%

+ Acknowledgements.

¥

I would like to sincerely express my appreciation to

Dr. Edward M. Brussell f0r~hls support, encouragement and

.advice throughout the regearch 'and composition of this

°
4 )

thesis, =~ -~ - - .
Thanks are also due to Dr. Mel Komoda and Dr. Olga

o

Eisner Favreau whose—suggestlons and crxtxcisms were in-

\
Y

valuable. " - ; '

‘ This researgh was supported by grants awarded by the
Nétional Research Council of Canada (Grant #A9937) and la

Formation de Chercheurs-Aet Dlaction Concertée (grant

)
4 )

’QS v ). .




- ’

"« . Table of Conte

t

'GENERAL INTRODUCTION .'. . . &

‘I TERMINOLOGY .. . « . « . .
M&Sking < e e T e e ‘ ¢ o 9 :

Tempcralxofder & Metacontrast

ISI’& SOA e o .7.0 . -. = e = lo

The Metacontrast Function

P 2 .

II  THEQRIES OF METACONTRAST.
by P -

’Apparenf Motion . . . ; .-
|

Integration Theoriés. . .

~

-

nfé

Interruption Theories . . . . ;\.

The Concurrent-Contingent Theory.

Purcell, Stewart &

Stewaft.& Purcel

-y
?eisstein's Mogel . . . ¥

II1I, THE ENERGY
Duration. . . , ¢« .« & o «

L{i‘ninance . s e .. L] 3 . [

Yo

‘e

s (1974) ModeM .

Energy Ratios & Energy. Differences.

(S !
IV- . SOME MORE DEPENDENT MEASURES. .

Forced Choice . . . . . . %
: #

S

éubjective Ra'ting . ¢ e o e o o

s‘mary * o . e ¢ o e o .,

)

o

*

*

Lateral Inhibitidnu(definitioni e e e e . .

mber's (1968) nbaelﬂ . . .'

g
-ﬁﬂ
Page
e eole 1
TR
A
Cou e
..'.."\ 6
e« o o o (10
L oL 10 .
.« e . . 14
. ... ‘18
NS
23
24
. . . 28
. 2.
.. .. 40
. L a0
S,
e e .. 43
A ¥ 24
s ... 48
. 80
... 52
?






-3
[

LIST OF FIGURES :

o L e . . Page

F:lghrel: Momnmtypesofn’askjngfmcﬁions
_found in MEtACONETASt «veveeseeesonsroseannaseesasnaes B
Figure 2: Weisstein's (1968) newal net model of
| metacontrast T 3 K
Figure 3: At an/SQA of 0 (a), the neuralresponse
of the mask is quicker than that of the
; . target. There is therefore little overlap
- 'betweenthetwor?sponses. With an intro-
duction of SOA, however, the amount of -
overlap increases (b).....‘.............t..;.'.*._......... 35

AN

TN T S SRR
L it TEEWUT L s e I g D
A [ R -
S .
- ‘.

S

- o

PR £ TRRC TS £ 1Y

>
v
»

s ]

-Figure 4: In Weisstein 0zog & Szoc's updated version
of the model, an inhibitory collateral (I) -
. caming from the target,can be an ‘inHibitory .
{ : ; :influenoeﬁéﬂwedecision NEUION ecceceececccssscsancece 37

b

B e e L Al T e
' P
-

Hgure 5a: The stimulus dimensions (in visual angle).

T e e tiras ety e g

: .
:';« 'meta,rge'tdisccanappear‘ineitheroﬁthe
E _ _ _anmili which are shown, and has the same .
' < ) “dia:reterasttxehasideportionofanaxnmlus cereveaeas 63. ,
r . - - ' ) — . ( ) . .
t 2 \ N } . . R N t
. © Fi 5b% A schematic diagram of the ‘'target’ channel o o
: C t-m.-’..q..,.....Q.'."}'.....\'......".'....;.‘64 -
b‘ ' ' < o . ? .o s
- Fiqure 6a: The geometric means (in real nmumbers) plotted
‘ . ' as a functicn of SOA for all the .25 ratio
) ’# dark wapmtio’l mitions '.ll.‘....c)...o........;O.liohlol'
: L Y
——— - d ) Q ‘
. ', .
~ '.'\ .;
m‘ o PRI - a
. . - ”b s R . . ) \ . ;
- 0 S [ >







LIST F FIGURES {cont'd)

H.qutell.'memeanofthelogmagnluﬂeestmatesfortheB"
rati.o light adapted conditious collapsed across

'

%82




R

R

“f
."*3?47-.9?1 I

4

s‘

" ‘ﬁlmmr‘mrnw ”

S LIST OF TABLES S T

7 Tapiezr‘%” The parameters in the stimulus energy . .ooE :

v

conditions---.on-o'o-qoot..%oooo.cooooo.oo 5‘ ' ~

Table II The results of the Analysis of Variance I..107 .
_.- ’ ‘ . l ¢ M ‘ ’
Table III The results of the Analysis of Variance II.1d9
Ve . ) .
, “ {
\ ¢ . Y . %
. . \ - ’ ! v ‘ ) ~
4 )
» k P . ' - '
» - \’ ‘ - )
. (3 . * . ) )
lr?'- ) e , " ) -
4‘ " ' o ~ \
. o L. :
) - i O ‘ ~ ° ! N t
SN | ‘
- ° ) . ) _' . ( / )
A \\:;
: \ =y -
* N Y ' : .
» . .’ ’ ;‘ N o
— - . ’ . L ( ' *
\ ) N }Y: \
o 3y .
' . N . ¥ 4

~ .

4 e \\/4~/ Ay e T

N g . .
v 4 , .
. - 1 ?
- ’_ , N i
- i “>

' B v




S . 2

!

tation of a smaller test {d ; He féunﬂ that when the con-
w y/

ditioning stimulus follo test flash the latter s

\ threshold increased, This Bp601fic paradigm of masking came

to be known as the "Crawford effect". -

v

Boynton & Kandel rev1ved\£nd generalized the use of the
term v15ual mask;ng in 1957 and since theh, differences in
terminology have generally reflected)differences in theoreti-
cal qrientations. For instance, Averbach & Coriell fl961)\ >
used the term "erasure" to, describe thie phenomenon because
they believed that a neural representation to the target can
be erased by the representatlon of a mask. Throughout this
theeis, the term “maskingﬂ will be used to refer to the gen— P&
eral phenomenon . that describes the‘perceptual attenuation of
a target ‘Que to the presenqe ‘of a mask.

In a typical visual masking expeylment, a measure of the
effective visual 1mpact of a target stlmulus, such as detec-

~

tion, brlghtness or clarity is assessed as a function of dif-
D

ferent levels of the ‘spatial, ‘temporal or energy relation-

N

shfxﬁlbetween the target and mask. Changes 1n‘the dependent

‘measure reflect changes in the perceptual impact of the tar-

_ get and hence, can be used as an index of the amount of mask-

ing. Since many dependent measures of the visual ‘masking
phenomenon can be employed, a generalized, rather than oper-

‘ational, definition of visual masking is warranted and of-

fered by Kahneman (1968) :

J‘
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its 1owest luminance. Ms me sure, which reflects the edge
,l‘

"definitlon of a stimulus with re\apect to its background, is
related to how\f-ll an observer pércelves that st:.mulus. A

perceptuelly well defined stmulus would probakly have a

contrast .ratio approachifxg 1.0, while a less wel de'fir}ed
stimulus would be reflected by a contrast ratig approaching
The contrast ratio of this hypothetical target c;n be
‘calculated to equal .67. If a mask of a higher uniform lu-
minance, for 1nstance of 10 fL, is concurrently presented 1

such -that it s ially and temporally 'overlapped thé target,

the perceptual effe t would be an image formed by the ad-
dition of the luminances of both stimuli. That is, the lu-
‘minance -of the mask would be added Yo each pa::;t of the tar-
get. Therefore the lumi ance reflected to the retinal area
‘representing the tatge'r{\ etter would increase to 11 fL,
.;vﬁiie that of thq backgroupd of the ta;réet would increase
to 15 fL. Hence, if eknew ntrast "r.'atio were .con:puted
with these new luminance va;ues, it would be attenulated.to
- .16; Phenomena;lly, the observer would report a target let-
ter which is not as cl'ear as the unobstructed target. It
can ther%fore be said that this redﬁctiori in clari‘ty‘, with-
in the. target, is due solely to the physn.cal*-superlmposltion
| of the two stimuli. : /-

Masking would not be an interesting phenomenon if

\& . -- . 3 .
was merely described by this- physical ’reduction in contrast.

e
.
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. I Theories of Metacontrast

AR .. This section Wil&}“iw_ and evaluate some of the major’

‘theories that have attempted to explair:the phenomenon of

A

-me\:acontrast. Th‘ese theories fall‘un ' four gc._a‘neral~ H"cate-.

éories: apparent nlotiion,., integration,” rruption, and :

_ ) theories that- are based on’ lateral inhibition. Each theory" ’
¥ . will be considered sepafately. . _ _ S w

' \

}_\pparent Motlon & Metacontrast ‘ o
- T

Kahneman (1967) developed a theory of metacontrast

based on the v1sua1 phenomenon known as apparent motion. Ap-

- . . @ .

parent motion is described in the following manner:

. L spatially adjacent illuminated square » is-presented to an

. observer. At an optimal SOA, the—abserver would report
. "seeing"” a square moving from the locathion the £irst

stit'nulus to, that of the second. This phenomenon,which was

- first descnbed b Werthemer (1912), can be seen when
‘ f - ! looklng at the "mo 1ng 1ights" which ate often on the mar-

~ ' quls of mow.e theatres. )
' 3
;

.In metacontrast, a patch of light which is called a

17 P ?éé(get is flanked by two other patches of iight; which are « +
] a . . . , <

e masks. The target and masks are‘presgnted in some “tempora]:

order such that if one of the masks is removed, the target .

' will have appeared to move in the direction of the v:.sible

However, when hoth masks are presented, apparent mo-
A .

) .,tion should predlct th_at the tanget would appear to move in

: 3
. N A i

-
-

w illuminated square, whiclf'is temporally followed by another .

Suppose an.

<

-




. the direction of both masks. - Siﬁce a stimulus cannot be

' pereeived to move in two opposite direc’tions at ‘the” same

time, the visual system is confronted w:.th an mpossible

1

sf;; J o -ituation.‘ It therefore suppresses the visual mformation

: = about the target in order to reséolve this conflict:. 'Ihis
results in the perceptual degradation of the target in the ..
metacontrast paradigm. ! T ‘ o \

. In explain:\.ng the data of many of his apparent motion -
experiments Kahneman postulated that aﬁresponse to a brief
stimulus lasts longer than thqt of the stimulus 1tself<, and
must overlap in- time. Apparent -motion is seen mwhen ; peri-
. ‘ od of response to the first stimulus alone is fpllowed by}

.- period of overlap - prov1ded that the overl.ap is of 1n1:er-' o
T Ay

Ry

mediate d‘uration - -and, the overlap is itself followed by. a

period o\f response to the second stlmu]:us alone" (Kahneman,

-

. 1967; PP- 58‘2) Kahneman claimed that the r@ponse to a
brief stimulus does not appreciably change as a fuhction of
.exposure duration. He suggested that, ‘the amount of over-
lap between the two.n/eural- responses is dependent mainly on
SOA, and not qn the durations of. éﬁ stimulus. Thus, ap-

parent motion varies.as a fuiction of SOA.  This is known

Ve

as "the onset-onset law" ‘of \gpparent motion.‘ According J
to Kahneman, when stl.mul:\. are presentéd ‘for longer até -
rations, their neural responses become sensitive to the

“duration Bvariable and }&%\ .ons’etepnset law" brea.ks ‘Adown.

[ R . 4

N - . . .
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' the neural responses to two stimuli which follow one: another '

-
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sipultaneous brightness contrast to explain monotonic meta-
contrast functions. S o

-~ : , Simultaneous brightness contrast describes‘a condition

where the percelved brightness of a visual stimulus is at~-
"t - ' tenuated when it is surrounded by a fleld of higher luminance.-
¢ .“ In\Fehrer & Smith's experiment, 'a }uminance ratlo.ap-
| ' proaching 0 was described by a higher luminance mask and

lower luminarce thrget, which satisfies the stimulus lumih
_nance cqnd;tions’necessaryAfor producinq'simoltaneous brioht—,
- (. ness contrast: Thus, Kahneman explained.that at an SOA of
zero, the»peroeptual suppréssionrof a -target in‘a metacon-}
trast paradigm is the result of simultaneous brightness

‘ contrast. As the SOA increases the target and mask(s} per-

éep“ually separate therefore reducing'the\simultaneous

v

3 X brightness contrast effect, and produc1ng the monotonic

function. Brightness contrast whlch relxés on the luminance

kS

PRI W AN
.

differences between two flelds, falls off as the luminance
X

of "the two flelds approaches equalzty. Therefore, as the

stimulus lumlnance ratlo between a target and mask ap-
-, . \

proaches 1, metacontrast c¢an .no longer be explaired by K

)z

brightness contrast, .and, thus, may be exp1a1ned‘by appaf%ht
. .

“motion. : - : . . . l o

. ~Weisstein & Growney " (1969) conducted a parapetric in-

. vestigatjon’ comparing the phenomenon Jf apparent;motion with
~"1:ha.n: of metacontrast. Their results seemed to indicate that

N

ythe twp phenomena are mediated by‘seoar te mechanisms. fheyu

3 " . 4

/
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,periments, one would have to speculate that elther detec—-

- - | ‘. ’ 16
pect masking. However, the reaults of many studies (Purcell

& Stewart, 1974; Heckenmeuller & Dember,-lQGS, Matteson,

1969) have shown that masking does, exist with lit stimuli. .
Another major criticism of this theory is its'inaoiiity |

togexplain non-monotonic metacontrast functions. A‘Ho‘weve'r:,‘~

Ericksen et. al. (1970) offers an explanation *for these U

'shaped functipns. As was explained earlier, hé\éﬁggested

that U shaped functions were an artifact of dependent mea- -

aurea which are based on judgements of tle apparent bright— ,

-ness of targets. He cites data which suggests that a target ¢

becomes progressxvely less brlght as ISI increases up to some\\
value, and then becomes progressively brighter, as the ISI is
furthet increased. Although he does not describe the under-
lying mechanisms that are operating, he suggested that the |
phenomenal dimﬁing of the targEt\&s an independent or paral-
lel effect to the identification process and that the infor-
mation necessary for detection or identification -does not

eeem to be affected by the phenomenal'dimminé. However; the
results of the WElSSteln & Haber (1965). study (not withstand-

iné,Erlcksen S cr1t1c1sms) and the Purcell, Stewart &“Brunner

(1974) study show that U shaped functions do occur in para-

’

-digms in which ldentlflcatlon or detectlon procedures are .\&/

. used. In order to explaln the results of these 1atter ex-

tion and identification tasks are not indepeqdént of the

ﬂphenomenai\dimming effect, or that all the dependent mea-

py o ’r\‘ Ty;“’
Lo
R
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Interruptién Theories. of Maskingj‘

Averbach. ‘& Coriell (1961) suggested that the presence
ot a\mask erases any lmage of a target that has already been |,
formed and placed in a sensory ‘store. ;desley (1961) ar- |
gued that the mask Lnterferes w1th any processing of the
Ltarget so that rts perceptual represeﬁtatlon 15 never reached,
while Sperllng (1960) hypothe51zed that the mask Lnterferes
with readlng out the already formed im‘ge of the target from

T~

‘the senso store. o, . ‘ _
ry ot U L

In the explanatlons of masklng, 1ntegratlon and inter-

A

'ruption thepries differ in that the former set of theorles

speqﬁg}es that two already formed images of the stimuli

temporally comblne whlle the latter set explalns that the
mask‘lnterfereﬁ with tpe proceseln? of the target, so that
the target's peroeptual representation ({n Sensory storage

for instance) is never reached.

Because the pProcessing time of a vi
:verselyjrelated to its_energy level (energy peing defined
as the product of luminance and duration), interruption hy-

>

potheses would explain thrat backward masking occurs beqeuse _'

a late-coming mask of high,eherékxquickly catches up to a

slowly processed target of low energy, and interrupts this
B ~ : | \ >

/
-1

processing.

Speciflcally, interrhption.theories would explain U\.‘ S
shaped functions in the|following manner. They ;uggest, - f-7
that at short'SOA's, a,target ahd'meSk'can be processed

- \ ‘ . ~

PR ik
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: ~ ' " Integration and interruptlon models of masking have x

' traditionally been regarded as opposing e&planatlons of

- E omasking. Regently however, Turvey (1973) proposed a mask-
. \ | inglmodelfé;fzh 1qcorporates lntegratlon and 1nterrup-

tion" principles. ) «

- »

- e

\ ‘ . | The Concurrent-Contingent Model of Masking

t

L ' ‘ Turvey (1973) hypothesized that masking is mediated bj

by

R

peripheral and central mechanlsms. 'He refers to peripheral

A

-  culate nucleus, parts of, the striate cort

mission lines among these. Central mechanisms basically

A s

PR Sl

refer to a "relatively late stage in the cortical process-
b ing of visual data". These two types of mechanlsms are re-

lated in that the two processes occur~concurrent1y with the

Pt - ¢

operation of the central processes being contingent on the
. . ) :

output from the peripheral mechanisms.

“ 9 - . “ ) . ‘
(A visual image ‘stimulates receptors located in many

] . .
periphetal nets. Each rfet procésses. specific infofmation

\

about;thedhﬁlmulus. For rnstance one net may process 19-

ten31ty information, whlle another, size or temporal infor-
v

matlon. Each of these nets are connected to centrel storage

units whlch comblne thexr 1nformat10n serlally. That is,
. . the input to a céﬁtral store. consists of two bits of 1nfor-
N ,

mation.. The flrst . being the output from the precedxng

> . central store, and the secona, the output . from thngerl-

sensiti&ity to an afte;coming low energy target. - \' e,

B % tse AT A v .

'
et a Mgt queied L,
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pheral net asaociated thh that specific storage unit. The

L
information from a perlphera’l net must, therefore be pro-,

cessed and stored J.nhcentral store before output from

o -

the ‘central store’” i® rdleased to t.he next central unlt.

- ' Therefore, “processmg‘of 1nformation at the central level

can be delayed b,y_.‘penpheral mechanismé. | ‘ " .

; - - '.__, Mask:.ng may be per:.phéral or central in nature, de-: {

J pending upon where'the .information from the twotstlmull
% »irfteract. I}f‘a. target and mask fuse or integrate at thé h
§ § ‘ : ) peri\phe:ral nets, or‘ in the transmlssuon ilne between these . F
g . - , nets and the centrdl stores, then the central stores re-"
{ ) , c,eive. and process ‘the integrated image of the two stimuli, ' ‘
“% w%h_‘ results’ in t};e at\ten;ation‘ of the peroeptai;ility of

the target, which describes peripheral masking. If the two

stimuli do not interact before the central stores, then the
a * M . ,Q N ‘
‘central processor receives the two stimuli in succession and

i 4 N il
) »

i must process the target before the aftercomlng mask has a
" . chance to catchi up and lnterrgg the ongoing process:.ng of o

the target.| If the mask catches up and interferes with the

v

processing ‘of the target, then the resul€ing perceptual sup-

pression of the ta@get is termed, central masking. 4

.
A

N . » ]
. , Turvey suggested that nonmonotonic masking functions
- are only produced when stimuli which have specific energy ‘

~ ' e

characteristics” are employed. He claimed that in non- -

E \ metacontrast masking, a non-monotonlc functlon is formed S

whén a h1gh energy target an lower énergy mask are used. i <

N -

i - B
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consisted of stimulatmg ommatidiam with light, and, by g

placing anvelectrode at an optic nerve fibre, he monitored

P o’

Wy
changes in the reqponse.rate of these cells. For instann\éfe
he found that the stimulation of a particular ommatidiam
{receptor) resulted in the:increa'sed firing rate (above N

" ‘the baéeline\spontaneous firing rate) of a. nerve fibre.’

S

“'Ihat ig, if a light stmulated receptor A, an increased
fiaring rate bccurred in nerve fibre X. Slmllarly, 1f ‘he

stimulated anothef rece’ptdr B, an increase in the sponta~

neous fJ.rlng rate occurred in another nerve flbre Y. How-
' .

ever, 1f he ‘stimulated both ;eceptors A and B, and mom.- .

tored ‘the firing rates of nerve fibres X and Y, he 'noticed
' ! r

that the f’iring rates in these nerve cells were lower than

when eithér of these cells were being stinﬁilate_d alone.
o3 :

) E S v . o
Thus, the attenuation in the firing rate of):merve cells due

to the activity of a neighboring nerve cell(was }ca}lled Lat-

eral Inhibition. Ao b

Purcell Stewart. & Dember's (1968)
Lateraljheory of Masklng :

L . .
<

From the data of the limulus studles, Purcell t. al.

p;”oposed the followx,nq theory of v1sua1‘mas‘kmq based o
. - ’ % )

. v K
lateral inhibition. Their model assumes that: |
"1, The firing of an aggregate of neural E
noo o cells in the visual system has the
.effect of inhibiting or lowering the:
firing rate of those and adjacent
cells to present and subsequent stlm-
ulation. ~

2. The amount of inhib_ition generated by
a given flash of light is an increas-
ing function of the intensity of that -
flash. ,

(dJor, A8 TR THIIWE TR IR Y L

w‘\
T e e st oK N b e av s - -
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If the c.iifferenfj:al between the i:}hj_.b,ii:i-on of °. .

" group 1 and '2 was sufficient, then group 1's firing rate - "

to the masking f;.eld would be’ much greater -than that of" ?
.group 2.

—

This would result in the Ncentral target area 4

' to be perceived as belng brlghter than 1ts 1nmed1ate back- .

v3
ground a phenomenon which Purcell. et. al *havez called

brightness rgversal of the target. ‘ .

. 2. With less differential,

the integration of the -

Q—l , . 1 . ( a
two stfmuli would result in the perception of a target
which is phenon;énally the Same brightness as the background
(mask) and the dark target ‘could be said to be“masked. '

.3.., With even less of a differential, integration:

would .result in the ‘i:arget appear‘ing from grey to black“. . -
For the third outcome, one way to increase the' dif-

ferent1a1 of inhibition between group 1 and 2 would be to o R

increase _the luminance of the background

'I‘here is also

anothe‘r method for increas:Lng this inhibition.

~

v

' If a black

rate than if they were st:.mulﬂated‘by a‘-unrlform flash,

figure such as a.ring concergtric to the target was added

gy

to tpe maslrj:ng stimulus, the 'following might result. Tak-

ing into account assumption 4, the black masking figure

would "serve to protect neurons adjacent/; to and surrounding

Som,

it from receiving as much 1ater‘al inhibition as they would
) -

if the’ ‘masking fJ.eld was homogeneous. (‘:ons'e‘quently',\“neu-—

‘rons adjacent to th:Ls fxgure (ring) could firxerat a higher-
. The

~

. “ . .7
“ - s " R . ! °
~ L . . ' .
N .
- - . .
- .

Py

-
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group 2 becaufe the latter group is ‘inhibited to a greater

) 4
-extent - from the first presentation of the target.

A

In order to &explain disifihibition or re?reversals of
the target’ Purcell “et. al.’assumed that the dependent cri-

teria of an obserx)er was critical in producing “this phenon-
CoA v
ena. Suppose for instance that in a g1Ven.paracflgm observ-

e @ v
-

.ers were required to identify or detect a dark target. In

the case of a'brightness reversal, en.observer- might fail

A

" to locate the target for his criterion is based‘on the per-

“

'Iherefore this stlmulus would

A3

o ception of a dark stxmulus.

. be operatlonally descrllzed as belng masked. In this case

the "m‘asked",target is still Drepresented in thel visual sys-

tem. Since one7masking stimulus' can reverse a target, a

second mask mig‘hi-Z in the same ;vay as the first, act 'upon
the reversed target to restore it to its"original appear-

" ance (Purcell & Dember, 1968). Thus an observer might re-

port a stimulus which is masked in’'one “condition and to be

recovered" in the ‘second.

.
\

Purcell et. al. explained ‘that the magnitude of inhi-

b':Ltion generated by any region of the target stimulus would

be greatest J’:mmediately after its presentation "and would

gradually\zdecay as a monotonic function of time".

w

They
- 'would therefore ‘predict that metacontrast is méximu;n at

short SOA‘'s. To illustrate, the amount of inhibitionlgen'e-—

. xated by the background of the target descr:.bed earller

(group 2) would decay with t:Lme Since tt;ere would be

’{ - . -

s mrarbaier g

%
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. o | e ' .
time t; and f£(t) is™the persistence of the target figure at

~

wIn a backward masking situation, if a white homogeneous
overlapplng mask is presented together with the target, the

visual persistence of the target may be represented by:

¢ R
" x(t) =s(t) #K | L
He + Kk . , ‘ ’

where K = the persistenee of the mask. The effect of simul-
s\

teneous exposure of the target and mask flelds would be to
3

reduce the phy81cal contrast of the target stimulus. One
would expect poorer pérformance in identification dr recog-
nition tésks, however, in some cases, where the contrast pf
the target ie.high,‘a white ﬁniform mask presented at an‘
SOM of .0 would not affect performance. .With this high con-
trest target, es the SOA is increased and the target pre-
sented, the persistence of the image decreases before the

o

omset of the mask. When the mask comes b

instantly summates with the weaker perelstence of the tar-

', get and its background. Slnpe a constant mask value sums

with s(t) and £(t) (because the mask etimulates the same
retinal tissuee asdthe target and its background), as they
Qecrease, the*velue of r(t) approaches 1, indicating that
the legibility ofﬂthe target is decreasing, which would re-
sult in masking. As the SOA is further increased, the ter—
get is perceived before the persistence of theFmask can in-
tegrate Wlth the persistence of the target. Thus, masking .

in this case has been described as varying non-monotonlcally

e

on, 1ts persistence -
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- Weisstein's Metacontrast Model ; ; ) . . ,

Metacontrast is a perceptual phenomenon which is the
'Q . result of one visual stimulus affecting a neighboring visual

stimulus. Noting the similarity-between this phenomenon and

fo

that of lateral inhibition, Weisstein (1968) prOposed a mo- f

et

del of. metacontrast which bases 1tse1f on the pr:mclples of

-

lateral :thlb:.tlon. ‘
Her model makes use of the Rashevsky (1948) 2-

:31‘
‘on whlch ;Ls *a respondlng element that combines bo ex-

itatory and J_nhlhltory processes Some characterlstlés qﬁ .
is neuron are; (‘l)- J.frthe sum of the inilibitory and exci-.
tatory influences is above‘zero,.. the neuron will fire in
proportlon to its exc:Ltatlon and, {2) a target or masklpre—
sented alone, results in more excitation than mhlbltxon,
while’)a target and mask ﬁresented together, results in more _ )

-inhibition than exc:Ltatmn ‘to the target stlmulus. Weisstein's

net descrlbes 5 ‘neurons (see fig. 2).. Two are identical periph- -

~ ’

eral neurons.yhich transmit 1.nformat10n about the stlmull, one,
‘ (a)" conveys messages about the target, while the .other, (b) *
- convey.s messages about the mask. The three other neurons |
° are centrally ‘located. One, (c) is a second 6rde‘r neuron
wh:.ch contlnues conveylng exc1tatory me‘ssages about the

target, Whllé the other, (d) 1s an lnhlbltory collateral

coming from ‘the penpheral neuron excited by the $fnask. - The

T G
U 3

. ‘third central neuron is -ealled a decision neuron (e) and i”t
) sums the excitation from the target with the inhibition from .

. °
- S . B "
N . P .

\-‘\ » ¢ . . - 1
. i N . .
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Fig. 4. In Weisstein Ozog & Szoc's updated version of
the ‘model,:-an inhibitory collateral (I). coming
*  from the target, can be an inhibitory influence
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. to the decision neuron.
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1 1968, ‘ibn & 1975 models) to cri'tically‘{a‘lffeict the metacon-

r - .

_ trast function is the energy ratio between a target and mask.
:s )‘ The following is a discussiop .of this variable, and how it
o affects the metacontrast function in -Weisstein's model.

- | Weisstein's Explanation of the Energy Variable

ﬁeisstein, Ozog & Szoc (1975) explained that as the

. . N
energy of a stimulus is increased, its neural response

3 o . S
: "smears out in time". Thus, if the energy of a mask was

-]

N 7 increased relative to that of a tdrget, it would not have '

to be delayed in time for its neural respons\ to over‘lap
= "Wlth the response to the target:. 1If the energy of the mask

Y R T

¥ was hlgh enough, its neural response would oyerlap a slowly.

& rocess:,ng target such that maximum masklng couid occur at

H ' ’

% “SOA of 0. As SOA is increased,‘- the amount oft neural over-
N " ' -

: , lap would _decrease, producing a monotonlc metacontrast func-

13 o -

' ! o

| g . L td.on. o . ; .

Weissteln (1968) studied the stlmulus enerqgy relatlonsg

M
g ]
se w

of 25 studies reported 1n the llterature. For each study,

she entered the stlmulus energy values mto the computatlons

of her model and sunula_ted the metacontrast function that
.

% ghe would expect to find. For 24 out of. the 25 studies, the

inasking fmctzon was similar tp the originally reported

‘ © function. A summary of these findings suggested that equal

Ne ettt

enerqgy targets and masks (energy ratios of 1) produced non-

mopotonic metacontrast functlons, while unequal energy stlm- ‘

43 . ‘ ‘uli (with hlgher energy masks) produced monotonlc metacon- - )

e e e ettt st s s Bt i . B
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‘ III. The Energy Variable . . w

- mount of masking.

4 A number of the above ment:.oned investigators have:
:om;;i that there are two crucial parameters which inf}u-_
ence: theamaqnitude of masking; the e:_cﬁosure duration and
luninance of targets and’'masks.. . _ ' g

‘ Duration , ' . l.

Alpern (1953) found that increases in the duration
of a target led to decreases in the maskiﬂg effet:t, while
increases in the durat1on of the masks led to increases iia

masking. ‘The results of a number of more fecent' exper

‘"ments (Kxnsbourne & Warrmgton, 1962; Kahneman, 1966,

initial findipgs. ' The "effect of target duration on mask-

“ing has also beep explored by ’rurvey (1973) As a depen-
‘ dent variable, he used the minimum duratmn of the Lnter-

val between the target pffeet and mask onset that resulted .

in accurate identification of a target letter. This de-

-

- pendent variable is termed the critical inter-stimulus-

interval (ISI ). Turvey found that increases in target’

v

duration resulted in lower ISIc's or less: masking. . In-

4 * r

creases in the mask duration 'resulted with La/rge initiai
increases in masking until it reached an asymptoti'c level

(at about a'mask duration of 10 msec) beyond wluch in-

creases in the duration of the mask did not affect the- a- \

i

e

.Donchin, 1967; and 'I‘urvey, 1973) have conf:.nned Alpem s
-

-
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‘nance constant at 36.4 fL. Fehreg*& Smifg- _however, va-

42

>

IS

data. For instance, the dependenf measures of the above

studies were not the same, which may imply that masking
varies as a function of the type of measurement used (this
argument as Proposed by Eric%?en was*reviewea earlier),.

Thel duration and lumirfance levels of the stimuli also
varied in these studies.. Forlinstance,_Alpern changed the .
luminancelratlo of hls‘;timull by’ varylng the mask lumi-

nance from 10 fL to 40d;fL while holdlng the target luml-

3

~ried the lumlnance of the target stimulus from .01 fL to

}O'fL, while holding the mask: luminance constant at 20 fL.

In all these studies, Variatipns in the luminance and’

¢
.

duration of the stimuli s%emed to strbongly affect masking. o

These two variables.have'been described as being intimatel

i

related in another way.( Y

Tﬁe results of a number of psychophy51cal studies have

-

.‘regealed that for threshold measurements below a cr1t1ca1

duratienl,‘tne visual system is able to‘temporally integrate
luminance. For example, at threshold, a stimulus of 20 fL
presented toﬁan observer at 5 msec. will produce the same
perceptual effect as a stimulus reflectrng 10 fL presented
at 10 msec. In both cases the energy is 100 units and the
visual system processes the information similarly. This -
relationsnip,,which_is known as Bloch's law implies that
R
1Barlow (1958) and Herrlck (1956) , for example, have -

shown that the temporal 1ntegratidn~of luminance usually
ogcurs for stimuli presented for durations below 100 msec.

>
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" conclusions can be postulated. . *

.the effects of luminance and duration of the visual system

are reciprocally related. That is, if one inversely varies .

luminance and duration by the same amount, then the percep- e

tual impact of the stimali sﬁould'be the same. . To the ex-
tent that energy is a relevant variable, we would expect .
Bloch's law to hold in a. metacontrast paradlgm. However,
the resultg of two metacontrast experlments (Kahneman, 1966;
Kaswan & Young, 1963g aave provided evidence that changes
in the duration varlable are more effectlve in alterlng the'

perceptlon of a target, than 31m11ar changes in its lumi-

nance.. More anestlgatlon in this area 1s needed before - .

Enerqy Ratios .& Differences v N

. ) . - < .
Fehrer & Smith (1962) used luminance ratios to express

the luminance relationship between a"tanget and mask. :In a
simllar mannér, the energy relatlonshlp between a target

and mask can be expressed 1ﬁ a ratlo form One tradition

l

has been to express this ratio as the energy of the target

divided. by the energy of the'mask. Because the durations
of the stimuli in Fehrer & Smith's experiment were he

constant, their luminance ratios could be expressed as ener-’

!

gy ratios. Their data could be Bummarized in the foll 'ing'

K

the metacontrast function was U shaped when the energy ratip A

approached 1, and became monotonic when the ratxo approached '

0. Kahneman (1967). Welsstein (1968) and Schiller (1965)
Lll reported a slmilar relatlonship between energy ratioj) )

N . A
3
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=
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- rounding mask which pccurred at an SOA = 0.

~ Favreau (1977) conducted an.expérime\nt in which they pre-

-magnitude of target contrast by reporting how much lighter

,‘,.or'darker the triangle was than its immediate surround. . o

\

explained that the target stimulus configurdation used in
their experiment could be conceptualized in the lanquage

‘of metacontrast as a triangular target and a cireu;ar sur-

In order to substantiate.their argument, Brussell &

sented only the triangqular target and circular surround to

their observers. ' The observers' task was tQ estimate the

: : _F
The brightness of the surround served as the referent and -

was assigned a value of 100. Numbers less than 100 meant /

. [ 24
that the triangle was seen as darker than its surround. /
: P

The results of their experiment showed that target contrast

-

" varied as a non-monotonic function of target duration.

Thus, they were able to conclude that the non-monotonic mask-

[

ing function found in their first paradigm was the result of
metacontrast occurring between the triangular target and

g
circular surround.

Brussell & Favreau stated that when target duration was
man:.pulated in their ‘flrst experiments, they were in ,effect i -
simultaneously varying the durations of*the triangular tar-
get and circular mask by the same propertion. ‘Therefore, as : ,‘
the duretions of theee metacontrast stimuli changed, the en- i

—_— .

ergy ratio remalned the same/but the - energy differences did 9

not. They therefore concluded that the non- notom.c functions
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MQ P Purcell 1969 Purcell, Stewart & Brunner, 1974) have

‘was presented-ih the presence of the masks, an

48

‘ SN | ' .
often in studies of masking subsequent to K_ahnema.n's crit-

icism. . - ' !

.m"?\ -y
. i .
" A target disc can be presented such that it appears

Forced Choice Procedures

concentrically centered -in one of two simultaneodsly pre-

sented, masking rings. Eor e:ach trial, the observer is re- ..
quired to detect in wh:.ch of the two rings the target ap-

peared. Many studles ,\(Dember, 1960; Heckenmeuller & Dember, _

used thJ.s type of two alternat:.ve spat:.al forced choice

om—

parqdigm in assessing the metacontrast phenomenon. In these'

i,nvestigations‘, "the observers were always forced to respond

.to the mask in which the ta;éet appeared whether or not they

saw the target. The index of metacontrast was the probabi-
lity of correct detection of the targét as a function /of an
independent variable (usually SOA). Under, conditions of

maximum masking, correct detectidn must always approach chance

‘b

level (50%) and as the target-comes,into view, the detection - '

.

ra%e api)roaches 100%. B ‘ ' .

A nim\;:er of investigators have mé)difj.ed this technique

in order to use it in recognition tasks. . For i}\.stance,

Weisstein & Haber (1965), Mayzner et. al. (1965) and Lefton

Q197Q)‘ uééd tte letters O and D as target stimuli and a con-

centric ring as the mask. For_ each trial, one, of the lette’rs
2

the observers

o
>







P

ltlmuius display that elicited the perception.

81

©

) COnsélquent; -

-of apparent nntion, and thus, mak;ng the comparxson diffl-
cult to generalize. However, when trying to standardlze a /
measure, a?x experlmenter mght carefully choose dependent
measures which clearly ref%ect the perceptual character-‘ . ~a

-

istics of the observers?i In conforming to the standards

s s . . C o2
’ therefore it is necessary to train him thordughly. before

"running” him through the conditions of an experimentu

t

: g
"of the experiment, an observer qnust do so reliably, and Co- ) }.

"ly; their categorlzing were relative to hig specification ' _‘ l
|
|
4
|
1
|
J
|
1

|
Weissteln (1970) suggested that because magnltude es-~ | ' o i
timates are- so versatile, they could be used to measure many

‘perceptPaI dimensions of metacontrast.- For instance, since

she believes that metacontrast\is an "edge phenomenon". - e
‘Weisstein (1971) was able to use estimates of the clarity
| of the edges of ‘a target (contour definition, edge - frag-

. o R
mentation) to measure the magnitude of metacontrast. -

Ericksen & Marshall (1969) objected to the use of sub-

jebtive rating methods on the grounds that é?servers may

ange their crlterla as the conditions change. Weissteln

o measures of metacontrast: subjective ratings and.forced

¢
qho e. The. results of ‘their experlment demonstrated that

1Y

. al, ‘71970) responded to these criticisms by comparlng . .‘ : §§
j i}
e small dafferences (non-sxgnlflcant) found in the meta- q
l;

ntrast functions were not attributable to differences be-

¢ .. o ?

G

;o een the two types of measurements.

é—'ﬁs«-—
~

;
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. .level. Thus, .a more comprehensive account &f thjmenom_

‘enon is avail'able for theoretical cons'i.dex&tions.'_

) i
e . ' " Inptroduction to the Experiment :
. - . | | )
S o In the preceding sections, two problem“areas have
13 . s ‘ . - ' . |
s ' emerged.” This section reviews the methods that were em~- - - .
‘_ ' - ' A L .

ployed to investigate these problémsv.x LT

1

Differences or Ratios? . . _

The energywrati-o between a target and mask has common-

ly been associated with the shape of the metacontrast func- . | /

- tion. However, because it has been shown that the energy . - :

- ~ '

.differences” and energy ratios between metacontrast stlmull

i oorgelate perfectly (except in 2 special cas€s), it is pos- o

sible that associating the shape of the metacontrast func- o

' . i . W’

] o tion with endrgy ratio levei ~has been misleading. Since \
there are spec1al condit:.ons where a change in ‘the energy . \

! : ratio 1s not accompan1ed with changes in. the energy d:n.ﬁfer:—~
S - o

2

e . ence or vice versa,- 1t was necessary to employ these conB:L-

. M Y

tions to determ,me wh;ch of the two variables is c.r:.t:,cal . \

in predicting t;xe metacontrast funct:mn. C - .

°

- .‘ o : The condlt:l.ons ﬂ'zat were used for ingestx.gating this~
R " matter ‘are represenﬁed in Table I. In Table Ia (the top ‘ ' iR S

. ' “half of the table)’ the two fractions. di;enlayed ’at'the top

" of the” columns represent the durations (in msec) at which

the target (numewrator) and méxsk (denominator) ‘we’;e present-

ed to the cbservers. ' Sim'ila'rly,“tl;e fnactions on the left
’ T oA . :
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.. around the following question:

: condition shown in Table Ta, there.,was a condition depicted

“ mask reflecting 4 fL were each presented at, 10 msec. to the

‘ andolmask of 2.5 fL were presented at 4§nd 16 msec. res-

'wouIdAex‘pect no differences between the metacon >

tween the targzt and mask were 1dentica1.

Bloch S Law? : . ' . ¢
~ - . . '
An investigation of reciprocity in Bloch'e law centers

Do differential manipula-

tions "pf either duration or luminance of equal energy stim-

, . . . '
uli, proa.[ce differences in the metacontrast function? 1In

. ~ .
order to explore this question, the conditions-represented
¥ '

in Table I,were set up in the following manner. For each

in Table Ib in which the enetrgy differences and ratios be-

\

The only di ffer—

ence between these equz.valent enerqgy condltlons was the
manner in th.ch the values of luminance and duratlon were
assigned. to produce a specific energy level. For -instance,
for the conditions in Table Ia, in order to produce a stim—

ulue’ configuration with a stimulus energy ratio = .25 and

energy difference = 30 units, a target reflecting 1 fL and '
observers.' For conditions shown in Table Ib hojvever,, in

order to produce these identical .energy relations, .a target

- .
pectively. FIE reciprocity,\exists in metacontrast, then we

tions produced by these *equivalent energy" conditions.

It may also be noted that the conditions represehted‘ "
in Table Ia ;liu_ffer' in another manner from those shown in
'l.‘ghie. Ib.

.m‘

For the, cog'_ditions shown in Table Ia, unequal
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i ey v

'masks (rinéa); and I target (dnisc) which could appear ‘within
¥ o . : ' .o

.

the middle of either ring. S : )

o

N L
p

S .
Since it was suggested (in the gsummary section of the

dependent measures) that whenever possible, more than one

dependent measure should be ‘employed in maéking studies
(in "order to monitor more than one perceptual dimehsion) ,

a magnitude estimatiq\ta_’siysoalso used. This magnitude

a

estimation procedure was the same as that used by, Weisstein

(1971) and’ Growney (1976) in which they used a measure of

contour clarity.
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- maticxdiag"ram of the stimuli and appara

62-

appearecf to concentrically surround the two discs. A sche—’
a\reioepi'cted in -
fig. Sa and_Sb respectively.. : e

The luminance of the stimuli was adjustable by varying g
the intensity dials corresponding to the. bulbs in each chan-
nel. Because low luminahce levels were not often obtalnable

by dial adjustments_ alone, wra;tten neutral density filters'

placedubetween the rear illuminators and ﬁtimuli' were used

. . . .
when necessary. . All Tuminance. levels were measured with a

Spectra Spotmeter (Photo Research,” Hollywood) « In each

trial the presentatLOn of the stimuli, that is, the time

7
I

the bulbs were on, never exceeded 49 msec. Therefore, the
bulbs could be speoified as always being in d "cold state”
Since the illuminance en\itted .from a'bulp increases with the
amount of time it is on (as the bulb gets warmer), in order
to properly adjust the '],uminance levels of the stimuli, pho-
tometric measu;ements were maoe ;vith "cold bulbs™. .

’ For the dark adaptat‘ion condltlon, in the third channel
of the t—scope, a rear 1llum1nateq piece of black paper con-

taining_al dim red flxatlon poirnt (fixation field) was ex-

posed between trials. The luminance of this- field was ap-

‘proximately .1 ¥L. The 'fixation point was placed such that

-upon concurrent:presenta;ion with the masks, it appeared
midway betwegn the two rings.- geWeen the trials, for the
light adaptation condition, "the fixation field was witthawn
from the channel,. exposing a 10 fL adaptation ‘field which

was of uniform luminance. . , .

P
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12 blocks of trials, each of which are described in Table

7 . ! ‘ 65

‘o o

The t-scope S;d solenoids were connected to a muléiple

B o R :
1
!

!

bafk timer such that the following.sequence of events oc-

cu%red for each trial: The closure of either the left or

'riéht pole of a two pole center off switch,sactivated the

7

corresponding solenoid bringing its baffle down. One and a

half seconds following the onset.of the switch, one bank" of
*
the timer_ fired the t-scope which presented the stf&uli to
an observer. Approximately one second after the offset of
[/

the. t-scope, the solenoid circuit opened, releasing the baf-

“fle into place (via the spring) covering the target hole. )

in this manner, the operation of the solenoids nevef inter-

o

fered with the operation of the t-scope, and the events dur-
ing a trial were completely automated.'

The solenoids could not be dlfferentiated by séund, how-
ever, the'aétiyatibn of either one of the éoleﬂoids resﬁl@ed
in a noise which signalled the observer to fixate.

In order to eliminate any possible depth qugs‘béfwéeno -
the t&rget and mask due to binocular parallax, :the observers
in this experiment viewed the stimuli monocularly.,. “

Procedure. lThenlo observers were randomly assigned to

one of the two adaptation levels 'such that 5 observers par-

‘oW

’ ticibated in each 9ondi;10n. Each observér was exposed to

Ta and Ib. Within each block, the stimuli were separated by .

.15 SOA's of varying durations. They were (in msecs.) -100,

-75’ ;50. -’25; "'15' —0, 15,, 30{;45' Gbi 75, 90; 105' 260-

A -
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of the target and mask.
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(1 ) .
a.r{ ;nask, they would hear a sound (created by the activation -
of one of the soleno1ds) which would indicate that they should
look at the fixation point and "get ready”. The subjects were

then skhown the sta’ndard three times prior to testing. It was

~randomly presented in e:.ther the left or rlght orientation.

Between trials, which were 10 seconds long, the fixation field

remz{ined- on.

Light‘ Adaptation' éondition ‘ \

The same proqedu;e was @conducted for th;a'.s ‘condition, ex-
eept the obeerv_ere were dark adapted for 5 minutes and then
liéht adapted to the adaptation field for. ahother 5 minutes.
Each trial’r‘was preeented in the following sequence: the ob-
servers ffee}.y viewed the adaptatioh field untii the fixation
field was presented; they then fixatet until, the termination
"I‘he fixation field was then removed

and the observers again viewed the adaptation field, for 10

seconds and the procedure was repeated.:

E o e i







e
T e LI e et

7 U Ve

L]

/
: - [
K aptation condition. These geometric means are plotted in

o 1 P -

. which' were reported by the obsefvers in some conditions, the
geometric mean was not used in measuring ‘central tendenéy*
across the 18 replications since only one 0 estimate would
ereoult in a geometric mean estimate of 0. ]Enstead, for each
observer, a median ’magnitude estimate was calculated across’
18 replications for each SOA. Using. these medians, the geo-

.

metric mean was computed across the S ob/ servers in each ad-

figures 6 and' 7 located in Appendix B. .

The following 6-way analysis of variance was run on the
log xnedian magnitude estimates: ’Adaptation level (light ver-
sus dar;). X energy manipulation ("luminance” versus"'duration"i

. X energy difference {30 versus 120) X energy ratios (.25 x .57
x".,70) X SOA (15 v.a.lueQ) X suhjects (5; nested in Adaota‘tion).

'Ihe results of the analy31s are summarized in lJ:able T -, -
) ’

;(locat;ed in Appendix C). . Vo ‘ . (
Naat surprisingly, the main effect of SOA was found to be
significant' F (14, 112)'- 11.04; p<.0l. \‘Hoxlvever," a more im=-
portant finding vas that SOA interacted w1th energy mam.pula-
tion; F (14, 112) 2 5.07; p<.0l. This interaction can be geen |
‘ in figure Q which displays the means of the log magnitude éti—'
tions for the luminance and dur:atidn conditio& collapsed
across _all other conditions. - In order to attempt fo explain
how changes in the lummance or dur(a‘tion of the metacontrast
atimuli may have affected the metacontrast function, a more

critical investigation of’ the use of clarity estimates is

needed .

!
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1what lower than 10. - Since the estlﬁhtes of

ably others), the observers may have relled ‘on the compellingr

brightness of the target rnstead df Judglng the clarlty of

its contours. , . : ‘ S
;o If it is’”%sumed that around an SOA of 0 the observers

were basing their judgements OP/brlghtRESSq then masklng

would ot be expected»slnce the data from many experlments

using b ightness measures (Alpérn, 1953; Fehrer & Smith, o

1962 for example)-have repﬁited that the metacontrast func-

G

" tion is U shaped with little or no masking occurring at an

R [} . 4 . A i N
SOA of 0, when .the  target and mask energies are similar. -
" As the SOA was increased“abpve 0, the probability that
the target was seen as being partly separated from the mask

increased. That is, as SOA became greater, the probability

- that the target ‘and mask were being’ centrally integrated

L

. decreased. Therefore at longer SOA's, the observers were,°

" more likely to see the 1lit target on a black backgroung and

' e . -
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stimuli becomes critical in the perception of the target.
Por any given SOA, the ISI. in the "luminance” condi-
tion was greater.than that in the "duration” conditions for

all the stimulus parameters. For instance? a tafget and

‘ mask which were preserited for 40 msecs each in the (dura-

1

tion" condition had an ISI of 35 msecs when presented at
u : . ~ .

an SOA of 75 msecs. 1In the comparaﬁle "fuminance" condl-.
tion, the target and mask were presented at 4 and 16 dsecs
respectively. At an SOA of 75 msec3 there was an ISI of

71 msecs. Thus, ﬁhe observereialways Hed more time in the

"luminance” conditidn between.the offset of the targef and

rl

onset of the mask: td\QFocess 1nformat10n about the edge of

T

.the target. This may account for why metacontrast decreased

L]

. 'more rapidly in that condltlon. At an SOA of 45 msecs, mag-

s
H

.

" tions producing no significant diffefenées;

)
’

nitudé estiﬁates\based on brightness or clarity may have
been reflectlng maximum masklng. If peak masking was equal
for\both types of measures, éhen we would expect that tﬁ/ﬂ\

»

amount of metacontrasx would have been equal .in both the "lu-

minagce" and “duration” conditions. For SOA's above 75 msecs

the magnitude of metacontpmast was attenuated in both condi-
In summaty, in order to explain ‘the interaction between
energy manipulation and SOA, a,ciqser look at the dependent

‘measure-was necessary. . It was hypothesized that at very
. t ]

short SOA's the observers based their juddements on the com-

i

pelling brightness of the gergety ﬁh%iﬁ at other SOA's, . ~

b
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Ratio X'SOA; F (28, 224) = 1.53; p<.05. Since more in-
qumaéion'can be obtained from this interaction (as com-
pared to @daptation X SOA interact1on), the followan dis-

cussion explains how this might have occurred. ;

In order to determlne the source of this interaction, .

two‘S-way analyses of variance were run ﬁEnergz/manipula—
tions X Energy difference X Energy ratio X SOA X Subjects)
for each adaptation condition. The results of these anel—
yses (whlch can be seen in Table III located in the Appendlx)
L;howed that- in the dark adaptatlon condition a 31gn1ficant
interaction occurred between ratio and SOA; F (28, 112) =
1.99; p< .01l. There was no significant inter&ceion between

ratio and SOA in the light adaptat%gg/gcﬁEZtion; F (28, 112)
= .81; p< .05, /.,, |

’ An inspection~o£ fig. 10 which shows the three levels
of the ratio variable plotted against SOA for the dark adap-
tation condition, seems to suggést that even though ratio
interacted with SOA, this wes not a systematic effect. It
seems that metacontrast'wasFstronger (lower Magnieude estgf .
mates) in the .25 ratio condition, than in the -.57 or .70

v,

‘conditions. S .

o

In fact, confidence intervals for the .57 and .70 ratio |

: ) , 3
conditions overlapped for all SOA's while the intervals for

these conditions at SOA's of 0, 15 and 30 msecs did not over-

lap with those iﬁ\gfe .25 condition. A 'similar finding can

be seen in the dat reported by Weisstein (1971) where me;a-'

%

.
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.contras-t‘ fuhfti'ons did not differ between stimulus condi-

tiong which produéed enerqgy ratios of .875vand .5Q. The
°metacon£1;a,sf: fu;xcti‘on produced; by a .20 energy ratio con-
dition, however, showed matkedly more masking than each of
the other two conditions. 1In orddr to explain these dwata’,
we may in\(estigéte the fanner in which luminance is pro- )
‘éessed by ‘the visual system.

Fechnér psychophysical]%% demonstrated that perception '
is logarithmically’ related to stimulus intensity, such as .~

luminance. Theréfore(, if a stimulus is presented to.an ob-

server at a fixed duration for different luminance levéls,

we would expect that the perceptual result would be loga- ~

rithmically related to the luminance level -of that stimulus.

Since the ‘e,nergy level of the stimuli in this example is

also varying as a function of luminance, we might reinter-
: b

. pret the stimulus parafeters by sudgesting that the per-— -

ceptual impact of the.stimulus is logérithmically relgted i
to its energy. ;If we assume then, that the visu‘alwsystem
t\alge; a log transforﬁ\at;ion.of energy, then it may b[e spec-
ified how different stimulus energy conditions in. ghis study
affected the visgal system.

‘If the "difference between the log energies of .a target

and maék is related to' the magnitude or shape of the meta-

‘ contrast function, then the effect of each (ratio condition

may be calculated. 1In the .25 ratio condition, -the dif-

ference between. the log energies of the target and.mask was

N N -

o
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2
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'6:0, units. The difference between the. iog energies of the
target and mask for the .57r ratio condition was .24 units,
and for the .70 \condi'tion was .15 units. By.compa;:ir'xgﬁthese
. 'values the relative effect of the ratio conditions on meta-
opntrast may be c,oqlpared. ' For %.nsta.nce,' in log uhits, the
~ difference between the .57 ‘and .70 conditions was .09 units
(. 24<§ +15); while the difference between the .57 and .25
. ndltibns was .36 units (.60 -~ .24); and the differeénce
oo between the .70 and .25 condn.tlons was .45 units ()60 - .15)
In summary, due to the small difference between a .57 and

s 2

.70 ratio condition, it seems that the metacontfast func- -
e tions produc;ed by thesef ratio conditions should be s‘imilar.

To the extent that the differences betwegn the log energies

of a target and mas‘c, is reldted to the magm.tude of Teta—
contrast, then one should expect: a) differences in the

L4

metacontrast functions produced by .25 and ei“ther‘ .57 or

. .70 energy ratio conditions, and b) the'metacontrast func- Lo

R s 53
tions produced by .57 and s70 energy ratio conditions should

not differ by much.
‘A Pcomparison of fig. 10 and 11 shows that for all ra-
_ tio conditions the magnitude of metacontrast was hi‘gher :
‘(having lower( estimates) in the light adaptation condition.
!@ :J;n order nto expléin the£@ata it is necgssa‘ry to appeal
R . to ah assumption made earlier; that is that the observeis
were re]:ying on brightriess. (th some exteI{t at low SOA.'s.)‘ to

1]

make their judgements. 'This might have affected the general
~ ‘L_ . N

.
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having been presented simultaneously for SOA's up, to

’y
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,

‘ amplitude of the metacontrast function. For instance, sup-
. )

per that changes in the brj.ghtness of a' target served to°
lower the magnitude estimates of the target at SOh's of 30
- 45 msecs. (where there is maximum masking) . We would ex-
pect that with :i:ncreases in SOA (in eiFher direction), the
masking effect sﬁouid taper off. However, if this attenu-
ation in masking has simjlar rates across conditxons, then

L\
we would expect the metacontrast funét:.on for this hypo-

thetical stimulus to be ‘consistently, lower (across SOA's)

>

than the other functions, if its point of maximum masking

is lowest. Hence, if brightnéss plaired a role at low SOA%s,

‘ this would have affected the entire metacontrast fuhction.

If brightness was involved in these magnitude estimates,

~

then it is (possible‘tﬁ'at the phenomcnon of simulta'heous

'brightnéss contrast played an important role in generating

g

these metacontrast functions.
In the brightness contraét literature it has been shown

at the brightness of a test field is greatly reduced when

at- field is pfesented on é_ barikground of higher luminané:e" )

l

, !

~ v .
N\,

' (Heinneman, 1955; Diamond, 1953; -& Horeman, 1963) .. In “this

study, since there were 6 conditions where the mask was of

‘a higher lum{nance than the target, then 'a condition neces-

-
- sary for producmg sumultaneou?s br:.ghtness contrast J.S sat-‘

‘isfie,d. Alth'ough the stimuli were only presented together’

- %
at an SOA = 0, the targgt am_i mask were probably -seen as'
. . +
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Bl . TABLE IIIa .
' _ Thé Results of the Analysis (of Varian\c‘e ;..
. ¥ - for the Dark Adaptation Condition
Source - 'ss i m E .
. i * 7 . . . . . o L Y
+ t - !
Energy Manipulation () 1610 1 .161 3.25 |
A x Subjects (S)error . .198 4 .049 . y
: Difference (B) = - 037 1 .037 .27 A
. ‘ B xS, . - :548 4 .137 %
Ratio (C) : . .388 2 .194 1.61
N .
‘ S Ccxs 4 962 8 120 -\, . |
soa (D) N 5.993 14 428 6.57%% '
. ¢ ) D'x Se’rror = 3-649‘ ’ 56 0065 ) ' -
AxB .. .012 1 .012 .82
AxBxS_ e 063 . 4 .016 o
A'x C T :099 2 .049 10.90** . ‘
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