
THE T]NIVERSITY OF MANITOBA

A SIGNAL DETECTION ANALYSIS OF THE EFFECT OF I^ITITTE NOISE INTENSITY

ON VISUAI FLICKER SENSITIVITY AND ON RESPONSE BIAS

BY

DAN I4I. HARPER

A DISSERTATION

SUB}fITTED TO THE FACI]LTY OF GRADUATE STIIDIES

IN PARTÏAI FTILFILLMENT OF THE REQUIREMENTS T'OR THE DEGREE OT'

DOCTOR OT' PHILOSOPflY

DEPART}'IENT OF ?SYCHOLOGY

I/üINNIPEG, MANITOBA

NoVEI{BER, L976



''A SIGNAL DETECTION ANALYSIS OF THE EFFECT OF bIHITE NOISE INTENSITY

()N VISUAL FLICKER SENSITIVITY A.ND ON RESPONSE BTAS'

b.y

DAN I^Í. HARPER

Â tlisscrtatio¡r sublnitted to tl¡c Flculty t¡l'Graduatc Sturlics of
thc [Jttivcrsity ol'Mat¡itobir in parlial lì¡ll'illn¡c¡rt ol' thc rcquircrnr:nts

ol'lltc rlcgrcc ol'

DO('TOR OF PHILOSOP}IY

@ 1977

l'crnrissiolt hi¡s lrccrr gr':lntctl to thc L.llllìARY Ol."¡'lll; l.lNlVUll-
Slî'Y Oli fUANI'l'OtlA to Icntl or sett copics ol'this disscrt:rtùrn, to

thc'NATIONAL LIBR^lìY OF (:ANAI)A to rr¡icrol'it¡l¡ this

dissertution a¡rd to lentl or scll copics ol'the l'ilnl, and UNIVUIIStTY

MICROFILMS to publish tn ubstract ol' this tlissert¿rtion.

Tlte autlror rescrvcs other ¡rublic¿rtion rigùts, antl ¡reithor thc'

dissertation nor extensivc cxtracts f'rom it nray be printed or othcr.

wise reprotluccd without thc ut¡tl¡or's writtc¡l pernrission.

\



DEDICATTON

This research ís dedícated to the memory of

Professor John Peter Zubek who taught me to

find ouË for myself.



:.: l

:

1.1;: : ;: I ;-..,4 i a : :,t4, it ; ;'.1 ì :,' ; i.:,, ::'.:: ;,"1 ; : :

Acknowledgement

I would like to thank the members of my examining conmittee'

Drs. R. S. Harríson, E. Schludermann, M. Janisse, H. Kelm, and

especially Professor A. trü. Pressey f.or the trust they displayed in

giving me considerable freedom to explore an obscure phenomenon in

accordance wiËh my or^7r1 philosophy of science.

The three subjects of this ínvesËigation, Bí11 TenHave, Dennis

Chattaway, and Barry Spinner deserve specíal thanks. Each gave up

valuable time for insufficient remuneration. The degree of theír

partícipation makes this their sËudy as r¿ell as míne.

Several students have contribuËed substantially to this work by

Èheir suggestions, and more importantly by leËtíng me try out ideas,

and by being good enough friends to be constructívely critícal. Barry

Spínner, John tr{alker, John Arnett, and Sandy tr{ílson ÌIere especía11y

helpful ín this regard

Support and ínspíratíon from afar came from H. Mike Gunther,

David Howell, and especíal-ly Tiin Hennessey.

Allan Ltlilson allowed rne Ëo finish this work røhile proceeding

with rny car.eer and Carol Dueck was impeccable as an editor and a

typist

Fínally, thís díssertation could not have been completed wíthout

the aíd of my family. My parents, lüayland and Virgínía Harper, and

those of ny wife, Harold and GlaÉys Nelson, helped to financially

supporË myself, my wife and my chíldren when I could not. My wife



Nettie always had faíth in me and in this project. My daughter Megan,

by continually asking me what I was doing reminded me to find out.

My son Brendan arrived late in the project and reminded me to finish.

To all of these people thank you, and I hope I live up to your

kind expectations.

:l:': ', i

";.::i

,1.:' ,l

l

' ;l



Abstract

In spite of several hundred publíshed articles on the topic,

the phenomenon of ínteraction among the sensory modalitíes has had

little impact on the practice and theory of sensory-perceptual

psychology. Recognítion of these potentially írnportanË data has been

hampered by conceptual narrowness, a dearth of systematic investigation,

a surfeit of apparently contradictory results and methodological ín-

adequacies. A review of the relevant literature indicates that

sensory interaction (as reflected in altered sensitivity in one

modalíty as a functíon of input in another modality) nay be under the

control of several inadequaËely investigated stimulus and subject

variables. These include intensíty of the auxiliary stimulus, temporal

relations betr¿een the test. and auxiliary stimuli, various qualítative

aspects of the tr¿o stimuli, and state of sensory adaptation of the

observer.

One sensory interactíon conditíon which has received an unusual

amount of attention is the effect of audiËory stimulation on the

Crj-tical Flicker Frequency and in particular the effect of ttre

intensity of auditory input on t.hat measure of vísual temporal acuity.

Results of these investigations are suggestive of an attentional or

arousal mechanism as mediator between the modalities. Careful research

of a parametric nature is required, however, as research on the variables

suffers from incomplete investigation and ínadequate methodology.

The present research, euploying methodology based on the Theory

of Signal Detectabílity, assessed the effect of a wide range of



intensiËies of whíte noise on performance ín a flícker detection task.

Three subjecËs \^rere exposed to 500 presentations of rrflickering" or

ttfusedt' light under each of ten audiËory condiËíons. Subjects rated

on a four-poinË scale their confidence that they had observed a

"flickeríngrr light. Performance associated wíËh each audítory con-

dition for each subject was determíned by deriving Receiver Operating

Characterístic curves. In addition índices of sensítivity (d'.) and

of response bias (ß'e) were calculated for each subject under each

audiËory condiËion. Results indicated a reliable buË complex ínter-

acËíon of íntensíty of auditory stimulation and visual temporal acuíty.

Peaks ín sensítivity occurred at 40,70, and 100 dB (SPt) of white noíse

whíle lowered acuíty was found at 50 and B0 dB (SPt). No response bias

r^ras sysËematically and relíably related to noise level .

Results were discussed in terms of prevíous research, implíca-

tions for existing and future Ëheories of sensory Ínteraction, and

bíological sígnificance of ínt.eractíng modaliËies. Suggestíons for

future research ürere presented íncluding proposals for two studies

desígned in conjunctíon wíth the present research to determíne the

conËribution of the arousal properties of the audj-tory stímulus.
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CHAPTER I

INTRODUCTION

Overview

The functíonal int.erdependence of sensory modalíties has been the

subjecË of consÍderable experímental aÈtention during the last one hun-

dred years. As a result, several varietíes of intersensory phenomena

have been tenËatíveLy Ídentifíed. For convenience, these phenomena may

be divided into two broad caËegories, "higher" and "lower" order ínter-

sensory effects (see Ryan, 1940, for a more detailed discussíon). "Higher"

order interdependence ínvol-ves the ínÈeraction of Ëhe products of wíthin-

modality processing. In this category may be incl-uded rnultimodal

inpuÈ in concept formatioh, learning, and memory. ttI,oürer" order

inËersensory effecËs involve the modífication of processing in one

rnodalíty as a function of actívity ín another modality. Multimodal

det.ermínanLs of the perceptíon of space and size are perhaps Èhe best

known examples of lower order effects. Less well known, and cerÈaínly

less well undersËood, are intersensory effects,onrivery basic sensory-

perceptual processes. Recently, intersensory effects have been shown

ín a reaction-time paradigm by Taylor (1974, Campbell and Taylor, 1975)

and others. Taylor argued that improvement in visual reaction time

with audítory stimulatíon ïepresents interaction at the primíËive

sensory l-evel rather than at the higher process or motor levels. A

more direct approach, however, of assessing íntersensory effects at

the sensory-perceptual level, would be the psychophysÍcal determinatíon

of sensítivity or acuíty ín one urodal-ity whíle a stimulus is presented
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to another nodality.l IL is not well- known that literaLLy hundreds of

studies have been carríed out, empl-oying this "auxil-iary stímulatíon

paradigm". These studies on the psychophysical- determinatíon of

sensory-perceptual interaction between modalities (SI) form the back-

ground t.o the present worlt.

Tt is somewhat of a paradox that so large a literature as that

on Str has had so líttle ímpact on sensory-perceptual psychol-ogy. For

example, of the many t,extbooks available in the areas of Sensatíon and

Perception only Ëhat of Dember (1965) discusses the possibílíty of

sensory interacËion. Síurilarly, only one major review paper has been

published on the topíc (London, 1954) and that dealt only with work

done by SovieË researchers. The lit.eraËure is apparenËJ-y noL well

known even among researchers who have investigated SI effects, as Ëheir

references are seldom eomplete. Another reason for Ëhe obscuríty of

SI nay be the rarÍËy of sustained systemat.íc research. Typíeally,

investígators perform a study or tr^ro and then abandon the topic. The

Sovíet research is an exception to this rul-e. London (1954) states,

tt. . . western work on sensory interactíon has been, ín the main,

scattered and desultory, whereas in the SovieË Union the subject has

been given systematíc and sustained atËention"2(p. 531). The wesËern

liËerature consisËs of a large number of dísconnected but loosely

overlapping studies. InterpreËatíon of specifíc resul-Ës is dífficul-t

as auËhors rarely take into account many potentially relevanË variables

and often provide only scanty reports of the experímenLal sítuation.

Discrepancies between results are difficult to reconcile as sËudies

are seldom designed Ëo be comparable to oËher related research.
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Researchers inËerested in SI effects, Èherefore, must try to extracË

from this unsysËematic líterature, clues as to the identíty of relevant

varíables. Fortunately, the number of studies ís large enough t.o

allow a tentatíve picture of SI effects Ëo be assembled from deductions

and reasonable guesses.

Several ínterrelated factors seem to underlie the problems out-

líned above, and before reviewing the SI lit.erature these reasons should

be undersÈood. In facË, such an understandíng is índispensable if SI

ís going to be systematically investigated in the future.

There seems to be at l-east Ëhree interrelated reasons why the

topíc of SI has not become an importanË problem area in sensory-

perceptual psychology. These are: (1) thb lack of consisËenË results

both ín the experimental questions asked and in the expecÈed answers to

those questíons t (2) the conceptuaLization of the sensory rnodalit.íes

as díscrete functíonal entiËíes as encouraged by the histories of

sensory physiology and sensory psychology; and (3) an apparent reluc-

tance to specuJ-ate on the useful-ness to the organísm of having modality

inËerdependence at the sensory-perceptual level. Each of these reasons

will be briefly examined.

SI research is an area wíth many apparent discrepancies in

results. This may be due to over-simplístic expectatíons concerning

the naËure of the effects. Questions guiding research are oft.en of

the type: rttrrlhat is the ef fect of auditory stimul-atíon on the absoüute

vísual threshold?rr Partícul-ar parameters of the stimuli and of the

subject are not often recognized as possible contríbutors to differential

effect,s. As a result, researchers expect simple ansr^rers such as: "ïhe

:i
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effect of auditory sËimulation on the absolute visual threshold is to

lor¿er ít." These overly simpl-istic expectations have caused many

researchers to doubt Ëhe exíst.ence of SI effects. Parametríc analysis

nay lead to the conclusíon that such phenomena are extant but complex.

Hístorical- considerations have limited the progress of knowledge

concerníng intersensory effect.s. Beginníng with Mul-lerrs Doctríne of

Speðifíc Nerve Energies ín 1838 the historíes of sensory physiol-ogy

(and thus sensory psychology) has largely been one of progressíve

ísol-atíon of function (Boring, L942). PartÍcularly ínfl-uential have

been the speculations of Hel-mhol-Ëz of which Boríng (1950) saíd, "If

Mullerts theory is a doctrine of specífic nerve energíes, then

Helmholtzrs exËension of the doctrine is a Ëheory of speeifÍc fíber

energies" (p. 91). Serious consíderation of sensory ínterdependence

goes agaínst, the spirít íf not the edicts of the Helmholtzían tradi-

tion. Gestalt psychology represented a proËest agaínst this "isola-

tionistrt Ëendency. As Boring (L942) points ouË, however, for the

GestaltísË, topics such as sensitívity rnrere t'swal-lowed-upt' by the more

molar conceïn of object perception.

There ís no doubt thaË the predominant tendency ín sensory-

perceptual psychology has been Ëo consider the modalities as díscreËe

non-interacting entÍtíes. This nay soon change, however, as psycholo-

gists become more a\¡rare of recenË evídence. from the area of sensory

neurophysíology which índicates an unexpecËed degree and variely of

convergence of the sensory syst.ems. For example, a non-specific

sensory system involvíng the reticular formntion of Ëhe braín stem and

: ..ì'. :':]
.l
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míd-braín has been idenËified (see McCleary & Moore, 1965). Thís

system receives collaterals from the rnajor classical sensory tracts

and generally arouses the corËex in response to sensory stimulation

(Líndsley, 196I). Fuster (1962) has shown Ëhat electrícaL stímulation

of thís area in monkeys may resulË ín changes in minímal- separat.ion

time in a Ëwo-flash resolution t,ask. These facts implicate the

reËicular formation as a candidate for t,he physiol-ogical i¡iedíation of

SI effects. Other evidence indicates sensory system convergence in

classical projection areas of Ëhe corËex. For example, the elecËro-

physíological activity of Ëhe striate cortex has been reported Ëo be

altered aË the gross and unít level ín response to audiÉory stimulatíon

(see, for example, Jung, Korhuber, & Fonseca, L963; Skrebetski &

Bomshteyn, 1967, L968; Ciganek, 1966). The relatíonship between Lhese

neurological data and correspondÍng psychological phenomena awaits

the est.ablishment of unambíguous psychophysical descripËion of those

phenomena. As of now Ëhere are rÌo general laws of funcËíonal ínter-

dependence that require neurologícal explanation. The physiologieal

data should, however, serve to make psychological SI more plausíble

and so encourage the basíc parametric research needed in this area.

The thírd Teason SI research has not reached prominence as a

problern area ín serlsory-percepËuatr- psychology ís that there ís no

obvíous usefulness to the organÍsm of interdependence at this basic

level of functíoning. MosË researchers investígating SI effects seem

eíther not to consider the bíological significance of an ínterdependent

organization of Ëhe sensory sysËem or Ëo consider SI effecËs as an
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epiphenomenorl. .As a result these effect,s have often been consídered

to be more curíosities of the laboratory rather than as part of the

organísmf s adaptive process.

These reasons ate, of. course, complexly ínterrelated. Unless

our conception of the sensory systems is wídened to include inter-

dependence, systernatic research ís not likel-y to take place, and yeË

the careful description of an instance of SI is jusË what is needed Ëo

widen the coumon conception. Untíl we have gogóop-apanahr:ieidaÉa'ca

descríbing SI effects theír biological usefulness cannoË be determined--

and so on.

As mentíoned above, a startíng place in resolving these dífficulties

may be found in careful examination of Ëhe existíng literaturer uD-

systematic though it rnay be. The following section surveys the SI

literature in an attempt to bring ËogeÈher, from a variety of sources,

the most ÍmportanË inforuntíon concerníng Ëhe phenomena. As such the

review does not exhaust the available literature but is raËher an

overview of the area, specÍfically, those variables whích appear to be

especially important.

Survey of the Variables Affecting SI

Historical Introductíon

There is anecdotal evidence conderning SI dating from the

17th century. In 1669 the anatomÍsË Bartholinius (cíted by Hartmann,

L934) publ-ished his observation that the partíally deaf could hear

betËer in f-ight than dark. IÈ T^ras not until 1BBB that the fírst

experinenËal- investigations of SI phenomena were publ-ished by Lhe
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Austrian anatomist Vict,or Urbant.schitsch. The work of Urbantschítsch

has been extensivel-y reviewed by GÍlbert (1941) and the following

discussíon is based on that source. UrbanËschitsch aËtempted to 
.,,,..i,.'..

establish the heteromodal ínfluence in all paÍ-rs of modalitíes, a Èask ': :

never before or since atËempted, Ëhough as GilberË suggesËs, t'. it

merely made up iLn scope what iË l_acked in thoroughness.r rt is Ëo 
,,i:,,;;,.,1,.,,r1r.

Urbantschitschrs credit, however, that hís work ïepïesents a series of ,'''.:"1,'1.,t,,

related studies. However suspect hís resulËs might be on methodologícal ,,.:,:.1.¡;;..;
.:,t: ::.:,..

grounds they are therefore of more than historical importance. The

results suggest thaË dífferentíal effects may be obtaíned wíth díffeïent

val-ues of several st,imul-us parameËeïs. For example, he claimed that

soft tones increased tactile sensiËívity while loud tones inhibited it, '

and that loud tones initially darken but subsequently brighten the i

,

vísual field. Qualítative aspects of the auxiliary stimulus were also i

I

recognized as determinants of SI effects. Thus hígh frequency Ëones i

l

were said to make col-ours brighter whil-e l-ow tones dulled colour

intensíty. In these demonstrations Urbantschitsch noË on1-y suggested .::,::.. ;.
.,-'.,.',,r,:a,.

the compl-exity of SI phenomena but he ídentífied several stihulus . . .. ...,
, .. 

:.' 
. : i-.',

dimensions as being important. Hund.reds of studies later, Ëhe questions l

raÍsed by Urbantschitsch are stil-l ín need of investígation.

The Rol-e of Auxiliary Stimulus IntensiËy
' : : ,:. -l'Of al-l the variables that míght affect SI results, there ís more i,,.1r,',,.

evídence concerning the role of the intensity of the auxiliary stímu1us

than any other. In contrast to the reports of Urbantschitsch, sub- 
,

sequent authors tended to see the effect of this variable as
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unidireetional. Thus, Helrurans ín l9O4 (cited by Gilbert, L94L)

authored the "Law of Inhíbítion" which sËated ". the inhibítory

poT¡rer of a sËimulus, measured by the íntensíty of a second stimulus

which it can just completely inhibít, is directly proportional to íts

inËensi-Ëy.rr Heymansr rrl.a\ürt described hís own data showing electríc

shock to cause a decl-íne ín auditory sensitiviËy proportíonal Ëo its

sËrength. Another earl-y sËudy (Jacobson, 1911) found sensitíviËy Ëo

tactile pressure to be proportíonal-1-y "inhibited" by increasing

intensítíes of auditory st,Ímul-ation. However, not all earl-y research

supported the I'Law of Inhíbition". Ode (cited by Gilbert, L94I) in

1919 found Ëhat weíght,s fel-t heavier when hot or cold than at room

temperature. Olfactory sensítívity T^ras reporËed to be íncreased seven-

fold in a líghted room over a dark room by Freund and Hofman in 1929

(cited by Hartmann, 1935). Performance on Seashorers auditory tests

(Hartmann, X-934) and on a card sorting task that required tacËile

díscrimination ({ohnson, 1920) were simÍLarLy reported to be betËer in

the light than Ëhe dark. Newhal-l- (1923) reported brightness discrinina-

tion t.o be better concomitant with t'cl-ícks" than without. As onJ-y one

intensity value of the auxílíary stímulus was empl-oyed in most of Ëhe

above sËudíes (e.g., Ëhe light was eíËher "on" or "off") detaíled

functional rel-ationshíps \,rere noË established. IL is clear, however,

that neíther Heymanst ttlaw of Inhibition", nor any other descríption

that is unidirectional describes adequaËely the heteromodal effect of

the ínËensity of the auxiliary stimulus.

Two papers published in 1934 advanced Ëhe hypothesis that the

effect of auxiliary stímulus was bidirectional, with the direction of
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effect being dependent on auxilíary stimulus intensity. Thorne (Lg34)

reported that the probability of detection of a brief flash of light

could be improved with a mild simultaneous noise from a buzzet. The

deËectability was made worse, however, with a loud noíse from the

buzzer. Thorne ínterpreted his results as a case of a fígure-ground

relationship. Vision, beíng the tested modalíty, \^Ias consj-dered the

figure, and audition hras conceived of as ttground.t' Any ttgroundtt of

less inËensity than the ttfigurett should enhance perception of the

figure, whíle if the ttgroundt' became very ínËense there would occur a

fígure-ground reversal (much as with a Rubín reversible fígure). Mild

auxílíary st.imulation, then, should improve sensitívity ín the test.ed

rnodality while sËTong auxiliary stimulation would reduce sensitivity.

Hartmann (1934), apparently without knowledge of the work of Thorne,

also advanced a fígure-ground theory of. the heËeromodal effects of

auxiliary stimulus intensity rras figures, the auxilíary stímulus would

raise thresholds in accordance with convenËíonal expectatíons of the

resulËs of dístraction, but as ground (with Ëhe maín stimulus as

rfiguret) ít may well produce facÍlítation.tt

Thorne and Hartmann, then, T¡rere the first si-nce Urbantschitsch

to suggest complex interactÍons ín Ëhe productíon and dírection of SI

effects. Sovíet researchers (as reviewed by London, 1954) have

also (agàin apparently índependently) noËed differential SI effecËs

with different ínËensities of the auxilíary stímulus. Thís effect is

considered as a case of the "Rule of Inversíonil which generally pre-

dicts reversed dírectíon of results at different ends of several
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stímulus and subject conËínua. Thus, for example, visual sensit.ivity

was found to be enhanced by mild odors and gustaÉory stímuli, while

strong stíftrulí presenËed to Ëhe same modalities depressed sensítívity.

Although the ídea of some kínd of fígure-ground relationship is

appealíng it ís far from established fact. I,rlhat is required, but has

been generally lacking, is the systematic ínvestígation of several-

levels of auxílíary intensíty on the tested nodalíty wíth all oËher

facËors held constant. The one sítuation that has been studíed more

than any other ín this regard is the effect of many intensitíes of

audítory input on the crítical flicker frequency (CFF). Thís litera-

ture wil-l- be reviewed in depth in a subsequent sectíon; for nofv íË wíll

suffíce to indj-caËe Ëhat several investigaËors have índependently con-

cluded thât the effect on CFF of increasíng auxiLiary stimulation

íntensity fisoeeúll-atory. That is, auxíliary stimuli progressívely

íäcrease het,eromodal sensitivity up to a poinË, üliø¡, with further

incrieases ín intensíËy, there results a progressive decrease in

sensitivity. AlËhough the rol-e of the intensiËy of the auxiliary

stimulus in determíning SI effects is not clear, there is sufficient

evidence of the ímportance of this variable to encourage its future

systenatÍc investigation.

The Rol-e of Temporal Aspects of Ëhe Stímuli

Urbantschitsch found Ëhat a loud tone initíal1-y darkens buË then

1-ightens the visual- field (Gilbert, I94I). Thís suggests that the

Ëemporal rel-ation between Ëhe auxilíary and primary sËiftulus may be

ímporËant ín determiníng SI effecËs. Several- studíes have attempLed

to give precise statemenËs concerriíng this rel-ationshíp.

l:.'
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Child and l{endÈ (1936, 1938) reported that audítory sensítivity

to a tone was enhirnced by simultaneous presentation of a flash of

1-íght or if the light r¡ras presented 0.5 to 1.0 seconds before or after

the auditory stímulus. This effect T¡ras not found if the auxilíary

stimulus üras separated from the test stÍmu1us by 2 seconds. Símilarly,

Kurokí (ciËed by Gílbert, L94l) found audítory sensítiviÈy to be

maxj-nal wíth símultaneous presentaËíon of líght and some increased

sensitivity over a darkness conditíon T¡ras found when Ëhe líght was

presented up to 0.33 seconds before or after the test stimulus, but

not for longer separations. In contrast, to the above, PratË((¡I936) was

unable to find changes in vísual- sensitivity if the auxiliary audítory

stimulation fol-l-owed the test stimulus. Thís apparent discrepancy may

be due to the fact. thaË the rol-es of test and auxiliary sËímu1í rnrere

reversed in the study of Pratt, or because of a great number of oËher

differences in the studíes. Matheson (1967) reinforced the idea that

an auxiliary stimul-us can act on a stimulus trace when he found thaÈ

visual afterimages r^rere prol-onged rnrhen accompaníed by audítory

sËimulatíon.

Sovíet investigation of the temporal variable has deal-t mainly

with the cumul-ative effects of auxíliary stimulation (li,ondon, 1954) .

I'or example, the CFF was found to progressívely íncrease during 15

minutes of exposure to whiËe noise, thereafter iË waslfiotind.,to, ,

decrease. Another Soviet contributíon is the ínvestÍgation of cessa-

Ëion effects--ví2., the changes in sensítívíty that accompany cessat,ion

of the auxiliary stímulus. Lowered sensítiviËy, íË was reporËed, upon

f,rlir,.:i.,
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cessation of Ëhe auxíliary stímulus, ay go through a hypersensitive

phase before returning to baseline level; a hyposensitive period may

follow enhancement.

The effect of temporal contiguity interacts wíth the varíabl-e of

intensíty ín the producËíon of SI effects. In fact the effective

íntensity may be partly determíned by the Ëemporal relaËion of the

test and auxílíary stímul-i. Gescheíder and Niblette (1967) reporred

decreased sensíËívity to tacËj-le pulses to be progressivel-y greater

at 30, 50, 70, and 90 dB of an auxíliary rrclick". Greatest j_nhibítion

for each level of intensíty was found at símultaneous presentaËion,

wiËh the inhibítíon approachíng zero by 50 msec. The same ínvestígaËors

found similar resuLts when tactíJ-e pulses became the auxíliary stimulus

to the auditory "click".

The literature on audítory sËimulation on the CFF is, ín Ëhe case

of temporal- effects (as it ís ín the case of íntensitíve effects)

part.ícularly ínstructive. One unique contríbutíon of this literature

is the comparíson of the effects of sËeady versus intermitËent noise.

Agaín, a thorough review appeaïs Ín a subsequenË section. i*e

The temporal- relátion between the tested and auxíliary stimulí

appears to be an importanË factor, wíth simultaneous or near símult.ane-

ous presenËation optinízing Sr effects. Thís factor may explain many

apparent differences amorlg data. For example, I{ravliov (1934) claimed

that the reason his data (showíng changes in vísua1 acuity wíth het.erô-

modal stimulaËíon) did not agree with thaË of Hartmann (1933) was

because Ëhe latter díd not, space hÍs trial-s adequatel-y Ëo a1low for
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"return to basel-íne". Unfortunately, many such temporal aspects of Ëhe

experímental situation are typically not reported.

The Role of Qualitative Aspects of the Stimul-i

The 1930ts saw a great inËerest in the relations among the

senses from Gestalt-oríented psychologísts. The líterature generaLed,

rather than arising from earlíer research, seetns to represent a separate

Ëradition. The interesË shown by Gestal-t psychologísts reflecËed

their víew of ttunity of the senses" ín which j-t is postulated Ëhat one

set of qual-íties (e.g., "brightness and roughnesst') describes percep-

tion in all modalíties (see llornbostel, 1938). Attempts hTere made to

alËer qualities in one modalíty by altering Ëhe analogous quality in

another modality. Ior example, audítory "bríghtness" T¡ras reported Ëo

'ffollow" visual bríghtness (Hartmann, L934) and phi phenomenon T¡Ias

shown to follow íntermíttent auditory sËimulatíon (Gílbert, 1938).

Qualitative aspecËs'of Ëhe stimul-í aïe seen as important

determínanËs of SI effects by Soviet investigators (London, 1954).

Evidently, the "Rule of Inversíont' applies equally well Èo qualítative

and quantiËatíve variables. It T^ras reported thaË while white and green

f-ight increased auditory sensítivity, red-orange lÍght decreased

audiËory sensítivity. Peripheral visual sensitívÍty has al-so been

found to vary under heteromodal- stÍmulatíon as a functíon of the wave

length of the test stimulus. Audítory st.ímulation increased sensitíviËy

to green light and deereased sensitívÍty Ëo red J-ight. No change was

reported for extreme violet or yellow wave lengths. The situation is

made more complí.cated by another Sovíet study whích purports to show

iiììì
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a reversal of the above when foveal vision ís tested. In addíËion,

odors judged as "pleasant" ímproved visual sensit.ívíty while

"unpleasantn odors depressed sensitivity. Agaín, the Sovíet research

must be viewed wíth caution (see footno.te 2), however, these fíndings

of changes wíth qualitative differences should encourage systematic

research.

Other Stímulus FacËors

It ís probabl-e that a number of other stimulus variabl-es are

involved in SI effects. The identifícaËíon of me¡y of these factors

awaíts future research. One topíc that has only been investigated in

one study and yet would seem ímport,ant ís the complexity of the

auxílíary stimulus. Matheson (1967) reported that the complexity of

the auxÍliary audíËory stímulus was a factor ín determiníng Ëhe vívíd-

ness of visual. afterimages. As with "íntensity", íncreasíng complexíty

was found to progressiveJ-y facilitate afterimages to a point, and

Ëhereafter to decrease the vívídness of the afteríur,age.

Up to Ëhis point the search for general laws of SI has Í-gnored

possible differences between particul-ar combinatíons of stÍrnul-í. The

irnpl-icít assumption that Ëhe laws of (say) the effecË of audítion on

vision apply equally well to the effect of vision olt audítíon, and so

on, may not be warranþed. Taylor(1974) has claímed that r¿hi1e audítory

ínput facilitates visual reactÍon tíme, the opposite has not been

found to be true. The results of Ëhe psychophysical daËa are more

complex. WiËh tlieiæ data the ínvesËigator ís faced with questions

such as: : "TrlhaË Ís the ínËensítive equÍvalent in visíon of a 90 ttrB

i::, ,j::li
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toneÊ" One potenËial t.ool for the soluËíon of thís problem is the

cross-modal ruatchíng procedure suggested by Stevens (1966). This

procedure, however, has not. been employed in SI research. Only Honzik

(1933) has explicitly suggested thaË some modalities are more por¡reï-

ful than others as auxíliary stímuli. He claimed that olfaction is

stronger than audítion ín this regard. Again, such questions can only

be decíded by systematic research.

Subjeet Variables ín SI

There is some evidence that various characËerístics of the

subject can affect the resul-ts of sr research. one such variable is

Ëhe initíal sËate of sensitivíty of the measured modality. In what is

the only experímental report of interaction between Ëhe gustat,ory and

oÏfactory modalíties, Schr¿ltz and Pílgram (1952) found that sensitivity

changes to "sourt' depended upon the inítial state of gustatory adapta-

tíon. SúÞj:gelcshavíng a-r¡ íniËially high threshold íncreased sensitívity

in response t.o an olfactory stímulus; subjects wíËh 1ow threshol-ds

showed no change. Soviet investigaËors (London, 1954) have also

claimed that the ínitíal "degree of excitement" of the primary recepËor

has an influence on subsequent heËeromodal changes. For exampl_e, the

"Rul-e of rnversiont' ís said to hol-d for dark versus light adapted eyes.

The state of the organúÉm following the íngestion of various

drugs may alter SI effects. Kruger (L962) found Ëhat chl-orpromazíne

facilitated interaction of a tone on the cFF. A soviet study reported

a reversal of the direction of SI effects wÍth the barbituate "Verona1"

(London, 1954). London also reports that hyperventilatíon and mental

l:.
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activity nullify SI effects. Accordíng to other Sovíet research, even

posLural variables have theír effects, wíth maxímum effects being

found with the subject in the seated position and depressíon of SI when

the subject stands.

Symons (1963) has emphasized certain social factors in the SI

experiment as possible confounders ín SI research. He cítes Sehwattz,

who was able to íncrease "visual sensitivíty" 3IO:Z by verbally rein-

forcing appropriate responses. Such factors shoul-d a1-ways be con-

sídered as an alternative hypothesis when SI effects are encountered.

This is especially tïue r,,¡hen traditíonal psychophysical methods have

been employed, as it ís now well knor¡n that non-sensítivíty factors

enter.into traditional t'sensitiviËyrr measures. Appropriate measures

for controllíng this Ëype of confounding are discussed below.

The Effect of Auditory Stimulation on Lhe CFF

The overview of relevant varíabl-es in SI phenomena, presented

above, is suggestíve but not definítive. One useful approach ín

defining the relevanË variables r¿ould seem t.o be an exhaustive analysis

of a single combinaËion of test and auxiliary stímuli. À1-though such

an analysis has not. been performedi one combinatíon of tesË and

auxiliary stimuli stands out as having received the most systematíc

attention--Lhe effecÈ of auditory sÈimulation on the Ctr'F. This

attention has resulted in a literature that both mirrors and extends

the r¡nderstandíng of SI effects. !Íith the "general overvíew" as a

background, the l-iterature on audítion and CFF will be reviewed in

detail-.
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The firsË study ínvestígating Ëhe effect of auditory input on

the CFI'was that of Von Schíller (1935) who reported that, when an

íntermiËtently presented f-ight was puÈ aË fusíon threshold, concomitant

intermittent auditory stimulation woul-d cause the vísual- stímul-us Ëo

"flicker wí1dly". ConcomiËant stímui-ation wiËh "smootht' continuous

tones, however, led to a more fused J-ighË. AlËhough Von Schiller

inËerpret.ed these results as a case of the Gestalt concept of the

ttuníty of the Senses" (dÍscussed above) another inteïpret.aËion ís

possible. The increased apparent íntermíttence of Ëhe vísual sËimulus

nay represent an increased CFF (increased Ëemporal acuity) in response

to the int.ermiËtent auditory stimul-atíon, and the "smooth" audítory

sËimulatíon may have acted t,o decrease the CEF. Five subsequenË

studies have investigated Ëhe differential effects of steady and

ínterrupted auditory stimul-us. Knox (1945, ã, b) enpôoyiûdg a 50 dB

(SPL) Ëone of 1000 HZ found no differences in the CFF gíven four

auxiliary sËimulus conditions: silence, continuous Ëone, 30 or 15 cps

t'flutter". The temporal relatíon of the flutter to the flícker,

howeverr mây be an important varíabl-e that was negJ-ected in this study.

Ogilvie (1956, a, b) reported that when fluËtered "whíte noíse" of

80, 90 dB (SPt) was in phase wÍth rhe fl-ickeríng light, CFF was found

Ëo be higher than the CFF without noíse. However, 1B0o out of phase

flutter or fused noise did not result ín signíficant dífferences in

CFF scores from those obtaíned without the auditory stimul-ation. This

findíng r¡ras reported wíth both the monocular and binocular CFF. The

results were replícaËed by llalker and Sawyer (1961) for monocul-ar CFF,

l.i::,:--.,...,.'



18

r^rithout, but not with, an artificial pupiL Znm ín diameter. This

finding ís especíally suggestive since Knox employed an artificial

pupil (of unreported diameter) but Ogí1víe did not. I¡Ialker and Sawyer

concluded, r'. the mechanísm of sensoïy interactíon urÍght operate

through the system controllíng the sLze of the pupil.'r It is well

known that auditory stímulation affects pupil size (see, for example,

Dureman and Scholander, 1962) naking this suggestion tenable. Un-

fortunately, Ëhe presence or absence of an artifícial pupíl is

generally not reported in thesl-iteraËure, makíng trüalker and Sawyerrs

hypothesís a matter for future ínvestigatíon. Another possible

explanation of the dífferences reported above concerns r¿hether the

auxiliary stimulus was white noise or a torie. This may be Ëhe reason

Knox did not fínd changes in cFF while ogilvíe (1956 a, b), tr{alker and

sawyer (1961) did. The former employed a tone whíl-e the latter used

white noíse. However, thís would not explain why tr{alker and sawyer

found changes only without an artifícíal pupil. rn additíon, Ëhere

have been reports of both decrements (McCroskey, 1953) and of íncrements

(Miller, i963) of CFF with white noise. There are also reporËs of

lower (Gorrel, 1953, cited by Míller) and higher (All-en and schwarË2,

1940) cFFrs with tones. Also, the dírectíon of resul-ts does not seem

to be sysÈematically related Ëo the partíeular frequency of tone ín-

volved. Maier, Bevan, and Behar (1961), for exampJ_e, found that

frequencies of 290, 1050, and 3900 HZ dj.d not affect changes in the

cFF. rË seems probable, then, Ëhat tones and noíse, or differences in

Ëhe frequencies of Ëones are not major determining variables of sr

effects.

r'i :r,-r. r'i:+
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The inËermitt.ence of the auditory stimulus is not the only

temporal factor reporËed to affecË the CFF. McCroskey (1958) found

that Ëhe CFF was significanËly lowered during 19 minutes of white noise

stimulation for noise of 85 and 115 dB (SPL) but not for 95 and 105 dB.

Buckley (1949, ciËed by McCroskey, 1958) found a steady decrease in

CFF duríng 16 minutes of exposure to whiËe noise of unspecified

intensity. London (L954) Teports a Soviet study which claims a pro-

gressive increase in CFF duríng the first 15 minuËes of exposure Ëo

whit.e noise. Thereafter the effect was said to reverse. These

differential results indícate that cumulative effects may be heavily

dependent on other variables. Kravkov (1935) studíes the effect of a

tone of }LOO HZ on central and peripheral CFF during a 40 minute

exposure. A gradual íncrease in central, and decrease in peripheral

CFF during the first 30 mÍnutes \¡ras reported. Cessation of the stimulus

resulted in enhanced peripheral CFF although central CFF showed no such

effect.

Allen and Schwartz (1940) determíned the monochromatic CFF before

and 0, 1.5, 3, 5, and 7 mínutes following the cessation of 2 minutes of

a monaurally presented tone. Results shovred a complex tíme by \¡rave-

length interaction. Eleven of thirteen wavelengËhs employed showed

higher CFFIs immediately after the 2 minutes of auxíliary stimulation.

At the 1.5 minute post-stímulation test the CFF of most r^ravelengths

\^iere at or near theír baselíne. Fo1-lowing 3 mínutes of ttrest" the

shorter wavelengths again showed enhanced CFF while Ëhe longer (orange-

red) wavelengths depressed the CFF. At the 'tposË"-five minuËe

i.t'
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deËerminatíon all wavelengths agaín approximated the baselíne level-s

and the "post"-seven minute scores were again dífferenËíal, with

lowered scores for the long and higher scores for the short wavelengths.

These findíngs suggest that experíments in which the audítory

stimulus is símultaneous with the CFF presentation and those Ëhat have

Ëhe tone or noíse continuously on for the enËire períod uray yíeld

different results. The varíable of the temporal relation between

primary and auxiliary stimulation may also explain dífferences between

studies employíng simultaneous presentation of the stimuli but.

different psychophysícal methods. For example, the studíes of Ogílvie

(1956 â, b, dÍscussed above) employed the continuous rnethod of limiËs

with Ëhe stímuli lasting 6-12 seconds. i{alker and Sawyer (1961), who

only partially replícated earlíer studíes, employed the method of con-

stant stimulí wiËh the stimulj- beíng presented for only 2 seconds.

Unfort.unately, reports in Ëhis area are rarely precíse enough to deter-

mine al-1 of Ëhe temporal variables, and so another problem ís left for

fut.ure research.

One parameter of the test stimul-us that has received some

experimental attention is the wavelength of the test líght. The com-

p1-ex ínteraction found by Allen and Schwartz (1940) between wavelength

and temporal effects has already been mentioned. Soviet researchers

have reported the CFF was elevaËed. by an auxíliary stímulus íf the

Ëest sÈimulus was whíte or red, but decreased if green. In a facgorial-

study of audítory input on CFF, Maier, Bevan, and Behar (1961) studíed

simultaneously the effects of stimulus wavelength and frequency and

:
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audítory inËensity. Agaín, the resulËs r^rere complex, with "bluet' CFF

increasing and "orange-Ted" decreasing, with íncreasing tonal intensity.

"Green" 1íght CFF showed no change. It is obvious that the role of

tesË light wavel-ength is not clear. There are a number of oËher líght

stimulus parameters that have been shown to affect the CFF (see

Brown, 1965, for a review) that have not been investigated in the SI

sítuation. Among Ëhese variables are: t'on+offï ratio, intensity of
ttontt portion, wave form, and intensity of an accompanying annul-us or

1ít background' (íf present).

I4any of the apparently díscrepant, results mentíoned above may be

due to differences in the intensíty of the auxÍl_íary stimulus--a

varíable hhat was ímplicated as important in the "general_ review".

Several experimenËs have assessed the effecË of thís variable. Maier

et al. (1961), as previously mentioned, found a complex ínteractíon

between audíËory íntensity and test J-íght wavelength. These ínvesti-

gators descríbed the tonal íntensity in terms of "phons" and, Ëhere-

fore, this experímenË cannot be dÍrectly compared to other studies

ínvest,Ígating thÍs variable which have designated intensÍty ín

AE (SPL). McCroskey (1958) found depression of the CFF with auxilíary

white noise of 85, 95, 105, 115, dB (SPt). There T¡reïe no sígnificant

differences between the various levels of audít.ory intensit.y. Of

special note in this study.is Ëhe large magnitude of the effect whích

averaged 2.5 cps. Kruger (1962) found that a 77 dB rone of 1550 cps

resulted in a substantial íncrease ín CFF in both of his subjects.

Thereafter, further ínereases led to progressive lowering of CFF in
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one subject and progressive lowering followed by a slíght íncrease in

the other subject. The intensities employed by Kruger were 77, 82,

86, 89, 9I, 9?, and 96 dB (SPL). Progressíve facíl-itation aË l-ow

íntensíties and progressíve depressíon at greater íntensities ïras also

found in two unpublished docËoraÍ dissertations from Boston University.

Levíne (1953, cíted by Míller, 196q) found. this effect with a 1550 HZ

tone over 12 intensj-ties. Munro (1962, cíted by Míller, L963) ín the

only study in the líterature to use a second auxil-Íary stímulus

reported símilar results. The familiar initial increase, then decrease,

ín CFF with íncreases in auxilíary intensíty was evident. The sub-

sequent addítion of weights strapped to Ëhe wríst caused a reversal

towards improved CFF. Thís result was ínterpreËed as being due to

increased overall auxil-iary intensity. Miller (1963) has provided one

of the most complete studies óf the effect of audítory stimulatíon on

the CFF. An 800 HZ tor'e r¡ras presenËed at the following seven l-evel-s

of íntensity: L5-20,70,85.5, 9O.5,95.4,100, and 109 dB (SPt).

The prímary difference ín result.s ín thís study from those prevíously

report.ing oscíllatory effecËs T^ras the absence of the decrease rel-aËíve

to baseline that has general-J-y characterized Ëhe high intensíties.

The CFF in Èhís study neveï gets be1-ow the I'ambíent noíse" baseline.

This findíng is explainabl-e when the inËensitive cond.íËions of base-

l-ine measurement are examíned. Typíca1-1y, the rfwithout audítory

stímulationttbaseline is taken in a free fíeld situatíon in a "quíet

roomtt. Such a situation, however, is far from sí1ent, and auxíliary

enhancement effecËs nay already be evidenË. The ambient noise 1evel

iiì:'
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46 to 51 dB. This level was

dB (SPL) duríng baseline testing

by means of padded earphones. The resulrs of Miller (1963) indicate

Ëhat Ëhe findíng of depressed (relative Ëo baseline) CFF with very

íntense tones or noíse may be an artifact of tnoisyt baseline condí-

tions. UnfortunaÊely, Ëhe ambient noise level is very sel-dom reported,

although thís would seem to be crucial- in decidÍng whether or not ari

acËual decremenË in CFF occurs with high intensities of auditory

stímulation. Given Millerrs results, a better description of the

effect of aud.itory íntensity might be an inverËed "U"-shaped curve

thaË does not lead to decreases rel-atíve to ttsilence" condition, rather

Ëhan a descripËion in terms of csci'illaríon. The actual decibel levels

descríbing ascending and descending portions of the curve É-afoub,.

differ among j-ndivíduals and between experimental condiËíons. Peaks

of sensítivíty have been reported as 1ow as 77 and as hígh as 91 dB.

Very high intensities (e.g., 100 dB) seem uniformly to give CFFfs

lower than Ëhis peak.

Towards a Theory of Sensory InËeraction

Clearly the most urgent necessíty in the area of SI ís the

acquisítion of parametric data whích unambiguousl-y describesthb:rolê

of the variables revíewed above. Until this ís done no general theory

of SI is possible. It is usefuL, however, to advance tentaËíve

"theories" of SI as such guesses serve to organíze tlne literature and

thus íncrease the plausibílity of the phenomena. Such preliminary

theoretical efforts may also give dírect.ion to those researchers

already convínced of the existence but not. the importance of SI.

be
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One theoretically suggestive aspect of the SI data is íts

apparent bídirectíonalíty wiËh ehanges along stímulus continua. Thís

suggesÈíon is all the more appealíng because such d.escríptions have

been arrived at índependenËIy by a number of ínvestigators. Thus, Ëhe

Sovíet "Ru1e of Inversion", HarËmann (1934) and Thornets (1,934)

"fígure-ground" concept, and descríptíons of the effect of auditory

íntensíty on the CFF as "oscillatoryrr (Mil1er, L963; Kruger, L962) aL1-

have in cotnmori bidirectional-íty of SI effects gíven changes from one

extreme t,o another of some paramet.er. Although the mosË evidence

exists for bidirectíonal changes due to auxíliary inËensitíve changes,

simílar functions have been described for the factor of auxítíary

compl-exiËy (Matheson, L967) and for a great nurnber of stímulus and

subject varíabLes ínvestigated by soviet R-esearchers (London, Lg54).

The evídence ís:;fâr from conclusíve (even with the variabl-e of auxíliary

intensity), however, Ít is tempting t.o suggest that bídirectíonality

ís a ttgeneral lawtt of SI. Tentative acceptance of such attlardttallor,¡s

further speculatíon as to the nature of SI effects.

One question that arises is: 'rtr{hy shoul-d several- díf ferent con-

tinua effecË SI changes ín a similar oscillatory manner?" ThaË is:

"rs there a síngle unífying concept underlying such apparentl-yrdilvgrgent

variables as complexÍty, intensiËy, and various qualítative dífferences

ín sÉ.iírmulí?t' One eornmon aspecL of these variables ís t.hat changes

along their respective continua represent changes in the at.tentional

value of the stimuli. Thus, auditory st.imulí of weak inËensiËy also

are aËtentionally weak, whíle stimul-i of high j-ntensities attract much

.' 
'::\ i
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atËention. The auxíliary stimulus would also seem to increasingly

demand attentíon with increases in complexity (I4atheson, L967). IË

nay be that all- variables ËhaË affect SI do so relative to their

attentional demands. In doing so they nay generaËe some kínd of

invert.ed "U"-shaped or oscilJ-átory pattern of sensitívíty or acuiLy

in the tested modality r,ríËh íncreases ín Ëhese demands. On this basís

it woul-d be predicted that Ëhe effectiveness of a particular parameter

as a generator of SI could be determined from such measures of attenËíon

as rating scales or patterns of autonomic arousal (see Kahnernan, L973).

For exampl-e, particular tones (equaËed for intensity) could be judged

for their atËenËíonal- demands and ranked--it would be predícted thaL

such an orderíng would give rise to an inverted t'Utt-shaped functíon

of (say) CFF. Another characteristic l-ikely to vary in its attentional

demands ís intermittence of the auxíliary stimulus.

There ís some empirícal evidence thaË attentional- factors can

affect SI research results. Bro$fren and his colleagues (Gregg ô:

Brogden, L952 and Thompson, Voss, & Brogden, 1958) found an elevation

of audítory thïeshold when subjects \¡rere required. to gíve a verbal

response to the auxiliary líght, but a decrease in threshold when no

such resporise üras requíred. I,[hen subjects r^reïe'insËructed to respond

to both tone and light, a slíght decrement ín the auditory stimulus

occurred. However, Knox (1945a) in a study previously discussed,

found. no effects on CFF whether or not the subject \^ras asked to pay

attention to Èhe auxiliary audítory stimulation.



Appealing though the 'tattentionaltr hypothesis is at first glance,

iË seems unlikely that "attention" wou1d geneïate the type of funcËíon

discussed above. If a basic "1.4w" of SI is the inverted I'U" function

along the continuum of a parameter, it would have to be predicted that

at some poinË increases in attentional demands of the auxíliary stimulus

would lead to íncreased sensítivity of Èhe tesËed urodality rather than

the inËuítively more 1ikely result of lor¡ered sensiËivity due to

dístraction.

Although I'attention" may be an important underl-yíng factor, a

more parsimonious explanation of the oscíllatory functíon can be

achíeved by considering the arousal propertíes of the stimulus paraneters.

Arousal as used here refers to the general tonic leve1 of excitation

that ís a background to all sensoïy pïocessing. Arousal (as used here)

differs frout attenËion only in that the latter represents selective or

differential excitation. Those variables Ëhat r¿ere mentíoned as vary-

íng in their attentíonal demands coul-d equal1-y well- be thought of as

varying ín their abil-ity to arouse. IL seems reasonable thaË arousal

shoul-d aË low to moderate levels inerease general sensitivity and

(assumíng that arousal would act on the same continuum as the stimulus)

Ëhere r,rould be less signal requíred to reach detection (threshold). The

ídea of arousal facilitatíng sensitivity has been advanced in a

different context by Lindsley (1961) and by Schultz (1965). Very high

arousal due to auxÍ.liary stimulatiorr, ho*..rer, uray be disruptive (rnay

act as "rloise" obscuring the signal-). This situation rnight be compared

r¿íth sensory overl-oad--a condition r^rhich Lindsley (1961) predicts will

,26
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result ín lowered general sensitivity in an at.tempt by the organsím to

maintain ínput levels near optimal values. The arousal theory is

especíally aLtraetive sínce, as mentioned i.n a previous section,
ItcortÍcal aïousaltt has been shor^rn to occur in response to stimulation

of the reticular formation and the retícular formation ís known Eo

receíve col-laterals from all of the classical sensory tracts (McCl-eary

Moore, L965). The suggest,ion of reticular mediation of changes in

sensítivity with auxilíary stímulatíon is made stil-l more tenable by

the reports o€ enhanced temporal acuity Ín monkeys during mild

reticular stimulaËion (FusËer, 1962).

rf the increasing "arousabil-íty" of the auxiliary sËimulus is

reflect,ed in an ínverted "U"-shaped function of the sensitivity of the

tested modality, sr phenomena nay be considered.as a case of the

"Yerkes-Dodson Law". This 1ar¿ indicat.es that performance ín general-

progressívely ímproves but then progressively deteríorates with ín-

creasing moÈivation or arousal.

The above discussíon assumes the ttoscillatory' phenomena is a

general- law of SI. It woul-d be premature indeed to make such a claim.

The most. uïgent requirement in the area of SI, remains the demonstra-

Ëion and clarífication of the phenomena by means of careful systematíc

research.

Methodological Consíderations: The Theory of

Signal EetectabílÍty and Sensory Interaction

An apË criËicism of all the sr research revíewed above ís íËs

general failure to take into account non-sensitivit.y influences on

:: r;l,rij:: i:.:.



2B

threshold esËímates. It ís now known that. thresholds based on class-

ical psychophysical- methods can be influenced by the subjectr,s motiva-

tion and expectancy (SweËs, Tanner, & Bírdsall, 1961). These non-

sensory ínfluences may l-ead to confounding of the threshold by producing

response bias. Realization of this shortcoming of the classical

methodologies has led to a critical- re-examínation of the concept of
rrthreshold" (Swets, L96I) and Èo methodol-ogies based on the Theory of

Sígnal Detectability (TSD, Green & Swers, L974) which províde índepend-

enË estimates of sensítiviËy and response bias. It is quíte possible

ËhaË reports of SI reflect, at least, in part, motívaËional rather than

sensitivit,y effects. That is (in the 1-anguage of TSD) auxíliary

sËimulatíon nay alter the subjectrs "criteríon" as well- as hís sensí-

tiviËy. Discrepancíes between studíes, then, may turn ouË to be due

to differences ín motivational sets.

In 1íght of the obvíous advantages of TSD ít ís surprisíng Ëhat

there have been so few studíes of SI eurploying these procedures. The

studíes that have been completed usíng these mêthods do not demonstrate

a singl-e pattern of resulËs indicating the continued importance of

systematíc parametric research. Zwosta and Zenhausen (L969) reported

that suhlíminal and supralímínal whíte noíse, (+1.5aan'd.1.5oðBSSL),'Ímproved

sensit.ivíty but did not lead to changes ín críteria. Intermediate

levels of auditory intensiËy affected neíther df (sensitivíty) nor

ßì (response bias). In a TSD study of the effect of light on absolute

sensitivity to white noise, Bothe and Marko (Lg7O), found no consistent

changes ín either índex. These researchers concluded Ëhat the effect
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r¡ras 'ridios)mcratícr'. rn contïast, changes in both dr and B were

reported ín a study of tactile sensítivity (vibration) wíËh and wíth-

out a 500 Hz.rone (Gescheider, Kawe, sager, & Ruffolo, j,974). Auditory

stimul-atíon r^ras found to.geneïally enhance tactile sensitÍvity and to

substantial-l-y lower response criterion. Finally, in the only TSD

assessment of the effect of auditory stimulation on the CFF, ilalker

(L975), found no sensitivíty changes due to exposure to an ul-trasonic

Ëone of 108 dB or a 2000 HZ tone at 60 dB (spI,). As a "forced choi-ce"

paradigrn was employed in this studyr oo informatíon concerníng

críteria was obtained.

Sensory ínteraction effects, if they exíst at all, are undoubtedly

complex and perhaps subtle. Theshístoïy of the topíc should be

suffícient warning that these effects will not be1üã1fdly demonstraËed

until the proper questions are asked with the proper methodol-ogies.

TSD methodology ís certainly the best avail-able methodology and as

such should be employed in future SI research.

Sunmary of Chapter I and

Ratíonal_e for the Present Research

The questíon of whether or not functíoníng in one sensory

modalíty alters the funcËioning ín another modality has been a subject

of speculaLion for several hundred years, and the objecË of consíderable

experímental aÈtention for nearly 100 years. Unfortunately, the picture

we have of the functíonal- ínterdependency among the sensory modalít.ies

remains unclear. This seems to be so because of at leasË three inter-

related factors. (1) The history of sensory psychology, begínníng with
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the Doctríne of specífic Nerve Energies, has largely been one of pro-

gressive isolation of functíon, whíle consideraËion of interdependency

effects requires a synthetic conception of the functional- organizatí-.on

of Ëhe sensory systems. (2) There has been líttle speculation as to

the usefulness of intersensory phenomena to the organism. (3) Finally,

interpreËation of data has been Iímited by the researchersr expecta-

tions of finding sírnple interaction effects. rt is clear that this

assumption prevents an unambíguous interpretatÍon of the typically com-

pJ-ex results. rnvestigatíons of sensory ínterdependence have also

suffered from methodol-ogical inadqguacies. The traditional neËhodol-

ogies of sensory psychology fail to eliminate the possíbilíty that

intersensory effeets are not rrsensory" at all, but are attríbutable

Ëo confounding motivational or expectancy faetors. Such non-sensoïy

factors as dífferences in response bías províde reasonable alternative

explanations for the seemingly conflíctúng results ofËen encountered

ín this area.

Ït has been repeatedly maintained in thís chapter thaË sol-utíon

of the problems ouËlined above awaíts systematic research of a para-

metric rature. Sr seems to depend upon a number of inadequatel-y ín-

vestigated stimulus and subject variabl-es. rt ís the purpose of the

research to be described in the next chapter to systematíca1-Ly in-

vestígate the effect of white noíse inËensity on sensitivity to visual

flÍcker. The parameter of auxíliary stimuLus intensity was chosen

because previous research indicates that ít is an important variable.

Visual flicker sensitívíty hras chosen as the dependent variabLe because
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the literature on SI and the CFF is relatívely extensive; the results

of the present study may be most meaníngfu1- when compared to previous

símilar research.

The present study employed methods based on the Theory of Signal

Detectabilíty. One imporËanË contribution of the present work was the

determínation of a psychophysical SI function that ís relatively un-

confounded by response bias. The separatíon of sensítivity and

response t.endencies firay be especial-ly ímportant in the presenË case

as it is quiËe reasonable Ëo expect not only response bias generated

by subjecL mot.Ívation and expectation but also response bias Èhat is

sysËematicall-y related to the íntensity of noise. That is, ín the

language of TSD, the amount of signal evidence required for a detection

decísion (criLerion) may systemat,ical-1-y vary with the "noiseness" of

the environmenË. Therefore, in addition to unconfounding the sensi-

tivity measurement, the bías determinations may prove to be interesting

in its own right.
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CHAPTER ÏI

METHOD

The research to be descríbed employed meËhodology based on the

Theory of SÍgna1- DetectabiliËy- (TSD) as descríbed by Swets and Tanner

(Ig74), ìùfcl{dícli-of (Ig72) and Pasrore and Scheirer (Lg74). Clark and

hís associates (Cl-ark, RuËschmann, Link & Brown, L963; Clark, 1966;

Clark, Brov¡n & Rutschmann, L967) have demonstrated the Logíc and use-

fulness of applying TSD methodology to detection of vísual flicker.

In matters of procedure the present ínvesËigatíon relíed heavíly on

the suggestions of these sources

The present research consisted of three separaËe studíes--an

original parametric assessment of "flícker" sensitivíty and response

bías assocíated with several intensities of white noise, and two

replícations employÍng two dífferent observers. As the methods employed

were highl-y símilar in each case, Ëhe generai procedures will be

presented r¿íth Ëhe few exceptions to uniformíty of treatment clearl-y

noted.

Subi ects

Three ur,ale graduate studenËs in good health were paid $100 each

for their partÍcipation as subjects Ín the presenË research. Their

ages aË Ëhe tíme of research were 24 (subject rrB. 5."), 27 (subject

"trI. T.t') and 32 (subject trD. C.ï). Audiometric assessment indicated

no major hearíng impaírnenËs in any subject,. A1-1- subjects, however,

showed a smal-l l-oss (10-15 dB ISO) above 7 kHZ, and two ("B. S." and

"D. C.") showed l-oss of a símil-ar magnitude below 500 HZ. No subject
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l/.ad a history of ear infectíon or knoum otological damage. The vísion

of each subject was míldly rqyppJ:c-.. Brourn (1965, p. 268) reported,

however Ëhat, "trvaliafio¡-'- of optical accommodation and the correcËion

or the l-ack of it for anomalous refractíon have not been found t.o

influence CFF.tt This contention was confirmed for subjects employed

in the present research by comparíng CFF (by Ëhe Method of Iiinj-Ës) wiËh

and without correctÍve l-enses. Two subjects ("8. S." and tttrI. T.tt)

always wore their correcËíve l-enses during tesËing whíle the remaining

subject ("D. C.") never díd.

Changes ín CFF due to noise may be relative to baseline sensítÍvíty

("Law of Initial Valuestt). IË therefore became a subject selectíon

críterion thaL Ëhe observers had similar baseline CFF values (t 5 cps).

This was tested by the Methods of LirnÍts under Ëhe stimul-us parameter

seËtíngs described below.

One of the subjects ("D. C.") had extensíve knowledge of TSD

theory and proced.ure and had many t,imes served as a subject in sensoïy-

perceptual experiments. Another ("tr'I. T.") had little knowledge of TSD

but had served as a subjecË Ín one previous TSD experiment. The third

subject ("8. S.") inítially had neither knowledge nor experíence with

research ín this area. Thís subjeet, however, served as the observer

ínmmost of the preliminary investigations and so was both knowJ-edgeabl-e

and practiced when the acËua1- experimentatíon began.

Prelimínary Sessions

Prior to actual experimentaËion ít was necessary to undertake two

types of prel-ímínary work--one concerned empírícal- assessmenË of the

¡,:...i.i.li . .:'.
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integríty and practícality of the testíng procedures and the other

involved the preparation of subjects for the experímenË.

Desígn Development

There are a great many procedures that may be considered in a

detecËion paradigm. The particular methodology ernployed ín a given

case depends upon the aíms of the experiment and the limiËatíons

placed upon the researcher by pracËical consíderatíons. Among Ëhe

questions that required empirical ansï¡rers before Ëhe experímental

desígn was fá:nalized in this case r^7ere: "The Rating Scale nethodology

seemed indicated hererå or'ra is Ít a practíca! procedure for assessing

flicker sensitívíty?", "If it ís how many categories and tría1s would

need to be given for valid results?t',4 ""or many blocks of trial-s ín

a session and Ërials in a block could be gíven before Ëhe task becomes

faËíguing?"r. "WhaË kínd of íntertríal and ínterblock int,ervals would

be required?". These questions were ánswérbS byteNËérusíyeeþre1-:iini¡,rary

investÍgation. The answers obtaíned in thi-s manner were incorporat.ed

Ínto the testíng procedure. (see below).

I/üith a i¿orkable procedure establ-ished, iË became possíble Ëo

investigate questions having a bearing on Ëhe iÍr.nterpretation of

experimental resul-ts. Chief among these rüere: "Do Ëhe earplugs

empl-oyed in one of the baseline condit.ions exeït a cuËarieous SI effect

separate from any audítory effect?'rr5 arrd, "trIhat ís the probable naËuïe

of the Noise and Signal- Plus Noíse dístributions whích are assumed by

TSD to underlie detection decision?", (see sectÍon on choiee of índíces

ín Chapter III). The ansvrers to these questions have been incorporated

in the interpretatÍon of the presenË findings. 1i.,. ,,.,t,..r1
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Subject Trainíng

Prelíminary work with the subjects was designed to: (1) Fauril-

Larize subjects with the equipmenL, personnel, and purposes of the

study; (2) obtaín estimates of subject sensitívity to flicker Ëo be

used ín the actual experímentaËion; and (3) train Ëhe subject in hís

experimenËal- task.

Each subject r^ras tol-d the major aíms and strategies of Ëhe

research (íncluding a "short course" in TSD). All questions were

answered. truthful-ly as the subjects \¡rere considered an int,egral part

of the research team. Early in thís famíl-iarizatíon pïocess subjects

were asked to obey several important rul-es concerning their behavj-our

during the several weeks they were to be engaged as subjects. These

rules included keeping regular routines of s1-eepíagdae*ecadse;r:.. "

abstaíning from excessive al-cohol ingestionr'not smokíng for a minimum

of 20 minutes prior to experimentation, and avoidíng all medícatÍon

including "aspirintt. The subjects r¡ere also Ëold at this time that

ít was ímportant to begín test,Íng at close to the same t,íme each

morníng and that they woul-d have Ëo eat something a maximum of three

Ëo four hours príor to testíng.

The Ratíng Scale þtocedures as applied Ëo fl-ícker sensitivíty

determination, requírer; Lhe presentation of light which the subject

sometímes wí1l judge to be flickering and sometimes wí1l judge to be

fused. It was necessary, therefore, to obtain a flícker frequency for

each subject that would produce Ín TSD terminology some "Híts" and

i:. ..: i

some''Fa1seA1arms''.Afirstapproximationtosuchava]-uewasobtained
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by enployíng the average value in cps of,,,tworse,És of five pairs of up-

down trials of the MeËhod of LímiËs. Each set was obËained on a

different day and al-l stimulus paramet.ers were those employed in the

acËual experímentation (see section bel-ow). The CFF values obtaíned

for subjects ttB. S.tt, tttr{. T.tt, and ttD. C.tt Tnrere L7.0, 15.0, and 17.0

cps respectivel-y. These val-ues were well wj-Ëhin the t 5 cps sel-ecËion

criterion.

Nextrss,úb¡iec.trswere trained to a standard criterion of performance

in Ëhe experímental- task. An a priorÍ críterion of stabl-e sensitivity

\n/as set at dr = 0.5 to 1.0 under experÍ-mental condiËions. This range

of values was chosen because ít allowed both ímprovement and deficit

assocíat.ed wíth audítory stimulation Ëo be demonstrated.

All subjects requíred considerable practice before meetÍng the

sensitivity criterion. Subject 'rB. S.", who had served as the subject

for much of the preLÍmínary investígatíon, requíred the least training

(about 800 trials) to reach asymptoËic performance wíthin the criterion

range. After about 1000 practíce trials the performance of subject

"trü. T." leveled off substantially below the nínimum criteríon. Addi-

tional- traíning wíth a on-off frequency l-owered to 14.5 cps (0.5 cps

below the MeËhod of Lírnits estimate) and feedback of correctness of

ïesponse following each tríal, quickly (about 200 trials) broughË the

performance of "trü. T." consistently to the required ievel. Subject

"D. C.tt performed only at chance wiËh the "flickerÍng" light at his

threshold estÍmate of. 17.0 cps, even wíth many hundredðs of pracËice

trials. Accordingly Ëhe "fl-íckerÍ-ng" líght was lowered to 16.0 cps

[ì,':'
I
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and feedback was given as ín the case of ,'I,rI. T.,,. About 500 trials

þresented in this manner were suffícient to raíse the performance of

"D. C." Ëo a consistently acceptabl-e 1evel.

Apparatus

All testing took place ín a double-uniÈ sound-proofed chamber

(see Fig.J.1) consistíng of a (2.24 m x 3.24m x 2.44m híeh) resr ïoom

and a (2.05m x 2.84m x 1.83m hieh) experimenral room (uodel r405-aACT,

rndustrial Acoustics corporatíon). The noise and flícker generating

apparatus was housed in the test chamber whích T,üas separlited from the

experimental room by three 9.32 èm Ëhick wal-l-s each separated by a

27.96 cm air space. The stímu1i generating apparatus Ì^ras connected to

the test room by a "jack" panel constructed so as to preserve the

acoustical- characteristics of the chamber. The test, room portíon of

Ëhe chamber üras of single-wall construcËíon, whíle the experimental

room consisted of a room within a room separated by a 9.32 cm air

space. The floor of the inner room was floated on rubber vÍbration

insulated raíls to ensure maximum elimínation of structurall-y borne

sounds. Additional characteristics of the experimental room \4rere:

two 9.32 cm thick sound-proofed doors, a silent ventilation systeü,

and a sound reduction level of Bt dB for frequencies greater than

600 cps. Finally, ambient noise level with the subject in pl-ace was

found Ëo be about 45 dB (Sel¡.

The vísual stímulus consisted of a whÍte light presented monocu-

1arly to the preferredreye by a col-d cathode modulating lanp (sylvania,

Ëype R1131C; Crater dÍameter 0.236 mm) mounted at the rear of a viewing

'.:. i



Figure 1. The Experimenral ('At) and TesË ('B') Chambers.
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chamber (Lafayette, Model I2OZ C). The subject was required to

centrally fixate the stímulus as it was presented through a I.25 nm

diameter P1-exig1-as diffuser. The stímulus-to-eye dist,ance \¡/as 36.25 cm

and the vísual- angle subtended equalled ZP tOt, a value assuríng ful1-

foveal sËimul-ation. The inside of the viewíng chamber was lined with

dull- black material to elimÍnate refl-ect,ance. The front of the

chamber hras constructed of molded rubber whÍch closely fit the subjectrs

face thus elimínating extraneous 1-íghË. The flicker generating

apparatus (Grason-Stadl-er, Model EG66) rnras set at a líght-dark ratio

of 0.50 and a lamp l-uminance during the "on" phase \¡ras approxímaËely
,)

35 efll¡¡-'.

The auditory stirnulus was generated by a white noise generator

housed in a Bekesy audiometer (Grason-Stad1er, Model EB00). The

spectTum produced by this device fal-l-s off only above 10r000:lEZ. The

intensity range of the geneïator allows for discrete setËings from 20

î.6 I-AOLAE (SPE)}, adjustable ín 5 dB((SPt), sÈeps. The sËímulus was

presented binaurally by means of one pair of calibrated air-conductíon

earphones (Grason-Stad1-er, IÐ(4I/AR) factory calibrated to be used with

Lhe above described audíometer. The íntensíty level produced by the

audíometer r^ras recalibrated by means of a Vu meter and calibraËion

controls located on the audiometer control- panel before each block of

trials

The presenËation of the stimulus was controlled by two Hunter

timers seÈ for sinrul-Ëaneous ttontt-set and ttofftt-set and a consËanË

interËrial ínterval . Duríng ËesËíng in the ttHeadphones and Earpl-ugstt
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conditíon a pair of aôr cushioned earplugs r/üasÊÌ¡rorn (trrlíllson t'3ound

síl-encert', Model (EP-100). These earplugs were found to províde an

average attenuation of abouË 30 dB (SPL) between 125-8000 H8. SubjecËs

responded to Ëhe sËímuli by means of a hand held. "responding device'r

wired to the audíometer. l{hen the button on this device was d.epressed.

ít íniËíated a loud t'click" in the audíometer in the adjacent ïoom.

The operation of Ëhís devíce, however, \¡ras inaudible to the subject.

Testíng Procedure

Testíng was completed for each subject in 10 testíng sessíons

held one a day over a 14-day period. sessions took place in the

norníng and began at Ëhe same time each day for each subject (t t hour).

Each test, session consisËed of 500 trials, comprised of five blocks

of 100 Ëïials. Each block was characterizeð, by one of ten auditory

conditÍons: "Headphones and Earplugs", "Headphones", ot 40, 50, 60,

70, 80, 90, 100, 110 dB (srl¡ of r¡hite noise presented vía headphorr"s.6

!'oæesubjecL "8. S.T the noise level-s \4rere quasi-randomLy assÍgned to

bl-ocks so Ëhat the same level dÍd noË appear twÍce Ín the same session

but did appear a total of five Ëimes. A further restricÈÍon was that,

each noíse level- had Ëo appear at l-easË every other test day. This

procedure unfortunately produced a raËher t'bÍasedtt assignment of levels

Ëo bl-ocks. For example 70 dB (SPL) hras presented by chance in the

first block of a session three of its five appearances (see Appendix A

for compl-ete details of assígnment. for subject rrB. S."). Subsequent

analysis reveal-ed a slight block order effect on sensítivity and a

rather 1-arge effect on response bías. tr'igure 2 ill-ustrates these

order effects. rn thís Sigure greater sensitivity is refl-ecËed ín
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BLOCK

Figure 2. "Hits" and "False Alarms!' as a function of
block order withín the sessíons (subject I'8. S.")
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increased dísËance beËween Èhe trHítrf and ttFal-se Al-arm" curves. Note

that the largest effecË here is the sl-íght1-y lowered. sensÍËivity in

the fírst and l-asË blocks. More striking, however, ís the obvious

dpcrease in "yèét'responses evidenced by the strong nagaËíve slope of

both curves. ïn ord.er Ëo avoíd further confounding due to "unlucky"

randomízatÍon, the assignment procedure was changed slightly for the

remaíníng subjects. The stípulation T^ras added that each leve1 coul-d

appear onl-y once in each block order. Any sessíonal- bl-ock order

effects T¡rere, therefore, counËerbal-anced for these subjects (actual

assignments may be found ín appendicêssBËanddcÐli.

Blocks r^rere separated by a 2wGolff-minute resË períod, the exact

elapsed Ëíme being subject controlled. Time was also províded for

the dark adaptatíon of the subjects before each block of trial-s. This

üras necessary as the subject chamber was dímly l-ít during the test

period but very dark duríng testíng. rn order to é,nsure that Ëhe

subject began testíng for each block aË about the same dark adapËatíon

level a small- "1-ight leak" between Ëhe subj ecË and tesË room T¡ras pro-

vided. Thís "l-eak" rnras such that it was víê;tbÍésrôhlgz aútgrafiei

several minutes ín the darkened ïoom. Subjects were índivídually con-

sístent in the duration of this dark adaptaËion períod which averaged

five mínutes. Dark adapËation during Ëestíng was, of course, a con-

sistenË function of the experimental vísua1 stimulation and Ëhe

darkened viewing chamber

The visual stímulatíon ín a random 50%

block was "fused" (150 + cps). On the other

of the trial-s of each

I {.:::,ar:ij

r: . ..-

50%, rhheppresenËat
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"flíckering" (presented at the on-off rate determined to be optímal

for each subject during prelimínaïy Ëesting). During the 6 second

íntertrial interval the subjecË was required to decide his confídence

that a flickering líght had been presented in accordance with a four-

poínt rating scal-e (w1" indícating cerËaÍnt.y or near certainty the

l-ight had been "fused", "2tt Ëhat Ít probabl-y rras "fused", "3" thaË it

probably was "fl-ickeringrr, and "4tt that he was certain or almost

certaín Ëhat the líght presented was "f1íckeringt'). The subject was

then to depress the response button an appropríate number of times.

The experiment,er used Ëhís int,erval t.o reset (when necessaïy) the

on-off frequency of Ëhe visual- stimulus to be presented on the next

trial and to record the response of the subject Ëo the preceding

tríal. Figure 3 depícts the events occurring in one complet.e tria1.

Note that no warning sígnal was provided as ís comnon practice. Thís

rras so as it was considered vítal Ëhat extraneous stímulation be

mínimized. Subjects r^rere, by the t,ime of actual experiment.ation, very

famil-iar wÍth the tíníng involved Ín the stímulus presentation cycl-e

and at no time r^ras a trial "mÍssed" by a subject.

lr ! -!

I l:.:;'
t'
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OBSERVATION RESPONSE
PERIOD PERIOD

VISUAL SIGNAI

AUDITORY SIGNAL

L sec. 6 secs.

Figure 3. The events ín one complete trial.
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CHAPTER III

RESIILTS

The results of the pïesent ínvest.igations are presenËed ín

three forms: (1) a Ëábrûlar suûmary of subject resporises to the visual

stimuli assocíated with each auditory íntensíty; (2) graphical-

representation of subject perfornance in the form of Receiving

Operating Characterístíc (RÞC) and double probabiliËy curves for each

noise l-evel-; and (3) graphical presenËation of the índícéssofifsensi--

tívity and response bias as a function of the íntensity of the

accompanying auditory stimulus. The data analysis procedures presenËed

here rely heaví1-y on the exposítion of McNíchol- (Lg72r pp. 105-130).

Subject responses to the vísua1 test stimul-i for each of the ten

auditory condítions aïe presented in appendicéssAA,B$,anddCCfórr

subjects rtB. S.", "InI. T.", and ttD. C." respectively. In these Ëables

data for each relevant block are presented as cumulative categorical

Tesponses for visual stimul-us conditions of I'fl-icker" of "fusion".

Cumulative proportíons of categorical responses assocíated with

"fl-Íckering" and ttfused" presentations as well as conversion of Ëhese

t,o unit normal- (t8t) scores are also presented. FÍnally, the sensi-

tivity index d- and the overall response bias index ß'_ deríved from"ee
the response data are recorded ín these tabl-es.

ROC curves showing Ëhe conditional probabílity of llHitsil to
t'False Alarmsil for each category appear for each auditory intensiËy

level for each subject in appendicéss D, E, änd F. Al-so in these

appendicéssa:næ the double probabílity conversíons of the ROC curves.

;.:-: .
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In both types of fígures sensíËivíty Ís reflected by the degree of

displacement of the function from Ëhe positive diagonal-. Response

bias is reflected ín the tendency of points to fall- Ëowards Ëhe left

(few ttNot' ïesponses--conservative bias) or right síde (few "yes"

responses--l-iberal- bias) of the graphs. A better ídea of sensitívity

and bías effects can be gained, however, by convertíng the data ínËo

quantífíed indícéss 
"

Prel-iminary Analysis to Det.ermine Proper Indicêss

It has become conmoïl for researchers employing the "!es-No" and

"Ratíng Scale[ procedures to d.etermíne d- and ß as measures of sensi-

Ëivity and response bj-as respectively. Both of those measures depend

for Èheír validity on assumptions concerníng parameters of the Noise

and Signal- distríbutions assumed to underlie the decision making

process. Specífíca1-1-y, both distribüÉrions are assumed to be Gaussían

and to have equal variances (Swets & Tannsr, L974). Although these

assumptíons often appear to hol-d well for auditory tasks, there is

inceeasing evidence Ëhat the equal- variance assumptíon holds only

rarely when a visual task is ínvol-ved. Accordíngly Pastore and

Scheirer (1974) have suggested that researchers either evaluate the

assumptions or employ non-païametric alternaËives to d- and ß. In

the present case it was decÍded to evaluate the Gaussian and equal

variance assumptÍons.

Techniques of ínferring the sature

have been established. lt{cNficlrofl (L974,

evaluative rule: trThe ROC curve derived

of the underlyíng distributions

p. 85) gives the fol-J-owing

from distríbutions of sígnal

1il.'i:;: i: h:' :::

ì' : :

:
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and noíse which are Gaussian will always be a stralght'line when

pl-otted on double-probabílíËy scales. rf the varíances of these two

dístríbutions are equal thís line will have a slope of 1'.".' prelímín-

ary investígatíon had índicated complíance wíËh Ëhe fírst requirement

but, not the second. careful examinatíon of the double probability

plot ROC curves presented in fuptrerfü¡eíes D, E, and F confirm the

prel-Íminary findings. A1l- 30 sets of data points T^7eïe fítted well by
7

straighË 1ínes.' The slopes of those l-ines, however, r^rere not cori-

sistentl-y close Ëo unity. An arhitrary a priori decision rule for Ëhe

eval-uation of slope set the critical limits of s1_ope at 0rB to 1.2.

ït was decided that any violation of this rule would be reason for

not using d' and ß. A, total of five such violations occurred wj-th at

l-easË one such violaËíon per subject. The mean slopes for subjects

"8. S.", tttr{. T.tr, andttD. c." rnrere 0.87, 0.99, and 0.91 respectívely

suggesting that the variance of the signal dÍstrÍbution may have been

smaller than that of the noise distribution. Noise inËensíty, however,

díd not seem to systematically vary the underlyíng disÈributions.

Figure 4 illûË;u¡;âteiieËhêbecpointsï s"

On the basÍs of the decÊsíon criËerion mentioned. above the

indicíes d' and ß could not be employed. Fortunately,l indicgsshävec

been devised to correct for the case of unequal variances where the

distributions are thought to be Gaussían. As these measures coïrecË

for unequal- variances they are al-so valid for the equal variance case.

one such measure for sensiËivíty ís d'^,wirrT+úbhllMeNíehot Gg7z, Þ. g9I
e'

defínes as, ". . . tr,¡íce Ëhe value of. Z(Sls) or Z(S/n) Ígnoring sÍ-gns
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at the point where the Roc cuïve intersects the negatíve d.íagonal.rt

The use of d' requires no assumption as to which variance is larger.e

McNichor (r972r pp. 93-96) has suggested a. comparable índex of

response bias whích correcËs for unequal variances. This index, líke

B, esËinates response bias by inferring the relative heíghts of the

overl-appÍng Noise and si-gnal distributíons at the decisíon cut-off

point (X). CalculaËíon díffers only ín that Ëhej separation between

dístríbutions is estimated. by a factor corrected. for the inequalíty in

variances. McNicholrs Índex, here cal1ed ß'., was employed ín the

Present case. As only an overalf index of bías was required for each

noise level categories 4 and 3 were collapsed int.o one "yestt categoïy

whíle caËegoríes 1 and .2 were collapsed into one rtNotr cat,egory. The

d'^ and s'- values associated with each noise level for each subjectee
are presented ín appendices A, B, and C.

Effect of Noise Intensítv on Flícker Sensít,ívit)¡8

Figure 5 present" d'" values for each subject as a function of

noise condítíon. rt can be seen that there ís a great deal of agree-

ment, between índívidual functions. This ís true of the shape of the

funcÈíons and the absolute values attained. All subjecËs show peaks

ín sensitívíty at 40, 70, anð, 100 dB (spl,) of r¿híte noise. Low sensi-

tiviLy is uníformly found at the 50 and 90 dB l-evels. Although Ëhere

are differences in shape each describes a more or less trQuintic"

function. The baseline conditions of "Headphones and Earplugs" and.

"Headphonestt alone yielded no systematic effect,s on sensitíviËy although

the indívidual effects were in some'cases rather L^tg".g
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o
EffecË of Noise Intensity on Response Biase

Figure 6 il-lusËrates response tendencies of the Ëhree subjecËs

as a function of noise intensity. Unlike the sensiËíviËy data Ëhere

seems here to be little systematic effect of int.ensíty. Two of the

subjects (ttD. C.tt and "trrl. T.tr) have response tendencies trhoverinørl

around ß'^ = 1 indicating little or no bias. These subjecËs seeme

however, to have become slightly more conservative when the decibel

level reached 110. subject rrB. s.'r produced an atypical response bias

curve. One interesting aspect is the very conservaËíve nature of his

response tendencíes aË 40 and 70 dB (sPL). rn some ways thís mírrors

the sensitivíty findíngs. The possible confounding effects of "ünlucky" l

random assígnment in the case of this subject wil-l be consídered in the

next chapter. rn summary, the response bias associated with noise

levels used ín the presenË study can be characterized as largely
o

idiosyncratíc.'

l:.:::":,

l,-l;;:;::Ì,,r..
I r:: r:
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CHAPTER IV

DISCUSSION

The resulËs of the present investigatíon suggesË that there is

a complex but genuine effect. exerËed on sensitívity t.o vísua1 flicker

by whíte noise. Furthermore, these findings may reflect the naLure of

basic intersensory organLzation in man. These conclusíons appear t.o

be warranted for several ïeasons. Fírst, there is obvious consistency

ín sensiËivíty estimates for indívídual subjecËs over blocks ( see

appendices A, B, and C). This is so ín spite of block order effects,

possible differences in sensit.íviËy over days, and the variability due

to the smal-l number of tríals in a single block. Secondly, although

there are large "jumps" or "drops" with sma1l changes in auditory

intensity, Ëhere are al-so some orderly changes with intermediate steps.

Again these would be unlíkely by chance al-one. Thirdly, there is a

greaË deal of agreement between the sensitíviËy functíons of indivídual

subjects--not only in shape but ín the actual d'_ values. It is highly
e

unlíkely that three dífferent subjects could generaËe so simílar

complex functíons by chance alone. rt should be noted, however, that

the subjects ürere noË randomly sampled from some populatíon and were

similar in several respects (see subjecË section, chapter rr). Fourthly,

the size of effects are moderaËe and more ímportantly consistent, between

subjects. The range of change ín d'^ for subjects "B. S.',r,,D. O.,,, ande"
t'tr'I. T. " r.zeïe respecËively 0.3, 0.35, and 0.35. Finally, staËistical

assessment, though not. strícË1-y valid (see Footnote 8) índicated
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rather signíficant dífferences in the sensítivity rankíng of the r¿híte

noise condítions, and a hígh degree of concordance between subjects.

It ís more dífficult t.o evaluaËe sensiËívity ehanges from base-

lj-ne. The two baseline condiËions show no constant direct.íon or degree

of relationship. The cutaneous SI effect of the earplugs ís estímated

to be a loweríng of sensítivity by d'. = 0.2 (see Footnote 5). The

adjusted differences between the rrHeadphones and Earplugstt and

ttHeadphones" condítions are ð.'^ = -Q.05, 0.025, and 0.3 for "8. S.tt,
e

ttlnl. T.tt, and ttD. C.tt respectíveIy. Thus while Ëüro of the subjects

showed only slight differences between the two condítions, the third

showed a relatívely large difference preventíng generalízations. It

can be saíd, however, that Ëhe baselíne levels of sensitivity seem

not t.o det.ermíne the sensiËivity response to white noíse.

Results of the response bias data provide líttle evidence of

eíther effects of noíse generally or dífferential effects of the noise

ínËensíties on response tendencies. The values for two of the subjects

(tttrl. T.tr and "D. C.") seem to be unsystematically scatteïed around a

B'^ value of 1. Such a value indicates no response bias. The'e

remaining subject ("8. S.tt) apparently was quite conservative at

several intensíty levels. The bias data for this subject however may

have been confounded by Ëhe unique assignment of noíse levels to

blocks interactíng with block order effects evídent in Figure 4. rt

is concluded that any bias effect due Ëo the addition of whíte noise

to fhe flícker detectíon task or differentíal effects of noise

intensíty are probably smal1 and idiosyncratíc.
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The present findíngs of systemat,ic variatÍon in visual temporal

acuíty wíth changes in íntensíty of the auditory stímul-us ínvite

comparison with prevíous research. A thorough review of research

concerned with the effecËs of vatious intensíties of auditory input

on Ëhe cFF appears Ín chapter r. rn these sËudies there appeared to

be a peak in sensitívity at moderately intense levels of a tone or

noíse, 77 to 90.5 dB (sPL). Further íncreases brought a loweríng of

sensitivity, -relative to that peak and perhaps (Miller, 1963) rel-atíve

to a condition of minimal auditory stimulaËion. The present investi-

gation likewise found a peak ín sensítívÍËy aË an intermediate val-ue

of auditory íntensíty 70 dB (sPL). Al-so as in the previous research

further íncreases ín intensíty brought a decrease in sensitivity--but

in Ëhe presÊnÈ resulËs this was t.rue only up to a poínË. sensitívity

at 100 dB (SPt) was ín the presenr cases gga,ún high whíle inLigrueþ of .the

previous research the downward trend with increased íntensity con-

tÍnued. Kruger (L962) however, ïepoïted that one of his two subjects

showed a slight increase ín sensítivity at 96 ñB (spt) from more

moderate intensitÍes. Munro (cited by Miller, 1963) reported a reversal

towards increased sensÍtívity when overall auxiliary stimulation üras

increased.

The present research was the fírst to assess the effect of low

1evels of intensity of the auditory ínput on flícker sensítivity--viz.,

40r 50r 60 dB (SPt). This "arm" of the curve changes radicall_y the

inverted "u" or oscillatory function described by previous authors.

rn suunnaryr âs with previous research the present studies

generated fl-j-cker sensiËívíty curves with peaks of sensitivíty at
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moderaËe levels of audítory intensity. The data from auditory intensi-

tíes of 50 through 90 dB (sPL) generates a curve comparable to pïe-

vious descriptions. trlhat is added are tr^ro other peaks aË or near the

extremes of intensíty of white noise input. one such peak r^ras not

expected on the basis of prevíous research (100 dB). The other was

in an íntensíËy region not previousl-y explored (40 dB).

Previous re'lated sËudies made no attempË to cont,rol for response

bias. However, in the presenË study there \¡ras no evidence to indicate

any response bias effects t.hat were systernatic and conmon to the

three subjects. Til1ies,éadaÇai;hruheiefoçeg.odo not add to the under-

standing of the findings obtaÍned by means of the tïadítíonal psycho-

physical procedures. rts value lies ín the fact, that any resporlse

bias, regardl-ess of iËs idíosyncracy has riot entered into the sensí-

tÍvíty data. undoubtedly Ëhís has contributed to the high leve1 of

agreemenË in sensitíviËy data between subjects ín thís study.

rt is dífficult to interpret the present results as supportíng

the theoretical speculations presented in chapter r. (rt Ís also

difficult to relate these resul-ts to theppropertíes of knov¡n neuro-
'.

1-ogíca1- processes.) It was noËed there that t.hose speeulations T^reïe

based on insuffícient. and possíbly confounded data. The present

research has sampled from a wíder range of auditory intensíties and

has demonstrated considerable agreement empl-oying superíor methodology.

It seems reasonable, therefoïe, to examine those theoretical specula-

tions in light of thís t'besË evidence".

It is clear that no sÍ_mple theory could predíct the Itquíntíctl

rel-ationship between vísual- flícker sensiËivity and auxiliary audiËory lì:.
i.i'
).
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intensíty observed in the present research. The suggestion that the

effect is based on simple arousal ís not Ëenable ín light of the

present result.s--nor is the simple attenËional hypothesis presented

above. Of course the present findings in no way indicate that

arousal and aËtention are not ínvolved in the SI observed here.

There may be varíous kinds of arousals and attentíons interacting

among other influences. Suggestíons are presented below as to a few

ways of experímentally sorting out some of these effect,s.

At the bíóôogícal level of explanation the present complex

results cause another sort of problem. Namely, of what possible use

to the organism r,rould be the funct.ionaL organization of the sensory

systems reflected in Ëhe preserit data? It may be that there is some

advantage to accentuating visual temporal acuíty at 40, 70, and

100 dB (SPL)--but it ís not no\nr clear what that, advantage may be. IL

is possible that rather than reflectíng an adaptive mechanísm, SI

(at least ín this case) is merely a reflection of the organizatíon of

the nervous or information processing system--an epiphenomenon. If

SI is such an epíphenomenon the ímportance of SI research is not

dfininíshed, as that research may lead t.o a better undersËanding of

the organization thaË does underlie adapËíve processes.

One line of research whích may contríbute to theoretícal

advances concerns the assessment of any arousal component in Ëhe

present results. Specífica1ly tr,ao studies are suggested, both

employíng the basic procedures of the research reported here. One

would optimíze the arousal value of the auditory stímulus by totally
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Tar,domizing presentatíon of leve1s of whíte noise rather than presentíng

them in blocks of one hundred. Another would mínimize the arousal

value of the same stímu1í by havíng the auditory stimulation be a

constant background to a block of trials rather than being sirnultane-

ously presenËed with the vísual stímulus. I^Iíth al-l other fact,ors

held constant across investigatíons (including the present one) the

resul-tant sensitívity curves coul-d be assessed for the contríbution of

arousal. It would seem that another important line of research would

involve Ëhe assessment of the effecË of the "auxiliary stimul-us" on

Ëhe tested stimulus. A rnethod for assessing the sensitivj-ty of two

símultaneously stimulated urodalities has been developed in anoËher

context by Eíjknan and Vendrick (1965). This elegant procedure also

has the advantage of TSD methodology.

Variables other than auxiliary stímul-us íntensíty Ëhat were

ímplicated as being ímportant in chapter r, should also be the

subject of careful parametric ínvestígation employing TSD methodology.

Finally future research should employ several rnodalitíes for símultane-

ous auxiliary stimulation as a step tornrards establishíng ecologÍcaI

va1-idíty, as Ëhe ansr^rer to the question of the usefulness of SI uray

only be found in a natural envíronment..

ii': .:

i.,.,
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SI]MMARY

Visual temporal acuity and response bias were determined. under

two auditory basel-ine condiËions and eíght levels of intensity of

white noise. Test procedure and dat,a analysis were performed. in accord-

ance wíth the Rating scale procedure of the Theory of signal

Detectabí1Íty. Resul-ts índicaËed that sensítivity, as represented by

Ëhe index d'^, described a I'quintic" curve as a function of whítee-

noise íntensity. Two replícatíons of the sËudy wÍth different subjects

produced highly similar sensítivíty functíons. Response bías (ß'e),

however, T^ras not found to be reliably related t.o íntensity of whit.e

noise.

Some aspects of Ëhe sensítívíty data are simílar to resul-ts of

previous research attempting to relate Critical- Flicker Frequency to

the intensíty of concomitant audítory stimulation. simple theories

based on the previous research and known neurological processes cannot

account for the compl-exíties of the present results. The observed.

sensory interactÍon may, therefore, represent a complex of influences

one of which may be arousal. The degree of arousal generated by the

auditory stimulation may be rnanipulaËed in future research, spparate

from basic stímul-us parameters in an'attempt tó isolate the contrÍbu-

Ëions of thís ûactor. Identification of the biol-ogicaL significance,

if any, of sensory interactÍon awaj-ts systematic study of several

implicated variables and efforts towards assessment ín ecologically

va1íd environments.
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Footnotes

1

'One alternative paradígm for establishÍng sensory ínterdependence

is that of measuríng changes in sensítiviËy in non-depríved modaliËíes

in response to unimodal sensory deprÍvatÍon. Extensive sËudy employing

this procedure indícates a general compensation effect (in the form

of íncreased sensitívity in the non-deprived modal-iËies). see Duda

and Zubek (1965), Pangman and Zubek (1972), schurËe and Zubek (L967),

Zubek, Flye, and Aftanas (1964), Zubek, F1ye, and trrlillows (L964), Bross

and Zubek (I975a), Bross and Zubek (in press).

?-l,ondon goes on to poínt out Ëhe partícular problems with Soviet

sr research: "rt is true that much of the soviet work on sensory

interact.íon adheres to standards of execution, reportage, and ínter-

pretation that woul-d be quíte unacceptable to the \^restern researcher."

(1954, p. 531).

a
'There aïe Èr^ro establ-íshed methods for derÍvÍng an ROC curve.

The t'Yes-No" procedure requires experímental manipulat.íon of the

criterion in order to generaËe point.s along Ëhe isosensitivíty curve.

The other method, the Rating scale procedure, requires Ëhe subject Ëo

rate hís confidence thaÈ he has deËected a sÍgnal. The categories

are assumed to be directly analogous Ëo critería in the "yes-No"

procedure. The great advanËages of the Ratíng Scale pro".dnr. for the

present purposes Ís íts effíciency and the fact that overall (collapsed)

criËerion is free to resporid to expectancy, motivational and sygËematic

effects associated with the intensity of Ëhe auditory stimulí.
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/!'trdhen a Rating Scale detection task is employed, as in the

present case, Ëhe number of response categories used is an important

factor. On one hand a minímum of four categories are required Ì^rhere

assumptíons concerning the underlying distributions must be checked

by means of an ROC curVe. This ís so since four categoríes yíeld only

three empírically determined data points, and three points are the

minímum from which to construct an ROC curve. On the other hand, the

number of caËegories must not be so large that a subjecË may not be

able to make dístínctions between what they represent. The case of

too many categoríes may result in some noË being used often enough to

det.ermíne "Hittt and "False Alarmrr ïates. I,'Ihen Ëhis happens, the poínts

on the ROC curve representíng a particular category cannot be estab-

líshed and the curve becomes invalíd (see McNiehol, L972, p. IOZ). ft

ís imporËant therefore to establish empírically the number of cat.egories

that are likely to be used consistently by subjects.

Extensive ínvest.igatíon with subject 'tB. S.rr irivolving hundreds

of trials indícated Ëhat only four categoríes could be used with con-

sistency. As that subject was knor,¡n to be atypically conservative in

hís response tendencies ít was considered that the other subjects

could also use four categoríes and Ëhat number was chosen for the

actual experiment.

?rh" """"d.phones and Earplugs" condition is different f,hom every

other conditíon employed in this research, not only because of the

noíse leve1 assocíated wíth iË, buË also because the earplugs exert

i: :.:r': . :'

l.,r :...
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addedc.cltaneorus pressure to the ear. It is quite possible that Ëhis

pressure could cause an ínteraction effecË itself in addition to any

auditory effect..

In order to test this possibílity the following prelímínary

study was undertaken. A pair of earplugs identícal to those used in

actual experimentation were hollowed out so that they provided little

apparent sound attenuaÈíon but exerted pressure indistinguishable from

intact plugs. Audiometric assessment of one subject was completed

with and without the plugs and the audíograms \¡rere found Ëo overlap.

SensitiviËy to flícker was then established (by means descríbed in the

text) wíthout earplugs and wíth hollor¿ed earplugs. The results of

200 tríals in each condítíon indícated slightly greaËer sensiËívity

without than with the plugs (d'ew = 0.95, d'"*/o = 1.14). ft l¡zas con-

cluded that cutaneous SI due to the earplugs might account for less

seesítivíËy in the earplug conditíon on the other of 0.2 d'-.
e

6"In Chapter I ít was mentioned t,hat, theoretícal ínterpreËation

of a particular resulË may rest on Lhe choíce of a baselíne.

Accordingly ít was decided that two baselines would be employed in

the presenË ínvestigation. One consisted of the ambient noíse in Ëhe

sound atËenuated chamber (about 45 dB (SPt)) as it was further attenu-

ated by the headphones employed in the presentation of the audítory

sËinuli. The other included, in addítíon to the headphones ) ear-

plugs. The headphones \¡rere estimaËed to attenuate hhe ambient level

by 15 to 20 dB, resulting in a baseline condítíon of approximately

25 to 20 dB (sPL). Audiometríc assessment indícated thaË the earplugs
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attenuated most audible frequencies about 30 dB. As ít r^ras noË possíble

to assess these values precisely, only an ordinal relatíonship is

claimed. The "Headphones and Earplugs" conditíon r^ras, ho\¡rever,

designed to be as I'silent" as practically possible. The trHeadphones"

condítion should be roughly comparable to the more precisely controlled

auditory environment.s of previous research (e.g., Miller, 1962).

7rh. .r"r.r"1 "lease squaïes" method of fitting a line to data

points coul-d not be employed in the present case. This is so because

Ëhe ROC data poínts obtained by the Rating Scale procedure are

curnulative across categories (viz.--the data point for category 3

is based on responses in category 4 as well as 3) and so are not

independent. The 1ínes were therefore fítËed by eye.

o
"A Friedman Two-üIay Analysis of Variance for Ranked Data run on

Ëhe sensítivities assocíated with the eight levels of white noise for

the Ëhree subjects proved to be significant (X2, = I7.2, p. . .02,

df = 7). Further analysis revealed that the average íntercorrelaËion

between subjects was high (; = 0.s3) índicating good agreement on Ëhe

rankings. A Friedman test on the ranked response bías daËa revealed

no significant differences oveï the audítory inËensiËies (X2- = 7.88,

P. > .4, df. = 7).

These data analyses should, however, be viewed wíth caution for

at least three reasons. First the investigations presented here were

always considered by the experímenËer to represent three separate

experimenËs. secondly, the assignment of noise levels to blocks was
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completely random ín no subject. Thirdly, the assi-griment procedure

was somernrhat dífferent. for one subject I'8. s." than the others.

o'As a maËter of inËerest (and as an informal test of the

robustness of d' and ß to the violations of the equal variance

assumptíon evident here) the following indices of sensítivity r^reïe

calculated in additíon to d'": d', aM, and the non-païamet,ric index

P(A). B was also determíned. Perhaps surprisingly all indices of

sensitivity yíelded functions of sensítivity Ëo auditory intensity

símÍlar to Figure 5. In no case üras the relative order of the indices

changed. The same was true ín a comparison of ß with ß' values.
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APPENDIX A

Tables 1.0 to 1.9

summary of response by Ratíng scale to 'tfl-ickering" and "fused" light
by subject "8. S.rr for each of ten auditory condi.tions



Table 1.0

SI]MMARY OF RESI]LTS

SUBJECT: ttB. S."

CONDITION: HEADPHONES AND EARPLUGS

74

i

i:r: l

l;i
l:' l

Session Block
cps

Flicker
Fused

CumulaËive Responses by Category

4 ) 2 I

2 3
L7 .0

150.0+
3
0

26
L4

44
34

50
50

4 5
L7 .0

150/0+
1

0
11

6
24
20

50
50

6 2
L7 .0

150.0+
3

0
28
T6

42
31

50
50

7 1
L7 .O

150.0+
1

I
L2
I2

2B
23

50
50

B 4
17 .0

150. 0+
1

0
27
I2

4L
26

50
50

ilL
TOTAIS = L7.0

150.0+
5
I

104
60

L79
L34

250
250

PROPORTION/'2, 17 .o
150. 0+

0.02/2.054
0.004/2.762

0.416/0.202
0.24/0.706

0 .7 16 / -0 .583
0.s36l-0.101



Table 1.1

SUMMARY OF RESI]LTS

SUBJECT: "8. S.'r

CONDITION: HEADPHONES
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Session Block
cps

F1ícker
Fused

Cumulat.Íve Responses by Cat.egory

4 3 2 I

I 4
L7.O

1_50.0+
2
0

25
11

4L
31

50
50

4 2
L7 .O

150. 0+
1

0
22
L2

37
22

50
50

5 4
1,7 .0

150. 0+
2

0
25
I2

39
32

50
50

7 1
L7.0

150.0+
5
1

24
10

4l
35

50
50

9

.L

2
17 .o

150. 0+
2

0
28
13

39
33

50
50

TOTALS
L7 .O

150.0+
1,2

I
I25
58

L97
153

250
250

PROPORTTO¡¡l l,,Zl 17.o
150. 0+

0.048/t.64s
0.004/2.652

0. s/0. oo
0.232/0 .739

0. 788/-0. 807
0.612/ -0.279
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SI]M}IARY OF

SUBJECT:

CONDITION: 40 dB

L.2

RESIILTS

ltñ ^ 1lÞ. Ð.

(SPt) I^ITIITE NOTSE

Sessíon Block
cps

Flicker
Fused

Cumulatíve Responses by Category

4 3 2 1

1 3
L7.0

150.0+
I
2

25
,t L2

43
32

50
50

4 4
L7 .O

150. 0+
0
0

t4
7

2B
20

50
50

6 3
1,7.0

150.0+
I
0

27
T6

43
36

50
50

8 2
L7 .0

150.0+
3
0

22
11

35
28

50
50

9 2
L7 .O

150. 0+
3
0

31
i:ìB

40
33

50
50

TOTALS
1,7 .0

150.0+
8
2

L20
54

189
L49

250
250

PROPORTION/'Z'
L7 .0

150.0+
0 .032/1. 881
0.008/2.326

0.48/0. 0s
0.216 /0.772

0.7s6/-0.706
0.596/-0.2s3



Table 1.3

SI]MMARY OF REST]LTS

SUBJECT: IIB. Cs . ''

CONDITION: 50 dB (SPL) I4IIIITE NOISE

d'=0.45 I ß'=1.09e e

77

Session Block
cps

Flicker
Fused

Cumul-ative Responses by Category

4 3 2 1

I 5
t7.0

1_50.0+
I
1

13
2L

36
35

50
50

3 4
L7.0

150. 0+
3
0

23
L2

42
28

50
50

5 1
L7.O

150. 0+
6
0

26
9

43
28

50
50

7 2
17.0

150. 0+
2

1

1,4

10
30
26

50
50

9 4
17 .0

150.0+
3
0

27
T2

42
27

50
50

TOTAIS 17 .0
150.0+

15
2

103
64

193
L44

250
250

PROPORTION/'Z'
¡.7 n
17:0

150. 0+

û
0
0

88i t:EEE
o08/2.326

0.4L2/0.228
0.256/0.643

0.772/-0.739
0.s76 / -o .202



Table

SI]MMARY OF

SUBJECT:

CONDITION: 60 dB

L. {i

RESI]LTS

ttB. S. tt

(sPr) r^rHrrE NorsE

Cumulatíve Responses by Category

0.7 4 / -0.643
0.644 / -O .3s9

78

Session

TOTAIS

PROPORTTON/, Z'

cps

Fl-icker
Fused

50
50

50
50

3B
35

2B
24

33
25

185
35

50
50

50
50

50
50

250
250

d-"=0.5s i ßr;=1.L2

17.0
150.0+

0.072/r.476
0.012/2.326

o .4L6 /0 .202
0. 18/0. 9 1s



Table 1.5

SUMMARY OF RESI]LTS

SUBJECT: ''8. S. ''

CONDITION: 70 dB (SPt) I^ITIITE NOISE

d' = 0.75
e ß' = 2.32

e

79

Sessíon Bloek
cps

Flicker
Fused

Cumulative Responses by Category

4 3 2 1

1 I 17.0
150.0+

2

0
2B

9
44
35

50
50

3 1
L7 .O

150.0+
2

0
22
13

37
33

50
50

6 I 17 ,O
150.0+

6

1

29
7

43
32

50
50

7 5
L7 .0

150.0+
1

0
26
11

40
34

50
50

9 3
L7 .O

150.0+
I
1

31
L4

45
31

50
50

TOTAIS
-17,.0

150.0+
L2

2
146
54

209
L65

250
250

PRoPORTIoN/'Z' t7 .0
150. 0+

0.048/1..64s
0.008/2.326

0 . sB4 / -0 .202
0.2L6 /0.772

0.836/ -0.995
0.66 / -0.4L3



Table

SI]MMARY OF

SUBJECT:

CONDITION: 80 dB

L.6

RESI]LTS

ttB. S. tt

(SPt) I^IHITE NOISE

80

Sessíon Block
cps

F1ícker
Tused

Cumulatj-ve Responses by Category

4 J 2 1

2 5
17 .0

150. 0+
5
0

L9
9

36
31

50
50

3 5
L7 .0

150.0+
2
0

B

11
L4
22

50
50

5 2
L7 .0

150.0+
3
0

25
7

35
25

50
50

& 4
L7 .0

150.0+
1

0
23
T7

42
34

50
50

9 I L7 .O
150. 0+

5
1

31
13

43
33

50
50

TOTAIS
L7 .0

150.0+
T6

I
106
57

L70
L34

250
250

PROPORTION/, Z' L7 .O
150.0+

0.064/1.sss
0.004/2.652

o .424 /0 .202
0 .228 /O .7 39

0 .68 / -0 .468
0.s36l-0.101



Table 1.7

ST]MMARY OF RESi]LTS

SUBJECT: I'8. S.''

CONDITION: 90 dB (SPt) !üHITE NOISE

d'_=0.55 I ß'=1.5ele

81

,::, r"

,:l i -ì.,iì

Session Block
cps

Fl-ícker
Fused

Cumulative Responses by Category

4 3 2 1

1 2
L7 .0

150.0+
3
0

28
15

40
35

50
50

4 3
L7 .0

150. 0+
1

2
L6
10

25
28

50
50

6 5
17. 0

150.0+
0
0

26
10

42
22

50
50

I 3
17.0

150. 0+
2

I
23

6
37
2L

50
50

1Þ 4
17 .0

150.0+
1

0
I9

B

35
20

50
50

f8mtg
L7.0

150.0+
7

,2
rt2
49

179
L26

250
250

PROPORTION/'Z' 17 .0
150. 0+

0. 028/ 1 .88 1

o.0oB/2.326
0.448 / O. 126
0 .196 /O .842

0.7L6/-O.s83
0. s04l0.00



Tabl-e

SI]MMARY OF

SUBJECT:

CONDITION: 100 dB

1.8

RESIILTS

ttB. S.tt

(SPL) IÀIHITE NOISE

Cumulative Responses by Category

82

Sessíon

TOTALS

PROPORTION/'2,

50
50

50
50

50
50

50
50

250
250

d'- = 0.7 I ß' = I.23ele

cps

Fl-icker
Fused

0.0s6/r.5s
0.012/2 .326

0.s24/-0.0s
0 .2r2 /0 .Bo7

0. 7BBl-0. 807
0.608 / -0 .27 9



Table

SI]MMARY OF

SUBJECT:

CONDITION: 110 dB

l,.g

RESIILTS

ttB. s.tt

(sPL) I^IHITE NOISE

Cumulative Responses by CaËegory

B3

Session

TOTA],S

PROPORTION/ ] ZI

50
50

50
50

50
40

50
50

50
50

250
250

17.0
150.0+

cps

Flícker
Fused

0.044/r.7st | 0.436/0. ls1 | 0.736/-0.643
0.008/2.326 | 0.208/0.807 | 0.ss6l-0. ls1
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APPENDIX B

Tabl-es 2.0 to 2.9

surrnary of response by Rating scale to "flickeringt' and "fusedt' líghË

by subject "üI. T." for each of ten auditory condítions



Table 2.0

SI]MMARY OF RESI]LTS

SUBJECT: ''tr'I. T. ''

CONDITION: HEADPHONES AND EARPLUGS

85

Sessíon Block
cps

Fl-icker
Fused

Cumulatíve Responses by Category

4 3 2 I

2 1
14.5

1_50.0+
3
2

29
L9

47
50

50
50

3 2
t4.s

150. 0+
0
0

T7

7

4L
32

50
50

5 5
L4.s

150.0+
0
1

25
18

46
44

50
50

7 3
14.5

150.0+
4
3

27
27

47
46

50
50

9 4
L4.5

150. 0+
B

3
32
26

49
4s

50
50

TOTAIS L4.5
150. 0+

15
9

130
L07

230
217

250
250

PROPORTIONI I ZI L4.s
150.0+

o.06 / L.sss
0 .936 / r.7 5t

0.s2/ -0.050
0 .428 / O .1.7 6

0.92 / -r.4
0.868/-1. 1



Table 2.L

SI]MMARY OF RESI]LTS

SUBJECT: "tr{. T. "

CONDïTION: HEADPHONES

d' =0.425 I ß' =L.L2e e

B6

Sessíon Block
cps

Flícker
Fused

Cumulat.ive Responses by Category

4 3

46
47

I

1 1
14.5

150.0+
6

0
28

9

50
50

3 4
14.5

150.0+
3
1

28
11

44
40

50
50

6 5
14.5

150.0+
6
3

30
t7

4s
44

50
50

7 2
14.s

150. 0+
0
0

7

2
30
20

50
50

9 3
L4.5

150.0+
15

6
32
31

4s
48

50
50

TOTALS
L4.s

150.0+
30
10

125
'70

2I0
L99

250
250

PROPORTION/'2, 14.5
150. 0+

o.r2l,n.L75L
o/a4/ r.7sr

0. s0l0 .00
0.2810. s83

0.84 / -o .99s
0.796/ -O.842



Table 2.2

SI]MMARY OF RESIILTS

SUBJECT: rfI^I. T. ''

CONDITION: 40 dB (SPL) hIHITE NOISE

d-"=0.85 lß'.=0.96

-:{ .

87

Session Block
cps

Fl-ícker
Fused

CumulaËíve Responses by Category

4 3 2 1

2 5
L4.5

150C0
2
3

24
T4

47
44

50
50

4 1
L4.s

150. 0+
T2

0
36
99

46
34

50
50

5 3
L4.s

150.0+
4

1

27
2T

47
4s

50
50

I 2
14.5

150. 0+
10
I

35
T6

46
40

50
50

10 4
L4.5

150.0+
10

1

32
15

49
42

50
50

TOTALS

PROPORTION/'2,

t4.5
150. 0+

38
6

L54
75

235
205

250
250

ih.E
150.0+

8:íEi'tt:83t
0.024 /2 .Os4

0.6L6/tg.396
0.3/0.s25

0.94/-t.55s
0.82/-0.grs



Table

.SI]MMARY 
OF

SUBJECT:

CONDITION: 50 dB

2.3

RESl]LTS

tttrrl 
. TT. tt

(SPL) WITITE NOISE

BB

Session Block
cps

Flícker
Fused

Cumulative Responses by Cat.egory

4 3 2 1

1 3
L4.s

150.0+
3
1

23
18

45
43

50
50

3 I L4.s
150.0+

10
3

29
11

44
35

50
50

6 4
L4.5

150.0+
7

3
30
23

46
46

50
50

I 5
L4.5

150. 0+
7

2
32
2B

46
47

50
50

9 2
L4.s

150.0+
15

6
38
26

48
43

50
50

TOTALS L4.5
150.0+

42
15

Ls2
106

229
2L4

250
250

PROPORTION/'Z' L4.5
150.0+

0.168/0.954
0.06 / l. sss

0.608 / -0 .279
0.424/0.202

0 .916 / -L.40s
0. Bs6l-1. 080



Table

SI]MMARY OF

SI]BJECT:

CONDITION: 60 dB

2.4

RESi]LTS

tttrrl. T. tt

(SPI) IfTIITE NoIsE

Cumulative Responses by Category

= ¿.9\

B9

Sessíon

TOTALS

PROPORTTONI'Z'

cps

licker
Fused

50
50

50
50

50
50

10

50
50

50
50

250
250

0. 188/0.878 | 0.s88/-0.. 229 | 0.896/-L.282
0.032ll_j_S_qL | %Zít+!g-ss0 | o.a++/-o.oos



Table 2.5

SI]MMARY OF RESI]LTS

SIIBJECT: ''trrl. T. ''

coNDITIONz 70 dB (SpL) hrHrTE NOISE

d'.=0.85 I ß'"=0.96

90

Sessíon Bl-ock
cps

l-icker
Fused

Cumulative Responses by Category

4 3 2 1

1 5
14.5

150. 0+
9

0
28
t2

46
43

50
50

3 3
L4.s

150. 0+
7

I
30
13

43
38

50
50

6 1
L4.s

150.0+
7

0
35

9
46
28

50
50

7 4
1,4. s

150. 0+
L2

0
32
20

45
45

50
50

10 2
t4.s

150.0+
9
3

36
T4

48
45

50
50

TOTALS
14.5

150.0+
44

4
161
68

228
199

250
250

PROPORTTON/, Z' 14.5
150. 0+

0.140/1.080
0.0L612.0s4

0.644/-0.3s9
0.272/0!613

0 .9r2 / -r.34t
0 .7 96 / -O .842



Table

SI]MMARY OF

SUBJECT:

CONDITION: B0 dB

2.6

RESI]LTS

ttI'rl. T. tt

(sPL) ÏürrrTE NOrSE

9T

Sessíon Block
cps Cumulat.ive Responses by Category

licker
Fused 4 3 2 I

2 4
L4.s

150.0+
J

I
2T
10

37
36

50
50

4 2
14.5

150.0+
I
0

26
15

47
42

50
50

5 I 14.5
150.0+

7
2

26
7

47
30

50
50

8 3
L4.5

150.0+
9

1

32
2L

45
36

50
50

9 5
L4.s

150.0+
5

7

26
30

46
44

50
50

TOTALS
14.5

150. 0+
32
11

131
B3

222
188

250
250

PROPORTTON/'Z' 14.s
150.0+

0.t28/r.126
0.044/L.7sL

0.s24/ -0.0s
0.332 / 0 .44

0.888/-r.227
0.7s2/-0.67s

.:ì

i ' , :lt,t,! :i:: t:: I

i:li::'a
i t..:



Table 2.7

SI]MMARY OF RESIILTS

SUBJECT: ''InI. T. ''

CONDITION: 90 dB (SPL) !triITTE NOISE

d'=0.5 I ß' =I.L7e e

92

Session Block
cps

i',

FLicker
Fused

CumulaËive Responses by CaËegory

4 3 2 1

1 4
14.5

150.0+
I
2

30
13

48
46

50
50

4 3
1,4.5

150.0+
I
0

26
t6

46
43

50
50

6 3
14 .51.

150. 0+
4

2
22
T6

43
36

50
50

8 I 1,4.5
150.0+

10
3

26
L7

44
32

50
50

10 5
14.5

150.0+
6
B

29
2B

46
44

50
50

TOTA].S 14.5
150.0+

36
15

133
90

227
201

250
250

PROPORTION/'2, 14 .5
150. 0+

0.r44/t.oB
o.06/r.ss5

0 .s32/ -0 .075
0 .36/: 0. 3s9

0.908/-L.34r
0.804/-0.842



Table

SI]MMARY OF

SUBJECT:

CONDITION: 100 dB

2.8

RESTITTS

tttrrl. T. tt

(sPL) wrrrTE NorsE

93

Sessíon Block l- "n."lrr :i3I
lr'1i"t"t
I 

Fused

Cumulatíve Responses by Category

4 3 2 1

2 2
L4.s

150.0+
2

0
24

9
42
39

50
50

3 5
14.5

150. 0+
4
5

28
15

&3
45

50
50

5 4
14.5

150.0+
5
1

3B
L9

47
42

50
50

7 1
L4.5

150.0+
10

1

2B
11

39
28

50
50

10 3
14.5

150.0+
8
I

36
T7

46
44

50
50

TOTALS
14.5

150.0+
29

8
r54'7r 217

198
250
250

PROPORTION/'Z'
L4.5

150.0+
0 .116 / \.77 5
0.032l1.881

0.616/-0.306
0.284/0.s83

0 .868 / -r . 126
0.792/ -0.807

i.'.,..*
i: ..:: :

- :'

r:..t. .-

d' = 0.65 I ß' -- 1.07
e e



Table 2.9

ST]MMARY OF RESTILTS

SI]BJECT: ''InI. T. ''

CONDITION: 110 dB (SPL) I^IIIITE NOISE

d'.=0.8 I ß'"=I.44

94

Session Bl-ock
cps

¡'1iäker
Fused

Cumulative Responses by Category

4 J 2 t

1 2
14.s

150. 0+
7

0
33
10

47
4s

50
50

4 5
L4.5

150. 0+
5
0

29
11

45
4I

50
50

6 3 L4.s
150. 0+

B

0
29
T4

44
35

50
50

8 4
L4.s

150.0+
11
I

35
18

44
44

50
50

9 I 14.5
150.0+

L4
1

38
20

48
40

50
50

TOTALS
14.5

150.0+
4s

2
L64
73

228
205

250
250

PROPORTION/, Z' L4.5
150. 0+

o.rB/2.0s4
0.00812.326

0 .6s6 / -0 .4L3
0.292/0.ss3

0.9t2/ -2.326
0.82/-0.91s
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APPENDIX C

Tables 3.0 ro 3.9

surnmary of response by Rating scale Ëo trflickeringt' and "fused" líght
by subjecË t'D. C." for each of ten auditory conditíons

95

i: r'j,:: :.:!l
t'
ll',
I

i



Table 3.0

SI]MMARY OF REST]LTS

SI]BJECT: ''D. c.''

CONDITION: HEADPHONES AND EARPLUGS

d'=0.5 I g'=0.93ele

96

Sessíon Block
cps
ir,Ê-'t -

Flicker
Fused

Cumulative Responses by Category

4 3 2 I

2 1
16.0

150.0+
15

0
27
T4

43
29

50
50

3 4
16.0

150. 0+
T2

4
30
15

43
33

50
50

6 5
16.0

150. 0+
T2

6
30
24

42
40

50
50

8 2
16. 0

150.0+
t4

6

24
25

4T
38

50
50

10 3
16.0

150.0+
11

5
27
L9

43
38

50
50

TOTALS
16. 0

150.0+
64
2I

138
97

212
178

250
250

PROPORTION/, Z, 16.0
150. 0+

0.2s6/0.643
0.0841 1.40s

0 .5s2 / -o . 126
0.388/0.279

0.848/ -r.037
0.7L2/-0.5s3

;: :'ìl-i:



Table 3.1

SI]MMARY OF RESI]LTS

SUBJECT: ''D. C.''

CONDITIONS HEADPHONES

97

Session Block
cps

f]-icker
Fused

Cumul-ative Responses by Category

4 3 2 1

1 5
16.0

150. 0+
1

I
11

6
43
36

50
50

3 2
16.0

150.0+
L2

8
28
13i

46
3B

50
50

5 3
16. 0

100. 0+
15

5
2B
20

4s
31

50
50

B I 16.0
150. 0+

15
4

30
L9

42
34

50
50

10 4
16.0

150.0+
I2

6
2B
22

42
40

50
50

TOTALS
16.0

150.0+
55
24

125
85

2L8
L79

250
250

PROPORTION/, Z' 16. 0
150. 0+

0.22 / O .772
0.096 / 1.282

o. s0l0. d
0.34/0.4t3

0.872/-û.126
0.716/0.s83

l - :i-lr



Table

SI]MMARY OF

SI]BJECT:

CONDITION: 40 dB

7.2

RESI]LTS

ttD. c.tt

(SPt) IÁII{ITE NOISE

9B

Sessíon Block
cps
a-:

Flicker
Fused

Cumul-at.Íve Responses by Category

4 3 2 1

2 5
i66. 0
150.0+

T4

4
34
T7

43
37

50
50

4 3
16.0

150. 0+
B

3
22
L6

37
37

50
50

5 4
16. 0

150.0+
11

7

25
T9

40
34

50
50

7 1
16.0

150. 0+
18

6
35
1B

43
38

50
50

9 2
16.0

150.0+
2T

8
39
2T

48
38

50
50

TOTALS 16.0
150. 0+

72
28

155
9l

2TT
L94

250
250

PROPORTION/, Z' 16. 0
150. 0+

0.288/0.ss3
0.rr2/t.227

0
0

62/-0.306
364 / 0 .359

0.844/ -0.99s
0.776/-0.772

i,.

!,,'i

]t,,:,,...:.

l:....
i



Table

SI]MMARY OF

SUBJECT:

CONDITION: 50 dB

J.J

RESI]LTS

ttD. c.tt

(SPL) WI{ITE NOISE

99

Session Bl-ock
eÞs
;íJE

Flicker
Fused

Cumulative Responses by Category

4 3 2 1

50
50

1 3
16.0

150.0+
3
0

B

5
36
34

3 5
16. 0

150.0+
7

6
25
18

46
37

50
50

6 s
16. 0

150. 0+
T5

3
3S
20

4t
40

50
50

8 4
16. 0

150.0+
B

B

27
22

42
36

50
50

IB 2
16. 0

L50.0+
11

7
31
24

43
40

50
50

TOTALS
16. 0

150.0+
44
24

122
89

2L0
r87

250
250

PROPORTTON/'Z' 16.0
150. 0+

0.L76/0.gts
0 .a96 /$.982

0.488/0.02s
0.886/0.s59

0
0

84 / -0 .99s
748'/-O.675



Table

SI]MMARY OF

SUBJECT:

CONDITION: 60 dB

3.4

RESI]LTS

ttD. c. tt

(SPL) I^IHITE NoISE

Cumulative Responses by Gategory

100

250
250

Sessíon

TOTALS

PROPORTTON/'Z'

50
50

50
50

50
50

I

I _,ti:.:

d'.=0.41 ß'"=1.13

-66r,10
150.0+

o.L96/0.842
0.tL2/L.227

0. s4l-0 . 10 1

0.404/0.2s3
o .868 / -r. L26
0.ï,64/ -0.643



Table 3.5 101

SI]MMARY OF RESI]LTS

SUBJECT: ''D. c. ''

CONDITTONZ 70 dB (SPt) I^IHITE NOISE

Session Block
cps

Fl-icker
Fused

Cumulatíve Responses by Category

4 3 2 I

1 I 16r0
150.0+

2
0

L4
:4

37
39

50
50

3 3
16. 0

150. 0+
15

7

31
15

46
36

50
50

5 2
16.0

150. 0+
L4

5
29
15

42
30

50
50

I 5
16. 0

150.0+
L4

6
35
L6

46
31

50
50

9 4 16. 0
150. 0+

15 3r,l

Lø
45
36

50
50

TOTAIS
16.0

150. 0+
60
22

r46
67

21,6

1,72

250
250

PROPORTIONI I Z' 16.0
150.0+

0.24/0.706
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APPENDIX D

Figures 7.0 xo 7.9

ROC and double probabílÍry ROC curves íllustraring
Ëhe performance of subject I'8. S.r' on the visual task

for each of ten auditory condítíons



I-\
O
F{

r.o

o.8

U)

U)

o-

o.6

o.4

o.2

o.o
o o.2

SUBJECT:8.S.
CONDITION :Heodphones ond Eorplugs
SLOPE = O.9

o.4 0.6

P (S/n)

-a

-2

-l
Ø

Øo
N

o.8

+l

+2

+3

Figure 7.0

+3 +2 +t o -t -2 -3
Z (S/n)



co
O
È{

r.o

o.8

a
(r)

o_

o.6

o.4

o.2

o.o
o

''l:'lrl

i'.'.,

o.2

SUBJECT : B.S.
CONDITION : Heodphones

SLOPE =O.8

o.4 0.6

P(S/n)

-3

-2

-l
Ø(no

ñ

o.8

"lli

t.o

+l

+2

+3

Figure 7.1

+3 +2 +t

Zß/n)
-t -2 -3



Or
O
F-l

t.o

o.8

Ø

Ø
o_

o.6

o.4

o.2

o.o
o o.2

SUBJECT: B.S.
CONDITION :40 dB

SLOPE = O.95

o.4 0.6

P(S/n)

-3

-2

-t
an

u)o
N

o.8

+l

+2

+3

Figure 7.2

+3 +2 +t o -l
Z(S /n)

-2 -3



o
F{

FI

r.o

o.8

Ø

Ø
È

o.6

o.4

o.2

o.o
o o.2

SUBJECT : B.S.

CONDITION : 50 dB

SLOPE:O.9

o.4 0.6

P(S/n )

-3

-2

-l
Ø

(no
N

o.8 r.o

+t

+2

+3

Figure 7.3

+3 +2 +t o -l
7 ß/n)

-2 -3



r.o

o.8

tJ)

Ø
o-

o.6

o.4

o.2

o.o
o.2

SUBJECT : B.S.
CONDITION : GO dB

SLOPE =O.75

o.4 0.6

P( S/n )

-3

-2

-l
Ø

Øo
N

o.8

+l

+2

+3

Figure 7.4

+3 +2 +t o -t -2 -3
Z(S/ n)



N
FI
FI

r.o

o.8

(n

Ø
o_

o.6

o.4

o.2

o.o
o o.2

SUBJECT:8.S.
CONDITION :70 dB

SLOPE =O.BS

o.4 0.6

P (S/n )

-3

-2

-l
cn

c,r, o
N

o.8 t.o

+t

+2

+3

Figure 7.5

+3 +2 +t o -t -2 -3
Zß/n)

:i,ì



hî
È{
FI

'i iir'l

r.o

o.8

(n

(n

ù

o.6

o.4

o.2

', '.
t:- i

o.o
o o.2

SUBJECT :8.S.
CONDITION : BO dB

SLOPE =O.7

o.4 0.6

P (S/n )

-3

-2

-t
@

(nO
N

o.8 t.o

+l

+2

+3

Fígure 7.6

+3 +2 +t o -t -2 -3
Z (S /n)



\T
FI
F{

l.o

o.8

{g
o_

o.6

o.4

o.2

o.ou
o o.2

SUBJECT : B.S.

CONDITION :90dB
SLOPE =1.05

o.4 0.6

P( S/n)

-3

-2

-l
@(no
N

o.8 t.o

+t

+2

f3!413 +2 +l

Figure 7.7

o-t -2
Zß/n)

-3



tn
F{

FI

t.o

o.8

Ø
(n

fL

o.6

o.4

o.2

o.o
o o.2

SUBJECT :8.S. '

CONDITION : IOO dB

SLOPE =O.9

o.4 0.6

P( S/n)

-3

-2

-l
(n

Øo
N

o.8 r.o

+t

+2

+3

Fígure 7.8

+3 +2 +t o -¡ -2 -3
Zß/n)



\o
F{

FI

t.o

o.8

tn

(n

o-

o.6

o.4

o.2

o.o
o o.2

,ì::,' rl'

SUBJECT : B.S.

CONDITION: ttO dB

SLOPE = l.O

o.4 0.6

P (S/n )

-3

-2

-t

.'f ,: :,
r:l¿ l

U'

cno
N

o.8 I.O

fl

+2

+3

Fígure 7.9

+3 +2 +t o

Zß/n)
-l -2 -3



TT7

i..ì 1. :.j

l-.-.'
t:..

APPENDIX E

Fígures 8.0 to 8.9

ROC and double probabil_ity ROC curves ilLustrating

the performance of subject f'trrl. T.rr on the visual task

for each of ten audítory condítions
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APPENDIX F

FÍgures 9.0 to 9.9

ROC and double probabilíty ROC curves illusËraring

the performance of subject rrD. O.rt on the visual task

for each of ten auditory conditíons
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