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The duratloh of v151ble pers1stence has been ﬁound to be’”

/"‘

1

both rhversely and ngfctly related to st1mulus 1ntensxty
In this thesxs,'tné effect of stlmulus 1ntens1ty on the
iduratxon of: v151ble persxstence was measured It was‘
hypothesxzed that a dlrect relatlon between stlmulus
1ntensxty and duratxon of vxslble persxstence m1ght occur
under certaxn experxmental condxtxons,pnot because"brxghter
st1mu11 produce longer total duratxons of vxsxb{e
. persxstence, but rather because a . longer port1on of the
-visible persxstende produced by a brxghter d1splay may be -
'avaxlable in some sxtuat1ons. Thls hypothes1s was tested in
two exper1ments, both of whlch employed Di LOllO‘S (evg., Di
Lollo, . 1980) variant of the temporal‘1ntegrat:on of- form
procedure (Er1cksen and Collins, 1967) In Exper1ment 1,
five condxtlons, dlstxngulshed on. the basis of the 1nten91ty
.of the f1rst-of two sequent1al‘dxsplays (D1), were employed.
F.W1th1n cond1t10ns, the 1ndependent varzable was the

1ntensrtg. f the second dzsplay (D2). It was: found that the

duration‘of i 1ble persistence. measured from D1 was

_ determined‘by the 1ntensitytof DZ Under a frxed‘stlmuius
.onset asynchrony (SOA) more errors were made w1th1n
condxtlons as the 1ntens1ty of the second d1sp1ay was

1dcreased The d1££erences 1n performance observed 1n th1s

"experlment suggest that the second d1splay had an’ actlve
» g / LI
role in determ1n1ng the measurement of v1slble pers1stence
/
that ‘was obtalned by the 1ntegf€f1on procedure. In the

]
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second experiment, three dzsplays (1~J2 and 3° v1sual angle)

were combined with fxve SOAs. At a g1ven SOA, the number of
errors made‘by observers depended.upon the 51ze'of the

display. Specxfxcally, for‘smalrer interpoint distances,
‘more ercors werée made in the 1ntegrat1on task. This |
dependence of!performance on. 1nterpo1nt d1stances, as , B
opposed to SOA, agaln suggested that the second_dzsplay had
an active role\1n determxnxng the measurement of V151ble

\ n

pers1stence that was- obta1ned in the experimen®. The results

\

;of both,experzmengs_are-dlscussed in the context*of two

o

closely ‘related hypothesesl Notabiy, these hypotheses may

‘provfde aﬁﬁaSis'fOr‘explaining why opposing functional

relatlons can be obta1ned when dxfferent procedures are used

to examlne the effects of stxmulus intensity on the duratlon‘

of vx51ble persxstence. In this respect,- an Alternatlve

accouﬂt/pf the relat1dn betWEen these varlables is g1ven 1n

A

2.

the General Da.scussmn| | - o = v
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' visual process1ng. - oo u»,'”’

)

- 1nh1b1tory 1nteractzons between neural channels 1s Lo

- A

S AR o
- I. Introduction

. . “ ' ' : . [N
| . ' . r . ¢ . . ' -
L3
'

visible persistence refers t0'the‘experience that a

brlefly presented phOth st1mulus cont1nues to be v151ble K

after 1ts termination. szxble per51stence is. e11c1ted by

‘1ncrements in lum1nance (e g., onsets of stlmulatlon) and

N

-‘COntxnues for a perxod of tlme that 1s 1nversely related to

the,duratlon of the }nducxng dxsplay (cf,, Coltheart, 1980)

\

dxstxngulshed from a retlnal afterlmage, the duratlon of
which is d1rectly related to-the duratlon of the d1§play

from whxch,lt lS produced (Alpern and Barr, 1962). 'j

A It has been suggested that v1sxb1e per51stence

'
» '

represents neural act1v1ty engaged in -an early stage of

' ) 3

visual processzng (D1 Lollo, 1980). On thlS v1ew,'the
( " :

Qdurat1on of v151ble per51stence represents ‘a per1od dur1ng

[

whlch features of a v1sual dxsplay are. actlvely be1ng

encoded Therefore, measures of the duration of v151ble

N

on the‘basis ofjthisirelation visible persiStence'can be i

persxstence are akxn to measures of the tlme requzred by the |

v1sual system to complete a: prellmxnar§ stage’ 1n the ‘,¥

]

encodxng process.vBy thxs ‘same l1ne of reasonxng, then &h

.

1dent1£1cat1on of the factors that modulate v1sxhﬁe

\

N
ors that can control the temporal durat1on of early‘

»

fa

,'s '

w

thxs theszs. In part1cular, ‘an hypothes1s based on

'l \

. R Lo ' i
e . L T N

ot o LS 2R ) 1 C v
. . . v o N oo e L ) PN . .

'pe§51stence m1ght be con51dered as an 1dent1f1cat1on of the i

The suppress1on of v151b1e pers1stence~1s cons1dered 1n.

|



. developed, which is inténded to account for the suppression
of vfsibie persistence as determined by iftensity relations
between induqing stjmuli.l |

The focus on intensity relations between i%éucing
stimuli distinguiFhes the §resen§ work from earlier
investigations of factors that may influence the duration of.
visible peﬁsistence. For example,”suppression of b}gible'
persistence has been investigated,. but the major: variable
studied in eérlier work was tqe spatial Eélationship between
inducing ﬁtimuli (e.g., Di Lollo and Hogben, 1985,1986). The
present research, then, extends this line of research by
examining another facgor.that may be important in qausipg
the suppression of visible pefsistence.

An aim offthe'thesis was to develop a basis for
explaining the perplexing observations that the duration of
visible persistence is direc:ly-:efated to stimulus
inteqsity in some cases (c.f:, Long, 19880), and invefsely
related to stimulus intensity in others «(c.f., Colthéart,
1980). The ;nhibition‘hypothesis deQeléped in this thesis is
intended to provide a basis for explaining hbw these two
gpposing relafions may be found when, pfeSumébly, only a
sing}egperbeﬁfual phenomenon (i.e., visible persistence) is

beingWStudiedf"

1 .)\‘ Ll

.,
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A. Contents of the,ThesJL

In developing the inhibition hypothesis, the thesis
takes the following fo;m. First, a more detailed description
of visible éersisﬁence is presented. In this sectign,
visible persistence is identified as a product of processing
activity in the visual system, and the major assumptions
.about visible persistence held in this thesis are
delineated.. Next, several paradigms used to measure the
duration of visible persistence are discussed. Tﬁe point of
this discussion is'to.illustrate that, under comparable
viewing conditions, edtimates\of the duration of visible
persistence may vary quite significantly-befween methods.
More importantly, it wili be seen that the functional
fela;ion between the intensity of an inducing stimulus and
the duration of visible persistence produced by that
stimulus, appears to degend onn which method is employed in
obtaining the measure.

The thesis continues with a review of several studies
in which the duration of visible persisteﬁce was measured as .
a function of stimulus intensity. These studies were chosen
because they all‘employed the integration-of-form method
(discussed later) to heasure visible persistence. Long
(1985) recently suggested that the integfation method may
measure a different type of.visible persisfence than is
measured Sy other‘experiménta% procedures. Long's (1985)

argumen£ stems lafgely from the observation that results

from several studies employing‘the.integration technique - '



indicate that.a direct relation exists between the inténsify
of the inducing stimulus and the duration of its visibleh
persistence (Long, 1980). When other paradigms arelused, an
inverse Felation‘between these variables is typically found
(c.f., Coltheart, 1980). |

Thelrationale for Long's (1980,1985) controversial
suggestion (see Irwin and Yeomans, 1986),will be discussed,
and the major criticims of the view’that different types.of
visible pgrsistence are meaSQred under diffefent
experimen£al settings will be addressed. It ,may be noted
that Long's (1985) érguments will be supported, but his
conclusions will be rejected.

The Introduction concludes with a proposal of ho;

. inhibition of visible persistence explains why a direct
rel§tion between stimulus intensity and the duration of
visible persistehce appears to obtain when temporél
integration ‘%ocedures are used.

In the second chapter of this thesis, the inhibition
hypothesis is developed. The hypothesis is based on a model
of visual masking developed by.Breitmeyer and Ganz (1876).
Accordingly, the maior tenets of Breitmeyer ard Ganz's“
(1976) model will be discussed, and the additional
assumptions that are necessary toyadapt the | o
‘Jinterchannel-inhibition modelx(Breitmeyer and Ganz,,f976) to
account for the suppression of visible persistence are

presented. At the end of Chapter 2, some predictions about

':performance in an integration task, derived from the

+ .



inhibition hypothesis, are presented.

Chapters 3. and 4 aré reports of experimentE that wefe
conducted to test a prediction derived from the inhibition
hypothesis. In Expériment,1,‘performénce was measured as a
gunqtion‘pf intensity :élations between test stimuli. In the
\second experiﬁent (Chapter 4), performance was measured as a
function of progimity relations-beﬁween test stimuli. This
latter mqn;pulation had been embloyed previéuély (Di Lollo
aﬁd Hogben, 1986). However, the spatial separatiens uséaﬂzh
Experiment 2 were largef'than the separaiions usé? in
previdQé research. | )

In the Genefal Discussion,ﬂthe results ok the
experiments reported in this thesis.are hriefly reviewed.
Foilowiﬁg th{s, a discussion abéut the relation between
stimulus intensity and duration of visible persistehce is
presentéd. In two independent reviews of the same

‘ literature, opposing conclusions have been' reached

concerning the functiohal relation between these variables

(see Coltheart, 1980, and Long, 1980). For example Coltheart

-~ (1980) concluded that the duration of the visible

.persistence is inversely related to stimulus intensity,’
while Long (1980) concluded that a direct relation exists

between stimulus intensity and duration of visible
'persistence.‘The theq}s'concludes with an alternative
suggestion about the relation between these variables, that

may account for how measurements of the duration of visible

L)

‘persistence can be directly related to stimulus intensity in

'
\



spme cases, and inversely related in others.

!
B. Visible Persistence

ti ' ]

The ﬁollowiﬁblview of visible persistence is based on
Di Lollo's concé fﬁal developments, and much“of what is
stated below“i}tédabted from Di Lollo's previoﬁé'wérk (e.qg.,
. Di Lollo, 1980;rDi Lollo and Bourassa, 1983; Di Loilo and
Hogben, 1986). '

In thi; thesis it is assumed that visible-persistence
'representé neural activity engaged in‘aﬁ.éarlyfphase of
visuallprocessing. It is beNeved thatythe role 6f this
activity is to encode information about a novel visual
event, and thatIVisible persiétence‘is-a by—producs of ‘the
encoding activity. Congruently; the onset of visible
persistence is assuméd to be time-locked to the onset of an
inducing stimulus. Once initiated, it is assumed that
visihle persistence wiil contiqﬁe for é feiétively fixed
duration.ibrovided that normal encoding is not impéded, the
minimal duration of'thé processing phase has beeﬁ,estiﬁated
at 100-150 ‘ms (Di Lollo and Hogbed} 1986). )

Coltheart (1980) has feviewed 4. large body of evidénce
that ngggsts‘that visible persistence can be regarded as
"the prbéﬁcf of a neural response, but that‘visib}eva
per;istencé is n6£“;;m§1y produ;éd Ey retinal éctivitj,”F6r “
é;ample;‘ﬁumerozs investigations have dehonétraﬁed;that the

. ‘ . _ .
duration of visible persistence is inversely related to the

duratiphfbf‘thé inducing display (e.g., éowen,‘?gia and

g
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Matin, 1974; Efroh 1970 Dx Lollo, 1980).&Of codrse,'this’
partlcular relat1on would be expected 1f v1sxble persxstence
was a response of flnlte duratxon and was 1n1t1ated shortly
after the onSet of the inducing dxsplay (Dx Lollo, 1980).
e | - T T
C. Measurement of szxbfe Persxstence o ":§—~f—‘
Measurements of the dnzft1on ofmvxsxble persxstenoe E?Y/;
he‘made using a variety of. exper?WentaL.parldlgms (for.i
reviews of these methods, see Colthea;£:2}§80‘and Long,
1980). Regardless of the paradigm employed, the inverse

relation between the duration of the fndueing‘display and

the duration of the display's-visible'pefsistence is

4 e— —— 4

e

reliably obtained‘(erg., Bowen et.al., 197éi”§abeg and
Standing,»1970; Di Lollo, 1980). Where thé“effecrs.of
disblay intenSity are investigated, however, the resultant
effects upon the duration of visible per51stence have been
characterlzed by an 1nverse relatlon (Bowen et.al., 1974), .
by no relat1on (D1 Lollo anq Bourassa, 1983) and in some
cases, by a direct relatlon éKlnnucan and Frxden, 1981).
Importantly, the d1versxty of effects of dxsplay
intensity are almost exclusively observed when the duratlon-

isible per51stence is measured using temporal ‘ hﬁa

'atzon techn1ques (Er1cksen and Collxns, 1967 1968)

This echnxque 1nvolves the presentat1on of succigsxve : :
‘ | % | .
» which, when v1ewed alone, conta1n no meanxngful

displa

1n£ormatxon When the d1splay halves are presented in close
&

atemporal success1on, howewer, a unltary d1sp1ay conta1n1ng

-c,-' f
o
-



the integration task with relat1ve ease. Tbe duration of

&perﬂormance will not fall below some arbitrary criteriom

9 . $ :
1nformatxon not ev1dent within exther dlsplay half may be

.'~, ! ry\ N & ‘ T ' ‘ 8 '

perceived. qum thzs unxtary percept the observer may be

asked to 1dent1fy a nonsense syllable (e. g. Erxcksen and

Collins, 1967 1968), or. perhaps, to 1dent1fy the location of

.'a missxng‘dlsplay element (e.g. Hogben and. D1 Lollo,‘1974){

It should be clear how thxs method can be used to

-y —

measure the duratlon of visible persxstence. Present the

e ——

first dzsplay'(Dl) and after ~songe interstimulus interval

(ISI) present the second dxsplay (D2). If the duration of

visible persistence from D1 is sufficiently long, it will

bridge the otherwise blank ISI, creating some degree of
perCeived continuity between diSplays.‘If D1 persists so_
long as to overlap in appearance w1th D2, then the observer

w111 see a compos1te dxsplay, and w111 be able to perform

Y

A s K

v1sxb1e‘pers1stence as inferred by this technique is equal

to the maxium, stimulus onset asynchrony (soA) under which

\-

level: Estimates obtained using this.procedure may range

‘from about 50 ms (D1 Lollo ané Hogben, 1986) to 200 ms (Di

Lollo and Bourassa, 1983) depend1ng on factors such as the .

- R

o dlstance between 1nduc1ng st1mu11.

—

These expetlmental cond1t1ons can be contrasted to

'those used in other paradxgms 1ntended to measure the -

&a

duratlon of v151b1e per51stence._For example, in a "Choice:

‘ndxspIay s presented. In the former case, the observe; 1s

4

React1on-T1me , or in a "Probe-Matchlng_ task only a. sxngle

ot



: requxred to make some response (e. g., ‘\kul press) to
indicate the phenomenal d1sappearance of the test dxsplay
(Brxggs and Klnsbourne 1972) Durat1on of ‘persistence is’

. then 1nferred as the t1me from the phy51cal offset of the
d»splay to the‘txme of the observer s response, munus gome. RN
constant duratlon to allow for reSponse_executron.pIn the

‘probe—matching task, the‘observer adjusts the onset;of a

o probe stimulus (such as a cllck) to coincide thh the

h\ henomenal appearance and d1sappearance of the dlsplay
3&£ron, 19707"The duratlon of persxstence ‘as measured usxng
this technxque ‘ig taken as the 1nter c11ck 1nterval whxch

N ‘
, has been measured from 130 to 200 'ms, (Efron, 1970, Haber and

Standing, 1970). 2

| “Phenohenal Continuity" is another method used to.
measure the duration of v1sxble persxstence (e. 9., Marx and .
May,. 1983). Thls technlque 1nvolves the repet1t1ve
presentatlon of a sxngle dxsplay and blank 1nterst1@ulus
1nterva1 (ISI) The observer s task in this method is to-
ad]ust the durat1on of the ISI SO that ‘the dxsplay appears
to be cont1nuously present’. Of course, the duratxon of the‘
1SI at which the" 1nterm1ttent d1sp1ay appears to be i- o
contxnuously present 1s used as a:w1nd1cator of tﬁéitlme for!

wh1ch the d1splay v1s1b1y p r51sts. By th1s procedure, the'-
duratlon of v1s1b1e pers1sé£nce has been estlmated to last

L 200 to 300 ms (Haber and Stand1ng, 1969 Marx and May, .i”.,

1983)
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® ‘ ,
Measures of visible persistence obtained using these
procedures differ in. important‘ways from measures obtained

us1ng the temporél 1ntegratxon paradxgm. For example, the
durat1on of v1sxble per51stence is 1nversely related to
‘dlsplay 1ntens1ty ‘when measured u51ng reactzon time,

probe matching or phenomenal cont1nu1ty technlques (c. f., ,

Coltheart 1980). Uszng 1ntegrat10n procedures, the duratxon‘

of v1szble per51stence has been found to bear no relation
(e g., Di Lollo and Bourassa, 1983), or to be d1rectly

related to st}mulus 1ntens1ty (Kznnucan and Frxden, 1981)

Also, under é mparable v1ew1ng cond1t1ons, all three of the .
dmethods descrfbéd—abovg yleld longer est1mates of the ‘

.duration\of visible pér51stence*than‘are obtaxned usrng
temporal lntegration«methods (Coltheart, 1980).'Considering

'thﬁse findings,‘the effeéts of;stimulus'intensity observed
under the 1ntegrat10n paradlgm deserve further study. It is-

»*

:.not clear why the robust 1nverseQ1ntensxty effect is not

a

_ observed when - 1ntegrat10n procedures are used. Indeed ., the

——

ﬂ%bsence of 1nverse 1ntensity effects in stud1es employxng
:temporal~1ntegratlon procedures has prompted Long (1985) to
‘ suggest that 1ntegratlon procedures may be measur1ng a‘[
rdldlfferent type of vxslble per51stence. Th1s is- a somewhat
l‘fcontroversxal suggest1on (see qu1n and Yeomans,‘1986) that
(‘w1ll be consxdered 1n more deta11 later. o T
'" Another matter that deserves cons1derat1on is. that i
Tunder certalg spat1o-temporal cond1t1ons, estlmates of the

‘dduratlon of v1s1b1e pers1stence obtalned usxng temporal

R
e

[\
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1ntegration procedures are much shorter than eStlmates
obtalned u51ng other experlmental procedures (e g., Di Lollo

and Hogben, .'1986). This finding may 1nd1cate that vxsxble

persxstence is "suppressged, possxbly by mechanxsms that are

]

(

«actlyated under,the con ytxons~used in the 1ntegrat10n
- -procedure. Of course, 1nformat1on leadxng to the

1dent1f1catxon of such mechanxsms would be of value; since..r
factors that may suppress vxszble persxstence ‘have only
recently begun‘towbe 1dent1f1ed.

" In the”next Section;ia number of studiés are rerieﬁedt
Temporal 1ntegratxon procedures were employed in each of
these studies to measure the - effectslof stimulus 1ntens1ty
on the duratéon of" vzslble pers1stence. In each case, a RN
weak but reliable effect of 1ntensz\y was'observed- Namely,
performance in an integration task seemed to be enhanéed if

A

the 1nten51ty of the first dlsplay was greater than that of-

——

the second The 1mp11catlons of thls f1nd1ng will be-

con51dered after the followxng rev1ew. -
« \ <

§

D. Effects of Dzsplay Lumznance.f
| In the or1gxnal study usﬁng the temporal 1ntegrat10n
| method Er1cksen and Coll1ns (1967) 1nvest1gated'fhe effects
— of st1mu1us 1ntens1ty on performance of the 1ntegrat1on dt “
task Intens1ty was manxpulated inthis experzment by
present1ng D1 or D2 for a longer per1od than 1ts

' counterpart. Thus,,by Bloch s law, the energy of the longer

durat1on d1splay would be greater, and would therefore N



,constxtute more 1ntense stlmulatlon. Erlcksen and Colllns
’found when. D1M3as the longer d1splay, performance remalned
quite hxgh although a decrea51ng trend in performance was
"observed as the duratlon of the first display 1ncreased On“
the other hand as: the duratxon of D2 1ncreased performance
of the 1ntegratlon task decl1ned rap1dly |

on the- ba51s of these results, Ef&cksen and Coll1ns‘ ;

\

(1967) concluded that dlfferences in the 1ntens1t1es of the
two dzsplays unequxvocally 1nterfere‘w1th the 1ntegratlon‘
process. Performance decl1ned (albe1t gradually) as the-
“antens1ty of D1 became progre551vely greater than that of
',D2,uand performance declined rapidly as the intensity of D2
‘became increasingly,greater than that‘of DI. ¢ |

. Some cautlon is ‘in order when 1nterpret1ng these
'results, however. As noted by Er1cksen and Collxns (1968)
‘xnten51ty differences in thxs experlment were confounded
‘w1th dlfferences in stzmulus onset asynchrony SOA). In

p

-fa1rness to Er1cksen and. Collzns; ISI -- net A -- was of

‘cr1t1ca1 1mportance h1th respect to the hypothe51s they were
test1ng Yet, ‘in cons1der1ng Low the confound1ng of SOA. and
d1sp1ay 1nten51ty‘affects the 1J€;rpretat1on‘of‘these data
3‘based on the 1nvolvement of vxslble persxstence, the | |
:confoundzng becomes of cr1t1ca1 1mportance.

The gradual decl1ne in performance assoc1ated w1th the )

“‘1ncrea51ng durat1ons of D1 should be con51dered f1rst. ‘In

istud1es that followed the or1g1nal exper1ment by Erlcksen o
'

‘Xhand Collxns. 1t was establ1shed that performance in a



integration task declines rapxdly as’ .the. duratxon of the
1ead1ng dxsplay increases (e. g., Di Lollo and Bourassa,- :
1983) Importantly, 1n these stud;es care was taken to match

A\

‘ the br1ghtness of the longer flrst dxsplay to that of the | ‘\
shorter second dlsplay It is possxble, theén, that'the -
gradual declxne in performance observed by Erlcksen and
,Coll1ns (1967) was in part attr1butable to having a brxght.

‘dlsplay precede’a dim’ d1splay Presumably,,uf Erxcksen and

- Colllns had matched the brxghtnesses of the two dlsplays,‘

‘they may have observed a more rapld decline in performance

as the durat1on of the flrst dlsplay was 1ncreased lxke

i
y

that observed in, subsequent studles (el g., Di Lollo and
‘Bourassa,‘1983). This suggests that contrary to d1srupt1ng'l
performanoe of the integration task the brighter leading
d1splay may have 1n fact fac111tated performance in Erxcksen
and" Collxns's (1967) study. o o 1 ,' o ._;:
Other . ev1dence exlsts that 1nd1cates that performance

o
. in an 1ntegratxon task may be fac1l1tated by hav1ng a

brighter dlsplay precede a dlmmer dzsplay. For example, Di
Lollo and Bourassa (1983) conducted an exper1ment in wh1ch
'the 1nten51ty of the f1rst d1splay was, greater than that of
the'secon (Di Lollo and Bourassa, 1983 Experlment 2) The
‘“'1ntens1ty dlfference 1n thls exper1ment was. 1ntroduced by an’
.1nten51f1cat1on of the elements 1n D1 whxch oc%yrred 20 ms
prlor to the of fset of th1s dxsplay _Hnder thls

E manzpulatxon, the decl1ne 1n performance obta1ned as the
5duratlon of D1 1ncreased was much more gradual than when a f

vp!":‘:‘ o
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longer dnration ‘but intenslty—correCted display vas
lpresented first. For example, in the ‘non- 1nten51f1ed
condltxon, observers averébed about 50 percent correct
performance of the task at an SOA of 200 ms. When the final
2 O ms of D1 was 1ntens1f1ed observers were only 1ncorrectll
on approxlmately 15 percent of the trxals at an SOA of 200

. / s .
ms. f ‘. -

" The effect obtalned by D1 Lollo and Bourassa (1983) can
1argely ‘be attrxbuted to a new lease of per51stence 1nduced
by the sudden 1nten51f1catxon of dots in the. leadzng |
dxsplay. However, 'the 1nten51ty d1fference cr@ated by th1s
manxpulatlon may have contrlbuted to the malntenance of 'the
h1gh levels of performance that were obserwed For example,
while 1ntens1f1catlon of'Dl certaxnly produced a new period
of visible persistence,;it is possible that the duration of
thzs pers1stence was not solely determined by the size of
the 1ncrement in the lumrnance of the dzsplay. In thxs
respect,‘the new lease of persxstence reported, by Di Lollo
and Bourassa mlght have been of shorter durat1on had the *
1nten51ty of D2 been matched to the 1ntens1f1ed port1on of
| D1, rather than to the or1g1nal 1ntens1ty of the lead1ng
~ display. Consequently, the new lease of per51stence that 1sf
‘dgenerated by a lum1nance 1ncrement 1s probably of’somewhat o
shorter. durat1on than was reported by D1 Lollo and Bourassa o
1,'};(1983) - h S '

Clearly, to 1solate the effects of an 1ntens1ty "‘;,»

- .
a -

”»hm1smatch 1t 1s necessary to unconfound d1fferences 1h
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~intensity and differences in SOA. Furthermore, it_ls

1ncrements in the 1ntens1ty of an exlsxtxng dxsplay
. These condxtlons were satxsf;ed in two temporal

ﬂtLtegratxon studies. Havxng noted the confoundxng of SOA
cwith 1nten51ty d1fferehces Erlcksen and Collxns (1968)
performed a second exper1ment to: 1nvest1gate the effects of
‘presentxng dxsplays of dxfferent 1ntensxt1es on performance
_of their 1ntegratzon task. In thxs study, durations of the
lead1ng and traxlxng dlsplays were both six ms. ISI varzed

lfrom 0 to 100 ms in 25 ms steps, and three dlsplay

1nten51t1es equal to 1 -2 and 5 mL' (roughly 3.5, 7.0, and "

the poorest levels of performance occurred when' the

dlfference between dlsplay 1ntensxt1es was greatest, and
Athat an 1mpa1rment was ev1dent regardless of the orderﬂ:n
which d1splay 1nten51t1es were palred That 1s, across thef
7rangeoéﬁ§pAs tested the worst levels:of performance
occurred when ab mL d1splay was presented.thh a 1 mL
dlsplay, regardless of the 1um1nance order. However, 1tvls

‘poss1b1e that performance was poorer when a weak dlsplay was

1nvolved in the task ow1ng 51mply to a. d1ff1culty 1n seexng

-

"'that d1splay..For example, 1f observers could not. do the

v,1dent1f1cat10n task when .a complete dxsplay was presented

then perhaps they had some d1ff1cu1ty 1n see1ng thatd

fd1splay. If th1s were the case, then the low levels of

'Hperformance that wene observed when the 5 mL d1splay was

-
——

: ‘ . ‘ L
necessaryfto produce‘intensity differenoes withOut producing

)

17.5 Cd/mz respectlvely) were USed It'was regorted that -~
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;M'paired with the 1 mL dxsplay may not have been caused by the

rightness difference, but, more simply, by/ihe observer's:
".‘. N ' / e

%ﬂ1nabxlxty to see the weaklx xllumxnated part of the display.
o .

ﬁ§@3 Another poxnt to be made is that performance was always

“better 1nlthe mismatch conditions when the leadxng dxsplay
was, more intense ‘than the trailing display. That is,
per ormance 1n the 5~l and 5~2 mL conditions was better than
performance in the l~5 and 2-5 mL condxtlons except when
- the dxsplays were oresented sxmultaneously (i.e., SOA=0).
Thxs fxndxng 1s not readlly accounted for by postulating
that br;ghtﬂgssrd1fferenCes between dlsplays 1mpa1rs .__‘

temporal 1ntegrat10n because the br;ghtness dlfference does

ta '

not change as a functxon of the order 1n which the displays
are presented. : g . |

On the basis that performance of the integration task

~was lower overall in the mismatched conditions, Ericksen and

-

. 7
Cdﬁlins concluded-that intensity differengéﬁﬁgetween display
halves act to disrupt the 1ntegrat10n pro g&

More recently, Kinnucan and Friden (1981) re- examxned

the effects of presentlng displays of dxfferent intensities
on performance in an integration task, but concluded that

br1ghtness dlfferences between dlsplay halves do not

unequxvocally 1nter£ere with 1ntegrat10n processes. K1nnucan

and Frxden (1981) employed Di Lollo's variant of the

"'1ntegratxon of form method (e.g., Hogben and Di Lollo,

1

874) Briefly described, this method involves the

-

pteﬁbntatxon of two dxsylays, each’ cohtainimg 12 elements-

) R ' -
!\ . . .

£ P -

b .8
: R |
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The elements’are randomly distributed within a square
viewing region. Ae a whole, the two displays form a regular
(square) 5X5 matrix from which | element isﬁmissing. The
observer's task is to specify the coordinates of the matrix
1ocetion that did not contain a dot on a wgiven trial. Of‘ ;
course, the locetion of the eﬁpty cell is randomly assigned
from one trial to the next. |

Using this procedure, Kinnucan and Friden (1981)
measured performance under four intensity~pair condipions.
In the bright-dim (BD) condition, al40.9 mL (130.1 cd/m?)
leading'displéy was paired with a 2.8 mL (8;9 cd/m?)
trailing display. The second intensity condition (dim-bright
or DB) involved the same luminance diffe:ences as the first,
but the weak.display preceded the more intehse§display. In
the remaining conditions, beth displays were,presented at
the -higher (BB) or lower (DD) intensity level. Durations of
the displays were 30 ms each. SOA was varied within ° |
intensity conditione‘and renged from 50 to 80 ms in 10 ms
steps. Kinnucan aﬁd Friden (1981) reported that the lowest

. :

levels of performance occurred when the weak display
preceded theqmerenintense one. Contrary to the results
obta;ned by érickéen and Collins (1968), the best overall
performance in Kinnucan and Friden's (1981) study occurred
when the intense. displaf preceded the weaker‘display.
Performance in the BB and DD conditions was much the same

accross the entzre range of SOA's tested, w1th the level of

performance under these cond1t1ons £a111ng between levels
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obtained under the two intensity-mismatch conditions. At the
two longer'SOAs, nowever; Kinnucan,and Friden reported that
the d1fference between the BB and DD conditions was _m
51gn1f1cant. gpec1f;cally, performance in the BB condition |
was superior to performance in the DD condltlon.

. Kinnucan and Friden (1981) concluded that differences
in display intensities did not unequivocally interfere with
integration processes in their study. Ih fact, these
‘investigators demonstrated a facilitation of performance
when a brighter display preceded a dimmer display, and a

, impairment of performance when this lumrnance order was

reversed.

E. A Summary and Discussion - . .

In summary, evidence from several integration studies
indicates that better performance.may be obtained when the
- first display,is more intense than the second. This was

apparent in the results reported by Ericksen and Collins

(1967,1968), 'and by Di Lollo and Bourassa (1983), and was

" clearly evidentwin the study by Kinnucan and Briden,(1981).
. xImportantly) an interpretationlof thie result might be
that visible persistence elicited by brighter displays-is of
longer duration. Stated otherwise; this result might be

'mterpreted as ev1dence that the duration of *s1ble
persistence_is directly related to: stxmulus intensity. Thxs

interpretation has'been adopted by- Long (1980, 1985), who

additionally contends that thetfpelof visible pégE1stenCe
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‘measured using integration techhiqués is different from the

type measured using other experimental procedures;

'The rationale for Long's (1985) contention is Quite

simple. Assuming that longer durations of visible
- persistence underlie better performance, then results from

'studies like those cited above suggest,that more intense

displays generate longer periods of visible persistence. -

Further, if intensification of the stimulus increases the

duration of its visible persistence; then the duration of.

. A . ol ‘ C L
this type of persistence is directly related to stimulus

~intensity. As noted earlier, when other paradigms are used

to measure visible persistence, an inverse relation_bétween
the duration of visible persistence and the intensity of the

inducing stimulus is obtained. Consequently, because

'differeht_functional relations obtain between stimulus_ -

inténsity and the duration of visible persistence, Long
(1985) Ssuggests different types of visible persistence are
being measured"in the different'experimental settings.

Of course, the important assumption in Long's (1985)

_ proposal is that better performance in an integration task

requires thé; é longer duration of visible peréistence is
eIicited by fhewléading aisﬁlay.'HoweQer,‘as,pointed out by
Bowl1ng and Lovegrove (1982), and reiterated by'Irwin and
Yeomans (1986) ‘this assumption may be unwarranted~

For example, Bowlxng and,Lovegrove (1982) suggested
that brlghter leading displays may fac111tate performance on

thé‘aas1s of 1mproved v1s1b11ty rather than by genetat1ng

.
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longer periods of visible persistence::According to these - N
investigators, the improved visiblity of the display might |
act to enhance "other cues" that would facilitate
performance'in the integration task fBowling and Lovegrove,
1982) . ’ :

One problem with this argument is that it is unclear
what the "other cues” might be. More importantly, however,
*1f one assumes that the duration of v151ble persistence is—
- inversely related to stimulus inten51ty, then enhanc1ng the

viSibility of D! by increasing its intensity should lead to

~declines - not gains -~ in performance of the 1ntegration

task.

The. reasoning for thia expectation is as follows. 'If it N
'is.assumedxthat longer periods ol perceptual integration ‘
produce hetter performance in the integration task, then any
manipulation that would reduce or eliminate the period of |

A}

"integration .should 1mpa1r performance. For example, when SOA

1§ increaaed in. an integration task, performance declines

(e.q., bi‘Lollo and Bourassa;‘1983; Kinnucan and Friden,

1981); ot course, as SOA increases, there is a decline“in .
the time for which perceptual integration can take place,

because the temporal overlap of‘the'responaes mediating

"v151ble éer51stence produced by DI and DZ declines with B S
'1ncreases in SOA. In th1s respect, there is a clear relation

u‘between performance and the amount of time"for which, D1 and f o

‘D2 are perceptuallylintegrated.

- S



Now, if the duration of viSible perSistence is
inversely related to stimulus intensity, an intensdfication
of D1 shouid serve to reduce the duration of the integration
perxod because the absolute duration of v1sxble persxstence
elxcxted by D1 w111 be reduced as a function of the
1ntensxf1cat10n. In this respect 1t would_seem that if

1mproved vxsxbllxty of Dl facxlltated performance 1n the
integration task it would do so only 1f the more vaéxble
dlsplay v1szbly-persnsted for a longer duratlon; Of course,

~ this is what Long (1985) suggests. |
| Although Long's (1985) reasonlng seems to be valxd ' his
conclusion that brighter displays produce longer durations.

. of visible‘persistenee is probably‘overstatedi More ‘

'?‘specifically,’it isfagreed that, at e,giﬁendspA,ylonger

dﬁrations of visible persistenCe will facilitate performance

of the. 1ntegrat10n task by prov1d1ng longer per1ods of

perceptual 1ntegrat10n However, one must make a d1st1nct1on

between the conclusxon that: brxghter d1splays produce longerf

~absolute durat1ons of visible pers1stencedland the
alternative opt1on, that a longer portlon of the v1s1ble
pers1stence el1c1ted by br1ghter d1sp1ays may be ava1lable~
to the observer under certaxn test cond1t1ons. “ |

—_ - In other words, there are two ways in wh1chf

1ntens1f1cat1on of Dl could 1ncrease ‘the per1od for whxch D1

and Dz ‘are perceptually 1ntegrated As Long (1985) suggests,‘

1ntens1f1cat1on of D1 may s1mply 1ncrease the - length of txme

“for whzch D1 vis1b1y perszsts. Thxs means ‘the total (i e.,ldk

¢ : \/‘
,/' ‘ /

. X ' Lot - o o e



“unlmpeded) duratxon of vxs1ble&pers1stende elxclted by “- p . ~
bright displays would be longer than that produced by dlm

dxsplays Thus,'xf we presented a brlght stlmulus and a dxm
stxmulus at the same time and for the same duratxon we o ~
‘_would exé?ct the dim stimulus to dlsappear from view sooner,{'
because it vxslbly persxsted for a shorter total duratlon. ;
Of course, an immediate d1ff1cu1ty for Long s (1980 1985) i
-uproposal is that when procedures y1eld1ng a measure of the’ z
total duratxon of v1sxb1e per51stence are used (e.qg., when

" observers must respond to the onset and dxsappearance of the
test st1mu1us) a robust 1nverse relat10n is observed

‘between stimulus 1nten51ty and the duration of vxslble \

'perszstence.¢ T
Alternatively,~intensificationjof D1‘may increaseethe
per1od of perceptual 1ntegrat1on because a longer portxon of
the visible perszstence e11c1ted by. the 1ntens1f1ed lead1ng
| display may be available for 1ntegrat1on w1th Dz Thxs |
opt1on 1ntroduces the 1mpor€ance of the second dlsplay in: e
‘determxnlng the durat1on of. v1s1ble pers1stence e11c1ted by
'DI that is. measured by 1ntegrat1on procedures. _
To 1llustrate th1s, consxder the results reported by T
-gK1nnucan and Frlden (1981) K1nnucan and Frlden (1981)
fobseﬂjéd that the best performance 1n the1r study occurred
\tzn a condit1on 1n whlch‘D1 was br1ghter than D2 (the BD |
‘condltlon) Importantly, performance 1n thls condxtlon could
" be compared to performance 1n another condlt1on that had ‘an f”'h
3;1dent1cal leadxng dlsplqy (the BB cond1tzon) But, compared‘

TLLa L
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.aat‘each SOA'tested Kinnucan and Friden‘(1981) found that
performance 'in the BD condltxon was sxgnxfxcantly better
B than performance 'in the BB condxtxoﬂ—— | \ .
As 1dentxcal %eadxng dxsplays were used in these
conaltxons; the dlfference in performance between condxtxons.
.could not be attr1butable to dlfferences in the duratxon of
vxsxble per51stence ellcited by the leadxng dxsplays.
'Rather, it seems that what Kinnucan and Frlden (1981)
{measured were ﬁxfferent pgrt1oﬁs of the v1sxble persxstence
that was e11c1ted by the™ 1dent1ca1 leading dlsplays. In this
sense, a longer portion. of the response was‘avallable‘xn\the

BD cond1t1on, and a shorter portlon of the response was

n

~
—

ava1lable in the BB cond1t1on, as 1nd1cated by the
dlfferences'ln performance observed in the two cases.

' Thzs dependence of: performance on the 1ntensxty of DZ
suggests‘two th1ngs. Flrst D2 appears to‘modulate v1slble
per51stence e11c1ted by D1 under certa1n cond1t1ons.

: Spec1£1cally, 1t appears that 1ntense D25 may suppress
vr51ble per51stence e11c1ted by D1 more so than less 1ntense- "
D2s" (e. g., Kznnucan and Fr1den, 1981) Second the 1nfluence

of D2 1nd1cates that some: caut1on 1s requ1red when. maklng

conclus1ons about the functlonal relat1on between Stlmulus'

‘fg1ntens1ty and duratlon of vzslble pers1stence when

;,1ntegrat1on procedures are used to obtaln the measure of the

"ijresponse. Clearly, one: cannot conclude what the nature of

.oa

;thxs relatlon 1s when 1dent1ca1 test d1sp1ays produce

-dxfferent measures of v1s1ble persxstence.f

L a——
.i'
T Do [P O L. .

“‘I{‘f



:Importantly, inhibitory interactions‘betWeen D1 and ‘D2

may’ prov1de a ba51s for- explaxnxng how a d1rect relation

!

between st1mulus 1ntens1ty and the durat1on of vxsxble

persxstence may appear to exxst when the duratxon of vasxble

Y

persistence is measured using temporal 1ntegratlon

procedures. Of course, the modulation of the leading

display's visible persistenCe relies upon thé‘assUmption
that the second dlsplay in the 1ntegrat10n procedure can

'1nh1b1t neural responses med1at1ng v151ble pers1stence of
’ /]

the first drsplay; In the‘next chapter, a basis for_the
" suppression of visible persiStence that may occur in a
temporal integration task is propoSed"In the final chapter .

of the thesis; the functional relation between stl%ylus‘

1ntensxty and the duratlon of v151ble pers1stence will be

-’0
e

given further consideration.

.
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tlx An Inhxbxtxon based Account for the Suppressxon of
| : V151b1e Per51stence , |
In ‘the precedlng chapter, it has been suggested that -
vxsxble per51stence elxcted by a leadxng dlsplay (D1) may be
"suppressed by mechanlsms actxvated upon the presentatxon of
a second d1splay (D2). It is, suggested here that neural
responses e11c1ted by the presentatxOn of the second dxsplay
bmay act1very 1nh1b1t a neural response that 1s assumed to be't
'medxatxng the v1sxb1e per51stence of the fxrst d1splay It}
‘was noted in the last chapter that the degree of this
1nh1b1t1on mlght vary as a functxon of the 1ntensxty of the
- second dlsplay.‘In thls chapter,,an 1nh1b1txon based- account7
is developed to state how the suppressxon of vxslble
per51stence m1ght occur and how the degree of th1s;
“1nh1b1t1on may be, determlned by 1ntensxty relatxons between
D1 and D2. ‘, B
‘ A model for thls 1nh1b1t10n has been developed by

Bre;tmeyer and Ganz (1976) In thls respect ‘the present
1hypothes1s, although based ‘on psychophys1cal ev1dence
rey1ewed in the precedxng chapter,v1s dlscussed in terms of .
1nh1b1tory neural 1nteract10ns occurrlng between the ff -
-process1ng channels that ‘accord1ng to Bre1tmeyer and Ganz
b(1976) ,underl1e v1sua1'mask1ng._Thus, in develop1ng my

__hypothes1s, thxs chapter w111 contxnue in the follow1ng

' order. Flrst, a dlscuss1on of tran51ent" and susta1ned"

'channels (Bre1tmeyer and Ganz, 1976) xs presented The po1nti”4a

'nrof thlS dzscu551on is’ to 111ustrate the ba51c d1st1nctlons R

'~o,-

v o
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between these processing channels, and tonsuggest their
p0551ble relat1on to v151ble per51stence. leen th1s

background ‘an overview of Breitmeyer and Ganz's (1976)

11nterchannel 1nh1b1t10n model is provxded The poxnt of this

dlscu551on 1s to 1llustrate how 1nh1b1tory 1nteractxons

between tran51ent and susta1ned systems are characterxzed by

.Breltmeyer and Ganz (1976) Follow1ng th1s, some addltxonal

‘assumptions about the, 1nteract1ons that may occur between

tran81ent and susta1ned channels are outlxned These

\ addltlonal assumptlons are requlred 1n order to adapt the'

1nterchanne1 1nh1b1txon theory (Brletmeyer and Ganz, 1976)

to account for the suppress1on of vxs1ble persxstence.

"Fxnally, some predlctlons about performance in a temporal

‘integrat1on task, derived from the inhibition’ hypothesis

developed in ‘this chapter, are presented. o

»

fA Tran51ent and Sustaxned Channels

r

Two classes of cells have been 1dent1f1ed in the v1sual

systems of a number of spec1es of mammals by sxngle un%h
‘record1ng technlques. Accord1ng to Breltmeyer and Ganz

,‘.(1976) »the cells 1n these classes can be d1st1ngu1shed on

L,

_both anatom1ca1 and neurophys1olog1cal grounds.;

C——

- Brextmeyer and Ganz S class1f1catlon, "trans1ent" cells are:
'rcharacterlzed as hav1ng large receptlve f1elds, fast
~',conduct1on veloc1t1es,‘and short response latenc1es to

,fphotlc st1mulat1on. In these respects, trans1ent cells

?»‘exhlbxt propertles very sxmllar to "Y" cells, as descrlbed

B
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by Enroth- Cugell and Robson (1966) By comparlson
vsustalned" cells are characterxzed as hav1ng smaller,‘
‘recept1ve fields, slower conductlon velocxtles and. longer i
‘ response latenc1es. These characterxst1cs resemble those of
"X" cells 1n Enroth Cugell and ‘Robson’ s’ classxfxcatlon'
scheme.  7"¥. | I | S

] Ow1ng to. these ba51c d1fferences, it has been suggeSted
‘that trans1ent and sustazned cells underlle d;fferent types
~of analyses performed by the v1sual system Transxent)cells
are thought to be 1nvolved in the process1ng of low spatxal
frequency 1nformatxon and to sxgnal abrupt changes‘(elg.
;‘appearances and dlsappearances) 1n ‘the v1sual scene.’
_Sustaxned cells are belleved to- process the hlgher spat1al

frequency 1nformatxon about a stxmulus, and’ are thus

1mpl1cated ‘in: the proce551ng of attrlbutes such as stimulus

[
’

‘detail (Brextmeyer and Ganz 1976) ~ ‘.‘y -',“*’WW
‘ It has been suggested by some 1nvest1gators (e"g.,
lColtheart, 1980) that y}51ble pers1stence may be med1ated by:
act1v1ty 1n susta1ned channels. Thls view 1s consistent w1th
ithe observatxon that tran51ent and sustalned cells appear to
be 1nvolved 1n d1fferent aspects of early v1sua1 proce551ng.‘

However, process1ng w1th1n trans1ent and sustazned channe15‘ e

1s not 1ndependent Actlvxty ‘in trans1ent channels may

‘”"}nhlblt act1v1ty 1n sustalned channels and vxce versa

u(Bre1tmeyer and Ganz, 1976)
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dkB.InterchannéllInhibition'Theory: An»Overview'
Breitmeyer‘and‘Ganz (i976) have deQeloped a model.of‘
'cnlsual mask1ng based on 1nh1b1tory 1nteraqt1ons between
“transxent and sustaxned channels. An assumptlon of thxs‘
theory is that: upon the presentatlon of a novel visual “ o
event act1v1ty in both trans1ent and sustaxned prOcessxng |
'channels is 1nxt1ated An 1mportant tenet of the
1nterchannel 1nh1b1t10n n;del is that backward- masking may
wbe caused by trans1ent on- sustaxned 1nh1b1txon In backward
‘maskxng, perceptlon of the fxrst of two brxefly presented
'd1splays‘;s 1mpa1red by the presentatlon of the second
"d(c f., Welssteln 1972) The hypothetxcal bas1s for this
"1mpa1rment is that susta1ned activity produced by the fxrst,
‘just1mulus may be 1nh1b1ted by transient responses e11c1ted by
‘the second st1mulus (hreltmeyer and Ganz, 1976) -On the
I‘assumptlon that form 1nformat1oh is carr1ed in sustaxned 3
-‘channels, then, the. dlsrupt1on of sustained act1v1ty would
‘accourt for whyrperceptlon of the leadlng stzmulus 1s" Ly

>

’;?palred o . o L |

“h“ Accordlng to Breltmeyer and Ganz (1976) sejeral'.
‘facﬁors w111 determlne whether masklng by ‘ﬁ un ,é%
f tran51ent on sustaxned 1nh1b1t1on w1ll be produced. F1rst

']ﬂthe trans1ent response e11c1ted by the second st1mu1us must.

““joccur durlng the per;od in. wh1ch the sustalned response‘flgh_(dhy‘Q
n:produced qy the f1rst stlmulus 1s actlne. In other words,‘if}df}
éiﬁthe tran51ent response of the second st1mulus 1s not L

——

,pjtemporally cont1ngent w1th some portlon of the sustalned B

4
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response‘produced by'the first‘ then no maskxng by

transient~on—sustained_inhibitlon will occur A large body

of psychopys1cal evrdence supports this assumptlon. For .
,/'\v_
example, the crxtlcal temporal varlable in backward masklng

~

is SOA, rather than ISI (c. f,, Kahneman 1968) L "

0 /

A second factor that wxll determine whether maskxng

’

‘wlll occur is the spat1a1 relatxon between 1nducxng Stqmulx.

.

According to Breltmeyer and Ganz (1976), masklnguwxll oce ur

'n A

‘1f the channels 1nvolved in the 1nhxb1tory xnteractxon are

£
_decreases.

A, '.( ?—?‘

close enough together 1n cort1cal ‘space. Furﬁher, Brextmeyer |

.(1984) suggests that the degree of maskzng w;ll 1ncrease as

the cort1ca1 dlsténce between 1nteract1ng channels, Y

y
o

It'should be noted that it‘is not entirely clear if the

visual‘cortex is ‘the locus for the interaCtiQns‘presumed to
underlle masklng effects. However, there is ev1dence 3

1nd1cat1ng that" celfs w1th tran51ent and sustaxned temporal

'

: propertles do exist w1th1n the cortex (Ikeda and erght

Y

‘fdﬁany or perhaps all of theSe levels.‘

'1nh1b1tory 1nteractxons between systems to occur at the P

1975; Duysens, Orban, Cremieux and Maes, 1985)

e ' A\

Add1t10nally, there 1s abundant ev1dence that the‘spatxal

relat1ons between poxnts of st1mulat1on are preserved as one:

progresses from the retlna, through the laterab genlculate

‘.fnucleusq and to v1sual cortex. Thls retxnotopxc organlzatxon

through the v15ual system, then, would allow for 1ateral

‘as
i

e '

‘cortex. On the other hand such 1nteract10ns nght occur at

W Yl

o )

m Ay ‘
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Tmportantiy, differences in stlmul%s 1ntensxty wxll

afféct response magnitudes in both transient anfl sustarned

;hannels. As 'intensity of a display increases, response

Lagnitudes in'bothbtransient and sustained channels

1ne§eases (1keda and Wright, 1972). In consxderatxon of the
ffects that stxmulus intensity has on these response
magnitudes, the xnterchannel inhibition médel developed by

Breitmeyer and Ganz (1976) might be modified\to‘account for

the suppression of visible persistence:Jas determined by

dxfferences 1n the 1ntensxt1es of the 1nductn§ stxmulx Such

a modification requires some addztxonal assumptlons about |

the interactions:between transient and sustained channels.

These additional assumptions are outlined below.

N

C. The Inhxbxtxon Hypothesis
It is suggested here that visible persistence elxcxted

by D1 can be suppressed by the presentation of D%? gﬁven

some addxtxonal assumptxons, ‘the manner in which D2
suppresses vxsxble persxstence produced by D1 can be )
vdascussed in terms of . 1n£eract1ons between transient and

‘sustalned processxng channels, as character;zed by

B%&etmeyer and'Ganz (1976) _The first few assumptxons
presented below have been - adopted from BrletWEYer and Ganz
(19786). Following these, an new assumpt1on is added so that

‘1nh1b1t1on produced by 1nten51ty dlfferences “Metween

1nduc;ng stimuli can be explalned within framework provided

*

'byﬁérxetmeyer and Ganz (1976)
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It is assumed that the presentation of D} and D2 will -

elicit activity in both transient and sustained proééssing
channels, and that a transient response/elicited by D2 may,
under certain temporal and spatial cénstréints,-iné}bit
activity in a sustained channel, that was eficited by the
presgngation of D1 (Brietmeyér and Ganz, 1976). Importantly,
.visible persistence is assumed to be ﬁediated by sustained
responses produced by the individual displays. A=
comprehensive account of the psychophysical(gQidence in
support of these assumptions has been éiben by Breitméyer
and Ganz (1976). For example, the visibility of a leading
stimulﬁs will be reduced by a subsequent stimulus under
cer;éin~spatio—iemporal conditions (Breitmeyer and Ganz,
1976; Weisstein, 1972). A{ébv\ﬁéhneman (1968) has inditated
that the reduced visibility of the first display occurs
whether/or not the'display is physically in view. That is,
suppression by the second stimulus may terminate perception

of the first whether the first display is actually present,

CY

) ¥ -
or is visibly persisting, when the second stimulus is

éresented. .

‘ A new qssﬁﬁb;ion is th$£ éhe extent of
trahsient—on-susﬁained inhibition may be determined b; the
reiation betweei response magnitudes in tbe interacting
kChapnels. That is, if is assumed thqt'a sustained‘résponse.
pr§EUCed by the first stimulus may be inhibited'to varying
degrees, as determined by the magnitutie of the inhfbifbry

transient produced by the second display. Speciiically, it

—



e

is assumed that more inhibition will be produced by
tra{sient responses of larger magnitudes than is ﬁ}bduced by
transient responses of lesser magnitudes. | |

On the basis of these assumptions, it is éxplicitl§
suggested that the effect of.inhibition is. to reduce the
duration of visible persistence produced by D1. In this
respect, stronger inQigigibn is presumed to forshorten the
leading dispiay's visible persistence to a greater extent
than would weaker inhibition. |

As noted earlier, Ikeda and Wright (1972) demonstrgfed v
that response magnitudes in‘tfansient and sustained channels
vary directly with stimulus inﬁensi:y. Additionally, a mbre 

N

intense second display is known to6 produce more suppression

\

of the visibility of a precedlng dzsplay in backward maskxng

-

experiments (e.g., see We1sste1n, 1972 for a rev1ew)

To illustrate. the-major assumptlons of the 1nh1b1txon
hypothesis; the relatxonshxp between stimulus 1nten51ty, and

. +
transient and sustained channel response characteristics. is

. o
' schematized in Figure 1'(patternéa‘after Breitqeyer and
-4Gahz, 1976) The y-axié in Figure 1.shows the magnitudes'of
transient and susta1ned(nesponses ppoduced by . st1mu1us
presentat;on. Differences 1n~thg heights of these responses
are intended to indicaté differences in their-mégnitudes,
 Namely;'tailer symboislare‘intended‘tblrepresent'stfonger:
EééponsesVin the reépééiive channeis},A further/note is that

' the'shépes of the responses illustrated in Figure 1 were .

selected merely to ease the identification of transient



N

All Figures are 'inserted at the éhdkof-
thg thesis,beginning with p. 73.
LI ’

Tous les Figures sont inserées a la fin
de  la theses,

(Commencant avec p.
i

73).




responses on the one hand, and sustained responses on the.
other. Therefore, the symbols do not_represent actual forms_

of the responses recorded in the two channels._ | /"

e e e e e A m m m mm e e — s = S

The ab501ssa in Flgure d represents tlme. Along this
axis, the distance from the start to_flnlsh of a response
provxdes .an illustration of its durat1on. In this flgure,
‘the durations of transxent and sustained responses were not ‘
. LR
shown to vary as a function of st1m63us 1ntensxty, because
the relatlon between stimulus 1nten51ty and response
.duratxon is not entlrely clear. Although I1keda and Wright .

(1972) measured the effects of stxmulus 1nten51ty on . : ‘
response magn1tudes in transient and susta1ned channels,

they did not report whether duratlons of the résponses were

also affected by the 1ntens1ty man1pu1at1on. In the absence

of this. 1nformat1on, .1 have chosen to illustrate responses
l'that do not change in duratxon as a funct1on of st1mulus
1nten51ty. 7 |

-On the other hand it has.been denonstrated that‘onset

latency of tran51ent and susta1ned channel activity is |

4affected by dxfferences in st1mulus 1ntens;ty. Response;
xlatenc1es—1n both channels decrease as: stxmulus xntensxty

‘Vxncreases. The rate of decrease in. response latency 1s,‘f
‘ however, faster for transxent responses (Ikeda and erght,

I8
1972), and th1s hasnbeen 1nd1cated in the 111ustrat1ons 1n

e
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Figure 1 (see panel A).

In panel B, transxent and sustaxned responses are drawn

-~

for two equally 1ntense dlsplays presented in, synchrony

Under,th1s condltlon, the transxent responses‘of the first

I

(D1)"and second (D2) displays.occur'together.‘Thus,\no

- overlap of transient activity produced by presentation of D2

‘coincides with sﬁstainedyaCtivity produced by presentation

of D1, and no transient—on—sustained inhibition would occur -
) ‘

(Breltmeyer and Ganz, 1976)

Panels C-E 1llustrate the temporal overlap of responses

" in the two_channels'that may be produced by presentxng

‘displays of different intensities. Note that SOA is

1dent1ca1 in each of the condltlons shown.’
Panel C shows the 1nterchannel xnteractxons that may be
expected when presentxng two d1splays of equal 1nten51ty at

an idealized SOA The transient response of ‘D2 in thxs panel

'occurs durlng the susta1ned response of D1, Cons1der1ng that

response magn1tudes in. both channels are. s1m1lar, an'

1ntermed1ate level of 1nh1b1t1on mlght occur. under thxs

'

:condltlon. For example, it 1t is assumed that the degree of

‘1nh1b1t10n is affected by response magn1tudes in- the
Al

1nteract1ng channels, then more or less 1nh1b1t1on of the

'susta1ned response produced by D1 could conce1vab1y occur,

Jbecause the trans _ent’ response of D2 could be of greater or

fiesser magnltude.

“severe. In_thls;panel, a-strong trans;ent‘response producedwb

Panel D 111ustrates a.case ‘in whlch 1nh1b1t10n m1ght be‘ R

.
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by an intense D2 is inhibiting a weak sustained response.

Under such condxtlons, the 1nh1b1t10n may be strong enough

" to. completely oblxterate act1v1ty in the sustalned channel

a ' i

Fxnally, panel E 1llustrates a case 1n which’ 1nh1b1tlon of

the sustaxned r\zponse produced by D1 mlght be . m1n1mal In
Q .

this panel, a re atlvely strong sustalned response is be1ng X
-
1nhxbxted by a tran51ent response of much lesser magnxtude.

Although actxvxty in the susta1ned channel - would be expected

. 'to decl1ne to some degree by thlS 1nh1b1t1on,‘1t would be . _/)_

[

-1nh1b1ted to a much lesser extent than in the other cases
il ustrated.
'Of course, Panels C-E'illustrate some testable

pred1ct1ons ar151ng from the 1nh1b1t10n hypothe51s. Namely,

A

under approprlate temporal condxtlons, one m1ght expect
performance 1n an 1ntegrat1on task to vary w1th changes in. .
the 1nten51ty of the ‘second d1splay. For example, ngen a D} |
of constant 1nten51ty, performance in an 1ntegrat10n task
mxght dec11ne as the 1nten51ty of the second d1splay was
1ncreased The proposed bas1s for the decl1ne would be that
‘as the 1nten51ty of D2 1ncreased so would the magnltude of
- the trans1ent response that D2 e11c1ted As a consequence,l'

7the' ustazned response (i. ey the v1s1ble per51stence)

clted by D1 would be 1ncreas1ngly suppressed as the ‘h R
1ntens1ty of D2 was 1ncreased | L
Th1s pred1ct1on was tested 1n the experlment reported‘
“fdn the next chapter. In 11ne w1th the 1nh1b1t10n hypothe51s,

{gt was found that performance in. the 1ntegrat1on task varxed



_.as a funct.'idn of the. i‘nténsity of .the seébnq display. -

N
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- III.‘Experiment'I

A. Introductxon
A Earller, it was hypothe51zed that‘v1sxble per51stence

pe11c1ted by a leadlng dlsplay (Dl) may be suppressed when a‘
second dlsplay (D2) is presented w1th1n an approprlate txme
‘1nterval. In the precedxng sectlon of the the51s, a ba51s
for this suppre551on was developed In review, it was
suggested that a neural response presumed to' be medxat1ng
1the visible per51stence of DI m1ght be 1nh1b1ted by a neural
‘ response e11c1ted by the presentat1on of D2. It was a150»
suggested that. the degree of thxs 1nh1b4t10n m1ght vary as a
'nfunctlon of the 1ntensxty relatlon between Dl and D2.
Namely, 1t was hypotheslzed that as the 1nten51ty of D2
1ncreased a greater 1nh1b1t10n of the response el1c1ted by
- D1 Qould‘be produced. |
| | Ih the present experiment, five: cond1txons,»
“d1st1nghlshed on the ba51s of the 1nten51ty of., the leadzng
dlsplay, were tested. The 1ndependent var1able w1th1n
condltzons was- the 1ntens1ty of the tra1l1ng d1sp1ay On any-‘
'glven tr1al- the 1nten51ty of D2 was presented at one of the‘

wffxve 1n€ens1t1es selected for the lead1ng d1splay. In total =

f25 unzque 1ntens1ty pa1r1ngs were created by thls des1gn.fh‘

The major reason for conduct1ng the experlment was to

{"Q-ptest a pred1ct1on der1ved from the 1nh1b1tlon hypothe51s.,,

'lfiNamely, Experxment 1 was de51gned to examlne whether

¢

f performance 1n the 1ntegrat1on task would vary as a funct1onf

,,."4:’



o of the 1nten51ty of D2.
SR By de51gn Exper1ment 1 resembles experxments
prevxously conducted by Erlcksen andxéoll1ns (1968) and
‘Kxnnucan and Frxden (1981) However ‘there are some
;dlfferences in the detaxls of the present study that»
r'epresent an 1mprovement over prevxous experxments. |

«  Far example Ericksen andeollins (1968) reported
performance in seven out. of a poss1ble n1ne 1ntensxty
cond1t10nsr Spec1f1cally,‘they did not measure performanceﬂnh
‘1n cond1t1ons in which there was only a mxnlmal dlfference.}‘
between the 1ntens1t1es of D1 and Dz Thxs sort of
~1nformat1on would have been useful in determ1n1ng whether
the effects of 1ntensxty d?‘?erences were all-or-none, .or
‘whether graded effects would be produced as determ1ned by
Vthe yalue and s1gn of the 1ntens1ty dlfference.

Klnnucan and Frxden (1981) tested and reported
performance under all poss1ble 1ntensxty cond1t1ons in. thezr
‘exper1ment.‘However, these 1nvest1gators used only two
‘1ntens1t1es. Consequently, they could not evaluate effects

. Lo
‘-over a range ‘in wh1ch the 1ntens1ty of the second dlsplay

" was’ less 1ntehse, equally 1ntense, and more 1ntense,}than

c‘the lead1ng d1splay. Hence' only a part1a1 evaluatfﬁn could

“be made of the effects that the second dlsplay may have onl‘fg.

‘v151b1e persxstence elac;ted by - the flrst dlsplay.

The present experzment alth ugh comparat1vely more"'

{fl1m1ted in the absolute range of 1nten51t1es tested employsfpd;lﬁ

‘f“a greater number of 1nten51ty pazrzngs than has prevxously g
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" been used In total .25 1ntensxty paxrxngs were tested

Also, 1n three condltlons, the 1ntensxty of the second
'd1sp1ay ranged from 1ess 1ntense to more ;ntense than the

. 'leadxng dlsplay These condxtlons permlt an analys1s of how

varxatxons in. the 1ntensxty of the second d1splay -

systematlcally affect the duratxon of v1sxble persxstence,

‘ ;produced by the fxrst dlsplay, aséanferred by performance in:
§ ‘ R

e . ~-
: v

the 1ntegrat10n task
It was found in Exper1ment 1 that fewer*errors were
Jdmade in the 1etégrat1on task when Dl was br1ghter than D2

when D2 was the brlghter

B. Methods -

yobservers

The author and one other observer (a female
: undergraduate student) served 1n the experxments reported
,hbelow. Corrected aculty of the . observers was 20/30 or |

o

‘better.

.,

P

.Vlsual stplay EEE t“, — - - *.““v o o,i
The dxsplay cons1sted of 24 of the 25 dots def1n1ng a 5 ‘? L
::]x 5 square matr1x plotted on. a Hewlett Packard 1332A L
dosc1lloscop1c p01nt plotter equxpped w1th fast P 15 N
ﬁd‘VPhOSphor. The '24° dots were presented in. two dlsplays ,ff‘,_'f

‘“7conta1n1ng 12 dots each Dot pos1t10ns w1th1n d1sp1ays were

: w—— ' "



- randomly assxgned on each trlal, and the pre;gntatxons of
the dxsplays was separated bywa fxxed 1nterst1mulus 1nterva1'

1n all cond1t10ns."

1

‘V1ew1ng dxstance‘was 57 cm as set bv a viewing hood.

‘ The surface of ‘the osc1lloscope was 111um1nated by two

- 10- watt lamps, built: 1nto the s1des the vxewxng hood v
'Background lumxnance was controlled by crOSSed polaroxd
fllters mounted’ between the lamps and the vxew1ng surface of
the osc1lloscope. The filters were ad)usted daxly to provxde‘
a moderate photopxc background lumxnance of 0. 9 cd/m‘-
(Bartley, 1951 p'945) Ind1v1dual dots in the‘ﬂxsplay were
separated by ‘0.5° of vxsual angle, and the entxre matrix’

,'subtended 2° of visual angle as seen from the vxewxng

posltion. - & - L C

Selection‘of Display.lntensities

The five intensities used in EXperiment 1 were based.
upon detect1on thresholds obta1ned 1ndependently for the two
, observers. Test1ng for threshold was conducted using the
same. vxewlng cond1t1ons ‘that were used in the actual
"‘exper1ments. Therefore,.target durat1on, background.
‘"lumlnance and v1ew1ng d1stance were of ‘the . same value dur1ngl
v;threshold test1ng and in. Exper1ments 1 and 2 ‘ }“ | |
B PEST (Parameter Est1matlon by Sequentlal Test1ng,

l

‘1_Taylor and Creelman, 1967) was used 1n con]unct1on wzth a

url'

3two-alternat1ve forced-ch01ce procedure to obta1n 10

N

i‘estlmates of threshold for each observer. The threshold task'""‘

,’,f/
S y
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1nvolved detec Kon of a s1ngle dot, vhich couid appear 1 .

‘‘‘‘‘

degree to\thé\x %ht or left of a centrally located
" AN ',\\
non- lumxnous fuxat1on p01nt Cr1ter10n for threshold was
‘ \
taken as 75 per tent correct reportlng of the target 'S

locatioh. Based on the averaged threshold estimate, fxve
display 1ntens1t1es cdrrespondxng to 0.25, 0. 50 0,75; 1,00

b

and 1. 25 1og units ab0ve threshold were computed for use in

" Vol

“Experlment 1. Correspondlng dot 1ntens1t1es for these levels
vere 0.32 0.55, 0. 97, 2.65 and\10 7 cd/mz for observer BDJ,

and. O 41 0. 70 1. 22 3,', and 13 S cd/m? for observer TJF

‘ The lumlnances were obtaxn d by soec1fy1ng dlfferent values
“on the osc1lloscope s Z-axis: (lumlnance axls) :

‘Selectxon of SOA S N S
. ' \\ . it '
After dlsplay 1nten51t1es had\been dﬁiermlned the'

‘observers part1c1pated in pre- testing for the purpose of

select1ng an approprlate stlmulus ons§§}asynchrony (SOA) for
e

ate’ target 1ntens1ty
(0.75 log un1ts) prelam1nary trxals were run to\choose

use in Exper1ment Us1ng the interm

'

‘values of ISI that yzelded approx;mately 50% correct

\responses. Th1s med1um level of performance was chosen so asrt‘

to perm;t both increa51ng and decrea51ng trends to develop

;\1n response to changes 1n st1mulus 1ntens1ty. Frgm the ‘

: \ .
. pre= test1ng tr1als, the chosen ISI s were 70 ms for observer

‘vBDJ and 50 ms for observer TJF oo ";;;;“ fg/ “_"fﬁf

W e



. Procedure ' .

VR

4

The observer sat’ 1n a dxmly lxt room facxng the dlsplay

'surface of the osc1lloscope. Thxs surface was enclosed by

- the v1ew1ng ‘hood descrlbed earller. Four flxatxon dots“

defined a square v1ew1ng region in whxch test dxsplays were

centered Observers 1n1t1ated all trlals by pressxng the‘

return key on a computer keyboard After a key press, 24 of

‘the 25 matrlx elements were presented in two success;ve

—_—

3

\

|

‘,flashes of 12 dots, separated by an ISI. Taken together the

&

‘1were used. On any 51ngle trxal the 1ntens1ty of the

' conditions; deflned by the 1ntens1ty of the 1ead1ng flash

~vdots in the fLashes formed a 5 b4 5 matrlx from whlch one‘”.}

a~

element was m1ssxng The location of the m1ss1ng dot was

randg;éy a551gned by the controll1ng software on every

© trial. The obseryer s task was to prov1de the row and column

coord:nates of the m1551ng dot. Responses vere entered 1nto

S an IBM PC, wh1ch produced the randomly des1gned dxsplays in
padd1t1on to record1ng the observers responses. Presentatxon
‘iof dlsplays waé controlled by a h1gh speed poxnt plotter =

buffer (Fxnley, 1985) Durat1ons of the leadxng and trallxng

flashes were ‘held. constant at 40 ms.‘SOA was- also constant,

¢ .“'

,‘although it was, dlfferent for the two observers, ow1ng to

2

dlfferences 1n the optlmal ISI selected for each observer in

"the pre- test proceddres descrlbed above. F1ve 1ntens1ty

a

tra1l1ng flash was set’ at one of the f1ve 1ntens1t1es ff

selected for the lead1ng dlsplays.

Ih“@f
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‘five intensity condition$, yielding 100 observations for
' LV

o a3 .
. ‘

A complete condition ednsisted of.SOO trials comprised
of 100 observations for each intensity level of D2 paired
with a fixed intensity of DI. Within a session (125 trials),
the five intensities of D2 were randomly paired with a fixed
intensity of D1 fiQe times each. Approximately 20 minutes |
was required to complete a single session.

During test}ng, a new condition was tried after two
sessions were run in any ngen'lntenSLty condition.
Participation'was limitea to a maximum of six sessions on
any one day of testing, with a mandatory 30 minute rest
perlod 1mposed after completxon of four consecutive sessions

(500 trxals) Upon completion of a session, a printed

summary of the observer's performance was made. Observers

. “'

were given the option to examine their performance at that

- time. Otherwise, no feedback was given.

In total, four sessions were completed for each of the

4

each display-intensity pair involved in the experiment.

C. Results

’

"The results for observers BDJ and TJF are glven in

'F1gure 2(a) and F1gure %5b) respectively. In these flgures,

the . percentage of correct responses are shown at each__
combination of intensity for D1 and D2. A clear effect of

intensity can be observed, which can be summarized as

-follows. Performance of the integration task reaches the

highestéand lowest levels when the difference between the
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intensitiés of DI and D2 is greatest. Specifically, the best
performance occurred when the most intense leading display
was paired with thé weakest trailing display. On the other
hand, when the weakést display preceded the stbongesﬁl

*display, performance was poor. V

N e T e e e T T Y e )
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These results replicate findings reported by Kinnucan
and Friden' (1981), but provide’additional information about
thg effects the second display may have in determining the
duration of visible persistence elicited by«ﬁhe first
display. Namely, the results in Figure 2' indicate that the
duration of visible perSistence elicited by a b1 of a giverd
intensity will be systematically reduced owing‘tobincreases
in.the'intensity of D2, as inferred by the declining
perfofmance opservéd as the intensity of D2 increased.

Figure 3 illustrates performance for both observe;s.
under. the conditions in which D1 and D2 were of equél‘
intensity. The data for this fig@re are taken from Figure. 2.

L J
There may be a tendeney for performance to decline as the

>

intensities of the displays increase. A decline in
' performan¢g occurs for observer BDJ, but much less so, if at

all, for observer TJF. If the differences in performance

illustrated in this figure are real, it might be argued they

are due to an inverse intensity effect. This option, and
. » LJ
oegyfs. are conéidgfﬁd‘below. ‘ : ‘ -

s S R -

I -
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D. Discussion
The rééults illustrated in Figgre 2 confirm a
prediction derived from the inhibition hypothesis. Namely,
performadce'in the‘integraﬁion‘tésk vér{es as a function o§
the’inténsity‘of D2. For the moment, considef the
intensities of D1 a@d D2 as a‘ratio (i.e., intensity-vf
D1/intensify of D2). Within conditioné then, more errors
occurred when the ratio was less than one, and fewer errors
occurred‘whén the ratio was greater than one, as compared to
_ the caée in which the ratio was equal to one.
'Beforefdiséussing-the iésults of the present experiment
in the .context of the inhibition hypothesis, an alternative
hypothesis ﬁay be considered and discounted. It may be
suggested thét fewer errors were made when the first display
waS-prighté} solely because the brighter- first display
genérated allonge; period of visible petsistenée_gc.f,f
Lon§,11980). This hypofhesis is contradiﬁt# 'by the data_in
. y
Figure 2, which shdw'thaf,,withiﬁ all conditidﬁs,.fhe‘ﬁumber :

.~~~ of correct responses ranged from relatively high to low,

/( ~depending on the intensity ofvthg seéona‘display. This

___dependence on a variable other than the.intensity of the
first display'suggests that ﬁhe,duration,of.visible
persistence, as inferred by performance in the integration -

-
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task, was determlned )oxﬂtly ‘by. the 1nten51t1es of both
displays. Furthqr -the dependence of performance on the
1ntensxty of D2 rather than on SOA strongly suggests that an
active suppression of the leading dxsplay s vxsxble
persistence produced the resdlts observed within conditions:

An inhibition-based account of the effect of’the | |
intensity of the second'disclay can be iilustrated by direct
reference to the data. For‘both observers, an‘increasing
suppress1on of the’ VlSlble persxstence produced by DI is
evident\as the intensity of D2 increases. That is,
performence declines as the intensity of D2Aincreases,
because the sustained response produced by D1 is being
supbressed by transient responses of increasing magnitudes,
prodoced by the more intense D2s. Of course, it is assumed
~that the better levels of performance within conditions may
be attributed to longer periods of perceptpa} tntegration.
In this respect, the brighter D2 mimics the effect of a
- longer SOA° More intense trailing.displays produce‘more
errors in the task because they reduce the t1me for which

/

- the two displays are perceptually 1ntegrated It 1s_
suggested that the reduction in the periqdrof integration °
‘may be attributed to the’torshortening of'the visible
persxstence e11c1ted by the first dzsplay. .’/v

Although it cannot be'proven, it appears that a. 7
systematlc suppression of the. sustalned response of the

\

first display is produced by 1ncreases ‘in the 1ntens1ty of _

the second. W1th only two . except1ons (Fxgure 2a), a
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‘monotonic-decline in the percentage of corkect responses was

produced by increments‘in‘the intensity of D2,
Assuming ‘that inhibitory intéractions between .
processino channels produced the present results, it'might

-

also be argued that .the dxfferences 1n performance could be
\

accounted for by differences in the time at which 1nh1b1txon

Began. Recall that*Ikeda and Wright (1972)Ademonstrated

response latencies in both transient and sustai?ed'channels

are inversely related to stimulus intensity.‘Importantly,

response latencxes in transient channels decline more

: rapldly thh 1ncreases in stimulus 1nten51ty than do

'latencxes in sustained channels (Ikeda and Wright, 1972).

With respect to the present exper1ment, it might be«argued
that earlier’, as opposed to stronger, inhibition produced by‘
brighter tra111ng dxsplays could account for the poorer
performance that was observed when more 1ntense trailing
displays were‘presented in‘a‘condition,

Although altime-of-inhibition explanation cannot be

) completely ruled out, it seems to be an unlikely explanatlon

for log1ca1 reasons. For example, one could in theory,
construct cond1t1ons in wh1ch 1nh1b1tory trans1ent responSés
produced by D25 of dszerent 1ntens1t1es occurred at the-

same poxnt in. the sustained response produced by a Dt of

fixed 1ntens1ty. To 1llustrate th1s,.cons1der two cond1t1bns'

that differ only in respect to the intensity of the second

’

j,dxsplay. In condxtxon 3, D2 1s 1ntense, and 1ts 1nh1b1tory

ettt

' response occurs early in the response medxat1ng the v151b1e



a | . s
. ' ' ‘ . O ‘ '

persistence of.DT, In COnditionvé,va,is‘weak,‘and at the
- same Soa, its”inhibltory response occurs somewhat later in
the sustaxned response el1c1ted by Dl Of course,;under such
condltxons, performance would be expected to be better 1n‘

———

cond1t10n B, perhaps because the 1nh1b1tory response began
later in this condition (see Figure 2). -

: Now, to test the'time—of—lnhibition hypothesis, one
’would have to match the time at ;hlch the 1nh1b1tory |
»response occurred in both cond1tlons. Thxs could be done. by‘
decreasing the SOA in condition B. However, performance is
already superior in.this condition, ‘and it seems llkely that
a reduct1on in SOA would produce even better, not vorse, |

performance. Consequently, time- of 1nh1b1t10n would appear .

. )

to be of less 1mportance than the magn1tude.of the
inhibitory response produced by the tra111ng d1splay, at
least under the present condltlons. ) |

| An alternat1ve explanat1on could- be offered to account
,for the results 1llustrated in FLgure 3. This fxgure shows
g the percentage of correct résponses for both observers in .
the flve cases where the 1nten51t1es of both Dl and D2 were
the same. Under these cond1t1ons, there might be a tendency
for more errors to be made as. the 1ntens1t1es of the R ,5”'
d1splays 1ncrease. At the very least, there does appear to -
"‘be a dlfference between the extreme bntens1ty cond1t1ons.
That 1s, for both observers, performance appears to be |
wpbetter when both dlsplays are very d1m compared to the case

o in which' both}d;splays are_very.brlght,e“i-gp

L .
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If the decl1ne in performance seen in Flgure 3 1s real

then thls declxne mlght be attrxbuted to an inverse
1ntensxty effect. For example, perhaps the’ brlghter leading

diSplays'generated shorter durations of:visible persistence,

L whzch in turn reduced the perxod of t1me for which D1 and D2

were perceptually 1ntegrated Th1s optlon seems unllkely for
two reasons. Flrst the data in Figure 2 show that the
’duratfon of vxs1ble pers1stence measured from D1 is. clearly
1nfluenced by the ‘second dlsplay.‘To suggest that the ‘data
ininéure 3 can be attributed to an'inverse‘intenslty |
effect then, would be tantamount to- 1gnor1ng effects
produced by the second d1splay.v
| . More 1mportantly, a pa551ve account for the results in
F1gure 3 is totally 1nconsxstent with’ the f1nd1ng that the
least number of errors in any of the cond1t10ns occurred. in
the cond1t1on 1n wh1¢h the most 1ntense 1ead1ng d1splay was
‘Tpresentedv(see F1gure 2). Th1s strongly-suggests that the
dec11n1ng performance 1llustrated in Flgure 3 1s also due to
'psome sort of actzve suppre551on of the lead1ng d1sp1ay s
v1s1b1e pers1stence. Specxflcally, performance decllnes w1th
‘rlncreases 1n the 1nten51t1es of both dlsplays because the
S more 1ntense Dzs produce greater 1nh1b1tlon of the sustalned )

fresponse e11c1ted by D1.

A general conclusxon from the results obtaxned in .

..——

'difExperxment 1. qan be stated as follows. When the duratzon of<”

‘_v151ble pers1stence 1s 1nferred on the basxs of performance .7

1n a temporal 1ntegrat#on task 1t can be concluded that R



v1s1ble persxstence produceg_by more intense leadxno
dzsplays may last for longer per1ods than vxsxble
per51stence e11c1ted by dim lead1ng dxsplays. hxs 1nference.'
- can be made because, under fixed temporal cond1txons,‘
performance was, better when the first dxsplay was brxghter
‘than the second Further the more 1ntense D1 was relat1ve
‘to D2 the better was: performance in the 1ntegratxon task.
In general these results support the 1nh1b1t1on
.‘hypothe51s outlxned in the preced1ng chapter. Namely,
performance was better when D1 was more 1ntense than "
‘ because the weaker tran51ent response ellcxted by the dxmmer
D2 produced less 1nh1b1t10n of the sustalned response
vmedlatlng the v151ble per51stence.of D1. -
Presumgbly, reduced 1nh1b1t1on made a greater portlon
of the, v151ble per51stence e11c1ted bg.Dl avaxlable for‘
”lntegrat1on w1th the second dlspla; In othEr terms, less

inhibition by the weaker DZS may have 1ncreased the

‘effectlve durat1on of v151ble pers1stence produced by D1 Of;

Qcourse, whether v151b1e perszstence produced by the br1ghter_3~p

‘dxsplays would have outlasted that produced by d1mmeri
,d1splays could not be determ1ned in the present experzment.,

»Consequently, although better performance of the 1ntegrat1on_f'

L task occurred when more 1ntense lead1ng”st1mul1 were used

it cannot be concluded that the v1sxble per51stence producedh

&
‘-
N

“.hy more 1ntense d1splays is of longer total durat1on than o

’.'pers1stence produced by less 1ntense d1splays.,C1early, onlyl}?_ﬂ”

, '*partlal measures of the response were obta1ned 1n thxs ;ff -
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experxment due to the 1nh1bﬁ%ory 1nf1uence produced by D2

- To: obtaln a clear measure of the effect of, stlmulus

1nten51ty on the duratlon of vxsxble per51stence produced by =

D1 it would be necessary to use test condltxons that would

\.2]
' ellmxnate 1nh1b1tory effects produced by the Second d1splay.

TO‘th}S end,,the drstance ‘over which 1nh1b1tory effects

- could be measured was consiiired in Experiment 2.



, L ] IV Experxment 2 v
A, Introductxon
It was noted earl1er that a major factor 1nvolved in

'the attenuatlon of v1s1 le'persxstence is ‘the spat1a1
Vprox1m1ty between 1nduc;ng stlmull. Spec1f1ca11y, the. more.
,closely spaced the 1nduc1ng stxmull are,‘the greater is the
‘ suppre551on of vxsxble pers1stence el1c1ted by a leadxng
‘st1mulus (e. g., D1 Lollo and Hogben, 1985 1986) |

‘ Recently, Di Lollo and Hogben (1986) outlxned an
‘1nh1b1t10n based hypothe51s to account for the suppressxon
~tof v1s1ble persxstence in a’ two- flash stlmulus sequence. D1
Lollo and Hogben (1986) demonstrated 1ncreas1ng sdppre551on
‘30f v151ble per51stence in a temporal 1ntegratlon task as the
‘average separat1on between adJacent po1nts in DI and DZ
}'decreased ‘The explanat1on offered for thlS f1nd1ng was .

.based on 1nh1b1tory 1nteractlons occurrlng between ‘the same

hypothet1cal neural systems that form the bas1s of the

s

‘1nh1b1t1on hypothe51s developed in the present th°s1s.‘1
at“thls regard the framework for\both hypotheses qas prov1ded
by Breltmeyer and Ganz s (1976) 1nterchannel 1nh1b1t1on :

model

The sallent dlfference between the hypothesxs presentedpﬁfi

7by D1 Lollo and Hogben (1986{ and the present hypothe51s 1s

B that,'ln the present case, the magnxtude of the 1nh1b1tory

jfresponse is con51dered as the cr1t1ca1 determ1nant of the

“ﬂjsuppre551on of v1s1ble per51stence._D1 Lollo and Hogben m*pi"‘
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(1986) noted that response magnztudes may be 1mportant 1n

. Y

determxnlng the suppre551on of v151ble per51stence. However
\ “ the 1nh1b1ton hypothesxs proposed by these 1nvestlgators was

developed to account»for the Suppre551on of vxsxble

flpers1stence as determ1ned by spat1o-temporal‘;elatlons

K

‘between 1nduc1ng stlmull.‘
In th1s experlment, the suppression of vislble‘
‘perslstence‘as determlned'by proxlmlty relations between"
'LinduclngfstlmullrWas studiedt.In this_respect,‘the presentnd
_experiment might be considered‘as"an‘extenslon‘of the‘uork
‘oalready conducted by Di Lollo and Hogben (1986) Houeverj
separatzons between p01nts in the present study extended
over a much greater d1stance than was prev1ously tested For ﬁp
example, the largest 1nterp01nt separat1on 1nvest1gated by
Di Lollo’ and Hogben was, 18 m1nutes of arc, In the. present
Tr.study, the smallest 1nterpo1nt separatlon tested was 15 m1n,
"tand the largest was 45 min. Consequently, the present ,
experzment extends the study of prox1m1ty effects over l:
‘hlarger 1nterp01nt dlstances. 1 o S ,'t, o |
vaen that D1 Lollo and hogben S (1986) hypothe51s

fpostulates 1nteract10ns between the same . neural mechanlsms

‘J i
-

r;that are 1mp11cated 1n the present hypothes1s, another
Hal reason for conduct1ng Experxment 2 was to determ1ne whether
”hmﬂthe prox1m1ty effects demonstrated by Di Lollo and Hogben |
”f?ﬁa(1gas> could be observed over the spatlal separat1ons used
Mhhxfzn Exper1ment 1 Clearly, 1£ the effects of 1nh1b1t10n do

-ﬂthOt extend ovar th1s range, then 1t becomes d1ff1cult to S

R
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explaln how d1fferences in response magnltudes between

non 1nteract1ng neural systems could account for the results

W

of .the flrst experlment

In'Experlment 2 three 1nterp01nt separatlons were

tested The separatlons measured 15, 30 and 45 mxnutes of

A

" arc between adjacent elements correspondlng to matrices. '

§

‘subtendlng 1 2 and 3 degrees of visual angle. It was found
that dxfferences in 1nterp01nt separatlon did affect
performanoe~‘Performance 1mproved\as 1nterp01nt separatxonr

vincreased. !

B Methods
As1de from the exceptxons notéd below observers, the -
experlmental task and procedures were the same ‘as those

‘ used in Exper1ment 1 S “ L &
) ' \ | i
‘The major dev1at10n from Experlment 1 was in the sxze

of the v1sua1 d1sp1ay. In Exper1ment 2 three 1nterpo1nt=

separatlons def1ned three matrlx s1ze condxtlons The o
separat1ons measured 15' 30' and 45' of arc between | "}d
adjacent p01nts in the array.‘In total the correspondxng

métr1ces subtended 1 2 and 3 degrees of v1sual angle as
Q

A
@1ndependent var1abfe wlthln s1ze cond1tlons. Tgls

mf'ﬂ

seen from the v1ew1ng pos1t10n. SOA was var1ed as the *

man1pu1at1on was 1ncluded so that the effects produced by

prox1m1ty manlpulatzons could be con51dered at mofe than
" JUSt one temporal onset asychrony SOA ranged from 90 to 130.&§‘”"

and 70 to 110 ms for observers BDQ_and TJF

._“ .




s

respectxvely, in 10 ms steps.'
Duratlons of D1 and D2 were the same-as used in
Experlment . In Experlment 2 however the 1nten51t1es of
d

the dxsplays were kept constant at 0. 75 'log unlts above

threshold 1n each of the experlmental cond1t10ns. As in the

f1rst experlment exactly two se551ons were conducted under"

a‘given condition before a new cond1t1on was.tested. Prxor

to collectlon of experlmental data, observers recelved 50

practlce trials u51ng the 1 and 3 degree matrlces. Results

from the.pr'ctice sessions-were'not included as experimentalf

.data.

'C. Results -

" The results of Experiment 2 ‘are given in Fzgures 4(a)

“and 4(b) for observers BDJ and TJF respectlvely. These

‘fzgures show’ the percentoge of correct. responses made by the

'

two observers at each comblnatxon of SOA and 1nterpoxnt
separat1on. A clear effect of 1nterpoxnt separatlon and SOA
is ev1dent in these results. At every SOA the best |
performance is obtalned where the 1nterp01nt separat1on is~
max1mal and the worst performance occurs whe;e the;‘ |
h separat1on 1s m1n1ma1 ASISOA 1ncreased the number of

errors made 1n each cond1t1on also 1ncreased.

S T R

Wh '



D. 'pxscussxon

It is worth considering the performance:if‘the.two‘

observers under the 1ntermed1ate SOA, as thif was the'same

A

 SOA used- in Experxment 1. Fxgure 5 1llustrates ‘the .effect of

1nterp01nt Separatlon on performance 1n the 1ntegrat10n task

at tpzs“SOA Tt is ev1dent in this flgure that: 1nterpoxnt
7

- ’.

”Lseparatxon s;gnlflcantly affects the number of errors made, ‘

"and under the sgme temporal constraxnts that wer§ used in

Experxment 1} This" outcome is 1mportant for the

interpretation of.the results of‘Experxment-1, because the

A

same processxng channels that were hypothesized to account

‘for those results prov1de the explanatory_frameuOrk for the’

'
1

reSults of the present experlment Of course} if the-spatial

-

'range of these channels were less than the range used in.

Experxment “then the results of that experxment cpuld not.

v

S
'be attributed to 1nteract10ns betweenﬁggese channels.

/

i
.

As 1llustrated in Flgure 4, performance decllned as SOA:

1ncreased and as 1nterpoxnt separatlon decreased Results .

@

very 51m11ar to these have been reported by D1 ‘Lollo and

\‘ Loy

'»1nh1b1t10n based theory to account for the negatave effects

\

"p[of both 1ncrea51ng SOA and decreasing 1nter901nt separatxon.

The results of the present experzment w111 be dxscussed

. . . ! " : . . . A

‘JSQ

pHogben (1986).‘Further, these 1nvestxgators have proposed an-“
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[

within the context of this theory at a later point.
First, however, an alternative explanation that may

partly account for the present results should be considered.

4

~Namely., it is possible that the positive effects of the

larger interpoint separations could be attributed to the
involvement. of rod photoreceptors. |

| More generally, a potential criticism of the present
conditions is”thatvdue to the ranoe in size of matrices
tested, the results obtalned mxght have been produced

because, different re il regions were involved in each

condition. It has been demonstrated by several 1nvest1gators
that visible persistence elicited inqperipheral receptors is
of longer duration than.persistente elfcited by foveal
stimulation (e. 9. Di Lollo and Hogben, 1985). o v

In the present experlment, although each matrlx was
primar1ly'st1mulatxng foveal regions, the three-deqfke
matrix was also stimulatingkparafoveal regions (Dowling and
Boycott, 1966). Consequently, when tested under the 4%’
interpoint separatiohs, rodAphotoreceptoIs wouldﬁhaJe been
1nvolved in the task Cahsxder1ng that rods generate longer
“durations of visible per51$tence than cones (e g., Adelson,

19?8) then it mxght reasonbly be argued that the better

performance obs€rved in the three degree matr1x cond1t1on{

i

. could be attrlbutable to- rod 1nvolvement._

& ,
This eXplanat1on is, however, clearly limited. For

example, although the better performance'obtained,with the

large.matrlx may have been due to the involvement of rods, a
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different factor would need to pe invoked souaccount for toe
differences in performance observed bepgeen the one- and
two-degree matrix“conditions. The fovea, which cdntains no
rods, subteods approximately two degrees of visual angle
(Dowling and Boycott, ]96§)- Thos, while rod‘persistence may\
have contributed somewhat to the better performance observed
under the largest interpoint separation, it cannot account
for the differences in performance opserved in the smailer
matrix conditions.

On these observations, it is suggestea that an
etplanation based on the invo%vement of rods is not
suf?icient to account for the effects of proximity observed
in-this experiment. However, beyond interpoint separations
of 30', the involvement of rods may have contributed
somewhat to the better performance that was observed

A moré parsimonious account for the present results %as
been outlined by Di Lollo and Hogben (1986). These
1nvest1gators proposed an 1nh1b1txon based theory for the
suppressxon of v1s1ble per51stence that can account for the
negative effects of both increasing SOA and decre851ng
1nterpo1nt separatlon. The.framework for Di Lollo and
Hogben s theory was provided by Breltmeyer and Ganz (1976)
In‘fest, the 1nh1b1tory processes postulated by Di Lollo and'
K Hogb%n are the same as those described in tbe inhibition
theory proposed ear11er in this thesis.

Di Lollo and Hogben s theory accounts for the negative

effects of small 1nterp01nt separations on the grounds that
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the magniﬁude of inhibitory interactions between transient
and‘sustained'channels inc;eases as the distance between the
interacting channels decreases. A numbe>\of studies have
pronCed'psychophysicél evidence th;t sﬁpports this notion.
For exdmple,'it has‘been demonstrated in a numbef.of
experimental settings thathiﬁible persistence is
increasingly sqppresSed as the distancé between inducing
stimuli is reduced (Di Lollo and Hogben, 1985, 1986).
. Cleéfly, the results of the presenfléxpgriment are
amenable to the same explanation. As interpoint séparation
increased, the st;ength of the trénsient*on—sustaihed'
inhibi:ion‘would be expected to decrease, and performance
would be expeéted to be better atl;heolarger interpoint

T ‘
distances. Of course, it cannot be GEtermined from the
present resulgs whether;the better performance obtainea
under the 45' separation’s should be at;gibuted to thé_
decreased inhiSition expected over these distances
(Breitmeyer, Rudd and Dunn, 1981), or alternatively, to
longer durations of visible persistence generated by rods.
.In this réspect, a reasonable conclusion would be that the
better perfo:maﬁce at the latger’?ﬁterpoint.separééions‘was
due to a combination of longer durétion rod pérsistence and
a réduced‘amount of trénsienp—on-sustained inhibition. It .
was noted that.performance in the present eXperiment also
declined as a function 6f increasing SOA. Beiore'ﬁongideribg

the' inhibition-based account for this-effect, an alternative

accbhnt, noﬁed by Di Lollo and Hogben (1986), can be.

R

PE
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evaluated. ﬁamely, it might be suggested‘that the negative
effect of increasing SOA occurs because visible persistence
has spontaneously decayed as a function of the time elapsed
from stimdlus onset (Di Lolle‘end‘Hogben, 1986). This
hypothesis can be abendoned on the observation that at a
given SOAV the number of correct responses made by an
observer depended upon 1nterpoxnt eraratxon. As noted by Di
Lollo and Hogben (1986), the aependenve\of performance on a
varzable other than SOA suggests an active process 0£ 
suppression, and is inconsistent with the option that the
impairment in performance at a particular SOA reflects the
passive decay of visible persistence produced by the first
display. o |

Di Lollo and Hogben (1986) account for the negative
effects of increasing SOA in terms of difﬁefences in the
temporal overlap of traneientjand sustained activity. For
example, Di Lollo and Hogben 5uggest that the higher levels
of performance obtained at shorter S@As may occur because
the short-latency transient response of D2 begins and
subsides before the long-latency sustaxned response from DI
begxns. In these cases, the sustained response elicited by
D1 would not‘be 1mpeded, and could continue over an 1nterval
in which it would be temporally integrhted withasusteined-~
activityvpfoduced by the second dfsplay; On the other hand,
‘as SCA increases, the brisk transient produced bf,Dz would
occur later in time, and; for some range of SOAS,‘OCCUY |

3

during the sustained'response_elicited by p1..Invthese
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cases,‘sustained activity prodnced by D1 would be 'shortened
or terminated by the inhibitory transient. In the extreme
case, no sustained activity produced by Di would be '
available for integration with sustained activity produced
by D2, andwno perceptnal integration'of the flashes would
occur. |

'+ This explanation mav also be used to account for the

) -
-

results of the present experiment; For example, the decline
in performance as SOA increased might be attributed to a
progressive increase in the temporal overlap of an

- - »

inhxbltory transient produced by D2 on a sustained response .
. ) ¢

produced by DI1.
;In support of this, it might be noted that the best.'

performance repqrted by Di Lollo and Hogben (1986) was

obtained under interpoint separations‘simiiar:to those that R

produced the.worst performance invthe_present experiment.. .

However, it is likely that differences in‘the temporal

conditions used in the two studies (and therefore

‘differences in transient-on-sustaﬁned interactions) would
-account for the d1fferent levels of performance observed
“For 1nstance, in a 15' interpoint dlstance cond1t1on,,‘

,D1 Lollo and Hogben (1986) reported the- longest Soa at wh1ch
,near perfect performance was obtained was about 40 ms (for i .
,observer RDB) For th1s same observer, performance had | f/j'

“'dropped by approxlmately 10% at an 'SOA of 48 ms. In the.

-present experxment, the mxnlmum SOA tested was 70 ms’ for

| observer TJF and/’0 ms for observer BDJ For both. observers,



performance was about 40% correct at these SOAs. ItHseems‘ i
likely.that more errors were made in the present study“uhder
th{‘same‘spatial conditions‘hecause obserVers were tested‘at
lohger SOAs. Presumably, over these SOAs there was a greater
‘temporal overlap of"- the 1nh1b1tory transxent response on the
sustaxned response of D1. In this respect more suppre551on |
of the v1sxble persistence produced by D1 would occur, and a‘
lower level of performance would'bepexpectedvln the
1ntegrat1on task ,l h

In summary, the results of the presentﬁzxper1ment
:support results reported earlier by Di Lollo and Hogben
‘(1986), but, 1n addit1on, indicate that a suppre591on of ‘“f““‘;‘
- visible -persistence may extend.over ‘interpoint separations
‘of 30", and posslbly up to 45'. The estahlishment of'this‘
range is of value in itself. However, the demonstratxon of
'the suppression of v1s1ble pers1stence over the separat1ons
used 1n‘thls experiment prov1des emp1r1cal support for the
hypothes1s outllned earl1er in the thesis. Namely, the
spatial reach of the mechanisms postulated in- that

'-hypotheszs goes as far,-and possibly beyond, the 1nterpoint”

separations used in Experiment 1.



V. General Discussion ‘
S \ N . ( ) T . . !
In two experiments“report%d here it was found that

vxsxble persxstence produced by the leadlng dlsplay (D1) in

a temporal 1ntegrat10n task can be modulated by the second

dlsplay (02)~ The results of Experxment ‘1nd1cated that the

‘degree of thls modulatfon may vary as a functlon of the

1nteﬁs1ty of D2 For example,-more 1ntense D25 reduced

visible per51stence produced by D1 more, so than less 1ntense

l'D25. This was tnferred on the basis that, under fixed
*temporal‘conditiOns; more errors‘were made when‘a brighter
‘D2 was presented than were made when D2 was relatively d1m.

| In Exper1ment 2 1t was found that the distance between
- elements 1n the test d1splays also affected performance.
‘Spec1f1cally, more errors were made under smaller interpoint
separat1ons than were made under larger interpoint

'd1stances. The pos1t1ve egiectsvof the-larger 1nterpoint.q
7dxstances were observed a:ross a range of st1mu1us onset
hf‘asynchronles (SOAs) 1nd1cat1ng that at a ngen SOA, the‘h
: number of errors made by the observer was determ1ned by the

spatlal relatlonsth between elements in the 1nduc1ng

o d1sp1ays (D1 Lollo and Hogben, 1986)

o The results of both‘experlments vere dxscussed in the
ﬁcontext of two closely related 1nh1b1t1on hypotheses..Both
'f*hypotheses account for the suppre551on of v151ble l

1per51stence e11c1ted by D1 in terms of an 1nh1b1tory neural

7pqresponse produced by the presentat1on of D2 In both cases,

S 1t 1s belleved that the effect of 1nh1b1t1on 1s to 1mpede or

R S
D)‘ A

[ _;\. ‘/ ?

RV
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‘terminate the responsecmediating visible”persistence‘-‘
| producedwby.the fjrst displaythWith respect‘to thefpresent
hypothesis, it was‘postulated‘that‘the stronger the
fnhibitorx respbnse elicited by bzf‘the greater wouidtbe the
inhibition of the:response~that,was\mediating-the‘VisibIe'
.persxstence of Dl B | | | o | |
D1 Lollo and Hogben s‘(1986) inhibition—based theorj
,‘provxded the explanatory framework for the results obtalned
in Experlment 2 Thxs hypothes1s accounts for negative | |
ueffects of both rncreaszng SOA and decreas1ngn1nterpoxnt -
separatlons in terms of 1nteract10ns between the same
hypothet1ca1 neural channels that were postulated ta
‘underlle 1nh1b1t10n in the present studxes (see Chapter 2)

' The 1nterp01nt dlstances tested in Exper1ment-2 were
3flarger than those that have prev1ously been tested In this‘
drespect the results of Experlment'z extend ear11er work
n‘(e g., D1 Lollo and Hogben 1986) by conf1rm1ng that
suppre551on of v151b1e persxstence is affected by spatial
relat1ons between 1nduc1ng gzlmul1, and further, that the.
'-range of suppre551Ve effects may extend over 1nterp01nt

Y

d1stances of up to 45", ‘%*.

A conclus1on made in Experlment 1 was that brxght

leadlng d1splays may fac1l1tate performance in the

‘;1ntegrat1on task because,'under SOme cond1t1ons, longer

e

l whport1ons of the v1s1b1e persxstence elmczted by br1ghter

&

d1splays may be avallable for 1ntegrat1on thh D2 Thxs

:5[,conclusxon was dlst1ngu1shed from the stronger statement

oy
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.Ithat brlghter dlsplays actually produce a longer total :
5‘duratlon of vxsxble persxstence (e g., Long, 1985) wh1ch
‘xxmp11es a d1rect relat1on exxsts between stxmulus 1nten51ty
;"and duratxon of. v1s1ble pers1stence. | |

| Some 1nd1rect arguments were ralsed in opp051txon to
Lth1s v1ew but not for the purpose of supportxng the f‘
’alternatxve optlon that v1s1b1e pers1stence is: 1nversely

. related to stlmululs 1nten51ty (e g., Coltheart 1980) In'
"fact,‘1t will: be suggested below that wh1le measures of ‘the
duratlon of v151ble per51stence may be affected by changes |
‘in st1mulus 1nten51ty,:1t 1s quxte poss1ble that the

——

duration of the. response, per se, is not. o

A Eftects of‘Stimuius Intensity on buration of‘Visibig'
- Persxstence | : y B —

Recall that Ikeda and Wr1ght (1972) demonstrated that
‘response 1atenc1es in trans1ent and susta1ned channels are
‘1nversely related to stlmulus 1nten51ty. If 1t 1s assumed
‘that v1sxble pers1stence 1s med1ated in sustalned channels,
hand that the durat1on of the sustalned respodse does not
jvary w1th st1mulus 1ntens1ty, then the 1ncons1stent effects

'-of stJmulus 1ntensxty on the durat1on of v1s1b1e pers1stencef'

K 3can be explalned on- the bas1s of response latency changes in -

’ l

jfsusta:ned channels.d
For example consxder the cond1t1ons in wh1ch the‘f
*n”lnvefse 1ntens1ty eﬁfect 1s rel1ab1y observed. In many

'cases, the observer 'S task 1s to 1nd1cate the phenomenal
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’Il .
€d1sappearance of a test‘stlmulus (e.q rhprobe*matching“tasks ,b“v
“or reactlon time methods) Under these cond1tlons, ; B
\1ncrements in the 1ntensxty of the st1mulus shorten the .
‘1nterval‘over wh1ch the observer sees qhe test st1mu1usr
fThat is, brlghter dlsplays tend to dlsappear sooner than d1m

displays (e g., Efron '1970) Importantly, thls does not
»necessarlly mean that the observer sees br1ghter dzsplays

‘for shorter perlods, as’ would be the case 1£ ‘the visible .

‘ persxstence of ‘the more 1ntense dlsplays was of shorter\t
| durat1on.,Instead the observer responds to the |
’td1sappearance of the test" stxmulus, whxch may occur earl1er

lfor more 1ntense stxmul1, because the susta1ned response

produced by brighter stlmull beg1ns and ends earl1er.'I

other words, the measured effect of st1mulus 1ntens1ty 1n p

these s1tuat10ns may prov1de an 1ndex of how much earller '

the v151b1e per51stence of brlghter st1mu11 started as |
vﬂ* o opposed to how much shorter the duratlon of the response 1s.v,i'
| T the susta1ned response produced by brlghter stxmulz S

,l occurs earl1er 1n txme, then 1t nght be poss1ble to obtaln‘

a measure of the latency Shlft by usxng reactxon t1me ‘y
'.Tmethods. Thls approach has been taken recently by Harwerth
'";Qand Lev1 (1978) These 1nvest1gators found that for contrast

levels above 10%,.an 1ncrea!l‘1n contrast of about 0 75 log ,";d
| -‘:.unlts reduced react1on t1me to thg onset of %test stlmulus.
"1by about 60 ms. Efron (1970) found that when st1mulus i
dﬁﬁntens1ty was 1ncreased by about 1 0 log unlt, the durat1on--J‘

of v1s1b1e persxstence of thé test st1mulus was reduced by
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roughly 45 ms. Importantly, Harwerth and Lev1 (1978)
suggested that the dlfferences in react1on t1mes for the1r
hlgh contrast test cond1t1ons were prov1d1ng measures of the
change in response latenc in sustalned channels. If th1s .

were 1ndeed the case, then the changes in response latency

that were’ produced by - 1ncreases in . stxmulus 1ntensxty

‘correspond qu;te well w1th the change in the durat1on of

v151ble pers1stence as measured by Efron (1970).

W1th respect to stud1es demonstratlng a posxtlve effect

of stlmulus ;ntens1ty, 1t was noted that the duratxon of

‘v1sxb1e persxstence measured in these stud1es var1ed as a y
funct1on of the 1ntens1ty of the second dlsplay (e g.,tvj
K1nnucan and Frxden, 1981) . In other words, there was no
ba51s for conclud1ng that br1ghter stlmulx produce longer
durat1ons of v1s1ble pers1stence, because only a portxon of .
the. total duratlon of the leadxng display's v1s1blel'
per51stence\cou1d be measured Of course, to determ1ne the
funct1onal relatloh between stlmulus 1ntensxty and thev"'l
durat1on of v1s1b1e per51stence, one must measure the effect
of 1ntens1ty under cond1t1ons in Whlch the response 1s '

allowed to terminate spontaneously.‘

'”} It mlght be noted that as1de from a few stud1es 1n

' " wh1ch dark-adag%ed observers were used the only procedure.

Ty

that produces the so called’pos1t1ve energy pers1stence ,_-f.fh

(Long,’1985) effect is the 1ntegrat1on parad1gm.lAs_noted

above, measures of vzs1ble per51stence obta1ned 1n thls

xb'ptrad1gm are subject to effects produced by the second i




‘d1sblay On.the other hand when condxtxons are arranged
| such that it is unllkely that the second dlsplay can affect
‘v1sxble pers1stence produced by the fxrst a very_dxfferent

view of the effects of stimulus 1ntenslty on the duratidn of

.
\

vlsxble pers1stence emerges.

For example, Di Lollo and Bourassa (1983) reported an
‘experlment 1n whxch the 1ntens1t1es of both dlsplays were - |
cqvarled over a range of about 1.2, log unxts. SOA was
constant between condxtlons, and therefore, effects on
.performance could be- evalué%ed in terms of the 1ntensxt1es‘
of the dlsplays. Importantly,.the 1nterp01nt separatlon used”
£1n thxs study was 60", whxch appears to be out81de the range‘
over whxch 1nh1b1tory 1nteractlons between tran51ent and
sustalned channels may occur (Breztmeyer, Rudd ﬁnd Dunni,
1981). If it is assumed that 1nh1b1tory 1nteract10ns between‘
responses d1d not extend over this range, then the results
_reported by Di Lollo and Bourassa (1983, Experlment 3) can
‘be explained on the basis of changes“in‘response latencies
1n susta1ned channels. . | | y

Acré!g the range of 1ntens1t1es stud1ed by Di Lollo and
Bourassa (1983) performance in the-xntegratxon ‘task'.
,remalned constant. Note that if . the durat1on of v1szble,g K

\ persastence was 1nversely related to stxmulus inten51ty, onef

B

“fcould reasonably expect performance to dec11n° w1th

.

1ncreases 1n SthUlUS 1nten51ty. FOI‘ example, an 1nverse

"durat1on effect would shorten the susta1ned responses

r

'-;fproduced by both D1 and DZ Consequently, the perxod for
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\ e

whichfthe;two responses uere;temporally‘inteorated Q0uld‘be
reduced and‘performance uouldAbe expected to”be impaired,

| much as though a. longer SOA had been used On the other‘
hand 1f the duratxon of v151ble per51stence was dlrectly
related to stxmulus 1ntensxty, better performance would be
expected under the higher. 1ntensxty condltxons. In thxs ,‘

“respec<i’£esponses of longer duratxon would temporally
- overlap for longer perxods, so bright stimuli would be
expected to fac111tate performance, if, 1ndeed they
produced sustained responses of lqnger durat1on.

- It is worth not1ng that under rntenszty ranges sxmllar

(ngthose used by D1 Lollo and Bourassa (1983), Efron (1970)
observed afn 1nverse effect of 1ntensxty 1n a probe match1ng
task On the other hand over an 1nten51ty range of 2 log |

, unxts, Long and Sakmtt (1980) reported a d1rect effect of

- stimulus 1ntens1ty on duratlon of pers1stence using a’
temporal 1ntegrat1on task Clearly, the fugctlonal relatlon
between st1mulus 1ntens1ty and durat1on of vxsxble |
pers1stence should not vary as a funct1on of the procedure
used However, measurements of the duratxon of: v1s1b1e

pers1stence may . be largely affected by the type of procedure

employed and by the exper1mental cond1t1ons used w1th1n a

»

glven procedure.‘In th1s sense, measurements of the duratzon‘
“}f of v1s1b1e pers1stence could be both dxrectly and 1nversely‘ﬂ
‘related to st1mu1us 1nten51ty ,An alternat1ve explanatlon H

\‘ that can account for the effects of st1mu1us 1ntens1ty on

durat1on of vxsxble pers1stence 1s that response latency 1n djj?

".‘:._
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jsustainedlchannels;\as opposed to response'duration, is

' +

affected by 1nten51ty manlpulatlons. As noted, this account

prov1des an explanatory framework for inverse 1nten51ty

-effects which are observedvxn several,paradxgms. Th;s

account may‘also expla1n why 1nten51ty effects are tnot

observed under certaxn spatlal condltlons 1n the 1ntegratxon

paradlgm. For example, consider the absence of an 1?tensxty

] effect reported by Di Lollo and Bourassa (1983 . Recall that

1nten51t1es of the dxsplays)were covarled between condxtxons

~in thlS study, and that the 1ﬁterp01nt dxstances used were’

-

llkely greater than ‘the dlstance&pver whlch ;nh1b1tory

tran51ent responses would rea \4Br1etmeyer et al., 1981):
i }« é] '

‘An’ effect of covaryxng dxsplay 1nten51t1es, then would-be‘

3 "

to produce a, constant shxft in the latenc1es of sustazned

responses produced by. D1 and D2°h1th1n each of the 1nten51ty

-

'condxtxons. The value of the Shlft would be equal: to the

>

change in response 1atenc1es ‘as pro uced by a given. change
in. dlsplay égten51ty. That is, 1n comparison to an
1ntermed1ate 1ntens1ty cond1t10n, sustaxned responses for

br1ghter stlmu11 wou%d/begxn earlxer in time, whereas onsets.

l‘ of susta1ned responses‘for dxmmer stimuli would,occur‘at a

/
/

1ater p01nt. Q:h/‘

N

If the 1nten51t1es of 01 and D2 are covar1ed, then o

. response latenc1es w1th1n a cond1t1on would change by the ‘“4

same amount. Consequently, the effect of stxmulus

“.'o
1nten51f1catlon would .be to change the t1me at wh1ch but

not &ﬁg tlme for whxch,\the sustaxned tesponses were o
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. temporally integrated. Of course, given equal durations of

a temporal integration across conditidns, one would not expect
8
8

to observe differences in the level of performance’ achle%?d

&

between the different intensity conditions. As noted, Di
‘Lollo andlsourassa (1583f reported no‘efgect of intensity on
'performance in this expédriment.

‘In summary, it may be that the opposing funct1onal

!
relations described for stimulus intensity qn the duratxon
{

of visible persistence could be explained on the basis that
“ ’\ ! r . ) { .
the duration of visible persistence i's not affected by '

o he

change’s Ln stimulus inten N}y. In th1s respect measurements
of the durat1on of vxs1ble per51stence may be affected by
changes 1n stimulus intensity, and by the procedure used to

" estimaté the duratlon of the‘response.vFor example, if the -
'obserVer‘must respond to the disappearanpe of a test
‘stimuius, brighter'test stimuli might disappeérlsooner than
d1m test stimuli. However, th1s does not necessarlly meafh
that' the durat1on of ‘the- response medxatxng visible.

‘N~pers1stence of the stlmulus became shorter due‘to the f'

fhtens1f1cat1on. Rather,.vzslble per51stence may subsxde

earl1er for brxghter stxmulz, because the K response med1at1ng

‘e

. 'the per51stence of the d1splay beg1ns and ends’ ear11er. In
' ff‘th1s sense» relat1ons between stxmulus 1ntensxty and |
frduration o£ v151b1e persxstence mlght alternatively be "t
consxdered in terms of the; relablon between stimulus .
"1ntensxty and the latency of the response that medaatesf-
L_gjsible‘pers¥stence,n;“}f: - .

PR W = e

. . . . .
- L [ R L -
. el . . W .
. . .
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A;_backwaqd v1sual masklng paradxgm.
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B. Concluding Remarks - .

The effects of stimulus intensit se latency

in sustained channels should be 1nvestlgated in fluture
research Changes in response latency may provxde a
reasonable account for the effects that stlmulps intensity
'is believed to have on ghe duretioh of visible persistence,
and in this respect, may_offef a basis for developing a
commdn forum in Jhich'the effects of stimulus intensity can
be considered. The natdre and role of visible persistence ‘is
currently be1ng debated (e g., see Coltheart (1980) and Long
(1980)) largely because of the evidence that suggdﬁts the
duration of the feseéﬁse is inversely related to etimulus
‘intensity.id‘some Céses, and directly,releted in others. On‘
the besis of the foregoing discussion, it may be tﬁat these

L
- o .
/views can, to some extent, be considered to begrelated

A}

rether than dppoéing.

Since it 1s clear that v1s1ble persxsténce can be

‘1mpeded another direction for future researth would be to

1nvestlgate the possxble role of v1sxble persxstence as a

stage in the process1ng of visual 1nformat10n. For example,
A
one may be able to measure the effects of an’ 1mpedence of

“

* r

visible persxstence on hlgher processes such as recogn1tzon*‘

or 1dent1f1cat10n of the 1pduc1ng stxmulus. In this regard,'

!
Y - , v

v1s1ble pers1stence mxght be studled under the confxnes of a[



Figuxe 1: Schematic representation of stimulus and transient

ined (Y response magnitudes. Panel A shows

response magnisudes as.a‘function of stimulus intensity.
Panel B shows transient and sustainea kesppnses'for two
"displays (D! and D2) presented simultaneousl}..Theytransient'
response elicited by D2 does not coincide with the sustained

response from DI, so no masking by transient-on-sustained

N . - . v

inhibition would occur in this condition. Panels C-E

' 1llustrate transient-on- sustalned 1nteractxons for flashes

[y ) .

of var1ous xntens;t1es, all presented under fxxed temporal

condxtxons. Based on the magnxtudes o£ the transxent
responses, 1nh1b1txon of the sustalned responses would. be

pred1cted to be moderate in Panel G..maxxmal 1n Panel D and

‘mxnxmdl in Panel E N »

.

-
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Figure 2: Performance as a function of stimulus
rntensxty Each datum represents performance obtained under
a un1que xntensxty paxrzng The 1ntensxty of the first flash
is ngen along the right sxde Of the figure. The intensity
of the second flash can be read along the bottom of the

fxgureu Data in Figure 2(a) is for observer BDJ. Data in.

~.Fxgure 2(b) 1s‘for observer TJF.
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