgﬂunncf n(‘gignnla_hy
Lkeeping probability donstdnﬁ}‘pnd iAcruuaiﬁQ the total numbm:t

of . events, doos pxoduco'hn increase in tho toénl nméuut of
incoming . scnnury ﬂt{mulation,'aﬁ woll as providing a largur " .
numbcr of avvnta!roqujrtng ovort ruepondinq. An pnntnrmancu Toe

* : .
dcclines here with an:indrcasc in stimtlation, it could gﬁll\

be the case that the obsarver is‘ovornrousvd. that is, that ’

/

L
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\Ugnxd Lo Lhtq pxnpoqitlon,‘lt ahould bo notvd thqﬁ‘Corcornnﬂ
(19G613) lnunvauvd signal rrpqunnuy by lnvrudning LhL total N ?
. humbor of uvvnga anq keoping anbnh{llpy onnntnnt. _Buperior

'porfchunud wasn shown i tho’ngh froqndhcy cbnditioh}ﬁnty

\
when wuijo WO vvry low th. ufnnnn1 duv to pralonged alecep—

dvprianinn. Undur nn\mnl sloop conditionn thru in sono S ¢
- o ]
OVidOHLD tivat Lho {nCLOAHkQ atimulation may have rainud "

4

'm‘mma\\ tn'c\*lnvvl‘tlmt wan too high, for ufficiont porEOrmhncu."
When avouial waw at n voery . low lovul, duo to n\uop lonq, Lthe
inereaned utimul:ITBﬁ“TuTged'thu lvvnl,tg.un optimal for

dotouvt ton pbrformnncn, whiiv in thu’low fruqnunéy condiéinﬁ

axounal wasn much lowq tlran opLimnl an only nno hnlf an much

nvnqnxy wLimuluLion ‘wan occumrinq Thora, Mhis owplwnnt{nn,

’

which wo ghall- ruror to’ us Lhe "gxon?/)vnnnty lnput' Lhnory,

'_;13, of courao only LonLnLivn and was also tested in the

» 'la'y

_Fulluwiluj'quign._

-Stdnnl-fféqﬁency.wnq ineroasod at two difforent. tjmen
of day - in th morntng, corrpapondinq Ln th low=point during
the nunmal wnking day {n porrormancn and gpmpvrnturo rhthmn,
and qgntn in the uarly evening, thoe por fod dur{ng which ‘ .
porfoxmqnco and Lumpuraturo aro ununlly nL thelr highcsL

0. -

(nockvy hnd Lolquhoun, 1972), '"Mhoro wore throe difforont.

v

condtLluna of aignal ‘presentation yato: a low frequency - low

prqphbiktty condition (LF-LB), and-two ocondltions with in-
crohsod algnal frequoncy. In tho hlgh ﬁroquency-ﬁigh probability
condition (F=IP) Erequency wam ineroasad by inorcasihg signal ‘

probability and kﬂeping cvent rate-tho aamo as thoe- LF-LP

»
- “~

g o .‘.\:
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N ) e
conditton, In the high roquency-low probability condition °

e

L (HE=LPY froguoeney was incrveasoed by inoreasing the total ovenl
rate, keoplng signal probability bhe same as, the 1E-LE.
eomdition whiile making_ signal frogquency the same’” as the We-ip

condi L ion, Thug oneJvigh —Croquency condition difrored from
. , - . ,
thoe LF=-LE conditlion only_ih sigudd probability, the other o -

hiuhj'ltvqrwm:y'cnnng';Im\ in tiw

rate at whiiaoh alld oventa

“oedurroed, but both had siygnal

2,

oceurrving .at the same vate,

A numbor of predictjond can by made based wpon the

1
-

provious.dircuastion on L? Cimoe of day eftect, and the | ™
- g : ' * - L4 - I 1) ~ . T - s -
difforences in powd m;mm) o botwoen individuals at ditftovent
X c / ’ . ; . .
Elmon of day, 1f an {fercase in signal frequency by an ihm‘:‘\nm‘
. + ¢ ) 4

in overall ovont r(\tf\_‘ hag o deleteriows oftect on pevtormanes

due to hypurarousal, fhis eftoct should bo less when indive,,

'

: A
lowor lovel of arousal, sinod a

o

Peluats “are Initially a
. y .

)

. . A ) Y &
cyroatoer fhorcase” Inarpisal would then be reqired Lo move

-

’

. .
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By
-t
ve
Fra

v . . . . '
mothod Hxlmtg_lcf be less on oxtrdverts at this time, it they ave . /

-

at lowor livels of arousal carl) in the day. The study by .

N 3

Blake (L1971) with notse and knowledyy of results, which

a

wradlict the dotrtmontal oEfect to by greater on oxtravorts
) J

lﬂtl,ll: in thae day, as thoy would at tRis time be move highly o i

arousad than Introverés. 1n overall jnalysis, 1f an inerease

I _
rate is-over-arousing, -
. ) J «

* o
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supoerior performance should then ocvur in thoe morning sessions, .

Iy
¢ »

S 1f ik 18 not over-arousing, the typical time of day effect on

&

*

vigilance should occur, with suporior perfeormance’ in arftoevnoon
sosgiong,” [n both cases, lNowever, performance should bo at

a lower -level than in the low Frequency condition.  This

-pradiction {8 offectively that high vvont ratoerwill be similav

?

in itp offects to noise and -knowledge -otf vesults,

With vegard to inéroaning siynal probnbilgky. uﬁporinr

parformance in torms of ‘datections can be predicted as a Coo T
svosult of tho)Lowvrihg in Ehv eriturion used tOvFOpOF\‘\“O
proﬂénco of a nigﬁql: Thoru;in, in addition, the possible
arousing factor of having morﬁ.nignals to which K rpspﬁnsé in

réquirod. This factor”should have itn_grgntnn& Sffnot qlho'
'in‘thu morninq-suasiohs,lwhen arousal is lowost, .Aghin,.the
BF{ucL, if prdsont,'shéuld be gruat&r upéh oitravorks dt this
time of d;y. producing greator ﬁurformthJ imQFo§emont. “;qhg;
{n tﬁu day'uxtravefts should oxhibit a pﬁrformancu decliney

tf-Blake's (1971) study with noisce and knowlodyge of rosults

in used as an indicator..’

“Any dtffcfenCQsﬂhstWan the ceffoats of the bwo high

4,
frogquency conditions can be attributed to the presence of ) ,
non-signal vvents {n the HF-LP condition, and would- support

k] . R -t K . .
a theory which emphasizes the ef fectivenvss of gross schsouvy -

{
bombardment upon arousal lovel,
! : . .
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Lo METAION

\ . ., ° . -
subjocts. Thirty-threl male graduate and under-

graduate students at Memorial Univigsity were used as subjfoct

ALl subjects had normal, or corrocted vislow, andwworg paid
! . A . !

. N : : . . . .
at thy rate of three dollars per sanssion for. thelr partigip-

. . . . ‘
ation in the study. Dach subject was assigned at random to
4 . - - .

.
i -

a g

e oft the thtpu exXporimantal groups,
l

.
- -

. e . y ' .
Splection of dinitial matorialn.  Pagsages of proge

B »
from a numboer of bonkh;'thndght to ho

L

falrly reprobontative

af Lhose vead by wiversity students, wore randomly selecdted
. R . L) 7 .

A (K] * .
-
and overy soventh letter was checked,  IF it was a condonant

(including ‘y‘) it was rocorded, i wot, the procedure was

-

oot inved, By this motth a tablo-of random consonants,”

occurring with the approximata fraqueney of thelr appearance
in writton prpsce, was p}aparud. ‘Solecting lottors from this
- L) . .

tnﬁ]v,;dxd matrices of consonanta wore constructed and then-
M ] . 1an,

typowritton, to bo used as the "non-signal® stimuli. In

addition, matrices were typewritton which contained one of

/
the vowels, 'a', 'e', 'i'y, 'a', ov 'u't dn one of the 16

'
'

pouiﬁioﬁs in the matrixs Thesoe wore khe "signal” atimuld.
< , . . ,

’

AL letters were typewritten in lower case.  Thoe task wis to

|

detoeet the preosence of one of the fivoe vwwu%n, ta', ‘o', “it,

",

by

[=]

. . . b4 .
o'y S tut, which could occur in-any one gf the 16 positions

~

of a dikd display, of consonants, An examplo-of a display , .
: N . \ .

.

o ' -~ T L e






18,

Kodak‘CJrounql 800 Il projectors with Gorbrands t=-scopu shutters
i A ’

(Model (1165) projocted the slided onto o scoroen at a.distance‘

“of 6 foot. "on" and “off" intervals were vontrolled by the

uac ol a Lafayettu 5040 B Tiwmer, Thu Enpun woro propared by o

alnc rdlng Lhu matrlices (s thoy nppoarud on the noreen onto an

Ampux VquOO L-}nuh vidcuhaping untt via an Ampux-ccr324‘camera

“with a Canon YW=I6 %oom Lens, mounted bohind thoe projectors at

a dlistance of 7.5 fept From the sereen. 'Pho matrices, when
played back on videotape,'created a 6=inch display.on cach of

the -nlx Conrae CVA 17 CRT monitors, over which the displays

wore prasentoed,

Procodure.  'Three Lapeq were propuxud for njii;of the

-thvu uxpurlmuntal conditions, cach tapo pronuntdd ‘ot olg, morning

‘nnd one uvuninq dossion. Por example, if tho tapes in any

cond Lt lon Wuru 1abullqd. Ay B and C,.tho qoquonco of prosent-

atlonh ovulr tho six xpurimental gsossions ‘'would hnvu been.

ABCABL., A full-longth practice tape wad aluo propnnod for each

conditlon.' Tupuu‘werc prepared according to tha fnllowing

dunlgn. n Lhu low Lquucncy-low probability (LI'=LP) oondition

| dluplay ucuurrud ohce every 8 scconds and romained vistbla

“for 0.8 moconds ("on" time for the diasplay was Kopt constant at

0.8 noconds for all condittons) A total of 320 d#ﬁﬁlnys wate
prasentod por uunuion. of which 10 were signals) aignal pro- -
bab}lity wan therefoge .03 and the mean éimn.ihpao.bewween
aignalé’zsﬁ poconds.  In Ehe high frequoncy-htqh probability
(1 =11p) 6nditton 320 displays werc agqain praanntod, one every

g .seconds . Thurc were, liowever, a total of 40 aignals} signal

o. ’ : . . ket



S o i,

prubnblllty wan Lhniufotu 125 with a nean inton ~u\qnal leh

iJ

lapse of 64 nucundn. ' the hiqh froquuney-low pranb@ljty

<« .

(=L gondiLLun 1200 diusplays wefe presonted. onOvnVnryla
sovondsy  As In thn-éthur htqhvfroquenéy bondit]on thoro wore
40"Qignalq1 ulqnﬁl probability wayg then the Bame . Lhe® =1,
cundlLlon, .03, whllul Lhu'numbur of qtgnala oor\nunnndud to
tho Hi =P vondiLinn nnd oceurred at the same avorage intnr~

gignal interval of 64 woconds . The tazk lastoed for aliyhtly

) luun\thanu43 minutes {n all conditions. The chnvnuturingléu of

the three conditlons are recorded in Table 1.
— Hlynily wore progonted gquasi-randomly in all conditions

in order to moot a punber of constraints. Five signaln ovourred

during vach hall of the test in the LP-LP condjtién.‘intur—ajgnnl

intervals being Hmited to a range of . from 64 to 444 yoconds,

.Ln'tho‘two high Crogquoncy conditions ‘10 signaia:ocunrrud during

vach quartor of tho hout, the range of inter-giynal intuvrvals
boing Erom 16 to 112 seconds, 'The ggaigi?ne aL~whiuh u}qnn%u
oveurred on tho.display wore chosen at random.. Tho 4x4- display
w&s divided into Four 2x2 guﬁdrants. Eachﬂquadrant gungatnud

at least ono signal durlng-éach‘palf of a task in tho LI=LD

‘Jcondltion. In the high Eruﬁuuncy condiEibna. wvhore 20 ﬂtqnnlu

ocourred during oach half of a aassion. each of tho 16 pouitions

on Lhu display was Luatod at least once. and ftvu aignnln

_ OCgurxud within naph qundrunt. “In addition, pach ot_th five

vowels used as algnals had the samg probability of, coowrrence,

each one bolng usod twice per session in thie LFF-LP condition,

. and eight times in tho high Ereduencyzcondiglona; within those

’ a2

/
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"‘limite, tho~particular vcwel uaed as & signal wae chosen at.

- C TN

random. S

Identical eignale occurred in the same temporal. pattern

[

' noroee the two. high frequency conditione, the only difference

. b
_baLwoen them being that four timee as many non- gignal displaye
3

occurred between each eignal in- the IF~LP condition. In additiOn,
betweel

10 eignale in each taek in Lhe high frequency conditione occurred ;

: at the eame time, with the same vowel as a eignal, and at the

:eemo°poeition on,the dreplay, as, the 10 eignele used in the

vcorroeponding eeeeion in the LF=-LP condition; There were then
Lemporally coincidont eignale across all conditione. " 1in the. ,

high frequency conditions, all eignale,were spatially, physically,

" and tonporally jdentical. - R , . T

—~ _ 'The videotapes were preeeneed over eix Co vac CVA 17

o

CRT monitore, each mounted in a separate booth.

any voWel (ejgnnl)~ On a panel below each monitor wal

‘a button, to be preeeed at ‘the occurrence of a eignal. Extending

© 7 Erom this panel was a board which the eubjecte could use to reet )

their right arm, 80 it-would.not heve to be moved in order to
. press the button. The buttarns in each booth were connected to

an Eeterline Angue (Model A) 20 chennel avent recorder, for

‘the collection of data. : .

-
L TN

There were 11 eubjecte in each experimental group. . Each
group was teeted at only one level of eignal frequency and =~ .
probability. A full-length practice eeseion ‘was held on Monday

afternoon, with eighale occurring at. the same frequency-and
. - . ‘_ . ) - . ‘.i N ‘7
B o , . . v "



3

o prnbebility as wofe expuricnuediin subsequent‘axporimentai'— o

!

sessionsa, Thus ‘thero should hnve been no pcculiar effect on o
L‘ .

pe.formuncu duo to boinq Lruinad and tested at diffcront lovels*
ofzpigna robnbility (colquhoun and; Baddeley, 1964, 1967).‘,
;',Thc subjocts wore never told axuctly how many signals would be
‘proaentqd,.nor tho fnct that enah.apbsequont q}porimentnl'seasion' ;
icontainod the uamq numbor of signais ns’tz;_pnqético_aessibn.{

| ' '}n Pli'naaaiona Suﬁjocts wore isn ated, at an approx=

imate'distanca'cf 2.S‘fnct at eye-level from the monitor over

b

which,thé‘tdbk wasg pxcnonLedZ

~
o

1Inthe prnct{ca nesnions nubjects ware }hagd“ prior to
the onsot of a niqnnl by.a buzzer broadcast’ to‘hll bootha, forf
_'tnn\first half of tho soauiOn. During thc socond half .no cuing
. was given, buL knowludge of ropults giVOn instaad by sounding

the buzzer afitor a siqnnl hnd nppenred / Bubjo;ts wore instructed-'
to press tho button Af thoy actually dctocted tho signal while.
the ouing buzzer was on, Por the sacond hnlf of Lhe session
hhey were instructud Lo nttnmpL to detedt any vowol that\might

. appear on the acrean.7 These were ‘the only instructiona given

as io-how éd nenaVo dUring\tho session, All subjocta ware given
' Lhe Lysenck Personality InVentory {Form A) prior to the practice'

v

lf;aession on Monday. ) '
-, Each oxporimental.group wag divided into two sub~-groups,
gne individuuls,in_auoh.nub-group were then nesLed together-as
n.qrnun; Groug A (n =-5 for the LF-LPLcahgiﬁion, ne=6 for-the
HEr-1p condition', n a6 for’ \tP}‘e:.llF-LP condition) had esperimental

sessions on @pesday,IWanasday and Thuréday. Testing was

o



. offacts ware then roughly balanced acrass the morning and

) etheeﬁ monitors,./.

. :\\\%' \v.: o 23,
cartied out at 9 a.m, and 5 p m} each day, The‘mornine time

wasg chosen as it seemed to be thq,eerlieet time at. ‘whioh ell
eubjecte dould be run wdthout any , adverse effects due to, .
partial eleep»deprivation. Some preliminary reeeereh indieeted»
that the afternoon temperature peeke of the University etudente

uscd ag subjects varied anywhere from 3 p.m. until quite late

'in the evening, indicative perhaps of vast differences 1n

etudy end social habite. The 5 p. f, efternoon time was then
picked both ag an epproximete model time at whioch tempereture
peehe eeeﬂed to be occurring end as o reaeoneble time aL which
eubjecte could be expected to enqege in the experiment for

throe successiva days, -

)

LY

Group B (n=6 for the LF-Lp condition, n=5 for ‘the -

R g 1 condition, n=5 for the HF-LP condition) was eleo"teeted"

et 9 a.m, and 5 p m, but had their first experimentel soseion
Tueedey efternoon and Einel eeseion Pridey morning. Practice

.,

eveninb.eeeeione.\ As each subject performed six times in all,'

’

" twice for eech tape, the experiment wag in effect'repliceted . :

Al

three timee.

* Bach eubject used: the same bootH for each session in.

order. to gontrol f

poesible differeneee in viewing eonditione

3

Wetchee wara removed before entering ‘the

booths, oral te pereturee wero taken before end efter.&eoh

experimentel gession, the mean of the two reedinge reeorded

-]
recorded were the-button presses,

as the temperature for that eeeeion. The only reeponeee Q\S b

4



24,
RESULTS

> .
3
»

" Phe data were summed across sessionp bafore analysls,

: Non~paramotric tests of eignificenco were usod exoluslvely, sinoo
X ) :

a

most of the experimental data were not normally distributed, .,

8ilgnal Prequency Effegte

"NDoteoction and false alarm rates, Monn poroontugee of.

.dutéctionn and falee alarms across both testing times . for oach

' condition-are shown in Table 2, A Kruekal-Wnllin non—pnramotrio
anaigsie of variance indicated that difforoncoe in detootion .
rates between the three conditions were not statieticoily |
eignigicnnt (p>,10) . Fdrther anulysis using tho Menn-WNLtnoy e
test revealod a significant increeee.in aetectjon ratop for thoe
HF=-1p conditlion rolative/yo the LF-LP condition (p=.02), but
noneignificant incrdases in the-UF-IIP condition rolntive to thn
“H- LP condition (p— /7), and the HF=LP condition rolative to

the LP LP condition . (p=.,33). The differencee in fnlee alarm

. rates between the three conditions were found ‘to be eignificnnt

by tho Kruskal- Wallis test (p=,001), The differencoe betwean
: conditions, however, were mainly due to the larqe redwotion in.
false elerm rates in the lF-LP condition. Mann-Whitnoey tosts
ﬂehcned large Qifferencee between the IF-LP and LF;LP'cpnditione
(p<, 0005) and botween the HF~LP and HF-1iP conditions (p< 0001);’
The diffef‘ﬁcc in false ;IErm rates between the LP=-LP and HP=UP
-conditione was not eignificent (p=.11) ..

Signal detection theory measures, 'The dotootion and .

Enlee alarm data were converted into Veluee of g "and B (Froemnn.'

1964), the indices used by the Theory Signel Detection (TSD).
. S A v
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26,

The equal-variancc requirement noceqﬁnmy [or the us f
Prcaman 7 tablcs Qos assumod, ainco it eould not be LuaLed
on thc data collactaa. ~The ygroup valuoq n[ d! nnd B ave
.contained 1n Tablc 2. Differences bothuw the tonditions in
hoth indiccﬂ wore signifioant by thc Kruakul-wull\q test (p=,001
in bath caﬁaﬂ). Mann-Whjtnoy toata. rovuulud that tho Aitfer-
encas foudd bctwqcn conditions in d‘-vnluow WO - aquln due to
the 1argc HE=1P diffcrencos. Tho~dt££ur0neuq in th!q indu
: betwccn tho LE-LP dand HEF-11P condtLtona WP[O not 3iquittuant
I(p-;22), whercaﬂ thore wore-higntficnnL dithxenLLq thWLON
the‘nP-L? and. L¥'-Lp conditicns (p\,DOOJ) an@ the uE~LP_nnd
né;npucondftioné (p"OOOl). Thofoforu'd“ ghoved u’dcfiqiiu
increase in thc HE LP condittons. The'difterun@eg”in h-val@us
“werc all siqnjftcant. A deoroaao 1n R Qaa onGrvod~in the ne-up
condition relativa to the LB - LP condition (pn 02) \nihoﬁtpa§t 
to a- relativa incraugc in the HF-LP condltion (p—.OOl)..'Thd
d1f£crencon bethen tho. two high fruquoncy condttionx WLLL then

'h1gh1y signjficant (pf 0001).

Time of Day Lffects S L e

Dctoction and false alarm rntna. Morning and evening
N

o

'detection ratas for each oondition arg plotted in Figure 2,
. and are also containad ~amony tho othor purfoxmanoe measures in.
Table 3. Within oach condition -no signifieant dxfferenues wore

found bctwoen detaction rates~a§ the two- thting tines (Wilcoxot

tests, pz 25 in all’ caﬂes).l Kruékai-Walllq an&lyseq indicated

no siqnificant differances betwoon tho conditlons on morning

’

sdetection scores (p>.1) or. eVaning soores (p\‘QS) implyxng no

A -~

3
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-\*an( fon noi ther fiwoming noe evenimg detect idn raton woeve

condition, however,” showed o signilicant Inerease inevenin

AL

' A . ) - "’ . . . .
i ttorenee in the @lopes of- the datly perlorimanee carves ol

. R ., . ‘ .
Figure -2, Analyain ot change in detoect fon raten over biae, ol

day (dobeetion rate (pann ) = divbactiow rate (i)™ ) alno- i el

" . . IS
. .

tov roeveal any difforences Motweon the Three oxperimental’

condit tonn (p .']g‘\')'.‘. B / 3 | L . .

'M'n-uninq Al ovendiiyg detection vates tor the !\m hrml\

1

-l\mmnm y mmhlimm wure .\n.\ly'zml wup\\\\\h\l\, e \\\ ive toe the

s

BT nmlnl fon, wilh tho e nl Mnma—Wlnany tont wy \In‘ Hn\ ’

-

nean \‘\.\ml.H fon a stiand ) iwm! Sinereane wan Toud: in morn g
detection ratos (D0 e fncroane in detection ratos in

the ovoending did nat vaaeh signi Ficanee (P o08) e o the We e

I’ .
- . ‘v \

ln\md toodit tor: lmm lhv ll"—hl‘ condit fon (p S and peLnn .
nu\pm't vady)y . . S L

Mm ning and’ v\munm Falae alarm \'.\lon Toe e W cumhl Ton

/ ‘ :
ae \nnl.\inml in, 'i‘.\hh\ R wnl'm)xun Lontn \ml\mtod o \l\\h\n‘nw

Hotweon morning and ovening tatise .\lmm mlvw 'ifu L he Lt

W= conditions (B 12 and po o d2) x'uu[n\ml:i\wl'\').. e ey

N

talae vaspond iy ‘g»'- J05), Hrunkal-Wallin anatynes \*\\\"\x\l\.w_l

- uiqnii'ic.ufl dir h\u\ncon bvtwm‘n the three conditiong on both | \

mornimy taluse '\\l.nm \'.\Lw% (p- +005) -and uwnnm Falae alaem vates

(p o 01) . '/ Mur ther unnlymm with M.’mn-Wl\i ey teats indicated no ..

—

d1lh\u\m \ butwwn ‘Lhe l.l~-—ll‘,\md ne=np cm\\l\L\m\\‘ hn' thoe

mmnin\l or evening tosting Hm_un (p=. 08 and p L7, u\ pm:Uv_vly‘):.'

Tho =L condition wan foand to have decreasod talue alam’ vates
. . . ‘

relative to the W=R condition during both morning tont ing



-essiéns (p<.001f»an 'eveninq sbaaions'(p<.01) 1 Thug the

)
poxq1sted at both test nyg timcq. S " . !

btgnal detccti theory measuros. The threc cxpeximentn]

condttlonq were analyzed for di[ferencen botween morninq and

vven1ng values of the T8N indicoe.' These values of d'Aand B

nru conLalned in Tabla®3. ithin Lhc Lwo low prob1bility

‘gond\t\onq WLlCOXOh tests ro ealed no differences between

novhing and OVcntng valueq of,otther‘index (p>. 20 lnnall cages).,

I UJLJIPIH’ condmtlon thexo w\n a significant (p=, 02) tondoncy

lox to decrcnqo wah lec of c

ay, acuompanied by a non-
niuntlmcant (p=.06) tendency for\d' to dqcronae.
. " y

Krusk&l;Wallis tests indigated that the threo conditlons

dinmrnﬁ significantly ©n both morning and evening valu'a:of d!
(pfnop.and pQ.OI, respéhtively) and\ B (p<.01 and p< 005, . ot
rospupginely). \M&nn-Whitney tests showed no differendés/tn the
vnlnes_dﬁ.d‘ between the LIF'- LP_and HEHP conditions during cilthor
the morning (p=.28) or evening (p=.32) tcsting session Both
morning (p=.04) and evening (p=.005) values of d' In UZL'HF—QP

cond{tién were higher than tne LI-LP con 1tion. While morning

condition (p=.ﬁ4), there was no significant differenée in tha

ovening .values of thjs indox (p=.08) Again the HF -LP . condition

. \/"”
for bothh d'  and 8 to incraase in the Hr=-LP condition was not

affected by time of day. 'The decrease in-f im whe HF-HP



N \. P Ky R .
e ’ ’ .
/  condition waw wignificant only dQuving the morning -tosting C
oo e . B A : Wy : : -
Conoanfon - L R :

'
- -
- N .

, otempeitature and performance,  Mean morning and evenlng

Lompoerat vres wope 97.7°F and 98, 31, respectively. A simple-

dtan tost id teated that “evening . tonpoeratures weve {h fact

. . Ll : \, . . " . *
SUreator Tt moriig tempoeratiires (32 out of 33 cases, pe,.000001).,

A benpe vabib e was en by e asared; ot bwe points of  the diurlml' "
. . ) a7 . ) . [ N \9
vye e amenag ol b individuals, it s inpossibde o say whether

PVRNT LONpe ) aires weye in aiyt way noar thoeir peak val ues, |
. K - - : N ) - . N
MWirthin cach condit ton Sped@mman vank correlation "co» i

-

'

chhrcrents wor o va I.\‘U,]\\t!.‘\i to dt‘i\?l'l\\ln:‘ \\'h(‘wlh‘l‘ thoere existed

. N B - N
A tedat ooy aeross time ol Jday botwooen oval Lemperat ure angl,.

Che pert ormanee measaanos, doetect ton 1\11(\.‘(legv alavw vato; d'

' 1
. * ¢ ‘
and oy bidreess o e lative change tor tempevature and the

.

Po ot e mw.\::(n\e:,\\'m'\‘ vonput od, The raw Jdatastor the

Weas e wilhn '\\wh eond L on wore convertod %nl.c)‘ 4 ::cnréu.
Boaroe \\\\ tobat gve x.'fx‘\rm,n wai thoear det ined by the ‘i ndox (4 pam, -
o ‘:.n'\.')m- '.l‘ln\ Mete positive thaa :w‘m-;u ll\.o drvater Lhe Lii.s\;rvn

Ql postit i}jt\ L"-\(H\Tl\‘ botween mornina and ovening ‘ieasures " relative

Lo dther ndiv vdua s withoon that particular greongy ol 2 ¢coros.,”

' ) 3 . . e . " )
Thig measurd was wied in abl subsoquent analyses of chandgog

[
—

: [§ .A' - L
in tomperature and pedtormance acvass e ol days

The covvetat fops hotween tompevature - aud dotection Yatoe

- _ . : .
Sare ot ained. in Tab e Fo The onky signiticant vosults woere

thoe porit ive correlat ions belween morning tempoeroture and,
o o el .
Sdotoctbon Trate, and o fat i ve chiatige e hoth theses measuren, in
] - N .
. : Cw . ] :
the WL eondition. Within this condition, then, those individualn
. . ¢ . R -~

..
'

\
L]
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v .

whu had the hiqhuut.tumpuvqturns in thu norning tenting -

qkuionw tondod to din 1ny auporior detection porforminge ul

A »

thiv time, 'th Q\L‘H(H{\ incluuqu in Lvmpotutu\v buvaun

‘\\ggntinm‘tlmua wan thon anstociated with Lho LarguuL'{mpvnvumvntn

y o a9

Jbn dotection porformance . .
o The only stynificat rosult Ebnnd'with'fnlnn'alnrm'

-

vaten, as whowt in Tablo 5,_wQa ayain within the nvwhv.uunditibnh
. : - . :

'Phis was a nogative vorvelation betwoeen relal (Vo changen thown

fn tomporature and rnluv\nlurm,rntps butwoen Losting \jmvn;'
Thurqrhru the opposite  Lrond occurred ‘in the rnlntinnnh!plhwlwvun
“temperature changoe nnﬂ rnluu~ruubunding as Qah Found butwoen -
‘tumpurnturu~nnd.ﬁvtvuttbn porformahce in thu‘nw-hvicondilion.,
Wherevan the grdatout rélntiVU {ncvudSQS in toniporatuare wvrﬁ
asgocated with a Lundvnuy for defection vatos to nerovany, phuy“

were also telatod: to a Lvndﬁnuy fov ~nlnu alavm ratos Lo gggjjlgp

=

I

Tho twp trondu,_nupuriox detection,pefforn&nco aceompanfod
by lower [alwo nlarmAratun, auqﬁuat a relationship botwoeon towp-
oraturoe Lhnngo and df Tublu 6 shows the covrolationn rndhd j
butveon Lomporlturo and qgl onve more iL vt nnly in tho wtenp
LoanLil?\tJu\L i niqnl\lunnt relationqh;p wa ohuvrvud Thi
watd a posltlvo Lorrulntlon botween ovening Lvmpo\a\urvu and
~QVUntng_vuluOs of d‘, no that hWigher tomperaturos in tho uvuninq
wu e usuucingza with highev VQIuQS-qf d'.  No rglnttounhtp,
lﬁmuVur. wag éhown'butwuendthu lndgcua of velative :ﬂhngn'for
tﬁn two measuros. = Thoe oﬁhur'TMD-ihdex. By nhdwud n6~nign{ricant
roluttonqhip wiLh ankprnturu in any condition, an can- be nofn

Trgn the corrolations contnined in Table 7. 1€ @hould bu hoted

3 . ¢ * L
] '
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horu that ulthough soma of the corrolationa which appear in .
Lha Tabloa appoar rather Lnrge, thay are gtill nonaignificantﬁ:
:duo to Lhu rulativcly amall numbaor of tndlviduala used ad
Aubjocti 1h the- present study. - ot

]ndividunl Differences _ : ' 2

L 1t must be statcd aL tho bcglnninq of thin soction

that lL wun originully intendod to umploy twled the numbgr of
'nubjucta a wero eVenLua44jnteBtad Au u rnuulﬁrof\equjpmcnt
:fuiluru Lt bdcame impossible to rcpllcatu the uxpurlmont Lo
" two udditionul yroups for cach conditjon1 Mh ruuulLanL

gmall uumplo siza madu it .quitoe 4mprobub1c that unthing of
Blgnlflcunuo would emerye in the way of lndividunl difforences,
vhu foliowlng anal;susy howevot, ‘wore otill purformud bncnuan.
of’ Lhu Jmportancu of thia theoratjcal aroa.f LL Wnunhopud that

o

‘.somu nigntficnnt findings mlght arinn, aven with tho rolatlvoly

~

camull’ snmplc slzu.

Dugrou of lntrovorsion and purformando meueurua. WLth\

'groupu analyses were performed Lo tcﬁL the xolationahip boLwnon
dayree of; introversion and pcrformuncc agross timo or dny.
Bponrmnn rank: corrulntion coaffidicntuéwuru calculutcd boLwoun
- deyrueo of introversion and tho values of tho performanco :

. moasuray at both testing tiﬁga, ag well as rulativu ohnngu‘in;
and tho OVOruil value of, thcee méasuras.. Thc rosulting

’corrolutiona with detaction pcrformancc, shown in Table 8,

indicntcd no significunt relationsfiip’in any oonditron batweon

. dogree of introversion .and the number of siQnals roportqd at
A . e '

AN

althor testing time or, across time of day. Algo, no relutldnahi§

- ., . - a
& . . .
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aconLajna the correlations boquvn dLglLo ol \ntrnvnrninn nnd

. . * l K 19.

vmurgcd bcthen chnnqe in duLovL\on poxtnrmanuo au\nun limv

of day and . degroc of inLrovurqion. The st 1ack of nny

rulnttunship wad obsurVQd with falue moupondinq. Tnbln-g

L V' :

- fa'lyo utarm rates, none of which appr vached w igni ficance,

-E;gminntion ot thg T80 indices yanldod ong n{qniricnnt

findtﬁq,’rcpofhod An Table 10. lntrovev \on W dinvnvurud

to bo ponltivdiy'corrulutud with worning valuun ol d,, again

cin Lhc HF=LP condltion. lt thvn Aappoars Ehat in this condition

'yhu more . introvertoed uubjuc st bonded Lo have highor vn1UQﬁ

of u! ln the morning tostiny uow ions, Th\ ;rﬁiationuhlp (hgh'
broke down. laters In the diiy'y Tnblo 11 shows that *nena of the
ubrrblutlonq bthoen dcgrbv of 1nlrovo‘=\on and va\nnn of H
gavo Lv{dqnco for the oextstonee ol a rolntxo\ah\p \n.nny
condltlon, | -

Douree of Jni.mmg.mu\mi_‘mn\m.xn\m \\\.\u. M™hin -

-

, analynlu was porformed to tout Lho Adlationship botwoen

PnLrchrnlon and doily tompvraturv changes, © Hore, 1ntn0vnrulon
would be expocted to gorrelato poritively with woruning

tomporatures, and negatlvely with the degree of velatdve
chanqo ln tomperature boLwovn Lomt\nq times, according -Lo

chungoover"-theory. Thu uctuul uor' latxouh (acronn all

<

oxporimental conditions) " arvoe rupnrted in Table 12, AlI'thn

correlations were positive and nonsiyniticant, lHowavay, t%;
shiotld ‘be noted, the largest corrvelation was with nmorning

@

.
tompoeratures, and smallest with cvelative change in tomporaturo,
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Signal -I"requency Ef fects
I L

Mhe rosults of the prosont study Indicate that tho .
. . o -~ .
mnin vifects of an takreasc tnrutg%al fruquency arae almost

: nnt\tnly dopondont upon . the parlicular uxpcrimvntal procudure

omployod An 1nctnaso in mlgnal irnquunuy due to an 1nc1uanu
it gignal probability nlonv, wth Lotal ovan raLu UndfoLLOU,

lod Lo an incrédse in detoction rates, This Lnercaso was

“aveonpanicd by a decroease {n the T8D index, g, An‘incruunu'

n7§otalluvont vate, leaving signal probabllity at a congtant

value, vesulted in a decrvase, in false alarms rates. Both a°

and 1 wore dinercased by this lattor method. ]
1t was originally hypothosizod that an incrcase in.

Lhwe signal's probability alonv ‘would bo beneficlal-to vlgilanc

L

pv\IOImanuv This would b? due to a 1oering of tho obscrver's

cr\tullmn for xuportjng the pruuuncL of a siynal, 1n_agruummnt
: >
with thq was tho signific anL lnuruaso in-detcction ratoy in.

<

thoe HP—HP.condition-rolutivn to the LUI-LP condition. Although

false alarm rates were not significantly affoected, there emoryod

the expocted decrease in -valucs and no significant cffect on

da' in the NP=up con&ition, consistont with. the predictions of
Lho Whuoxy of bignql Detoction. "hus it appears that an jncrcasc '

in 1gnnl prvbabtlity improves choctLon pcxformance as the

rosult of a ch case 1in cauLLon, as!ifflected by a loerod Be

lt was alao proposad that there might qmergc the L
posgible "arousing" factor of having more signals to which a

reyponse .was required in the HE = 1P condition. The grcadest ¥

-
v



effoct hore was expocted in the mn\nlnn lvni\nq wessiony, as

-lndlvtdunla wou 1d thbn be at lowur‘Ervvlm of deivJLion»'Whun.

motning ahd uvenlng doLucLlon ratoes in this véndjtioh wurﬁ‘

ummpurvd Hup§rnt9}y wtth the Li-1,p cnndil{nﬂ,.thin wu%iin 1ﬁgl
varillod, .Thure was ﬁ signif}énnt incr:quv.in dot&u@hnnx%n(m
in tho murh@pg Rngatqﬁa. Th§ tnerease infdélvvtinuwéléug in

- =,_ . - - J . . . “ .V' ) .,
the altovnoon testing sessions l!nlvd to veach signilicance.

7Thu,uumu trond wag ebgorved in the tondeney for 3 to decrease

i the U=k vondition,  The decrease was only signilicant in

Lhe morning sossiona. Therefore it appears that thove s,

anothor fmportant Factor to take into account when signal

probability ta ratwod besides the otfoct on the nbnorvers!

orftorton prodivted by the Thoory of Signal Doetoect jon,
y Y Y

Ah Ancrease in the total ovent ratoe, with'niunnl
probabl Lity hold vohstant,” was expoctod to load Lo pooror

dotoct lon povformaneo,  This was not Found to be the caso,

An laereoasoe -in glgnal probabllity was nat signiticantly more

vllucL{VQ‘ln {nuruuqing dLLeLLton rates than was an increase

Ln ygroun vvvnl rate, whore a nonglgnificant increase in detoetion’

rates oveurted,  While dotectivn performance did nnt‘difﬁug
ulun{fruuntlv in the gvfnv gond{tion rblnttvé to tﬁé LF-LD.'
Gnndltlon. there was.a-signiflcant decrcase in falue positive
responding,  This rosult supports these studies in Qﬂich Falso
alavm rntus wore Eduhd ko be lnversely'related to event rato,

at a Fixed n{gnnl probability levol (e.g. Taub and Osbornug,

Loau) . u{qnnl d ctection theory analysis revenled that . boLh

LA and B oinereasgd-with increased ‘event rate.  The direct

] . | .



|u|ullnnnhlp hvlwuvn Poand ovan rnt Wi oxpnctdﬂ,.nn_aﬁ‘
Fobull ol Lhe nllﬁ&t ol dlnv ularm Lntuu.l Thv‘rolationnhlp
wjfh ! Vd“ nol antieipated, as \L waw nriqinally plnpouvd
It et WUuid be o dﬁv}iﬁn n dochLinn r\Lun La accompany
[ he uuyygdnv }w h|luw-ur@rm rnbog. Thin oxpoetation then
nnnﬁmnd ﬁhqt Ul din\rihuriuhr of noise and niqnnl-plun—noine
w“nid.iQmu|n o, nnnlapl ﬂ\HldNLO apart,  Tho obpervor by

urilpuinn wﬁudd lhvn‘muvv Loward vight aLonq Lhu HONBOYY
(«uﬂlnn%wrlw\Nlenu Hu\\lutvn e h\;& Thiﬁ\&nnﬂ yesult in
.l(h%‘l}ﬁ‘il\lnﬂl\\hl\\llfﬁw and Talse Alaemn an tho Lritcrlon
v hpwurd‘ulnnq.lhv sianal-plus=noiae dintribution, HowUVOr,

P Toumd thal detection rates did not doeline and d'-values W

Ercroasod, .« - : .

At Terease fnodross oventterato now appoary to have

two diportant madn ot lects,  one is opposite to that which s’
abnorvod whon uldunl probability alone iy incervased, This is

bdn_iﬂvrudnu e dogroe ol cawtion, or #, whun gross evont ratoe.

Eneroasen, valt_be observed by a decline in fiulse alarm ratos.

The ol hor madn okt oct v an inerevaso in dY, or penpitivity.

1

> ' . IS
SMhatl e, A hoe iuvlvnwv i the Lotal numbuy ob evonts appears to

\ .
Froo mbil | g lhv aluytat wmore disevininablo,  Nonce the doeline in

LY

Falne uWurm talon fu not avqumpnﬁind by deelining detection
pertormnee, = The gost parsinonious oxplanatlon of the effect

would Ie# Lo proposie that the ability to dineriminate betwoon

slgnal and noncsntgnal ovoents improvas as rosult of the -

‘

Fnereasod prdvllvu'lho ubuopvor roceivos in maLuhing tho two

‘:nv~nlu whon the total numbor oF events ia lnuruauod. I

s . -
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Wthln thu purnpucttvu of th Thoory of Kiynal . _
Du ocLLon tho ulluctu of tho two muthodq For inuruaninn uiqnn]
erquondy wnuld bo uunLLpLunlized am thlowwx An invrvnnn in
#lypal probabiliLyJ d& uonutant ovonL ldLL. dons not v||uuL

th distance vaWuun tho moans ol tho noiwv and u\gnﬂ\-p]un-_l

nolau dlutribuLlunu ThnL ig, d‘ wtll xemaiu wnal teetaod,

N a

,DuLucLlun puxrurmanvﬂ wlll bu {mpxode due to tho nhnu\vor‘n
¢rttbrion moviug Loward \'.hu lofb c\l‘onq \;ho ui.q\ml-p\\m-'\m‘ino .
dlsteibution, Mhis ofleet would bu the result ol a 'ln‘\mru'd
.mnxlmum Likolihood ratio buud“ﬂo of un incrvanu in thu prnbdbl1lLy
of "a slgtal 'n c.muurrm\cu..- Lunm.quo\\l.ly Ll\-_m wollld bo o t\\\(‘!“l\\\!!l.
n H..j nownvm'; Lt uhmc\i 'l;ruquuncy ia incroased b\',i..nu).-mmlng
gxonn ovent ratu, lunv\nu wignal probnbxlity at o fixoed vn\uv
'Lhu dlqtdnuu bptwuun th Lwo dtqtitbutxunw iw inuruannd. Hove
st lncrunggn 9nd thoe ulqnnl bucnmug nore d\ncviminabmu. probably
_bccuuug‘of tho q;uu&ur~umount of docisjon-makinu that {n involved,
Thdt'tq.rthhrﬁ i much movoe mﬁhehlﬁg of siynal to hnn-niqnnl
N
,ovents, with tho runulL LhaL thu obgervern nnquixuw i\ buLlo\
Muwaye" of tho uignnlx Au aignal pxobabi&tty han not changad,
the obderver might rotain the wamoe cutoff for-hiw criterion
alony the ntqnul—pluu-noiac d{qtribution.' Thin would \uavn
dotection paton unaffovted. As thias diqtribuLinn han muvvd
Farthor away from thu'nolac distrtbution thore would bo a
dQCLQABn in laluo ruupohdlng and an incanwo in B.
"Gronn tnput Lhuory“ no Jlongor nppoqrn pr\etionﬂin‘to
_account for tho porformance changes obgerved whon  total QVth'.
_'Eato is 1ncruqaud;~JWhiu theogy would‘pfgd}ct a dotnriorgilpn o
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.ln'purrurmunc&'nt highor uctivnﬁlun lavols, as nvurntimnldﬁjuﬁ
"ln uﬁﬁﬁ un‘Lhu causal favtor ob those pﬁnfurmuan changos whiuh
fuduumpuny un inurunnu'in,nvunt rato. Howaever, uiénjtlunnt

pon it lvo gorrolations wore obuur;nd in, tho Hi=Lb éundltlnn ﬁu-

Lwoots mden g tomporatures and morning dutection éutun, nnd

J botwoon Lhe % seoroe muuuuruh ot tulnLlVO chgnyo n;roun llmu ol | _ .
di% day In bolh l\/TUnnt'li-un. rl'l‘u\r't_lc)ru tho h\d.lv%dlu\ln ‘who nhowad l'.jm :
qrunlunt Lempoeraturae éhuugn butwoun tonting timoa alsd uxhlbltud
Lhulqruutunﬁnimprovumunt ln dokoct ton performance:  borformanco

thun fprrovod with 1nu1uunnn in autlanton lavel, an tulluutud

L:y oral lt‘m})ul‘dlm‘n vlmnquu uurnun Llluu ol day. sllvpmfnrmmnol..

thon, doon not appuoat to b tho Important factor jH.dUtQHN{NlHU"

pufrurmnnuu whon signal frogquency 1 dincervased by an ingroano -

- ) w ¢

S yross wvent ratu,
Wlmn vl bay hl[oclu'n '." p R ~i o ’ o
Whn NP—hD condltlun wan tha only one in which ru]uLinn~
vl py Wnru.ubaurvod botwoon tomperature and pmrrprmunuu chungun
' AT LK tlmu of ey Pheso wore the Eorrolnttbnb botwoant tomp-
‘”Qrutuxu und dutuct{cn ratos munLtonud nbOVL. | nLgaleu murr&l-
ation bntwpun tolative changon acrcuu time of duy in tumpuruturu
. - and fuludlhlurm Hhtca, and & pouitXVG corfalnﬁlon bbtwunn'qﬁtdrhubn-
LumpuluLuru und a[turnoon valuou of d'. Mhus Lt appoarns: that
Lhunu‘ln a tohdency for duteuttona to inoroado und falno ulnrmu
tp'duuruuuu ak highor actlvntion levels later in tho dlurnul
uyole,. Phiy le consiatont with an 1ncrease dnd'y whicl . .
-CULquhuun. Blake and Bdwards (1968&. l968b. 1969) connidur o

:uhunqu In "truo" efficionoy, rather than a change’ In motivational



.'fluctuetione in arousal” 1evel.'~ l :

4 T ¢ - e .

U

state, at highér_lebels of arousal. Although there‘wae}no

relationship obserﬁed bet@een ohangee in temperature .and d'

across time of'ddy,fthere ‘was the poeitive oorrElntion between'3

'afturhooh temperature and d'-valuee in support of this notion.

A mentioned, Lhere were ho temperatufe-performanee

‘ relutionahipe obeerved in the LE- LP and HF-HP eonditione. It ‘

. should be. etreeeed here that the HF LP condition was the most

4 ¢
"typicall of the three conditione. That is, the requirement of

3suetained attention was greatest in this condition, where avents *
raquiring visual analysis ocourred at four times the’rate of the -
.othor conditiona. 'Thua the "load"'oheraeteristic'of vidilance

" (lockay and Colquhoun, 1972) was: moet satisfiod in" the” condition.

As a reeult it would be more sensitive to subtle ‘timo of day

effoote, as would’ be related to’ relative changes in temperature. ;
‘It then eppeure thut the presence of the non= eignal events in

Lho HP LP oondition relative to the other high frequency con-~

°

"dition performed two ' important functions. T\t ohe was to

inereaeo dieoriminability of the signal, as meeeured hy'd'

“and the other was to increase the eeneitivity of the task to

i

Tho expected tine of daY'effeot did not ocour in the

¢ v

Lv LP condition, that is, euper@or aftaernoon porformanoe.. Thie

fie probably due to the ld& requirement of sustained- attention in

4

 the condition. Beonuee of the "breaks" the obeerver experienoed

betwoon .events ‘tho. effects of time of dey may have been canoelled.

o

The exietenee oE tempernt;;e-performance relationehips only in

Lhe - LP cbndition indioates the euperior eenaitivity of a-

4

-
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Luuk that umployu uVQMLn ocuuxrlng uL a rulnLLVuly rnpld’ratu.-
buthur éupport lor Lhu nxgumonL stuma £ rom Lho.Lme,oL day‘
uifuot on dotoition Lnton nnd Bevaluos [n tho nv-nb condltion
rulaleu Lu the LI-Lp cundlLLon. hin oJEouL. uupor[or
drtuctlon parformanga and lowor B in tho =11 gondltlon only 2

: durjng tha mnrnlnq Lcntlnq snnnlona. whun atouanl would be nL
Ltw lqyeﬂt,‘nmgunu for tho nood of an nddLLlonul Yarouslng"

- fagtor -in ordur For’a “tiwo of day olfoct to amorya, Thig iw
boanHu tho HF e UUndLLlon, whoxu an incrumnnL in arousal can
bu lnfurmud LQlﬂL|VU Lo Lhu LF LP conditlo%, us 4 rosult uf
thn nbovq uiruuL, dicl uxhlblL n uubntanLlal timo uf day of fect,
Whju wae Lho uppurunL ducroany 4n uaution lrcm mornlnq Lo uvoning_
LuuLinq uuuulunu An tho uw,uu uundiLlon. " *aleo nln:m rntca.

'ﬂncxuguud and vu1Unurél f duullnud ln” the alturnoun Luutjng
uuuﬁlnué. It appdars horo thnt high arpuna% rudﬁ%hu tho

: L obnﬁyvur'n orlterion in thu'dqutuién‘aQé?em,_nc“hth lony
uvjﬂgncu,iu'nuw qondud qu nléignui to reuult'in_n "gignal"
ruapopﬁu.; W&Lnilu wumuﬁhut In édqtrqat to the Eind@ngs of
tha Hit-Lp UOHditlon. Huru hlghur«hrousdl; {F tompurnturu th

Indoed o valld Lndux, wuu aunovtatud with qxontur dotootabiljty

of the Hignul, an munuurud by d‘ ..That Lﬂ, a "nignnl" response

was tho resultsof moru uvlduncd nr{ ing frcm tho siynal ituelE,
) Pé&hupu Lhu nLuLau of LWO dtffcreht aystemu aro boing

mousurad Thu ono - wuuld bu ruupunni%lo for tho. Jndivldunl‘ '

1eva1 of "L1uu" affiuionoy (Loquhoun at.al., 1968n, l968b, | f:

1969), ot HunnlL{thy, whioch incronsna at. highur aoctivation ‘

ﬁleVelsu It ia Lhtn lovel which waer probably rufleutnd an the

' e .
g ~



°tepperature-performance relationships shown in the hr-Lh'
-ocondition. The other system oould be involved wiLh the in--
'"dividual's lavel of motivation.' ﬂenoe, aven though a Biqnul
~"is not inherently more discriminable, it may ba detectedaporn'
reudily at higher aotivation levals since loss evidence is -

‘ now royuired to giVe rise ‘to the teport of 1ty presenoe.' ThaL

is, oritourion has been lowered, This is the offect that epponra,

to have omerged in the MF fp condiLion.-

Individual Differences L )

The thber of individuale within each condiLion (null)

was rathar small to expeot any wdthin -groups patterns to omerge.'

llowovor, it is still puzzling that no individual difforoncos
woro ﬂound in the main‘effects of }noreased eiggzl froquuonoy.
"Theso would have been refleoted-ne relatiohships betwoan deqr'
of introvoreion:and the overall pifﬁormanon moasures of tho
threo oonditions. In partiocular, 'ohronio" theory- WOuld prpposu
qhnt the "nroueing" aspaects of an inoreaae in signul fruquenoy
‘should be benofioial to the vigilnnco porformance of axtra-
verts, with little, or u deletorioUB, effoot on the performuncu
of inLroverts (Bakan, 1959 Davies and liockay, 1966).¢,hleo.
IUWer felue alarm rates,'and-e"higher B8, huvo_bueh aesocintod .
‘with inLroversion (Tune, 1966).
'The only individual diffaroncas found in any. effeot

uppuarod in tlie HF-LP condition, as a positive oorreluLion
botween doifee of introversion and morn ng values of d', If"

this rolnLionehip is Valid thare is an importunt impliontion:

for "changeover" theory. The d'-meueure of aeneitivity, or aB'.

o
—l
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it has been called; "true" efficiency, dould be a ecrusial
index to explain performance differences obeerved durinqlthe g

diurnal cycling of introverts -and extrnxerte. The auperior .
performance of Introverts early in the diurnel dycle would be

the result of higher eeneory diecriminability rather than any
motivutional variable at thia time. "The syetem that was, prc-

poeed regponasible” for level of sensory efficiency woyld thon be
the ono which shows the difrering diurnal petterne botwoan |
introverts and extraverte.1'What has 'been termed the "motivuticnnl“
evetenlmay.be‘the one that is responsible for the diffcrencca

that are the coneern of "chroniE" theory. Buch a propceal, or

. course, raquires more evidence. |

P

X Deepite the_small number of subjects uged, trends - '

'

ehould havs been evident in between-groupe enalyeea. purticulerly

in daily temperature rhythms. According to BlaKe! e (1967e)
findinga there sheuld be a negative cerrelaticnwaetween dcgree

of introvereion and relative chenge in temparature aoross time

of day. Inetead a elightly poeitive, but vary nonsignificunt
(p>, 4), correlatieh was found Although this may have baan

'due t; "hitting betweeh the peake"'at the afterncon teetind -

time, there was also.no relatienehip found between morning '

temperature and intlevereion. Theee findinge may be the reeult‘

of the particular population, Univereity etudente, frcm whioh

eubjecte were, drawn for the present etudy. P&tkai‘e (1969)
'etudy, and those of the M.R.C, Applied Psychology Unit (e.q..

' Blpke, 1967a, 1967b) Colquhoun, 1960 Colgulibun and Corgoran,

'.19647 used as subjects individuals who followad beeically the



gane work schudulo. Therefore, they were uontrolldu rnr

'1 differences in woxk-nctivtty paLLean. niftorancun in nnnyar
bchqvior, of coursa,. were pobt dontrolled. Thunn‘&trfepqnchu'

. milght then hdve beon rcﬁlucted_as_thu di feerdncun which

| umargud‘ih dairy tomporature and'pvrfqrmanéo rhythmé. ﬁhnh in,
axtrﬁVGrtn, duo to a more acttve social réutinu. might bo
,uxpuctcd to por[orm at a 1o“e1 1LVL1 carly in tha day. WHUNp
buonuen of ’ a grentor amount of gogial activity lator in tho
day. thay wOuld raach Lhutr purloxm\ncu and hnneu tonpuraturo,
 poak at a lutvr polnt ln the cilgad\an rhyhhm.

: Thu porrormunuo nnd Lumpnxahuru rhythwms of nLudnntn
wth a grenter unuontrollud amount ol varianco in work puLLurnu.
would not be as dependent qoluly on socxal pnttornn. Much -
.grehtar’v&riauce iﬁ thuix iruadian 1hthmq would bo nxpnatud.
Yhorefore, it mny bo tho case LhaL axouqal lovdl at difforent
pcintn of the diurnnl LYUIG ia, th rnflection of daily aoL{vity
puttcrna : Thia luvul uan bL neagured phyqxoloqiunlly an body
Lemperuture. ,AB suyygestad vnxllux. parrormannu nay vnry wiLh
nruhunl levol becauac of the xolnttonwhlp with tho d' indox’
of sensitivtty. Thnt_is. nrousal lavel nay bo ntfouttnu a
nyatum responsible for tha lovael of aunéory anicinncy. Aha
dturnnl pattorns of thia “orltctency systen” aro thon a rufloution

of absolute lovel of arvousale .tt is this diurnal oyoling whtuh

- has bcun the .concern of “ehnngeovur“ Lheory. . .
“Chronic" thoory, wtth iks- physioloqionl ovidenco, .
Lhun appoars tho most pluusible and gLneral thoory to ounounL

_fur-intronraion-nxtruvexalnn difFerances, Min wop;d bao in

',
1
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the aeﬁsc of a socond syatem,which dotermines arousability,

.orﬁréhctivity, at any particular. levol offnrousal. rather

than absoluto lovol of arousal itself. The “motivational
. \

system" provioﬂaly montionod may bo the one of concefn here,

7’
CONCLUSION

o

"'rhé'aifforar{aes in the uffects of the two high
froquency conditions support a thoory that omphasmans the _
effectivanoss of gross sahsory bombnrdmunt wpon arousal 1evol\-
g Tha prime offout of an increase in total ovent rate was to .
incroasc the.d! moasura of senaitivity. ox “effiuiency“\‘
'Increusod signal probability, howover, also seened to bu
: associatpd with changos "in urouaal.  The wain etfect here, a
decreasc in cuution, or B, was mogt ovident at‘éﬁrliér stages
of-a diurnal oycln, whon individuals wore at lower loles
of urousul.- Furthor, within the hiqh probability condxtlon.,“
B was nlso found to docline lator iun the daﬁ when arousal.
lavol. oould bo asaumad to be highoat. " Thowe results quht
ghelp to irfcorporate both Fchanqeovor“ and “chrppic“ afousal_
- “modéls-into a single‘theorotical Efnmowdrké Such a mbdel
would pfoposo thé exléﬁonco of two»diatinpt. but intef-,&;'
dependont, arousal syatema. R "' h

The firat Bystem haé beon called the “efficxency“
system. Changoa within this systom ara rnflected as ?hanges

in the T8D indox of- annaitivit or d'y , An in¢rease in

‘qross evont ruto, and henoe of gross sonsory bombardmeut.

2

was found fj/}noreqso aonaitivlty. Thus, as ihdivxdua;s



ya

wore gtimulated fn thia- fashion, tﬁoif gongitivity tb'thc{

=3
(514
-

. kask lhcruaaed. Also {n bhﬁ Hﬁ-hb dondition, it appeared
that da Lumpoxutuxn anrcnacd ACroas Ltmo of dpy, perform-
. ancd lmpthud. duo - ko an inereasa in dt., Diurnaldgyclinq
in tumpuxaLute then appoars to bo associatod with chiangeos

in aouaitlvlty. Thus, gross arousel lovel, as mcasurcd by

cbuady tuomperature, wmay determinoe 1uvul of nunsory c[flcicncy.

¢ . i

"Changeover" theory is concornod with thoe Eunctioni.ng within
thin aystom.: This theory proposos that Introverts are at
h\uhur lgvéls of. arousal oarly in the diufnal eyele., lenco,

a posltive relationship emoryed butwoon mornind valiles of
~dt and Tntroversions "#

- . :
A socond systan, roforrod to above ag a "motivatlonal®
~ayatom, sooms roepdnaib}u for. porlarmanco Niffnroncua found

botweon introverts and Bxtraverts, rogardlods of the phaso

cof the diurnal eyele undér obsorvation, “Chronic® thopr§

wordd thon boe concerned with tho funut&oning of this systom,
. . . :

Notivntjunrldvul may détormino thu'probnbilltles adophod
wtthln thoe dcgisi&h syatom, and hehco the vnluo of Be Thts
lovoel probably follows a circudtnn rhythm, but indtvlduala

: miqht ditfor in this Index of arousal ak all points of tho
:.ujlcadinn‘cyclu. That 1w, althouyh H may chanqo ‘during thq
“ddurnal eyele, it might at all timos ahow.n highor,valuo
,ﬁmonq Introvorts. (o.q.; Tunn.' 966?- Thun an increase in
signal piobability Awproved’ porfoxmunou mainly at the~ear1y‘
_polnt of the diurnal cyele. Phin implies incroased arousal,

. Whon analyszed, this inercaso was duo to a decrvasc in caution,



¢

\ . - . L . 96 .
N . . : . )

qr . Furthcr R itsclr showed a dgbrease with time of dav

in Lhu hiqh probgbility ccndtLion‘ That 1s, as. aroubal Yove b

‘incruaand, dogrcuaof cautton de urensed. Lhnnqos xn R nn .

J\’

‘Lhc oLer hand, BhUWLd ho rolattonship Nlth thoe- bnd\ Lomp-

'uraLurL Ludex of nrouﬁal L ‘ o - S

i

1]

Two aroushl systoms Lhon qppunr to be lunb\anm\nq
-

-durlnq Lhn vtrcudiun dyclu. Ono squLm. as lnd\udLQd by

aunnury citicienuy, appuars “to show diffoerences usxoo\\lod'

wi,th dogrooe of H\Ll‘ovL\rsion ohly aueordn\q to the phasoe ot‘

tha  diurnal ayelo, Thu uthor qystum might be respong\blp

for diﬁturunués'ubsurvud bUtWCQn lntruverts,and Bxtvaverts,

<
e, ) ' i

Croyardloss of “dluenal eyeling,  The fuhction of this lattov

pyntom probably: follows a clreadian :hythM ittself. That s,

dts lovel of functloning at any time way be a ruflootiun.

of gross_arouswl level. -ilowever, the level ot tnnc\\nnlnq

A

Cdeoab all tinoes diffnruntzfdf Lntrovorts and EALxuveLlﬂ.

“For orample, although degree sf caution wmay vavy accordiﬁq

ko A cireadian rhythm, introverts may always roact with a
highor doyree of cnutiun‘thnn BExtraverts, On tho-d‘ mo\suro
of sohsltlivity, Lt may be the caso that lhlPOVurlH w111

“s

show Jraatoer vuluen of this index only onxly in \ho dinrnal

eycle, . S L

>
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