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' ENERGY RELATIONSHIPS IN ‘METACONTRAST S

! - ' ' ¢ - '
LA

! - .
General Introdpction

e

-1 Tetminology ‘ . . o ‘ R "

. o _
skf%g ’ . . ‘" ”

Pl

Masking is a term which has been used to describe a phe- .
“nomenon that can occur in the auditory, cutaneous and visual '
aystemsf ~One definition of masking can be extracted fromlthe ‘
audition literature: | ;

~ - r'y

threshold of audibility for one sound - - ’
is raised by the PreﬁanB of: another

\ ot ~'Maskiné is the process by which the . S '
/, _ (masking) sound.” ( American h - ' :
i o Standards Associatio 1%60, pp. 46) ®
In .a typical auditory masklng experiment,’the detectéon =
threshold for a stimulus (target) is meacured 2lcne and in

' 7 the p esence of another stimulus (mask). ‘The difference be-

* , " twe the two thresholds reflects the mnfluence of. thé mask ,

J | or éhe amount of masking. - .

Visual masking was first 1nvestigated in 1871 by Baxt,
'" who worked in Helmhbltz s laboratory. He “found that 1f brief- ’
- ly presented 1etters were followed within a short period of Lo
v time by a flash of light, the clarity of the letters was im-,,; oy
,l ] . paired. Pig&ron (1925), investigating the role of neurél yla=
tencies with this paradiqm, coined the term 'visqal masking |
- S desctibe phenomenon. In 1947, Crawford 1nyestigated
- the perceptﬁZ:eeffect of presenting a larqe flash of light :

(conditioninq stimulus) before, during and after the presen--l"

LJ
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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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> and label the mas ing/’phenomenon wi

"It (visual masking)' covers the class

of situations in which some measure

of the effectiveness of a visual .stim- .
‘ulus is reduced by the presentation

bf another visual stimulus ih close
temporal contlgulty to it" (pp..404). -

- meOral Order & Me’tacontrast

e

Within the maskmg paradlgm, targets have uq‘ually on=
sisted of letters (Schlller & Smith, 1965), geometnc fo
(Brussell/,«& Favreau, 1977), or flashes of 11ght (Alpern,
1965), while masks Bave genérally been large flashes of
light .(Alpern, 1965), fields of visual noise (Turvey, 1973),

geometric forms (Alpern, 1952) ‘or patterned ~fieids (Turvey,

22
' LS

Targets and masks may be presented such that their im-

ages fall on spat:.ally overlapping oz’ adjatcent areas of the

_retina. They.may also be presented in- one of two temporal
orders. When a target temporally precedes a spatlaily overlap-
| plng mask, the paradigm is referred to as “backward. masklng.

‘whert .a target follows the mask, “it is referred to as for-

’ ! ’ ’ T L N .
ward masking. With a spatially adjacent stimulus configura-

-tion, such as a target disc ‘and a concentric‘masking ring,*

the temporal relatlonsh:x.p described as- forward masking with

«

overlapplng stlmulr is caIled paraéontrast, and what is known

as backward masking is termed;metacontrast. ‘

' i

Stigler \(1910) was first to cox:ilusively demonstrate .

- spatially, aidja(c‘e‘nt
stimuli, as "Metal{on rast"' (now knom} as Metacontrast) .

Because /th:.s thesis 'focuses on the paradigm of metacon-

4
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; the term "metacontrast"” will be used to describe the

phenomenon associated with noﬁ¥over1apping stimuli, while -

"masking” with overlapping stimuli w?ll be referred to as’

non-metacontrast masking.

The general-term "masking" will

" be used to refer to the masking phenomenon.without respect

\wan miéilng studles. (The case$ in whlch théy can be émployed

//J.‘

Y

te the spatial or temporal characteristics,pf.the'etimuli.

ISI & SOA . . '

Targets and mask§>are usually presented separately in
D) , i

C

time. . The temporal intervaf~between the offset of the first

stimMus and the onset of the second, rs defined as the

1nter- tlmulus-lnterval (ISI) while the 1nterva1 separating

the onsets of the two stlmull is referred to as the stimulus=-

onset

dasynchrony (SOA)

These two lntervals, which are gen-.

(.

erally specified in millieeconds (msec), are commonly em-

ployed as. two ,of the _many p0551ble independent variables used

as de

The use of either ISI or SOA varies for different expfrimen-'

tal s

foot

pendent measures are dlscussed in

1tuatlons. The rationale is now disdussed

followlng section.) -

" "o
Suppose a target consists of a letter which reflects 1

lambert (£fL) agalnst a background of 5 fL.

. The clarity

-of this target could be speclfled by computlng its. contrast

(
ratio

ﬁhere.'

using the follow1ng formula:
Contrast Ratio =.L - L ‘
. max min -
R 7 + L ¢
max min -

ax

= the highest luminance of a stimulus an

N .

<

e

<

.
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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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In tact, masking studies are lnvariably interested in t t
. ‘u‘

E | ‘ jsuppression in the absence of concurrent presented-over-

T : ,’lapping stlmﬁli .One tradition has en to de-emphasize those

Fw

4 'cases-which prod?ce anyrphysical superi sitian of the stim-

uli. That ° lS, when spat1ally overlapplng stimuli are used, -

LN

as in forward and backward non-metacontrast masklng para-

gms, 1t is common to use the ISI as an 1ndependent mea-

AR ,‘;'ﬂ”= FWi s

R\ sure because.lt excludes those condltions in whlcn the stim~-

¥

mli overlap temporally.‘ Sznée in metacontrast and paracgg-

Jo "

'm/. ' trast paradlgms, spat1a1 overlapplng does not exlstr-phyeacal

~ [¢]
superlmp051tlon may - not be a problem and hegééj E?e SOA varl-

i

able is often used.”, e X ‘ s
Various metacontrast stud1es have assigned pOSlthe and
negatlveovalues of SOA to distinguish metacontrast from' para—

cqgtrast. For instance, Raab (15963) used negatlveiyalues of

SOA to'represent aacontrast, whlle Weisstein (1970) 1mple-

e

mented posxtlve SOA’'s to descr@be thls condltlon. In being

consistent w1th Welssteln, throughout is thesis positive
.. and negative'SOA‘s will represent the metacontrast and para-
. . R . . s . [

v.

contrast coriditions respectively. : , " '

A Y
. The Metacoﬁfrast Function

-

Metacontrast is a phenomenon which involves. a multltude @
of p0581b1e exper1mental man1pu1at10ns. H;storlcally,‘in‘a v
quest to ref.me the meth_ods for lnvestlgating the phenonienon,

. - '

researchers have modified previous ‘designs and used .varying .’

| T ’measuring technidues. - It.has ‘therefore been quite difficult
. g . ) ' : ., 3 . ?
N g )
5 AT
. 1] 1 4
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to ascertain whether differences in the results of various

studies are a function of the design of the experiment‘br‘
reflects differences occurnng in the metacontrast phen::me-
non ﬁteelf. Although the literature .is plagued with con-
flicting results, some- cogmon,trends have been’ reported in
‘data of many studies. ;' .=
T™wo general types of metacontrast functrons havé-been

4

doctmented in the llté'rature. Kolers (1962) has referred
to"these as type‘kiand type B functions.  Type A fenctions
dsﬁaily describe reletiénehips where meximum masgégg dbctrs
at an SOA of zero (msec).. Paracontrast as well as meta-
" contrast is evident aﬁp the masking eftect'tapers off with
an‘increase'in SOA (fig. la). Type B functioﬁs ere usually
aescrlbed by little or no paracontrast, "and peak masklng
occurs at some SOA greater than zero, usually between 30 -
100 msec (fig. lb) Type A functlons are usually referred
to as monotonic functions, whale type B functlons have been
called non-monotdnlc,,or U-'shaped functions. -
Type B functlons were generally believed to be obtaln-
:able only in experlments using brlghtness measures (Alpern, -
1953, Matteson,‘1969), while type A functlons were reported
in detectlon and 1dent1ficat10n tasks, especlally when the .
paradigm 1nvolved the use of masks which hadlhlgh 1pm1nanpes
or dﬁratgons relative to the targetsl(Fehrer_&'Smith, 1962;

Kolers, 1962). Ericksen et. ,ak. (1970).erplained that this

might indicate that brightness®reflects "an iﬁdependent\or
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parallel effect to the identification (detection) process"

" as targets and rJ.ngs as maslis, as well as We:.sste:.n &fnaber " R

i - (pp. 258) . Hawever, 'Kolers & Rossner (1960), using disws .
f
i

; - | (1965) a.nd Mayzner et. al. (1965) - msing letters as targets '
| g \ C gnd rings as masks, reported that correct detectlon and %.T,., o

identification c[quld var.(y as a non-monotonac function of R

N 1

SOA with maximum masking occurring between SOA values df ,
30 - 50 msec. Ericksen. (1970), failing to repllca;e the & ' %
Weisste:.n & Haber study, claagmag that their results were : | U
probably the<result of artlfactual "flaws “in the:.r appa— ‘ 1
ratus. For :Lnstance he dtqpussed the poss:.blh.ty that tar- ' e
- H get—mas)d mlsallgnment problems, luminance relationships and
intersubject‘differencgs might have‘somehow produced the U
shaped mesacontrast function. - .  ~ _ R |

in Ericl_cs;en'-s criticism &f the Weisstein & Haber ex- - P

¢ o

periment, he' subgtantiated his claim that dé/tectién and

identification procedures produce only monotonic metacon- F

: \trast' functﬁio‘ns. However, it seems unlikely that Kolers

G Rossner as wellvs Mayzner et. al.'s data were the re- , <o

sult of art1factua1 "flaws". Repeated reports of U shaped

metacontrast findings in conjunction with Weisstein et. al.'s

(1970) finding,' which showed that U sha;;ed”’metacohtfr:ast
/

func&xonS' btained from magnltude estmat:.on and detectfon. o |
\ - ! I

tasks flo npt szgnlvfn.cantly differ, clearly pomt to the
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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
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' the neural responses to two stimuli which follow one: another '
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thrapolating the 'onset-onset law" to metacontrast, Kahneman
luggested that with brief stimuli, meta{contrast varies as a
f.unction of SOA. He showed" (Kahneman, 1967) that the mani.-
pulation of target and mask durations (between 25 and 125 '

nsec) does not affect the. metacontrast funct.mn in tha,t it

only varied _as a function of" SOA.

Using the ebove description of the_vi:sual sysitem,
Kahneman explained how metacontrast varies as a non-monotonic .
fpnction of SQA At ;hort SOA's, the response overla?b\f the

+ target ra,nd masks is small and consequently, {the two stimuli

are perceived as occurr-ihg :simultaneously: at 'mode‘rately long
* ~ - “ .

L4
SOA's, conditions fgire such t@: apparent motion is optimum,.

and‘hen.g':e ma‘s‘k.ing of the tar‘ge’t is maximum; ahd. at longer

u

SOA's, the response to the first stimulus ie complete be-

A

\_fore the response to the second stimulus begins; resulting
in the two stimuli being seen separately in time.

' . ‘ » .
' Since monotonic metacontrast functions have also been- '

reported throgghout"cthe. literature (Ericksen & Collins, 1964,
Jﬁ1/965; Sch;l_ler, ‘1965:‘ Schiller ;e‘ijnith, 1966), K man pos-
'tuleted that a mechanism other than apparent motidn oper- ' -
ated under certgi‘i’n stimulus' conditionsf Wherf Fehrer &
'Smith‘.(‘1962)' varied the luminance ratio of‘-tﬁeir target and
mask sduares in a t;letac;ntras.t experiment, the§ found t;'nat
metacontrast functions were u shaped‘ when the luminance ra-
tigﬂg ‘the stimuli approache& 1, and became monotonic when

Nk ~:0

the ratio approached 0. Employing this ﬁnding in A theory

of metacontrast, Kahneman ap/p\&led to the ;!henomenon%
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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

/

. -
e | . . ) «
- -

Ce ‘ . o L .
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//
found for instance, that metacontrast functions decrease in

amplitude and change shape with an increase in visual angle,
- rwhile functions obtained from an agparent motiod paradigm

-

did not.. Metacontrast was shown to be sensitive to energy

, changes in the stlmuli, while apparent motion was not. Be-
- cause of these dlfferences, Weissteln & Growney concluded

that apparent tion was not a tenable explanation of meta—

contrast.
gested ‘tha they might share some common vasual mechanisms

n'therstziaté)corteé.‘ "'. j \
I

An Inte tion Theory of Non—metacontrast
Masklng Metacontrast
A

§ince the figure—gtound‘contrast of a stimuluys is crit-

lieved that somehow masklng was the result .of ‘an attenuatlon

~ /

of this contrast within the target. They suggested that in

- . ¢ L 4
the cases where)a target and mask are separated by very

‘short periods of time, "the visual system might integrate
- . a . 4 o, '
the two stimuli over'time, creating a stimulus image not un-

like that of a double exposed photograph. In non?metacon—

trast masking, they explained that during thls lntegration,

the luminance from the mask 1s added to the llght and dark
]

sections of the‘target,_thereby reduc1ng the fzgure—ground

\

As this contrast decreases, the
I

perceptibillty of the target attenuates,fresulting in its”™

&

cgntrast within the target.-

perceptual degradation, or masklng. . The explained

this éheory predicts monotonicsmasking fu

L

1 ’

o

.
B |
ctlons bec ﬁse Yo

flooo. — S : ‘ e ogle

Hbowevér, because of their szmllarltles,{they sug— .

ical in visual discrimination, ExX\jcksen & Lappin k1964) be-

¢

it At B A e
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" two stimqif‘integfating decreases. A .

~ the eﬁimuli tenporélly integfate. The following example

' presentéd w1t4}n a dark maskirng ring. If the. two stimuli

‘.pdckground of the(mask is responsible for the perceptual ¥

. backgrojind of the mask will adérwith the high'luminance of

‘the target\letter. This'should have no effect on the fig-

target would not be changed by much. In this casge, acoordi

o
v - - & * :
M . ; . . Toe
. 5
A} o N . PR
: - 15 ¥
~ w -

as the SOA (or ISI) is leéngthemed, the probability of the = *

. , 4 :
For metacontrast -paradigms, they albo suggested that

is a description of this explanation. P

3

‘Suppose a dark target letter on a 1lit background is
integrate, the high luminance oflthe mask background Wiil
add to the dark portion (‘1é1—t§.e;) .of the ta‘fget. Thus, the
figure—ground:oontfast within‘the_%argetqwfil decrease, re-
sultingiin masking. According to this'explanation, the F
atten&ation of the target.’ Thus, the mask itself is™not 5:*‘
important in metacontrast, sugges*lng that th;s phenomeaon %
is merely an artifact of luminance summation. Although this
theory 1s suitable for descrlblng how masking is produced . o o L
using aark stlmull, it seems to ‘byeak down when deecrlblng _
the phenomenon when 1lluminated (1it) stimuli are emp}pyed.

A lit letter.on a dark background can be presented
wifhin_s lit concentric ring. 1f. the effectiue/luminenoe \T -

of the . two stinu;i.integrate\over time, the low luminance

ure-ground contrast, since the overall luhiqancelof the

3 ‘ .
ing to the lumlnance summation theory, one should not ex-
o J

%
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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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Co sures are reflecting a characte :Lstic function occurring
in metacontnast . . 1

T Because the theory of luminance s;mmation cannot in

e

and of itself a_g:lequétely account for much of the n;etacori— :
trast data, this thepry has all but been abandoned as a
o v

complete explanation of the results obtained from this pa=-
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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

- \ ‘ . ~
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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 .

'
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toée\:her in_'sensory s‘torage, without-’interfering with each
other. However, at longer SOA's when'a target is process&d
el%he in seneory storage”'fts processing is sensitive to
"intruders" coming into this storage level. Thus, an - «
'afterconunq mask may J.nterfere)‘with\the prooesslng of the

targ if it enters into sensory storage before -the target\

9

has a chanc/to be proce/?sed through it. At greater SOA's, -

' the target is procevssed through sensory storage before the.

aftercoming mask can mterrupt its process:.ng.

s

The results of some expe,nments (Encksen & Collins,

1964, Ericksen & Lapp:.n,“ 1964) , Which have shown that the
- i

magnitude of visual masking varies -as a monotonic functxon :

of ISI or SOA with maximum masking at an SOA of 0, ‘have been
the basis for the rejectio?m of the interruption 'hypothe'sis S
According to the interruption eXplahations., there should be
'no erasure with concurrent presentatlon"mﬂr with forward
maa\krgg.w | |
In/sy)mary, therew:are two shortcomngs of the inter-
' ruption ‘mo'del. ‘First it has difficulty in explainlng the'
) occurrence of monctoni%c masking functidné which have heen

® \
reported in the 11terature, and second, "a problem related

to the f:L_rst, is that it generally can not account fdr

forward mesklng. As Kahneman (1968) pointed out, the se-—'
. - 70 : - \

cond problem may not be fatal. The following description
I3 ) - I ~ h
may acco'&t for forward masking. 'If a high energy mask'.

light adapted the eye, then this would serve to reduce its
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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
‘ - ¥ - ¥ ‘ N o
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He explained that at brief SOA's, the target and mask .will
share some common peripheral nets, and because the entrgy
og a stimulus 15 crucial at these peripheral stages of pro-
cessl;(g, the high energy target will.fail to be masked by 9

the lower energy mask when integrated with it. - He propesea

‘that at the central levels of processiné,-khe energy char

racterlstlcs of the stlmull lose thelr lmportance and thus;
as the SOA is lncreased, the "1ate-com1ng mask ca;\{%ter-

rupt the proce551ng of the target by merely enterlng into

the central stages before the central processing of the -

target is complete. As the SOA is further increased, the

processxng of the target is flnlshed before the mask can
centrally 1nterfere with it.. oL T~

In summany, a hlgh energy targettand low energy mask
would produce the following non—monotonlc masklng'fpnctlon:f
At ehort SOA's, the tifget would evade peripheral masking;
at moderate SOA's, it would be centrally masked and 3%;5
longer SOA's, it would evade masking. . s

Turvey fl97§) sugges;ed that this explanation of U
shaped non—metééohtrast masking #unctions can be. extrapo-
lated to explain 51m11ar functions found in metacontrast.ﬂ

m
He explalned that although U shaped metacontrasﬂ functions

are probably ?roduced by 'similar mechanlsﬂ;-(as those de-

‘scribea apove), these .metacontras paradigms -probably in-

volve "decieiohs.béyond the central storage mechanisms which
were described in the model”. (pp. 41) VU ) ’ﬁ‘

+
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hibition will be defined.
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The concurrent-continfent model sz%ccessfully unifies

integration and mterruption e lanatidns of non-metacon- - .

trast masking J.nto one comprehens:.ble model chwev'er.L be-
cause it i a model which is based on the data from non-
metacontrast masklng, it fa:Lls to fully explain }he data
found in the metacoqtrast paradigm. Fpr instance, Turvey.
weuld 'predict f\g.'ofn his m\odel— that in order to Qproduce'a

U shaped inas};j’ng function, one would need a high senergy .
target and low energy mask. He would\have therefore had .
~have- dlfficulty explalnmg the productlon of U shaped mask-

ing functions when equal energy stl‘muli are_employed, a

- t
r

common finding in the metacoptrast literature. .

Because this model does not fully explain -the find-~
<5):1.'195 found 1:: _the metacontrast’ lxte ature, it has not been
cons:Ldered d v:Lable explanatlon of meta%ontrast ‘

';Wo theorles which’ are based - on the neural mechandsm ..
known as lateral inhibition have been proposed to explain
masking. Before tliese 'theories “are reviewed, L;ateral In-

<L ]

Lateral Inhi_bition

~

: -
In 1942, Hartllne,mvestlgatlng ‘the compound. eye of

the horseshoe crab (leulus) flrSt demonst\r‘ated the phenom-

enon of lateral J.nhibi.t:.op.~ The compound eye f the Limu-,
¢t S :
lus is composed of many facets called ommatidia. .Light

hitting the eye creates an image tq'the crab-that is pro

bably nor unlike a mosaic picture. _Haréline's e’xperimenté
3 ) ' - E S
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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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: in'tegration of their

" and masking flashes,

25

. ' . - 3 ‘ ' ?
Inhibition decaYs as a monotonic func- .
tion of time since termination of stim-

ufWtion. | - : .

v

The relatlve amount of inhibition on a

\' given neuron, firing or nc&flrlng, ils\ a

I positive, function of the number and

)‘/ - proximity of fxrlng neurons surround:.ng
S § S

The phenomenal brightness of a given )
visual  stimulus or a train of intermit- ,
tent stimuli results from the integra- ’
- . tion of firing to that stimulus pre- .
sentation within some critlcal time
period. (pp. .344) \ L R

Suppose an aggregate of neurdns (group 1), responded~to

a low luminance target (disc) wh11e another aggregate (group

2) responded to the target's hlghér lummance background.

The preSentatlon of the target stmulus would result in lit-

. tle activ1ty of gnoup 1 (due to the low luminance of the

target) thereby produc:Lng no, or little, inhibition to 'sub-

sequent stimulation in the 'same retinal. area. *Because 'of R

the high luminance of the background, droup 2 would gene-

rate much act1v1ty and consequently much inhibition.

>

],%t homogeneous flash mask was presented after the target, -

’Ifa

such that it spatlally covered the retinal areas of the
target and its background, group 1 which had little inhi-
'‘bition” would fire at a hrgh rate, while group 2 would change
‘from an 'area of high firing rate to one-of a low rate (due
to inhibition /already present in thi.s‘ aria) . Since the pex-
ceived brr‘ightness of an area is a function of ‘the temporal ?
respect:.ve firing rates to the target
three phenomenal outcomes areé possible.

& ~ «
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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

-

PO ‘et

T s bl




- ' ‘ 5 -

.- 27
. - : . ’ (
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

’{ - . -
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’ ponding to the target, at longer SOA s, the inhibation dif- :
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1ittle ot no inhibition to the second@ group of heurgus res- .

fefenttal between these two aggregates of neurons would de—

‘// crease, resulting in an attenuatlon of masking. This type
) \

‘whiéh explains’ how non-monotonic metacontrast functlons are

produced.’ 2

" figure 'and backgrou.g'xd, reqvflres some finite amount of time -

" ulus at time t; s(t) = the persistence.of tﬁe surround at

of eﬁplanation suggests that metacontrast varies as a\mono-

tonic functioﬁ of Sdh.
Due to the occurrence of\u ’:iped functlons in meta- %

contrast, Stewart & Purcell (1974)—descr1bed a visual model

H

" Stewart & Purcell's (19%4) V \
Persistence Theory of Masking L
i N )

[ ~ . -

t Stewart & Purcell proposed that the detection o;xrecog-\\/

nition of any visual stimulus which consists of a target

and recognition coneg;ues after the offset of the targety

This persistence of the visual image has the same' figure-

'giound relationship as the target that generated it and ap- .’ P

Y
pears to dim from the offset ‘of the stimulus presentatlon.

A

An index of leglblllty of the per815t1ng image, analogous

" to the contrast ratlo used by Ericksen (1966), is the ratxo

Al

of the per515tence of’ the surround to the per51stence of
)

the target. . ,

s R \/_ :
‘Thus the index of legibility for this target stimuluew

may be expreesed'in the ‘following form:

r(t) ‘=8(t) )
£(t) -

where r(t) is the index of legibility for the target stim~ .

. A .
. )
! .
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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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.sented” (pp. 565). Indeed, since the masks in metacontrast ‘

" forward masking is mediated by integration occurring in the

- receptive fields of one channel, mhile in backward masking,
)

I N 30
with SOA. Stewart & Purceil claim that U shaped funct.ions
tend to be generatea when the mask luminanée is low rela-
tive to ‘the target luminance (Turvey's (1973) res’ults‘cqn-—
firm this) and monotonic functions occur when the.mask iu-
mina.moe is high relative to the target luminance.'“

Stewart & Purcell (1974) 'claimed,that it "would be ‘ \
najve to assume that all U shaped masking functions can be ‘

explair}ed by recourse to the simplified model we have pre- : s

studies do not spatially overlap with the targets, this R

- model would fail to'explain>the paradigm of metacontrast.

However, like Turvey's. (1973) model, it is able to explain’

all types of non-metacontrast masking.

q I

(3]

" Other inhibitory models which differ from Purcell &

St{ev{art's "point-to-point" inhibitory model are Weisstein's et;

- al.'s (1975) and Breitmeyer's & G‘anz (1976) receptive field mo- -

dels. These models propose that metacontrast is the result of
interactions bé?:wéen neural events t,ﬁat_: begin on the retina.
They Yieyv the visual system as having m_any channe]'xs whic}'l
process diffgre;xt kiqu of informaiti'c}n about a visual stim-

ulus.\ Breitmeyer & Ganz for instance, suggest that forward \ .

. masking and backwérd masking differ™in that they are medi-

ated:by di‘ffefept underlying mechanisms . ’I‘hey suggest that

SR L

N

?

lateral inhibition is mediated by inter channel inhibition. ,
. ¥ . - '

o . . ' L. '

.
o e |
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‘f . Weisstein et. al. (1975) however, do not make this dis- y
é A ' tin\ction,A and suggest that all fo‘rl:ns of metacontrast can
? ; ' be explgined by.;ppealing" to an inter channel inhib‘itory _‘
O . model of metacontrast. Wéisgt;ein et. al.'s (1975) model -
! o was dei::fvéd from one that she proposed in 1968. The fol-

B lowing is & discussion of both models. - - - Ny
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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 .

. °
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" get would begin to grow. F1gure\3a'illustrates this ‘tem-

thp mask. If the result of this sum is abo@ threshold,

. %
then the * aec:Lsion neuron fires--and this is/ indicated by
some psychgphysical measure. me\ﬁiistence of ox{é décision
neuron imp, that - the loAcué. of metacontrast occurs at

some plafe in the brain where one mit is receiving all the

informatlon of a stlﬁalus co*.guratlon. -

©

One assumptlon made by this model is that with equal

energy stimuli, e}xc1tation and inhibition develop at dif-

‘ e v .= ' d
ferent rates, while a second assumption is that maximum

masking occﬁrs when thére is a large overlap in time be-
#

tweenxzhe inhibitory response of '3 mask and the exc:.tatory

response of a target. Wl‘th these. assumptlons a U shaped

metacontrast functlon can be easxly explalned. - .
Using equal energy stlmull, the -model assumes that the
rate constant for the buildup of exc;Ltat;wn for the ta*get
ls slower than the rate constant for the buildup of inhibi-
tion from the ‘mask. ;I‘nerefore, at an SOA of zero, there

would be a gquick bulldup of 1nh1b1ta.on coming from the mas

and some time after that onset. the exc1tat10n from

poral relationship. It shows that there is minimal, overlap

- of these two neural responsg functions, .indicating an ab-

sence of maskmg. However, if the hask was delayed in time

by introducing a longer SOA (f1g. 3b), then it is poss:.ble

. -

- to obtain maximum ow lapping of 1nh1,b1t10n and excitatlon,

resulting in maximum maskJ.ng. As the SO§\ is ‘further in\

(A
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‘the mask is faster than that of the target.

E
k S ~ the two responses. With an introduction of
’ o : -SOA, however, the amount of overlap increases -

F 4 - -
r ’ ‘ o ' (b), as the mask onset is delayed-in time.
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areased,'the excitation resnonse to the target might build

up-and termifate before-the onset: of the .mask; resulting

in no masking-at all. This description might explain’the

‘occurrence of non-monotonic metacontrast functions.

‘ Brid;emag (1971) criticized this model because the con;‘
cept of a fast lnhlblting collateral comlng only from the
mask makes no prov131on for masking to take place if the tem-

. O

.poral order of the target and magk were lhterchanged (as in
)

e the:pardﬁontrast parad;gm) elssteln, Ozog & Szoc (l975)

made changes 4n the or1g1na1 model to account for masklng in

% -

these 51tuat10ns. They proposed that if two peripheral neu-,
rons receive e&hel stimulations, the response of one of these
neurons might be faeter,than the other; due to differences in
the processing rimes of these stimuli-(specifically differ- .
ences in the processing times of the dlfferent channels),

The neuron that is responding faster will inhibit its neigh-
bor, and Sane thlS response is fast, inhibition’ wxll'ohly/‘
be effectlve if the stlmulus is delayed., All thax is re-
quired for éne stlmulus to @uppress another, then, is that
its'neufal response followé the other. Therefore, in
Weisstein et. al.'s new model they added an 1nh1b1—

tory COllateral comlng from the target (see flg. 4) whlch
can be an inhibiting 1nfluence 8 o] the decision neuron.g This
.addition makes the scheme symmetrléel in that masks and tar-
gets can mutually inhibit each other. Lo N N

A variable whith has beén described (in Weisstein's'
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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

.

. 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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" that it was the energy ratio variable that is” responsible

. %
i

trast fdnctions,.- Weisstein (1972). claimed thaﬁ because it

"

" was shown that metacontrast varied as a functjon of the

- stimulus energy variables (Weisstein, 1968, 1971; Weisstein

& Growney 1969; Kahnexhan, 1967) ’ the energy ratio between a
target- and mask should be cons:.dered to be ckitical in the
prodhctxon of metacontrast fu{xctlons. N D e -
In summary, 1t seems as if all .the t;.heories disc%ssed.n
claim that energy is an ilhport;_*an}t determinant of masking.
‘Por instance,.Kahneman (1967) showed and explamed why ;tm-

uli which had a, luminafice rat{o of 1 produced a U shaped me-

. tacontrast function, while those which had a luminance ratio

approachihg 0 prqc\iuce’d monotonic métecontrast functions.
Turvey (1973) and Purcell & Stewart (1974) specified that U

shaped non-metacontrast functions were produced only when

k)

stimuli in-which the target was of-a higher energy than. the.

mask, was used. Finally, vhssteing(l%a, 1972) proposed

A

for the shape of the metacontrast function. ,

In~\the following section, the energy variable will be

<

discussed in terms of how mvestlgators have looked at its
Ny s

components, a.nd it will be shown why energy ratios’ may be

an inapprogrg.ate way of specifying the energy relatlonshipv )

between a tfrget and mask.

¥

T




St veem,

o AT PN g 1w,
.

‘ 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
-

-




. “\ ‘
‘Luminance -
Many studies (Alpeén 1965; xannemm, 1966, Fehrer &
Smith, 1962 Weisste:m, 1971 Matteson, 1969. & Faswan &
Young, 196§\) have invest:.gated the role that lunu.nance plays

in masking. The results of theae("experlments have been com- ‘

-«

plex.

- Pehrer & Smith, for instance, varied tebt flash Juminance

while holding the mask luminance constant. For each condition,\
they expressed the target and mask lummance/ﬁx the ratio form 1
of target/mask lmunance. When looking at the detectlon rates
of their observers across SOA's, they found that X complex re-
‘- lationship be.t;ween lummance ratio and metacontrast occurred.
When the luminance ratio was 1, there was no masklng at-an SOA
of zero msec. As the SOA increased, the test flash began to
‘ darken, with the magnitﬁde of metacontrast reaching at around
an SOA of 75 msec. - When the SOA was increased above 75 msec.
the metacontrast effect weakened. With stimuli which had a low
ltmiriance ratiog,. they found that at an. SOIA.of zero,the target was
maximally masked and as SOA was increased the _effect attenuated. .
_Alpern (1953) however, found that 8ti 1 whlch had an |
'equal energy ratio produced no metacontrast. As he gbsreased
the luminance ratio. by J.ncreasing ‘the luminance of the mask,
he fqund that metacontrast increased, with maximum masking oc-

curring at an SOA of approximately 100 msec.

!;a & Yopng (1963) varied target luminance and found

that thelr observers performance on a forced choice task did °

, hot siqnificantly vary |as a function of luminance. ~ "’/4‘%?
, There may be many explanations for: these “conflicting”

- iy e £ U ARt ot B
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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

v

s

=
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and the shapes of their masking functions.

However, there is another ‘way of" spec1fy1ng the energy
relationshlp between targets and masks. That is, the ener-

4

9y differenCe between a target and mask could-be calculated.

To illustrate, Welsstein (1972) and Kahneman (1;67) investi-

gated the effect of varying energy ratlos on metacontrast
"by holding thevenergy ratio constant but changing the absgo-

\ lute durations of the takrdets and masks.. The durations of

R e

the targets and masks were always:equa1(~and produced an

: ~ energy ratio of 1. Since identical metacontrast functio s

'% l were-obtained across all their stimulus duratious, theyezaéh
% concluded that the varlable whlch remained fixed, the energy
i ratio, was responsible for the 1dent1ca1)functlons. However,
? auether variable, the energy difference, also remained fixed .

,‘-;. & 4 " at 0. " . A - i‘ o " T
! | . Evidence suggesting that energy differences are crit-

? . ical in metacontrast Has been pfovided by Brussell &

! Favreau (1977). They investigated backward masklng us%ng
as thELI target, a grey isoceles trlangle‘whlch was - sur-

s : N rounded by a lighter c1rcular field, and a random-llne pat-

"

/
tern as the mask.- They assessed cr1tica1 I1SI's for differ—

S

ent target duratlons and found that the crltlcél ISI varied

y nondnonotonrcally with target duration. By conductlng a
—

) series of ekpériments, they.ruledeut the possibzlity that

N

.. the ﬁask,,and/or the contour of the circular surxound, was

3 G

. \ . the source of this non-monotonic function. Rather, they ' .

i

)

R » ? .
. . LI

oo

~ .
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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




R T L S

W e g

-

e P
)
i

-

A

| answered. The -aim of this thesis is to investigate both )

_ same proportion. For instance, if a 5 fL target and a\l‘o fL._

v .
3 : v .
PR ! 4 s : . . 46 ' . ‘ 0\

.found when target duration was varied was the result of . V. )

changes in ;:he enerqgy cli.%ference~ between .the inetacontra'st Ce
ltimuli: This would suggest that the energy difference ' .
betweer{ metaéontrast s.ti;uli is the more appropx.:iate way .
otls;)ecifying the enefgy relationship with respect to the , o
_metacontrast functio'n. Brussell & Favreau'pointed out that\ | -
energy ratios d gx?ergy'diffgérence‘s between a target and

A g }
mask correlate perfectly for all but twc; cases. 'That  is,

[

energy- differences and ratios do not correlate when imegua‘l"

energy "stixl'nuli are changed by the same amount, or by the

mask were presentedsat 10 msec. e‘acﬁ, the eng-rg;r ratio wbuld
be .5; and the energy diffep:ence would equal 50‘ units. If
the; 5 fL target and 10 fL mask were agairi presente’d at 20
msec. each, then the energy ratlo would remain the same at
.5 but the energy difference would increase by 50 units. _

4
)

This sépara‘tion‘of the energy ratio and difference variable

o

‘.can also (ﬁe demonstrated if the unequal target and mask en- " 5

- ergies are varied by the same amount. g . '
. 2 ' ‘

».two areas of interest have
i Lo

ined which of the two, -

In the preceding section
emerged. First! it must be det

energy ratios é\; energy differences, is critical -in‘ meta-
contrast and second, whether Bloch's law "holds" in meta-

" ¢ontrast is a’ question that l"ias" not been conclusivély

these broblems,. Howevet; before the methodology is re-
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' .viewed, a discussion of other dependent: variables

" “ables.

used in -
. $ .
metacontrast would be appropriate. -

; .
. . . S -
. a LI .
<
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Iv Some Mo e Dependent Measures

Durat:l.on Thresholds » —

. L »
Al . ‘,\ -

One method“‘for 1nvestlgat1ng metacontrast is to use tar-

get duration.as a dependent measure of masklnjg Since in °

many paradlgms the presence of the mask causes ﬁull ‘occlusion
of the target the duration of the target can be manipulatedf

until recogn:l.tmn (1dent1f1catmn of the target) or detectlon
' Q
(acknowledglng the presence ‘of the target) “is reached for a.

given ISI. Fehrer (1966) and Scluller & Smith (1965) used

L

this type of method in their investigations Qf metacontrast

and non-metacontrast maskings, respectively. They founa

° that as they i\ncreased the magnitude of an independent vari-

able such as, ISI, their observers needed highe'r‘target dura-
., tions for recognltlonq(detectlon) of the target.

Kahneman (1968) cr1t1c1zed the use of this method, whlch
l;e- calls duratlon thresholds: because as the duration of a
target ie varied for individual values of 1SI, so Bbes the.

SOA & Since SOA has ‘been shown to critically affect the a-

. mount of masking (Kahri\Yman, 1967), when using this. method,

there is a confounding'of the target duratlon and SOA vari—

#a
=4

'mus it is not clear from a critical duratlon mea-'

surement, which is. affectmg the phenomenon, the du ation Oor .

SOA. Consequently, duration thresholds have not ‘been ’ used .

) ) ;

]
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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
>




s

1)
) ve:e\r’e'quired to identify the 1etter (thisy'paradigm is Te-

ferred to as acuity measures: by Kahnema;i, 1968) . The magni—l
‘ tude of me"tacontrast was usually evalqai’ed bir plotting % 7\)
'correct identification of the letter as a function of an/ /
independent variable. l

. . {
There are several difficulties associated with j:wo\ﬂ-\ﬁ

. ' )
alternative forced choice procedures. In some paradigms the
‘ . , /
detection of a target varies from chance-to certaigty within

w

a very narrow range of SOA's, and consequent“ly‘providesﬂ'lit—

' tle information about -the temporal proéei:ties of the mask-

ing function. One way for increasing the sensitivity of mon-

B s i > s S T

' ito&'ing masking in these cases, would be to use "small inter- -

« vals of the independent variable. For instance, if pilot

indicated that. chance guessung changed to accurate detection
ht .

¢
i
g
[
5
i
.
:
&
k.
H
¥

within an SOA interval of 20 msec., then small intérvals of
the SOA (such as 2 msec.)r should be employed in orcfer to re-

) \
flect all the changes of the phenomenon. Ct -

A second drawback of this method is that it does not ’

py

necessarily measure ‘the full effect of masking. Suppose,‘

NG S o ws AT ML s>

i)

for instance, that a target can be detected 100% of the t:une R

JERTVGS WS TP

in a forced choice paradigm. ThlB does not necessarily im- 3

ply that the target is not somehow being affected by the

N

mask. It is possible, and most likely, that when a tar- J
get is above threshold its clarity, brightness, texture or

completeness might be ‘greatly attenuated, even though by de-
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A
tection standards, the target has evaded maskihg."

‘ One tyée of"measuremént that is sensitive to sﬁpra-
thteﬁhold chaﬁges in perception is the subjeqtiWe rating or
'éategoriziﬁé method.' : , . B

Subjective Rating Methods

’/ In one of the earlf studies of @étaconirast, Werner
(1935) -presented a black disc on a white‘background to his
observers. A concentric black ring was presented Qt various
temporal contiguous igtervals qithrthe disé. The observers
were asked to cateéorize‘tpé bréghtness,of the black disc
in terms of its "blackness or whiteneds". An estimate re-
fleéting "whiteness" indicated masking while' that approach- *
ing blackness sugges%edvan a$sen§e of masking.

.Kahneman (1967) demonstrated the versatility of the sub-
jective rating me thod in‘hié study o% the comparison between
* metacontrast and appatent motion. Tﬂf phenomepa of appa-
“rent motion an@l metacoﬁtrast were described in detail to the
observers. They were theh shown many|stimulus displaxg and
told to categorize them according‘to %heir similarity to the:

phenomena despribed to theﬁ; One haz%rd~that is quite evi-

-

"~ dent with this method is its susceptibhlity to experimental

1

bias. That is, the observer rates the phenomenon according

ito'the criteria set by the experimenter, and consequently
- ‘ - ) 1 ] ,
might alter his report of the phenomenon: to’ conform to these

standards. As an example,. Kahnemanadescribed the apparent

N

motion effect to his observers,»bgt did‘hog show them\a~

Ta
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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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. " A Sumna:y of the Dependent neuures
. Used in Masking ’

In this thesis some of the depende‘nt variables which
héve been used in assessing the phe’nomenon of masking were )
. reviewed and criticized. It was found that many of these
7u;easure contains con,founding variables, as well as belng
}imited in their application to different Paradigms. For
;. instance, critical duratﬁ'ions’v:ere sHown to be invalid mea-
sures of mesking, as this «meas.ure confounds two ~variables_,

SOA and‘ target duration. ~ ~

_ Recently, magnitude estlmatlons of. perceptual edge
clanty have been employed by Weisstein (1970 1971)
‘ and Growney (1976) to assess(changes in the phegomenon o.f

metaeontras‘t. However, this type of measure, in which ob-

Y

servers judge the clarity of the edges of a target may be

too specific. That is, metacontrast probably affectd other

N/ ! : . !
- perceptual dimensions of the target, for example, its

brightness, which an\edge clarity measure might not be sen-

" sitive to. Therefore, it does not seem unreasonable to

suggest that an experimental pafadigm of masking should in-'

L] S

,clude more .than one dependent measure, 'so that the study is
sens:.t:.ve to more than one p%rceptual dimension.
_ Por instance, a magnitude estimation task of contour
clar'.ity(could‘ be’ used in” cc’mjunct‘ien: with a spatial Lfor\ced
choiee detection “task. In this way, the design is sensi-
- # tive to changes :m the perceptual threshold of the target
as well as changes in edge clarity at the suprathreshold

‘ ) z .1

L)
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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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hand side-of the table spegcify for each. row, tpe lumi-
‘nance level (in fL) at which the target (nume?'tox;) and
uask {denominator) were presented Within this 3'X 2 ma-
trix, each conziuon is specified in. terms of the lumi-
nance and duration at which the stimuli were presented.
With respect -to the first row of this matrix; 'read- |
irlg across’ the 2 coim/hs, cenditions‘ were constructed such’

Piisite
that the energy ratio - expressed mside brackets () of.

the two‘ condltlons remained unehanged at 25, while the

S

4

energy difference between the two conditions - expressed

inside. slashes '//. - varied (30 unit® versus 120 units).

‘ Similarly, 'in row 2 or 3, comparinéa the -conditions ex-

pressed by both columns, clganges in energy glfferences were

y -
s

not accompanled by chanq,bs in energy rat:.os

Conversely, ‘for each column, if we compare ‘the condi-

&

tions expressed in the rows, changes.in the energy ratios

were. not accompanied by changes in the differences.

If Weisstein's contention is correct, that is, that

-

enexgy ratios are critical in metacontrast, then, a) we

would expect no dlfferences in the shape of the metacontrast

1£unction for equal energy ratio conditions (compaﬁing the .

c(mdrtions‘ across roys in the matrix) and, b) we would. ex-

pect to find different shapes in the metacon?% functions

s . A
" when compa)rj.ng stimuli of 'unequal ratios '(comparing the con-

ditions across the columns in the matrix).
N ] o




.. 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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luhinous stimuli were varied by the same duretion (10 msec. ™

versus 40 msec.) thle for those represented ‘in Table Ib, . o SR
the unequal temporal stlmuli were varied by the safe lumi-

"nance (2.5 fL versus 10 fL). These conditions. will' be re-

I S i K

B

ferred to as the "duration” and "luminance® conditions res-.

O .

pectively. If the results of the_Kahnemégxb and Kaswan &

wi i

Young study are correct, then we would expect. that ;ecibféc-% .
/ ity does not hold for the masking paradigm and duratien ma- . C:/( .

nipulations of the stimuli are more effectige\in altering~ N

the metacontrast functlon than similar lum%nandf manlpula- -
tf7d§. clflgally, we might expect that the metacontrast ' .
/fﬁnctlon S;ll be- more senSLtlve to changes ln the duration _

[7// variable (represented by the "duration"” cond;gions) than * . . A ﬁ‘

similar changes in the luminance variable-(represe ted by

>

E

the "luminance"” condition). ' .o . St
L 4 , ) o ‘
Te data collected by Brussell & Favreau (1977) sug- ‘

gested that‘the-magniﬁude'of masking varies inversely with

the state of adaptation of the eye. Purcell & Stewart
" (1974) also reported data which showed that the magnitude L
of metacontrast decreased with increases in the state of A L

adaptation of the eye.

- Y .

In order to determlne how a change in the state of -

' - daptation of theteye affects metacgptrast for the‘condi-

tion in this’ experlment, .all the conditions. in Table I

've:e presented .to ;ight and dark adaptedoobservers.

} . ; .
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‘The Stimuli & ﬁependent Measures

Purcell & Stewart (1974) obtained U shaped metacontras’:'

- functions using a forced choice detection measure. . For each
e £ . oo o

. ‘ tfial, they presented their observers with a dark disc (tar-

get) which c‘ould_eppear in‘t};e middle of one of two dark'
/concentric rings (masks) 'me:\.r obs‘érvers were regulred t
report in th.ch ring the targetr appeared. Because their
" stimuli consisted of dark targets and masks, presented on .
C1it béckgromldsj a methodological ‘oritidihsm similar to the
‘example given ‘in criticism of Ericksen's luminance summa-
_ tiod»"rt;odél may be made. To recapitulate, for the SOA's in '
which the stimuli temporally overlapped, the dark target |
. was s‘uperimposed (overlapping spatially and temporally) upon :
the illuminated back'ground of the mask, and therefore, ‘the
detection of the dark target rrhl.ght have, in part, been af-
fected by the phys:.cal superlmposztlon of the stimuli. If
illummated stimuli presented on dark ba&grou.nds were, used,
this problem would not arise, because the addition of the"
low luminance of the ma/s:k background‘ should in no way inter-
' fere with the deteotion of the illuminated target. There- -
. . fore in this experiment, illﬁmineted; stimuli with black

backgrounds were sed. 'The cfi.és and /rings were of the

game dmens'o as those used by Bdrcell & Stewart (1974y

as well as Heckenmeuller & Demb r (l965a). The 2 alterna-,

tive spatial forced choice paradigm, similar to the one \ -
)

used by Pu}ell & Stewart (1974) i regulred the use of -2

G LR e §oT e < s ey peahe e
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'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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Y concentrically in the_‘m;'yd'dle of either the left or right

) _&' ’ .

Subjects:( Ten paid observers, 'a.11 with corre@éd or «
uncorrected Snellen acuity of 20/20, _participated in the ex-
periment.. | - |

f;,) 0 Aggarafus. A three channel p Sc1entific Prototype '
,tachisto?cope '(t-scope) -r model GB was used for ‘the still'l" . "
“ulus present;ations.

.-, The masks consisted of two rings, which flanked a fix- .
L 4

ation point.. For .each trial, a target disc could appeaf

. r}ng. "1‘he Stimuliwere viewed from a distance of 124.5 cm
.. producing the"following" visual angles:‘ d‘isg diameter - 24°', :
. r\:Lng inside diameter = 24', ring ’c’autside diameter = 4‘4',"’ se- .
paration between the borders of the two rings = 16°'.

‘me jtarget image was made by covering a t.ransparent‘ : .
. pieee of plexiglass) with\ black ep.aque carbon paper. ° 'Nov, .,‘ i (
24' holes were cx‘zt out of the pa‘per such that the centres !
o:ﬁ the two hole‘,s. were separ‘a,ted by 60' of visual arc. whén
the plexiglass was placed intb*qne channel of the t-scope, .
back illumination resgli:ed in the ;Ej:cepti;on of two illu-

-

minated discs. : L ; .o

3

'No A, C. pull type soleno:.ds were .placed between the
Plexiglass and the observer, such that they were each Toca- ]
ted beJ.ow and in front of one. of the target hol’es. Attached .

' to each of the cores of the solenmds was ’; piece of black




ST A BRI G i L% =75 0N o o O TN MR BN V5 1 4 "3 MV T o2 SR T YT -

.7 —~ o, . - 61
. B . - R . s . ?

1
.ca’rdboard‘ (baffle) . The cores were held up vertically from -
- the solenoids by a spring, such. that the bafflee blocked . ~ -
I. ’ - ‘ any rear illuminating light from entering into the t-scope
: _ Upon completion of one of the solenoid cxrcuits the corres-
pondmg core withdrew mto the solenoid, pulling down the
baffle, and allowing the light 'erpirtéd from the rear illu-

A . o minator to reach the eye of the obsebver. Inythis‘s way, for g
.any trial the'e:gperin\eoter was able to lgresent either“the
le{f\t or right disc‘t’étran' ‘observer. A 2_4 "volt D.C. pever pack

supplied fé’xe voltage to the solenoids, because it was found . - e

1

. " . that "shutterong” accompanied an A.C. power source. ‘' ° B . ,

"

The "standard” stimulus which was used for comparisons - o

wd \

"in the magnitude estimation task consisted of a target which

g PYIRPEL B

was presented. in' the'absence of the mask. - ‘ .o A

" .The masking stimuli were. constructed in, the same ‘fashion”\ A

- B . ‘

as the targets. Two- pieces of plexiglass (masking sheets)

ST TR W S 2 e b ol T

. were mounted (via volts and wing nuts) on a.larger plexi- . ’ .
glass holder such that they could be 1ndependent1y moved and 3

secured in any p051t1.on on the holder Black opaque ca‘rbon

‘ paper covered the two masklng sheets, except for two rlngs ._ &
- which were ,cut out of \the paper tq. the above specif-ied dai-
mensions. When the holder was plaoed into another channel :
of the t(:;iope, ‘back 1°11um1nation of this channel resulted
j\ ‘ in a display of . two illuminated r;ngs( 'I‘hese rings oould : 7 4

be adjusted (by the bolts and wing- nuts),’ such that upon si-.

multaneous presentation with the mxi?affled targets, the rings
, o . ‘ . A 1

(] ' ' B

-
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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 -

Uunon N e
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The sequence of presentation of the‘SOA'sDwag randoglg de-

termined.(sampling without.replacement). The iSI's were

g N

always dfu:k.'.es o ‘ ’ . _L '\ ' |
~The two alternative forced choice task required that

the bbservere report ;he gps§tioﬂ\pf the disc by pressiné
hxg,left or right butfon.-'rorleach SOA the sequence of pre-

Aras presentéd such that

it ‘appeared in the left and right orientation 9. times each)

senting the 18 trials (the target

were randomly determined (sampling without neplacement).
For the estlmatlon task, the observers were told to rate the
target in. terms of itSsclarlty and completeness with ree;ect s
to the standard stlmulus. The 1ns§ructidns ehat were refad
" to the‘obsezvers are found -in Appendi; A: All the observers
were well practised (they each had at least 4 hours 6f~e¥—
- perience) before they participated in the;experimenﬁ. Be~
fore each sessi%s the‘experimenter adjusted the luﬁinance
< "~ and duration of the target (which was also the standard‘stim-

ulus) and mask to the specffied levels,in,thaé‘condition.

‘ Dark AdaptatlonxCongition o -

j T% ‘ < Before the beglnnlng of an expetlmental session the ob--
K . server (with the aid of the experimenter) aligned the stim—
o ‘ uli, such" that the targets were superlmposed upon the dark
- centers of the masks. The observers were then ‘dark adapted for
10 ﬁiqutes. At the end of this period}:they fgeely‘vieweg )
o the fixation field for an additional 3 minutea. The o?servers

v/ﬁere then told that prior to the presentation of the target

P

. .
L e




of the target and mask.

[

I R o
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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




~
N

Regults & Disc{zssion ‘

For all ‘conditions, it was feund' that the obserﬁers
were able to eorrect\ly" detect the ring within which : the
target was pi-esented, at a rate of 96.4%. Henceﬂ,\g anal-
_*ys‘ia of the detection data was not warranted.

During the pilot work for this study, the abse?xce of d
metgcontrast in the foroed choice data was ‘apparent. How4-

ever, since the forced cho:Lce task was helpful in mom.tor»-

ing whether or not the observers were attending to the

stimuli, this procedure was maintained throughout the ex-

periment. The fact that metacontrast v;les not found in
these data was attributed to'the Low lununance levels that
(-wer‘e employed in this study (the Imaximuni’Iumiﬁanee reflec-
ted by a stimulus was 10 XL). Other detection studies
which reported the occ ‘ nce of metacontrast have gene-
~. rally used hlgher Stl us lmninfence leﬁels (for example,l
Purcell & Stewart, 19|74 used stlmulus luminance levels of
20 - 40 f}'.-() . R . . :

When magnitude estimation tasks are used, it has been

<@

v

customary to;coméute the geometric mean of the estimates
'across trials and subjects (Weissteiﬁ, 1970; 19'71; and
Growney, 1976 used the geometric mean as a measure of oen-”
tral tendency). In this study, every obsérver was exposed
to 18 presentations of ‘the target and mask copfiguration,

for each SOA. Because of the\.occurrenee of 0 estimates

FRNUTPS Jos e  al
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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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.’GéJ when nearly equal energy stimuli were used (the target/mask

71.

+

Consider the Weissteih'(l92l) study in which: she em~

Ay b e e

LR
ployed a similar edge clarity dependent measure. She:re- '

‘ported that metacontrast was not present-at an SOA = 0 msec.

energy ratio equalled .875) . . That is, hn adjacent disc and

annulus (having an 1ntercontour separation of only 1' of

visual angle) .presented at the same time, resulted in ho

. masking of—the contours of the drsc. This ie surprising, .
since a target and mask of nearly equal energy with epch a | .1

\

small intercontour distagg% might be expected to elicit the

perception of one large disc with a diameter equal to that
-of the mask . This should have been reflected by magnlthde

estimates near 0., However, hecause ‘Weisstein's observers
© - N :

gave edge clarity estimates of 10 at an SOA = 0, it might
be inferred that they were relying on other perceptual di- ' ' :

men51ons aloLg whlchfthe\target varied, sgch as brightness,

.

for the basxs of their Judgements. In the following discus-

sion","' it“)dill be arqgued that this possib&e artifact of edge
. \f iy * , ’ ) K ¢ 3 e
clarity measures can account for many of the trends shown in

figure SQ

In this experlment, although there was no equal energy Ay
condition, there were condltions in which the energy ratio B ;q
-approached" equallty, that is, of .70.r Looking at flgure 6c ‘ ‘
(located ln Appendix B) at an SOA of 0, the dark adagteé suh- g
jects gave,elarityoestimates near a valhe of 19 forﬁa «70 ’ ! . ﬁ

duration condition. 1In that condition, a 7 L targeﬁfwas pre-

» - ‘ . -

. @ )
& . . ' e . N , . ~
. . . .
.
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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 . -

\
]

1
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‘these SOA's), one
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were therefore probably able to base their jtﬂgeﬁents on
contour clarity. ‘ ‘ A )

- The descending ftm‘)etiqn for both conditione shown in
fig. 8 could be explaihe‘d by appealing ’to the possibility
that the observers were basing their estimates on either
brigh‘tness or clarity. That is, the descending portion of
the U shaped ‘function could be the result of brightness or .
contour.metaéontrast. - However, in order to explain the in-
teractlon that occurred betweel; energy manlpulatlon and&SOA,

b & ~
it must be assumed that the observers were basing their es-

timates. on the brightness of the target a.t low SOA{s and on

© the clarity of the edge of the target at h:.gher SOA's. The

following discus’sion shows why this assumption is necessary.
In order to explain ﬁy differences occurred between
c ] B

N [ T s oa s ‘
the "duratl:ion"‘ and "luminance" conditions for SOA's of 15 \
[ N, . N : , ’ .A “
and 30 msecs.  (the cor»fidenceointervals'in fig. 8 revealed

I3

- thht the magh:.,tude e tlmatlons for the "luminance" conditioh

did not overlap wi

those ‘from the "duration"” conditioxL for
1 : ‘

re assumption must b‘é"pds‘tulate'd. It

will be assumed that\ at low SOA's (up to about an SOA of 30 ,

‘msecs.) when the ‘target and mask were probably seen as oc-

.eurring smultaneous Y l@mlnanée 17 a more c:;J.tJ.cal de%er-

N

-

I3

i

based. on the brlght ess of the\ target. Hthever, as was tuen-S '

"

. .
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' probabzlity“of the target being seen -as occurring separately. . ) J
h .

tioned‘earlier) as the SOA was increased to about 30 or

M4$ msecs., the probability that the magnitude 'estimations

began to rely on the contour information, increased. To | -

the extent thatithe estimations wereﬂeffected by the con- L

tour information, the following might have occurred.
‘In the 'luminance" cendition, the contour»of the tar- | -

get would not have beeq(seen, because the luminance of the . L ‘ -

target/and mask were always equal.

13

In the "duration” condition, however, the unequal lu-

\

minances of the target and mask would have resulted in  the

‘perception of the edge of the target. If at SOA's*o? 15 and

\

|

30 msecs., coqtour lnformatlon at least mlnlmally afflected. L ]
the magnltude estimatlons, then we would expect that these |
. ‘ |

values would have been lower in the "luminance" condition . 1

i~ . | .

due . to the absence of the %hys1cal border beﬁ&een the tar—

(g

\
get and dask. - ' . - ~ - '

’

-

Although‘there was a tendency for the magni tude esti-

o ke ader o S

mations to be higher in the lumihahce condition represented -
in flg. 8 for SOA's between 60 1@105 msecs., the confidence R o
intervebe revealed that there may not have been a signifi- T

. cant dlfference'betweegjéhe two condltlons for ‘these SOA's . %\§”/f<

o . ;
P - o

- However, the folhmmumgxmﬁrexplaln this trend - o N

Y 1
- ' : 0 R :

Above an SOA of 45 msecs. 1t may be inferred that the\» Co i

% ",

Pt

from thelmesk is increased. It 1s~hypothe312ed'that\at s o Ry

- these longer SOA's, the temporal eeberation between the %
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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




|

judgements were probably based on. the ceptién of both

IS

the brightness and contour clarity of the target.. The re-

&

maining results of the analysis are discussed in light

this interpretat:.on .

b,
It was‘ found that SOA mteracted w:Lth adaptat:.on, F

i

(14. 112) =,1.91; p< .05, and thlsﬂrelatlonshlp can be" seen

in fig. 9. 'These re"sults showed that an increase in the

o

state of adaptat:.on of the eye, resulted in increases in the
S o

metacontrast effect. 'Ihe trend in these datacc0ntrad1cts

) wn

the reaults reported by - Purcell Stewart & Brunner (1974)

R -
B e & L st ekl £

Which showed that the magnitude of metacontrast was inverse-

P

‘ly affected by increases in the state of adaptation of the

t

'%/eye. ) .

The differences between the results of Purcell et. al

and this study may bé attributed to the dlfferent paradlgms -

that were used. Pukcell et. al. used a two-alternatlve

spatial forced choice procedure, which involved detection
’

thréslio;td measurements. In this, experiment, the observers
N

were required‘to make suprathresho],d judgemefits which were
based on the\brlghtness and contour clarity of the target.
To the extent that changes in the state of adaptatlon of

- the eye differentially affected the visual mechanisms 'under—
lying each paradigm, then :a comparisen of the results of

the‘se .two experiments may not b\e{)va‘ id.

The results of the Analysisgs’ of Varlar}ce revealed that
-~ )

N

there was a sigm.f:l.cant :mteraction betweén Adaptation X.
- \ . - .AA .

., . ~ o
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and light adaptation.gonditions collapsed across
all otpé_r conditions,
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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

[,

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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Fig. 11: The mean of the log magnitude estimates for the 3
ratio light adapted conditions collapsed across
all other corditions. ) ‘
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having been presented simultaneously for SOA's up, to

’y

.
. .
N - . 83

- z
,

‘ 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'
. . +

H

4«

—— —
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“this type of paradigm, then possibly two estimates should be

. em910yed. For instance, if observers were trained *o report

f;he brightness and clagity of a target, then'they would not

‘be susceptible to confusing the two perceptions, '
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APPENDIX A -

; » Ins tructio'nsJW.j

-~

"If you look in the t-scope, you will see a red spot of light.
We'll call that spot the fixation point. If you look at the fixation
point,you"Willseetmrihgs}qéatedoneachsideoftmfixatjnnl

. poiht. - ﬁeseri:gswinbe~ca11ed.ﬂxemslcs. I will now show you

a disc of lightwhlchwe'llcallthetaxget This target can either

. bepr&sentedalone (stvwn)orwiththenasks a.rFltcanbeprresented

such that it falls in the dark portion of the left or right hand.side
mask, Wmtketargetlspresentedalone mtheabsenceofthe
msks,ltlsrefer:edtoasthe'staxﬂard' Fbreacht:mlyoumll
. be required to do two things. First you are to tell me which mask
the target was presented to by pressing the left or right butbon

. thatislocatedmfrontofyou'meseanitasklstojudgethecleamess

of the edges of the target. This'is thewayyous}mﬂ.ddoz.t.

. Here is the standard (presented) . If you look at the edge of this
circle, it should appear to be clear and circular. I want you to assign

the \}alue‘of 10 to represent this clearness and completeness of the
edge. manygiven'trial youwi.llbes}minatarge{: which will

be presented ‘sometime before, after or during the presentation of the
.masks. E[hecleanxessoftheedgesofﬂ\etargetmaychangefmntrlal

" to trial. Yourtasklsboratetheclearrmsoftt_leedgesofmetarget‘
withrespecttothestanda.rd Iftheedgeofthetargetlsnuchclearer
than the standard, thenglveltavaluegreaterthanlo If it is less

cleartha.nthestarxiardglveltaval\nlessthanlo. Try t0 go by

. thefollomngguldelmes. If on one tnal,youdontseea:target, g::ve ‘1

itav\alueoflo. Ifymseeatargetwhlchlsjustasclearasﬂw

 =setandard, give it a value of 10. If-it is half as clear as the standard,
- give it a value of 5,'and if it is twice as clear as the standard, give
it a.value of 20. Use any number from 0 to infinity to represent the
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of the edge of the target. Keep inmind though, that you are always -
rating the clearness of the edge of the target with respect to the PN
clarityofthestarﬂardsedge wh1d1;sa10mt:.ng

) The standard T praentedtoymbeforeeachset\pfls
‘butifyouask,ltcanbepramtedaf;anyothertm\e Before
trialyouw:llhearthlssmnﬂ(oneofﬂresolernmmactivated)
5neansthatyouaretoﬁn<ateonthefuatmnpomt,arﬂthetarget
"be presented to you in one and a half seconds. Remain fixated until
" the target and mask are terminated. Youw:.ll}avelOsecondsbetween
trials.- Are there any questions?" ’
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APPENDIX C'

e The Results of the Analysis of Variance I 7
Source : ss 4a& w p
2 xvg
. AMaptation (¥) 47.502 1 7.502 2.80
B r Subject.?} (S) 21.420 8 2.677
RN 'nmgym@ﬁqn,(mg .032 1 .032 .80
[y 4 ' -
Y®RA .152 1 152 3.85
AX S, . 9315 8 maﬁs@
Difference (B) .002 1 .002 00
YxB .052 1 ..052 .43
BxS,_ . .955 8 119
Ratio (C) _ . .554 2 277 3.32
. - oExCo : s .079 2 039 47
4 i L
Cx S, . 1.333 16 .'.083 ,
’ SOA (D) 25.314 13" 1.808 11.04 **
YxD ) 4.387 4 313 1.91 #
o Dx S, 18.349 . 112 .164
. Ax B .029 1 .029. 2.33
- ¥Yx AxB ©o.001 1 S .001 .01
: AXx B xS .099. 8 e \1124
" ‘ AxC : - ".125 2 =2 063 1l.24
3 . YxAxC .013' 2 . -.006 .13
- AxCxS . T .811 16 * .050 -
. "AXD 1.360 14 . .097 5,07 #%_
. “\Jy xAxD i 405 14 028 1.50 « !,
AxDxS 2.147 - 112 019 T
' . W
. BxC 111 2 .055 1.48
YXBxC : . .070 2 L035 .94
BXCxXS- .597 16 .037




APPENDIX C ,~

‘TABLE IT {cont'd)
7 . o

ss a8 '8 P

B
BXD" 282
YxBxD » 14
BxDxS__ 2.488 ”' nuz
AxXBxC .06 - 2.
YxAxBxC +158 2
AxBxst’m\ .320 16
AxBxD .282 14
YXAxBxD 146 1 14
“‘ggaxnx%nu,_ © 1.851 , .016
CxD : .616 28 . .02
Y xCx.D ..976 28 .035
CxDxS 5.112 022"

‘ ¥ Perror
AxCxD ,597 28 .021

"/ .020
.023
022
.032
.079

020
020  1.22
.010 .63

91
) »
: -°1.05
1.59
3:96 *

97
1.53 *

[

1.28

YxAxCxD
AxCxDXS
B x Cx D4
YxBxCxD
BxCxDxS$

€rror .

.. .438

3.744
.455

- 237
3.722

28

28

28 -

0’016 ‘.‘
-«D17
..016

085 -

.167

.94

<

.98
.51

AXBxCxD ’ .154 28 .005 .48

YXAxBxCXD '.251 28 0% T

AxXxBxCxNQhxS " ‘2.593 v 224 .012

** n¢ .01
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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** . ‘
e AXCxXS oo ~.037 8  .004 : B
A x'D oo - .583 14 042 2.92*%% . : '
T - Af x D x Serror .800 56 .014 "
BxC ~  .019 2 .009 .19
% . 14 r
BxCxS_ - _ .402: 8 .050 ,
BxDx Serror ] 1.568 56 .028 ,
C x D , -935 28 '.033{.99** o .
\ ‘CxDxS, 1.876%-112  .017 . ‘ .
‘A x B xC ’ . .017 2 008 57 . ’
A xr B x q X Serror -117 8 * -015 —\o
A ;\: BxD . C. 235 14 017 -.93
AxBxDx S-errc;r < - 1.014« 56 ..018, > C, _ . ‘
AxCxD .. ~.438° 28 .016 1.22 3
. ¢ v ) > f
A x CxD x serro\r ’ ‘ 1.431 112‘ .013 ; L
BxG¢xD - * . “th .175 " 28 .006 .49 , , 1
‘ BxCxDxS,__ . l.43 01120 L0130
" AXBXxCxD" . _ .\:15 78%004~ 47 St s -
A A-:‘: BxCx D x serror e 87 _11? 72009 e 7 ;
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