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- If a visually. presented array-of alphanumeric .
- material is followed by -a patterned masking stimulus the

perception of the items. at the ends of the display will

De, unaffected while those in. the ‘centre of the array will
‘be masked substantially. Terpwd selective masking, .this
" phenomenon has been extensively mvesugatad 1arge1y as
a‘teehnxque ‘to make inferencgs about the nature of visual
mfomatmn prccessing. g v & K
. I The results of numerous studias on the selective
5 maﬂklng phenomenon md1cate that the items at the ends of
a'row are pmcessed first and thus esgape the effect of
% a.:ampumuy following ‘mack. Thebe ‘has been some uncer-
“ tainty about ' the order of pmcessmg after the end items
have been prccessed. Experiment i investigated. this pro-
! cessing order by systellatxcally varying "thé interval between
: the offset of the ie;te-r arrays and the onset ‘of the ‘mask-
4ng stimilus. The fesitl ts indicated that e jern of the”

Tow are ).ndead ﬁ!‘ocesaed first and that Bubsequent serial

progessing is in’ general from both ends twards the. nuddle.

It hBﬁ “also been_shown ‘that this enda-mlddle pro-

~cessing order'can be alteréd if the, observer’is.given

sufflclent~v1nformptiun “to direct his attention to a single’
* 5 1 g w % .

item in the display. When a spatial cue is presented for

one of the itens at stimulus onset or when the subject ‘is




instructed to report an’ iten which giffers in category)

fmm tha backgx-ound xtems, the Eubject atteﬁds tn single

> J.tem and therefore does not process the. ax‘tay with an ends—

“finst approach: °, The second expernnent invhstigated the'

/ B,
extent and -rlatire’ of ‘the px\oceuamg strategy which %bsex‘vers o

use, 'when préfsented with an array containing six 1etters
and one digit. “In addnmn, the effect of a caitiegoiically ) 2
incongnious "iten: on- the’ processing ‘of background items

I Has studiedA ‘The x‘esults show that observevs do not

selsctivgly process the incongruous item when digit" report A e
is'required on ‘only.a, small. portion of the trlals “The. 7z
.data also indicate tngt the procesbing of the odd item and | " _in

“the hackgmund tems occurs at‘the\ samé time; i.e. in

pa!‘allel, but that - the overrx.d;mg serial, ends- flnst/prn——

cesting strategy" common to encod:mg a mul‘tl.element array

is still employed. : & e T e
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" stimuli (see, for example, Coltheart, 1872).

= INTRODUCTION -
7Much’ of our vispal perception involves the ‘process~
ing of sequential ihputs. Reading this page of type or

|viewing a movie or television program requires thé rapid

+" processing of successive visial inputs. It is not surprising, '

then, that a great deal “of+ research has been devoted to thé

investigation of how. we .process. two x‘apxdly,prssented visual

The phenomenon termed Visual masking, first studied
e '
extensively by Werner (1935), has yielded a large amount of
evidence éoncerning the nature of such visual information.

‘procéssing. When two stimuli are visually presented i \

close temporal contiguity the' resulting Cfrcep‘tion ot/

always be of two distinct events. . The detection or the |

"recognition 6f the target ‘stimulus may be impaired by the

vpi-eser’ntation of a'preceding or succeedir‘xg masking stimulus;
If the target stunulus is interfered with by a mask’which
precedes ‘it in tune, S misking is aald to have
occurred, whergas a target which is inhibited in its per- g
ceptlon by a subsequent masku\g stinulus is said to have
been subjected to l‘gackwaz-d m_ask:mg. :

This perceptual interference effect has beep
observed nder | variety of stimulus conditions. Flashes

of light have proved to be effective masking stimuli in

- some cases (Eriksen, 1966; Eriksen & Coliins, 1964) as

haveé annular ring masks which spatially surround ‘the target




Averbach € Com.ell, 1961) ‘and random dot pattems (l(msbourne

‘& ‘Warrirdgton, 1962a, 19521} Uttal, 1971). The latter type -
of‘mask is generau(y referz‘ed to as vlsual noise.’

It has been esﬂabl;shed that maskmg by patterned -
stimuli is more effecnve in dlsruptlng the perceptlo :uf .
the target than is masking by flashes of light, presumably
I'eflect).ng the higher 1nformation content’ present in the
heterugene_cus mask.” It-seems that masking by llght fxelds
reflects the opération of peripheral mechanisms’ ‘while
patterned masking involves a more cential processing capacity

(Schiller, 1965; Tarvey, 1973). Moreover, it is clear that

. , .
.. different patterned masks also vary in their effectiveness:

.elements

the mask is substantially more effective if the pattern is -

: / = R .
a random one (Coltheart ¢ Arthur, 1972), if it comprises

subtending_the same visual angle as the target .+
1973) and if it differs in its

stumdus elements (Turvey,

£igure/ground relationship fron the target stimilus (Keating

5 Shem':l.ck 1973).

‘While the investigation of visual masking has done

much to enhance our undex‘standing nf the underly).ng me¢hanisms

of -visual information' processing, a clear explanation of the
‘masking phenomenon itself still eludes us (see ahnenan,
1958). However, two lpajot’ explanations have emergéd which-
despmbe this perceptual interference effect. The inter~
z-uptwn or erasure theoues maintain that the mask etops
the precessmg of the target stmulé{s eithep because it /-

interrupts the initial c_onsolidat:.on of the’ ‘target (Lindsley,




atundomly chcsan 1ettex‘s. It has’ been cnnsistantly repobted b

« greater extent (Butler, 19743 Butlez‘ E He!‘lkle, \‘973'

in]:c mobe pemnent stoz'age (Averbach 13 Comell 1951) The 5

sewnd theoretical posltmn, that of Jnteg*atq:dn,upl‘oposas

that maklng z‘esults from a lack of fine tempc:‘a!l ?esolutwn o
A

target and ‘the mask ar ffect;wely smultanecus in the“

v1sual system, 1 e..the features of the target are, degraded

by be:mg perceptually embedded m the maskmg stmulus (see*

Caltheat‘c & Ar‘!hu!‘, 1972).

Both theories are, suppopteq y L

(Henderson, 1973) * ol " % P 'v_'

Host of the research on usual usfomatmn ptccess-—

ing wlthm the backward maskxng parad;gm has employed smgle

element targets; e.g. a single lettex‘, d:.gxt or geometmc i

shape usually presented to the fovea.ﬁ Some researchers,

however, have concerned themselves with ‘the way we process i, 2 "

miltielement arrays, genpx\ally a row of seven or eight

that the items at ‘the &nds of sich a%display; when folluwed

by a p tterned mask, ave relat;wely unaffe ed wrule those

items ' in the centra of the display, are masked toa much y

Cnlthear't & Hex‘ikle, 1970, Hendez-son & Park, 1973 Hernkle, '
Coltheart“t Léve, 1971, This differential eEfitacy of ‘the

o -



B Y : . 5 . &
: mask for diffevent serial positions has been termed selective g
A : masking (SM). A typical SM Pundtion is'illustrated by :

Figure 1. . e + - !

- The 6elective masking effect is relatively unexpected -
5 ~

. " for various regsons. . First, Stewart & Purcell”(1970) pre-

sented smgle letter targets at- various @tinal pcs;tmns
and ‘discovered that thE letters were more susceptible tD a

maskmg stu\ulus the -farther they were from the pa:mt of

‘Fiation.  Second, seléctive masking is contrary to the data

x*elatmg target detection to retinal location. Colthgart &
Merikle (1970) and Haber ¢ :Standing. (1989) have demonstrated
“that when no mask is presented the items at the ceritre of. the
o of letters are identified with greater accuracy than those =
at ‘th&‘ends of ‘the’ row. These .résults prompt the argument
‘that. the 1dent1fx.cat10n of target items depends &n the
o retinal loci wh:.ch they stimulate; with super:LoP perfomance
being observed at«foveal and parafovaal regions,  The results
Of the selective lsk{ng Sttt Majevny Sopte Npatast
" such a péré:{p\onioue‘ﬁterpx‘é‘tgti{cé. ﬁ_f the items of a -multi-
“olement arrdy are idéntifiable with varying degrees of accu-
racy, a‘subsequeiit patterned masking stimilus should have a s
_ghdater effect on the items which.are “the_most difficult to
K mennﬁy. Jt 18¥not to be expested that tha centre items,

ch are generally eas1er to ;identify under no-mask conditions, .

should be masked to a greater degree than. the end 1tems
J What inferences can be made about the way'we pmcees
3

h individual items in a multi-letter row given a selechive
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recall for the"centre items ’Bf the dlsplay is relatively . G
.selective masking curves’ obtained using the backward masking.

‘array the mask is presumably still exerting an effect when

‘which' are being processed First, they are maximally affected

masking effect like that shown in Figure 17 e s accept
the’ premise that the ‘flow of receEEig T & SeTadL recoding
of the items from a rapidly decaying visual trace into a
lore permanent auditox-y-vérbal—linguistic (a-&-l) store
(Atkinson & smffmn, 1968), one possible interpretation

is that' the 11:ems at the ends of the array are processed

first. This

s the explanation Which has’ been proposed by

several tigators of the phenomex;on (Butler, 1974;

Coltheart, 1972, Merikle et al., 1971}\ When the masking

etimulus is preserited following the stimulus display the 5
Sheme wbills Soln of Thpcrow have alvesdy Heen Erensfebwed

to the a-v-1 store and are thus no longer maskable while

those at.the centre of the arrdy are still in a sensory, ¥
and therefore maskable form. A strong piece of converging - T
evidence for this explanation has been reported using a v
forward masking technique. When a multielement array is

preceded by a patterned mask the recall for the end items

is depressed relative to a mo-mask control group while the -’

unaffected (Merikle & Coltheart, 1972). The interpretation

of these results is the same as the explanation of the

paradigm; i.e. that the observer tends to .process the array

ends-first. When ‘the pa\tterned mask pre/:edes the letted

the array is presented and since ‘the end items are the ones



by the mask.

While the selective masking effect can reasonably-
be attributed to.an ends-first processing’strategy| adopted
" Y.

by the observer, and while such an e: anation clearly

‘. accounts for the observed function, #here remain two pdssible

artifacts which could px‘odu{: the same pattern of results.

meaggex’atian of an ends>first strategy under the stress

of the masking situation may be a control process (one which,
the observer.cor}trcls - see Atkinson & Shiffrin, 1968). .If
this is the case then it is possible that experimentally
blocking mask ‘and no-nask trials or treating magking as a
between-subjects vam.able (ag”in Butler & Merikle, 1973;

Merikle & Coltheart, 1972) cuid artifactually geperate. - ;

different recall curves under the mask and:mo-mask conditions.

Sxmllar'ly, it may be that the selective mask}ng function has-
nothing to do with processing order. The hxghez‘ recalll for'
the end items may not reflect ‘an ends-first processing order
but merely an ends-better recall score. The lattt;.r possib-
(lity is a reasénable argument since it is likely that
lateral masking by adjacent contours is operating on the | i
centre itéms in the display more than on the items at the
endg; of the Tow (Matthews, 1973). :
Merikle (1973, 137'0 conducted two, expem.ments
designed tu investigate these possible :mterpretat:.ons of
selective masking.. Two relevant control procedures were'
used.’ A within-subjects design was employed wherei?\)suhject_s

.were unable to'anticipate whetheror not.any given letter..




row,_would or would not be followed by a mask. .In a 'second
experivl;erit a series of "O"s was p1$eed at both ends of ‘the _L
array with the same’ amount of spacing as betweén adjacent
target letters of the ‘dispidy. The. selective masking effect
was again pbserved: ‘the items at the ends of 'the row were
not. mas)&ed while those 1‘3%“ centre were. The results of
these expemnents xndxcafe that ‘the selective masking
function “is not béing mfluenced artifactually by either the
observer's strategy during tual blocking or'by lateral
masking by adjacent contours:
The. logical question which arises- Frou this sert of
\ ev:l.dence is, that if the items-are processed ends-first, t’hen
which items dre subsequiently processed? ‘surprisingly; little
_ of the research ‘o dats nas been duectedv taqward this ques-
non. although Her}.kls et al. (1971) have 1ndirectly addressea
‘the point. In their experiment an eight-1tem row of letters
was preserited for,either 30, 50.or 90 milliseconds followed -

' by-a visual noise mask presented for two seconds. A close

inspection of théir data yields some interesting information.

At an exposure duratioh of 30 milfiseconds only the right- '

"énd ‘Stém escaped ‘the effadt .of the ‘mask (or h‘éd_ been éncoded
into an’ unmaskable memory store). ‘When the  letten array was
exposed for 50 milligeconds, the items .at »poth ‘ends dnd ‘the
item second from the “right were unaffected by the mask; While
with an axpnsure durat].cn of 90 m:\.ll.z.seconds both end items
and the letters second and third from’the right were not

nasked. - Af'obviéus inference tobe drawn frod thesé results




is that. the letter row is processed ends-first and thence
PR

from right to left. Such'a processing order appears anom-

‘alous since the recall scores for the items to the right of

fixation is the inVerse of the apparent processing ord:

the recall for the item at serial position five exceeding

_that of pgsition six which in'turn exceeds that of position
seven. This latter interpretation, ‘however, is confounded®

. by the fact that output interference oceurs. It seems that

regardless of’the order in which the 1 tters are encoded; .
subjects usually report them in.a left to right sequence
(see Bl‘yden, 1360) . »

Let usnow return to the assumption that the individ-

}, : ual items,of the stimulus display ave 'sequentiany processed

into an unmaskable short-term ‘auditory (STAM) or short— term -

visual (STVH) store. If this-is a.valid premise then any
inérease. in’the time in which’ items are available for pro-
. cessing (i.e. presedited without .a masking stimulus) should

» +'lead to an increasing. num.bex‘ of items be:.ng unmaskable when

the mask is’ finally px‘esented- -Statistically speaking, the/
select).ve masking effect. is méasured by, the maskihg x serial

- position Lntex‘actlon. An increase, then; in the exposux‘e

duration of the stimulus display’ (as Merikle et al.,1871 have

done) ‘shouldlead to a change <in the masking % serial’ position  +°
interaction. as the. exposure.duration is increhsed; i.e. a
masking x exposure duration x serial position interaction
‘would’ be predictéd:’ In the'experiment descr ‘bed‘ above, how-

= ever, thisinteraction did not reach statistfical significance.:

-




S : ; Hez‘lkle -8 Gl).ck (1575) a.'l.so attemptpd tc determine

the processlng order of an observer pz‘eeented wx.th a multi-

element array: - Again, it was ﬁo\expasux-e durdtion of ‘the

farge}}ét‘térs that was manipulated. It was found that as :
| the exposure duration of the target letters was increased
‘ " pebformance st the varicus serial positions improved differ-
‘\entiauy. Specxflcally, Feons io the mgm: of fxxat:.an )
“limproved more Papidly than:$he peport - of items té the left
Eaf fixation, although only marginally s not significantly.
~Additionally, measuring the mprovem%‘t in performance does

not provide a clean test of processirig order but merely a

vehicle for possible ‘inference. : -
The salient temporal’ variable in backward masking

involving: central processing capacity has been demonstrated

I . " to:be the onset-onset interval' (Turvey, 1973). The  experi-

1 & :

i mental mampulanon of this snmulus onse‘t asynchrony (S0A)
the Mevikie et al. (1971) study and by Merikle § Glick

(1978) is confounded by an increasing exposure duration of

_the letter array.. A cleaner test of the order of processing
.. of the individual itesms in the dlsplay can be made by delay-
ing ‘the dnse€” of the mask while keeping the exposure durat:.on
constant, i.e. by 'varying the interstimulus. interval or. ISI.
2 Lowe - (1975), ;ﬁrésentea sevén letten drniys ﬁp:l'loq
msec.. followed at »SU, 5§50 urngSﬂ'm’s‘ec. _l;y a. patterned
hasking st.imulug . The- usual- selective masking curve was .
obtained. at-an ISI of 50 mlllz.seconds with the‘centre itéms

be).ng masked and ‘the itelns at ‘the ends: of the x‘OHE/ escaplng




the effect of the mask. 'With'a delay of 550 msec:, however,
no masking at all is evident; suggesting that all items have
been transformed to an unmaskable form we argues-that
BT the processing, of the end items is vi/r-tuauy complete at
o "the 'S0 mscc. delay but thé processing of the centre items
continues and "by 200 msec delay, the effects of masking
have largely dissipated", If the rationale of the Mérikle'
et al. (1971) and the Coltheart (1972) inyestigations is
c accepﬂteﬁ’, i.6. that the end items have been transferred to
some unmaskable store by the time the mask arrives, then
increasing t.he/ﬂ.mg interval between the display offset and
~—=—the-mask onset should lead to an increasing fumber. of items -
being processed. The tempioval man].pulatnﬂns of Towe™(1972), E
“ Howeve: ; are not fine enough to -allow :mformat:.on about ’
. . __ processing order to be obtained or shobt enough to'be within

the bounds of iconic.memory. .The first experiment ‘performed

\ here,. then, uas designed to provide data relevant-

_o,these - S

conslderatmns .

As has been mentioned previously, the most important

use ofoud Fhowledge of the selective masking function has

“bedh as a teghaidue to allow investigation of how ye process

more cmnplax isual information.” The ends- first ‘processing

orfler, \it appears, may be a Strategy of the observer employed .
{ under the stress of the masking situation; i.e. when'a ‘sub-
ject x-equ;xred to process the entire row of 1etterme’/\i

he i€ with full report or deldyed cue partial report (Butler

% ‘g Mex-x)u'e',"lsu), he uSes .an ends~first strategy in order to =




. above’ and be).ou the tax'get 1ettgr position. The cue was

max‘iniz.e the amount of information abstracted from the
array (see Butler, 1974, 1875y If this is an accépted
premise, then there are several’worthwhile manipulations ‘58 -
‘“timulus i.nfor‘mation which, using the sélestive masking
effect as.a baus, .could provide data relevant to how we
encode certain types of visual mfomtmn. ( : .
Buthx- & Merikle (197'3)$esented a row of letters
‘tachistoscopically mn ‘an_ehsuing patterned mask and cued

for report of a single item by presenting bar-marker cues -

. presented either at the onset of the letter array (simul-

* . taneous cue) or with the presentation of tlie masking stimulus

(delayed cte). When the partial-teport cue was delayed the

usual selective masking curve was obtained (see Figure 1 -

page 5); However, when the

simul 51y

All

with the letters no selective ,maski_ng was evident.
items were masked equally at all serial positions,-i.e. a

. . y % <
distributed (oM) ion was . An example ©

of a distributed masking curve is graphically represepted

in Figure 2. It was argued that when|an’observer is able

to attend selectively to a single item in the array, an
ends-first processing strategy is riot demonstrated since it
is not necessary.  Subjects are apparently'able to select -
the indicated item within some finite period of time (in
the order Gf. 200 milliseconds according to Eriksen £ Collins,
“1969) and subseqiently process that item exclusively. When
‘the partial report cue is delayed, then the limited processing
=t B
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capacity which the observer possesses-leads to a strategy

‘yielding no masking at the ends of the afray. However, when

E of the

the éue for report is similtaneous with the ons
latte!‘ array the observer dn‘ects ‘his attennon to that

part:.cular item and an ends fn-st selectmn of the items to
be recoded into shert-tem memcry is unnecessary. 5 i

| It items gcan be sefotively processed on the“basis

obSurhe by Toomtions “then: what about other types of cuing?
Butler (1875) had subjects report a d;g;tlz'b'e‘aaed in a r‘og !
of lettérsd or alternativelyto search forka letter in a

row of digits. Under both of thdse conditions a distributed
magking - szect was obtained! .The Sgplanation.proposeéd in

this case was that :the identificatign of tachisto/scopicauy

presented multielement arrays progfeds in two distinct

stagest an initial parallel stage %nd a subsequent’ serial

“one.’ The distributed masking effedt is evidénced because

thesubject is able to direct his attention to one individual

item, making “m~ends-first processing strategy ve

Butler claims that during the parallel Gperation some in-
> A

formation is abstracted from all of the items, in the array

at the same time. The sex‘lal ing of the

ifems, it is argued, must be directed by the information
obtained during the initial parallel stage of processing.
'If this information.is. not salient, i.e. if the ‘observer

cannot isolate one ).tem £or pr then.the.

saz-zal operation w111 proceed enda-fi.rst and a seléctive

masking function w;u bé obtained. A, veldted study provides




_what happens during. the parallel stage of processing and the

1s

more ‘information. -on thu point. Butler (157%) in a vu-y
well designed and controlled experimert manipulated the

semantic of d material (matérial which need

,not be reca%led) and measured its effect on the recall of

the cued material. The results clearly demonstrate that
sufficient information is abstracted from the background,
or non-cued, items to determine the category of the items
but: not-enough.-to-deternine the identity'of dny individual

item. Butler (1975) argued, of course, that this is exactly

actual identification of the items is left for the sib-
sequent serial stage of processing. < Estes'' (1872) model

for. the processing of visually presented material is.con-

gruent with this proposition. - The actual selective attention, .

according to Estes, occurs-at the interface of the two -

éta,gas of processing. 1 K, &
The selective masking effect, then, was not obaerved

.nde? “two experimental” condrt:wns in Butler's reseamh-. when

the stimulus u—uy and the,cue to report an individual item
appeared similtaneously and when the subject was instructed
to x-epox-t an 1ten which differed in category from the rest
Of the items in the row. The explanation proposed for these
similar sets of data, however, aiffers greatly. When a bar-
marker probe is provided at stimulus onset the observer is

said to process only that item, the only delay being. the »

" time it.takes to locate-that item (Butler & Merikle; 1873).

However, .when the observer is required to report an item

Sy




which differs in catégory from the other items in the dis-
play he is said to process the entire array in paraljel-to

a,level sufficient to determine the category of the odd)item

(Butler, 1374, 1875). Such an explanation iy curious Since -
ih all previous experiments in which subjecé_\uer; Forced: to
progess the entire array (gs in full report - Merikle et al.,
1971, or in delayed cue partial report - Butler & Merikle,
1973) a selective masking function was obtained. A inore ‘s
consistent argument would be to say that in both experimental
conditions' the subjects are able to attend selectively to
one single item in the display., Since in Both cases &
aiptrituted masking function was found, it is logical to

_assume that similer mech.misms’ are responsible for selection

on the basis of categery as for selection on the basis of g
spatial location. It may._be tmr Bubjectu caﬁ\p cess = f\)
selectively a digit embedded tn & row of iettery Yust ps, s

" they can attend selectively to an item presented‘with bar- C
markers around it. To say that the observers are able to
"abstraét category information in parallel is at least one
step above the level:of intez-px-etatx,nn justuied by the z $
'e;permm\tazl procedure used.  That is to. say, Butler (1375)
instructed his subjects to "report the digit in the following
aisplays” - ip other words the subjects were given the
category information - they had no need to extract that . .

information at all. It is conceivable, indeed highly

s . =




o pategotylarrays, the' visual-bar marker cue does

. designate report of, the digit.

of feature analyzers and the name of the item is accessed

« T & v
more qulckly than if the categody is unspecified, i.ex
knowxng the category facilitates recognition (see Jonides -
E Gleltman, 1972 Busche & Lazar, 1973 ‘for s:un)Sla:‘ ‘dis-"

_cussions). i

A much clsanez- test of Butler 's notion of parallel-—

sequential px'ocesslng and ca;egamcal selection would be to

resent arrays 'of"six letters and one’digit tacmstoscopm-.

any and probe 'for the dlgit and other times for "(he letter‘

rather than pz‘ovldlng the subjects with category :mfomat:mn -

beforehand. <Since a simultaneous cue also appears ;a pro-

duce a distributed masking function (Butleér & Merikle, 1973)

- @' manipulation of cue delay with a visual probe should assist .

‘in assessing the type of processing occurring under béth
condicionsi Accopdmgl_y, a second expev:unent .was designed.
‘to determine: whether oz not, ds’ Butler (197u) suggests,

paraliel processing of the arrdys «to the level of, category

détermination ocours automatxcally, or whether 4% 5.4

girdet efféct of a Strategy employed by}

e subjects el:Lc;Lted
by (a) knowing the category of the 6dd item beforehand and

* (b) dlgxt report bging requu'ed all of the’ umé. The
e:q)erimental px‘ocedux‘e (aftev Butler £ Heri,kle, 1973) is
111ustratad in P:\.guz-e 3. Arrays ccntam;ng all lettevs, (as.
shoém) weve used a8 wen as dlsplaya of six  avkune A onk
the mixed-

‘digit. ' When subjects are presented with one of

not. always

In this way thé

subjeéts ‘are
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bﬁezutic repreuntation of the- major experimental conditions of Experiment’

I' (Arrays containing six letters and one dxglt were used as well as arrays of
en lstters, as shown). - §
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&
i given the category information’beforehand. If Butler-

(1974) wished to make conélusions concerning the processing
s\t:"ategy involved in encoding an array of six letters and ‘& .
{ ) ; one digit then the subjects should have béen given a choice :

= of the item to which to attend: The subjects in his study

were tdld to report the digit from the mixed arrays. In
other words, the fact that -ghey were able to do this equally
well from all serial positions does not provide information
N about the abstraction. of category information -or about in-
dividual processing strategies. The present experiment,
< " Wigos it only Feqilees SepbiE B2 the incongruous item on
. some of the thials, should provide data on whether or not~
subjects choose to attend to the incongruous item. " The

. manipulation of these stimulus conditions should provide y

. x‘elevanc eviderice concerning the nature of processing tak:mg
pitee.
) If category information is obtained from the arrays
, and, the subject chooses to process the incongruous.item,
s then how will the processing of that itém affect the{ en\c%g/'.

T - U
- of the background itéms? The odd item may be processed at

the expense ‘of the o'thers even though a background: item is

.cued for report, or alternatively the.odd item may be dis-
5 4

<" .. missed as a possfble response and thus facilitate the &
identification of one of the background. items. Such pos-
sibilities  have. important consequences for any theoretical

. 1ntex-pz‘atat:.ons of how we Praceus s{-anantlc material as uen

- as havmg 1mp11cat1ans for models of selective attentzon.

T




of alphanumeric materlal and. the strateg;\es that subjects

"examine the nature of the. procesding involved and the

The second experiment was d d then to ine the
naturg’and extent of processing involved when a categom-
cally 1ncongruous item is present in the aisplay.

In summary, both experiments propoge. to use the well -
established effect and éechnique of selective masking. to .
examine fuz‘ther the nature of visual information processing

N

et poossbeing Entomaidy presented. vikually,” Hhe
fivst éexperimentPwas designed to investigate the order o 2z

p ing of such inf ion by manipulating the ¢ritical
temporal variable of stimulus onset asnghrony ‘(Turvey; 1873):
The exposure duration of the target arrays was held constant
and the interval Detween the offset of the letters and the

onset of the mask was systema‘tlcally var:l.ed to allow the

_'SOA oy changed without inchéasing the exposure duration

of the, letter arrays.’ The second expériment.was designed to

strategies employed by observers when presented with an R,

aaxvpay; of six letters and one digit. The item to be reported

from the mixed arrays was probed randomly using bar-marker
; ; 4 7 ;

cues_either simultai‘\eous with the presentation of the dis-

plays or after a short delay.- The exan'.ination of the masking

effects under these conditions should px’ovlde data concerning '/

individual processing strategies and selective attention.

ot T




RN "sx?’g\:xm}:nw 1

. " The major purpose of this experinent was to provide

"data releyant to the'order of visual processing of multi-
elenent StravE, ASoALnEly, ALSplaye ar sevencletter rous
were presented tachistoscopically followed at various
interstinulus intevvals by'a mask ox no-mask. The lettps

.to be weported was cued using a visual bar-marker probe. :

- o . ‘Method

Subjec’ts. ‘A1l subjedts ‘were undergraduste studdnts of
_Menorial University and were pai& at, the rate of 42,00 /hour
for their participatién 4n the experiment. All had normal
or corrected to normal vision and all received 56 practice
‘trials before beginning the experiment. A total.of nine

subjects was used. b

L NS o
Apparatus and' Stimuli. ‘A set of 56 seéquences of seven
randomly chosen letters was constructed so that the Letters.
"B, CiD,F, Hy K L, N P, S, T, Vo X and 2 were ued in

ach serial poslt:l.on four .times. \No letter was. x‘epeated

within'a a:.ngle sequence. The arr'Tys were first typemitten
on white index cards using an IBM electric tyyewrlter “with

"." & plack film “ribbQri and were upper‘case using elemsm: Courden " |
72. ' The index cards vere subséquently pnotographed using ]

chak direct pos;\.t ve hJ.gh s éeed dupl‘u:at:l.ng f:l.lm ‘2575. 3




The Eilm Hus'than pounted into:Z#m. x 2 mm. slides for

pusem:ation in a Scientific Prototype Ilodel GB. 3 - chanml

ytachistoscope. The fixntxon field and bar-marker yx'abes

were typed and photographed in a similar manner.  The visual
angle subtended by the lefter'rows was 12°45' horizontaily
and 1°10' 'vertxeauy when, Aewed in the tac}uatoscope. . The 7
probe set subtended a visual angle of 12°25' horizontally
and 3°27' vertically (the latter angle being that of the
long pair of Bar-markers. The masking stimulus was a strip
froma photograph’ of random white dots on a black background

(Keatlng & Shemick, 1873) which subtended a. Vlsual angle

N of 1"00' vertically -and extended horizontally across, the

entire visual field. The luminance of the white background
of all fields was set at approxinmately 20 millilamberts.

-

jm‘and Procedure. Px-ior to each trial the subject
vieved a fixation field consxstxng of seven pairs of small
_bars which occupied the posltxons above and below where the

lefters were to appear. A similar set of bams appeared

concurrently with the mask/no-mask with one Ionger pair of
bars designating the'item to be reported. This probe type

s analogous to one'developed by Lowe (1972). The probe—

set was presented either alone (no-mask condition) or sur-

J rounding the \stvip of vigual noisg (masking .condition):

Mask and no-mask trials were blockad into groups of 56 tuuu.
The delay between the of fset of the ‘letter array and the

onset of the masking stimulus was systematically, varied.




»ly'ieiding intervals of 0, 25, 50, 75, 100_ang zioo nini‘,'_
. ‘seconds. _The factorial combination of the nasklm-mu)(
Eondxtmns with the six mters—tmulus intervals-produced tha
_‘twelve experimental condxtlons. The- stimulus arrays were )
pmsented for, 1nb mn:.seconds fonuuad by the mask/no-mask
for a-duration of one second. . The|interstimulus intervals,
betueen the target and the mask were each’ blocked J.nto groups
° of 56 trials, a different array being presented on each
_trial. The, order of presentation ot tha EayE AR e ©
experinental conditions were randomized within ard between
subjects with the ragtriction that half of the subjects
receivedra-no-mask condition first'and the other half a

masking condition.

Each subject received 56 trilln each of the 12

expenumntal conditions over: 4 daily one hour sessions with

ught trials being presented for each of the seven serial’
positiorgs., The order in which the serial positions were
probed was randomly determined with the restrictior® that each

serial position was probed an equal number of times. The
i e ° ;

pe was in a room and subjects

were dark-adapted for approximately 10 ms_nutes prior to the

experiment. Pcllewmg a verbal ready signu fron the experi- -

menter the aub:ect initiated ‘a trial sequence: letter array
(100 mgec.) followed at'one of the .six delays (these IsI's
were daz'k) hy the bar-marker set (1 sec.) surround:mg a mask

~oxl no-mask. Tha subjects' tas)(uau to report the item

mdxcat;d by the vertical bars. Tha experimenter ycorded

)




. dre ‘vepresented by each point on the graph, -

\

The nimber of letters correctly Facalled for_ each
subj ect at~each Serial position in each axpermental condition
was' calculated and the datasubmitted to a 2 x 6 x 7 analysis
of variance to assess the main and interactive effects of
‘masking, interstimalys miqpyal and serial posl‘tlcn- The _
results of the ana:‘:)s are shown in Table 1 of APthle A,
“The mean probagﬂ.zty of a correct resppnse .across _subjects
for each interstimulus interval and serial position for both
_masleing and no-mask conditions vss\:n&stra':éd in Figure 4.

Since there were eight items tested at each serial position

for each subject in each experimental condition, 72-responses *

At evex-y spec;f:.ed delay o} the mask the percentage
recall for ‘the end items is approximately equal under mask
-and no-mask conditions.while the percentage correct recall
for the items in the centre of the display is never as mgh ¢
with ‘the -mask as when thex-e is no masking stimulusg pt‘eaented.
‘This result is typical ‘of all experiments demonstz-anng the
selectlve mauklng phenomanon. The exxetenca of the selec- i
_nve.maskxng function’ i‘n this expermant is supported
statistically by the significant masking.x serial »positi:on i

interaction {(F :

2,82, df = '6, U8, p'< 405)." The masking
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“Figure. 4 \Pariaéntage” aorréct recall ‘undef mask, (=), and
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x senial position x m'}epstmnlus in‘terval interaction (F

sxgni’ficant.

_interstimulus intervals: - Table 1 illustrates the results  °

8, 'p'< .05), serial »positicn

main effect (F ‘=

main effect (F = 6,48, p < .01 and the maskidg’ |

’s3, df = 30,240, b < .05) were. also stagxst_:maflly sig-
nificant. All other main and interactive effectd were nbt

* The EhEeesnay ke bastion was tHeimpet interesting

effett observed. ‘It was this interaction which did nof reach

o i ¢
statistical-significance in the Merikle et &l.' (1971) experi-
mént. In that study.the manipulation of.. stimulus onset
asynchrony (the critical temporal variable according to

Turdey, 1973) was copFounded by an increasing-expostre

duration of the target letters. The present experiment was

desigred to tene the effect of 1nez~easmg the available pro-
cesémg ‘time on the’ recall of :}tems at the various serial
positions in the display. The present manipulations of SOA
by holding the exposure duration’ constant and varying the
IST produced the predicted effect. The _relevant three-way
interaction demonstrates statistically /t'hat Fhe masking X ¢
serial. position ‘interacti‘on changes as the intepstimulus
interval ig incpeased. o :

How do the mask/no-mask curves change as-the inter--
stimlus interval.is increased?. An elementary andlysis of
the opdes of processing of ‘the individual items in the »°
display may be conducted by éxamining the actual serial

positions which are not affected by the mask at the various
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gnificant recall differenc'es for mask vs no-mask T
conrl:.tlcms for the various serial posi.t:.ons at'’; " £ s
V aach ‘interstimulus int 7 5 .

.' ‘serial Position_

ISTi(msee) 1. 0270 3w




_points. The 'significant pecall differences for the fiask vs

* g It is apparent that an ends-first selection of

the centre are processed Iater. As‘the ISI is xncreased up

28.

of comparisons’ with the Scheff& test of the relevant data’

no-mask conditions at the vaz-ioua serial pgsxt,mns and .
:.nterstmulus J.ntex'va.lg Ll pacat by an asterisk in the

table. . Thé results clearly illustrate the strength of the s

" selective masking effect. The items at the ends ‘;,f the

array (serial positions 1 arid,7) are never masked whxle the
1tems in the centx-e of the dlsplay are always affected by
’

the maak. N

items 'is ocourring.  The:end items become available :

peport prior to the centre items’and 'report of the cenmtre .

‘items is always inferior to:report of the end items. - These

results support Merikle € Glick (1976). Another observation

from their experiment was that items to the right of fix-

ation become available for report somewhat move rapidly than

ifems to tHe left of fixation. - An inspection of Figure 4

“seems_to indicate higher performance levels for the right

visal. field as well. What does the experinent. tell us about
the order of processing after .the ends are processed? An
inspection: of ‘Table 1 yields some very relevant cnnsider-
atiohs: At an ISI of 0 msecs the centre foir itens of the
dxsplay are masked” while those at'the ends have aiready been j

tr‘ansfem‘ed into ‘an unmaskable post-sensory store. This

'suppons the conclusion by Lowe (1375) that the itens at the

ends ave, proceased firet and. quickly while those items in

R




to 50 msec. only‘ the item at s‘e‘.rial position 4 is still
< . affected by the mask, i.e: six items have by this time been
transferred into an unmaskable form. If the items were bedng
processed in'a unidirectional manner . (either from right to
1eft or left to right) then the item at sez{al position
; four would certainly be oné of the six items unaffected by
the mask. At longer interstimulus intervils theve is some
- . loss of information occurring. This is probably due to the
fact that the bar-marker cues designating ‘the item to be
reported were presented with the masking stinulus and there-. - ;

fore also delayed. In other words, in this case the delay

'of 50 msec. may optimal “levels for -
% :

. mask and no-mask conditions. Another pos&ible explanation

is that fhe loss of information after 50 msec. ISI is from

o * ‘short term memory. rather than from sensory-storage and may -
4 “have ‘nothing at all to do with processing order. If we accept
the fact that an item is not masked: because it has been pro—
cessed beyond the levéd e sensory storage, then six of e
A i‘tems are at this stage after 50 msec. delay. Iteﬁs abpeaz--
ing to be masked -after this delay then nay mevely eriaa
loss. of information from a short-term memory store. Despite
these inconsistencies the general d:l.reetion of the encoding °
_operation i serial and’ not umdmecnnnal. The Fesults
siggeat’ the. inference that fot only are items being processed
_ends-first but in general from both ends towards ‘the middle, Sk
“with ‘the items to the right of_fixation jgproying more

rapidly than items to- the left of fixation.




EXPERIMENT IT

The Jn‘nain p;':rpose of this experiment 'wag, to ‘detérmine

* the pmcessmg—strategms involved when sub]ects are pre-

v & nted tachxstnsnoplcally with an” array B six*letters and
one dxglt. It has been demonstrated (Butler & Her:_kle, 1973)
thét a spatial. cue presented simultaneously with a Fow of
letters can direct the attention of the observer to one et

" i the display and rgsult ‘ina dlstmbuted masking .funct:.cn'

I has heeu suggested also (Butler, 1975) that a category
c‘ue can lead to selectlve pmcessmg of the categcm:.cally

" J'.ncz;ngruot‘xs item dnd. yield a similar @istributed masking

function. ThL .present study tested the generality of the

"Butler (1876) conclusions by not alwaf\gequumg report of

% . the mccmgruous item: The effect of a categomcally xncon-

thershy investigated. . 5 Pl
i :

: - Method. P
Yo, i , P
Subjects< A11 subjects were students of Hemorial Urnvers:.ty
and were pald at the rute of Sa.\DD/hO\l!‘ fﬂ!‘ ‘their partic-—

, ipation.in the experment. All had normal or corrected to E
nomal vision and ¢ach subject received 30 to 50 pzxactice

A trials before beginning the experinent.’ A-total of 80

g subjects was used. * R . » . ol

. gruous 1tem ‘on the processlng strategy of the observer‘ was




2 seri&l po

Apparatus and ‘Stimili. A set of— up sequences vas ccnstz‘ucted -
of séven randcmly chosen 1etters s0-that the ].etters By C» ‘

p, F, H, K, L, N, R, s, T, v, X and 7 were used in each

s txon three txmes, No letter was repeated Hﬁ.thln

a s:Lngle sequence. . Similariy, a set of 252, sequences vas

! * donstritded withsix Yetters and one digit,in each seguence.

Experinent T, " The visual angles of all stimuli and the

the first experiment. 5

—Two types of stuuulus arrays_were presented in the ecperi-.

: ment: seven-letter rows '(Letters) and rows of .six. letters

Since it was important not ‘o have the subjects pre-cued to
expuct o peport 4 aialt on every trial, sich report was only o
required some of the time. The lettérs T A vere -
used in each serial ~posit10n eightgen times and-the numbers:

2, 4,5, 6, 7°and 9 were used in. each setial .position gix . Ll
times. Again no item was repeated within g sirigle sequence.

The stimuli were prepared for presentation as described.in

1um1nance of the stunulus flelde were also the same as in "

it E o Flaltie
Design and: Procedure. - The design waé ‘a nuxed deslgn w:l.th

all variables except aemal positicn be).ng betyeen-subjects:

and ‘one dlg;t\ (Mlxed) The” cue for the 1tsm to he reported

was: a pa:.r of vem:;cal baz’-maz‘kers a's/descm.bed in Exper'ment b. . i;;

8 51 ce“!‘t was'not des:mable to have subjeets’ z-epcx't a

dxg:,t ‘every. timé a nixed ax'x-ay was presented, on only 42"

oecasmns was 'a’ digit. cued fox- repK(Mi%edlDigit) and on
e

210 tx'xals a 1gtter was cued for. v

t (Hxxed/be*tter). s




The bar-markers appeared either together with the stimulus
‘array (Simultaneous Cue), SOA = 0 milliseconds, or at the,
offset of the stimulus array (Delayed Cue), SOA = 100 milli-
secands. The stimulus rows were followed by a mask ‘or no-
Ana‘sk as in the px‘eceding experiment. The arrays were again
presented for 100 milliseconds and_the mask/no-mask for

B one. second. - The probxng of thle seven serial positions was

T : randomxzed with the restriction that each puaxthn was

) probed an equal number of times within a given experimental

3 L * condition,. The factbrial combination of masking. (Mask and

! ’ No-Mask), cue delay. (simultaneous and. Delayed) and, reporting

condition (Hxxad/ngxt and Letter) produced the e{ight between

aub]eets conditi.ons (10 sub]ects uere run in each condition)

with sema} yout;on as a thhm-subjects vu-;able.

'me expe.:‘imem: was. aga:.p run in a darkened room

_with each subject dark-adapted for approximately 10 mi
. prior. to the experiment.. Following a verbal ready signal

fml ‘the experimenter the subjgct initidted a trial sequence:

r stmulus array (w;th or without a cue for report) followed
imedutely at its offset by the bar-marker set surrounding
" pattemed mask or blank white field. The experimental _ ;-
pwce'dtu-éf is iliustrated in Figure 3 - Page 18. .The subjects'

. task was m report. the item desxgmted by the long pair of

bars. . The axparimentex- recorded ‘the subjects' responses.and

the' fixation fiam retuz-ned automt:.cally following the

«trial sequence .




Pt

> no-mask functn.one ue qu;te different from ohe another.

Scores were calculated fcr each sub]ect by talmlat:.ng
‘the number of. correat responses at each sexual posxnon m

€ach.of the eight experimental conditions. Sinee the@rc-

“cessing of a’categorically insongriois item was of prife

experul\ental interest, the.recall of letters from d row of

a row of letters. ' Accordingly, performance on the trials

which required réport of a digit from a mixed array (Mixed/

Digit) was compared with performance which required report-
5 yatreve ‘evonl & howogeneous array (Letters). -These scoren
were ‘subnitted to'a 2 x 2 x 2% 7 analysis of variance s
assess the main and interactive effects of ;naskix;g, cue

delay, veporting condition and serial position. The résilts

of the énaiysis‘ are shown.in Table 2 of Appendix-A. The -,

percentage comectly reported un:ler mask and no-mask con-

d1tmns at’ each serial posn::.on as a function of -cue “Filay

and reporting condztxcn is “illustrated by Figure 's. Since
there were a maximun; nunber.of six poséible correct responses’
for each sub]ect, each data. point on ‘the graph represents

60" observationa,: * - . 5 S

It can be readily seen from the graph. that the mask/

Pansls (a) and (b) ill\letl‘ateva d;ffe!\ent z‘alatxo‘ns'h:.l)

batweennmasking and semal position than that" \shawn m panela.

(n) and (d). The maskmg observed when the cue foz-‘reporc
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“'depends on w‘hether or not the items at the’ ends of the row

'tecall is delayed the items at serial posmtloﬂs 1 and ‘7 ape

appeit‘s simultaneously with the display is not.a selective
function, 1.é. the effect of the mask is distributed across’

all .serial positions in the d.{mplay. The lower twp panels

of the graph, however, clearly iTlustrate a selective Sheidny
function with the items. at the ends of the.row being:un:

affected by ‘the mask. -

It appears that when the cue for recall is given

similtaneously with the onset. of the display the effect of

an aftercoming patterned masking stimulus is not a selective

one; it ‘affects all positions in the stimulus display:. 'Under
conditions when the cue for report is delayed the. observer
apparently pracesses the ‘items in A endn e Tat marFan ahds” < 5w
the selective masking function is obtained. Statistical
support for thid conclusion is demonstrated by, thé fact that
the masking 'x serial position curves change with cue ::{elay

(F ='2.65, df = 6, 432, p < .05). *Although this interaction

did not reach statistical ‘significance in.the Butler &
Merikle. (1873) study, their basic findings were the sare and |
the present results support thelr conclusions:: Whether a

masking curve across serial position. is selective or not

are masked. n: can be readily seen that when the cue. for

not- affected by the mask while ‘thay are’clearly affected wheh
the cue is provided simultaneously with’ the stimulus dxsylay.

What processing strategies’are 1nvolved in'producing” ¢

both d:l.stx‘.\.buted and selective .masking funct:.ons? ;Wl.th a -
\ 3 - - i =~ g




“by.the cug délay main effect (E = 50.07, df ='1, 72, p < .01) |

i’ the p te iment wag the evi of a select:wa | el =

simultaneous 'visual ctie ‘the observer is not required to

process the entire array since his attention is dirécted to |

a slngle item in the d:lsplay at stimulus cnset. Except for

the t:u'ne it takes to'locate’ ‘the’ prcbe ‘the. observer is pre-
sumably processing a single item. Whén the cue is:delayed |
until’ stimulus offset, hdwever, the subjec‘t 1s required to . |
process the entire \array and will thus have less available |
time to process each indjvidual item. Consequently the; reporty .

of items with simultaneous cues should be. superior to report

of items with delayed cues. This interpretation is supported

X semal poslt:mn 1ntEract1un (F = 14.93, ,\‘

and i I.
df = g < .01) The-distributed masking function g
obtail the cue for ré’gall is given s:unultaneously is; ¢

an upmndlf:table central ‘process. 5
The higher recall: for ]:;?igits in the centr‘e‘of

the display when the cue is sim¥ltaneous is probably-due to o .,

the fact thatitwo salient cues;. the dxgit and the har-

myrkers, combine to make the digit very easy to psmce:.ve.

This gentral digit superiority is also present When the cue

is delayeﬂ but is not as ‘pronounced.’ This would be' expected

~€mce fhe ‘bar-marker cue: is not physically px-esen\t: with the

dlglt but merely summated in the v:.sual systems T

“The most i1 ng and impo t effect bserve d
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i . masking funétion when'the cue for recall is delayed and the

subject is required to'report a digit from a rou of six
letters and one digit (see Figure 5d). ‘It has been demon-: .
: " sfvated by Butler & Merikle (1973) and by the results of the
present experiment that whiesi the subject 'is cued to repoz‘t &

an item simultanecusly with the .presgntation of that item,

. *'a distributéd masking function is obtained. Why does this

happen? * Butler & Meriklé (1873) and Butler (1975) argue

- .. reasonably that under such conditions the subject is abley

to attend selectively to'a sihgle item in the display and e g
‘therefore need not employ an ends-first processing strategy
- which would normally produce the selective-masking function.
This effect is clear in the present’ experdment and the argus
., ment for its occurrence is certainly a plausible cne. The £ s
Togical extension of this rationale id that any factors
which can direét the attention of an observer to a single
item in the dfsplay will produce a similar aistribited mask-
'ing function. Butler (1975) found that when subjects weré
presented with anarray of seven letters. and one digit and,
_told to report the digit, the effect of an afterconing
pitterned mask vas aistributed across the entire display.
KT “Butler argued that the observer processes the array in
parallel to a'level sufficient to deternine ‘the Sategory ‘of

o~ e tHE odd item. The informatiorn tﬂus obtained is sufficient

| to direct attention to that item which is. ‘then processed,

excluswely. This selectlve attent:mn to.a single item in

+he dispisy Pesults in a non-ends-first prodessifg’ orday




hence no ‘selective masking. The common dénominator ofi the

explanations” for the distributed masking functions 'both with

. simultaneous cuing -and with reporting a digit from a letter

array is-fhe fact. that the observer is attending to one item

in the display in both cases. Whether or not the subjects

R . can abstract category information in. parallel or any other =

‘. way is entirely angther 'question, however. - The subjects'
task in Butler's (1975) study was to report the digit in
the stimulus displays. Did.the subjects 'selectively attend

to the digit in the row of ‘letters? Apparently so, since a

distrﬁhuted masking function was obtained. -Did the subjects

abstract category 1nfomation is parallel? Probably not,
since- they were told the category of the odd item before-- 3
hand. There is no’reason to conclude that they have'

ahstracted\category information from the display. &

It has already been argued that the.dlstx'lbutsd and

selective masking curves reflect processing strategies
' adopted by the observers under various stimulus conditjons.
The pesults of the Butler (1975) experiment, then; were
- probably due to two factors. First, category ih}omation i
provided beforehand enabled the ‘subjects to activate a set
- of feature analyzers which respond readily to digits. In
""" other words the threshold for the digit analyzers is temp- 4 i
3 orarily lowered and the digit is perceived more readily (Nee. r: -
Treisman, 1959). The fact that a distributed magking s

iy was obtained indicating seléctive processing of the'digit

5 . is o suz‘prlslng. Appaz-e?ntly subjects. choose to attend to
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the digit in order fo maximize their reporting accufacy,

since the digit is aludYs the item to be reported. ' i
§ Acderding t6 this proposition: if the sibjects ave .
not: g;vémcategory inférmatisn’ beforehand and if the digit
is not aligys the item.to be reported themgéubjects should

employ the strategy which is most efficlent.’ That is to say,

. there should be no involvement with any sort of feature

analysis and a normal ends-first processing of the array |
should take place and a sglective masking function obtained.
This i8. precisely what Happens' in e present expiriment ;
(see Fi;ure 5, panel d). Tl::e fact that the masking b‘yr serial
position curves change not only as the cue is delayed but

also as a funct:l.on of the reporting condition is demcnstrated r)

\by—the 'velevant four-way interaction (T = 2.59, df ='6, 432,

p<.08). R T W

An overall inspection of Figure §-and of the results

. of the analysis of variance indicate that in géneral digits

“were reported better than letters (F = 12. BB af = i, 72, 2
p< «01).  This result suggests that even though subjects. .,

‘are only required to refort the digit on 42’of the 252 trials

they appear to have a stronger perception of the digit than

<"if it were just dnother letter. This comparisén must be

interpreted with some caution, however, since the superiority

of digits may be due to the higher probability of a correct.

guess when a digit is cued for report. Although the digits -
seen to. be: processed with greated efficiency it is clear dnat ;

- - i
they are not selectively praeessad since such.a’ progessing
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strategy would pz‘nduce a distributed masking effect and not

the selgctive fundtion observed.

Although it was not of major experimental interest,

the ing of the kground letters in'a wixed. array
/,‘gs' ‘of some concern. Accordmgly, the pex-:omanee on the
210 trials for -each subject when & lester was cued far| /repurt
_was examined and the scores tabulm_:ed. The .total. numbe‘z‘
correct at each serial position for each expers.memapc“on-
. dition was calculated.as before. Since there wére 30 correct.
responses possible at each serial position for each subject '
Y ! 15" the Mixed/Letter azmays, the totdl corsict wes-divided N 4
| By Fhve be. equke £h6 data with those of the Letter conditions
where there were only six possible correct. The séores for
the H;Lxedl!.etter conditions were uubutxtuted for. those. of
the nixed/mgn cond:.taons and another 2 x 2 x 2 x.7 analysis
of -variance was performed. Although thx!.pr_ocadux'e clearly /
| 'violates the assumption of homogeneity of variance, there
is considerable evidence that this does not invalidate the
use of the analysis of variance (Keppel, 1873). The /x'asul‘;s
.. of this analysis are tabulated in Table 3 of Appendix A and s
.~ are illustrated in Figure 6. Again we find a distribited -

maakxng curve with a simultaneous report cue and ‘the usual

Eelectlvn mnu)d.ng function when the cue for x'epox‘t is dglayad.

1 - What does this andlysie’ tell ue about the 1nfomu1ii.on

. processing involved when subjects encode an’ array containing’~
8ix letters and one digit? Again there was an effect: of

. - 8
" the type:of array from which subjects. yere reporting with,
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followed by a cue to repcrt 'B' different from the letter

_report of the background letters should be more pronounced
"when the cue is delayed than when the cue is provided simul-Z "

“taneously. This proposition is supported by the existence

letters being recalled better from a row of letters than
from an array with ah embedded digit (F'= 7.65,/af = 1, 72, Y
p < -01).. What makes the letter 'B' in the array (ABCDEFG) ¥

"B in (ABCGDEF) with a delayed cue to report '3'? In both

cases a selective ing f is which

a similar ends-first processing order in both conditions. - o

Clearly the only difference in the arrays is the presence ,

or absence of the digit '6'. Again it seems that the digit
4s having an gffect on ]‘arnces_ainé but that it}s not being

selectively attended to. The effect that the digit has’upon

of a cue delay x reporting condition x serial, position inter-

“‘action.(F = 2.13, df 6, 432, p < .01). It appears that

the digit is afrectsng the se;xal positian curves but that 4

the effect is greater when the cue for. report is delayed. l"
In ethegovda the digit. is a'significant factor in impairing a5 /'
the report of the background letters especially when the cue
is delayed. Again'it seems that the digit, although ot
being aéiectivaly pz-‘oq;ssed by t):é obaex‘vgr- s is being pro-
cessed to some extznt and not treated as if it were Jus\;

another, letter. S

The abscnce of a distributed masking effect when a.
diglt is “cued: !ov report from a row of letters with a dalayed
cue certainly suggests an ends-first processing strategy, .. .0 s
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_but t}(at o 4u being processed in a parallel fashion with’

probability of digit report may proyidé valuable information’

Y

i.e. the digit is not being sélectively processed.  There
is ‘some evidence, howsver, that'the digit is.being phocessed
to scﬁme level: (1) _vhe"guperiot reéa‘ll for the digit over
the letters (see Figure 5) and ' (2) the superior recall for

the letters from homogeneous lists over letters from the

mixed arrays, even when the cue for a letter.is presented

simultaneously (see Figure 6).' It'is also interesting to
note that, although no formal analysis was performed, care-
ful inspection of the datd indicates that at every serial
position with both cue delays report of the digit from the.
mixed arrays was always higher than report of the letters
from thé mixed arrays (conpare Figures 5 and §).. It seems

probable that the digit is not being processed to the level -

. necessary for categormal selection, as Butler (1975) suggests,

' the {ertona: s -

It appears, then, for an incongruous item'to exert

i ‘control over .processing strategy it must be the item to be

<. reported on a lapge percentagé of the trials.  If it is not

then sub]ects will maximize their reporting accux‘acy by
amploymg the usual ends-first processing of the items in.
the ar:}'ay.' In the Butler.(1975) study the digit was to be

L4 3 S iR . 3
reported on 100% Of,ths trials while in the present experi-

ment on ‘only 17% Gf the trials. A manipulation of the "

concerning whether .or not ‘processing stvategy. changes in.a .

.continuous ‘or”discrete faghion, Thus, although Butler'(1875).




nay have been quite correct in proposing selection on’the

basis of categox'y, his conclusions are 1miqed “to a descx‘lptmn X
of md:.vxdual strategxes‘rather than a general model of in-
formation processing. It doés seem clear, fowever, that his

T § rationale for parallel praéessing of alphanumeric displays

ry is ‘not unreasonable. i =
GENERAL DISCUSSION \ :
; 3 / ‘ The present expfém.mente lllustz‘ate the stz‘ength and -
' ger(eralxty of an ends-first prrocgssmg orﬁet :u& ‘the scanrung

of tachistoscopically presented arrays of alphax\mmerm
;material. Experiment I investigated the osslble vaxuatlons)’ |

. '+ in the order ‘of processing as the ‘masking stimuius was Y

~- delayed.  The ends-first approach wds evidenced at every

interstimilus. interval. The second experiment showed that ': R
unless the attention of the observer can ‘be| directed to a
single item “in the display at gfimulus onset the processing
of - the apraly will proceed in an ends-first manner. Moreover,
) -the éros:essing' order: was not modified by pre%enting an item
aatega'xiin;ally incongruous with the’othex‘ it_enis in the dis‘-'
‘play. . SR TR \
Eh If the visual processxng of a brxefly\presented array
!

is ‘an ends-ffdz‘st selection then which 1tema e subsequantg.y 5

. P! Tﬂe fu-st/ P i this question

du'ectly by aystemat:u:ally varying the delay f the mask and

nct:mg the changea 1n~the resultan% select:u/e{ masklng cuwes.




“by an aftarconung patterned mask while items in fthe centre

{of the display- never escaped degradatlon by the viéual noise

‘when a mask followed than when no mask was presented. It

. involved .and thé processing order used when an array of

‘letters and dlgxts was vxsually presented: The consistency

proceeded at the same ‘time or sequentlally. .

" failure of, the Butler (1975) experlment 0. stow this effect ‘.

The items at “the, ends ‘of the display were alvays unagfected

mask. Even when six of the Seveir letters presented were
rot masked, the item at serial position four (the Zentré of

the display) was still réported significantly less often’

s apparent, then, that the items in the array gel;netally are.. ..
not being processed left to right or right to left but £ron
both ends towards the-middle. .’ . %,

Experiment II attempted to investigate the mechanisms

and str?ngth of ‘the selective mask:.ng functwn and the ends-

‘first processing order it reflects were used to detemme ) ) :

(1) the possibility of an item bexng‘ selected for excluslve
processing by’ category and spatial cues and (2) whether or - . -

not the processing of the categorically different items

"'The presenee of the usual selectlvs masking functmn,

x-epz-esem:atxve of an ends-first px‘ocessmg order, when ‘a

digit was eued for, feport thh a’ delayed visual cue suggests

that the’ d:Lgn: is not being selectlvely processed‘ The

with similar- stl.mull. 15 probably due ‘to the fact that in
his study the subjects were xnstructed to:réport' the d:.g;t

heforehax}d. Why should pre-cuing: so dramatxcally affeat the 3




‘resulta? It i8 clear thaf we are ablé to perceive such

thinge as celm‘ and movement, depth’and shape at the same
. time because they. stxmulate dlfferentr neural pathways.

<70 similarly, ‘parallel proces§1ng and divided attent:.on betw’een

digits 4nd letters may.also,be possible but only if they.

redch different feature analyzers (sée Kahneman, 1973). If

such is-the case t:hen instrdcting: the Subjects that they

are to search for a digit in a row of letteprs ‘will allow

“ them' to act:ulate their 'digit analyzers'/The ‘threshold,of

these analyzers will be 'Eempnrnrlmly lowered relative to those

-, for letters and the digit will be perceived more readily.

Support fox- this :mterpretatlon of “the. results is given' By
the fact ‘that (a) digits were reéported consletently better

than Letters and (b) that ecters from the homogeneous arrays

were rep rted better tHan' letters from arrays com:am).ng a

it. ' Both resulta 'nd:u:ate ‘that the ﬂlglt is bemg pro- -

e . ‘" cessed to some extent ~aven’ when At is not be:mg cued for

4igit in & mixed ‘array was Scourbing at. the same tine is

-supported by. the observan.on that even when the ‘Gue to report’

2 lattex‘ from a.n arz‘ay cqntaming an embeddad dz.gn: vas

g 2 pmsaented simultaneously wxfh the array, the recall of . that

lettar was lover than hen a etter Hes o b reported from

S

a ‘row.of; letters.,
*

peport. ' The fact that ‘the. processing, of the letters and the.




selective masking’ furction still results when digits are cued
“for. report: Jfrom a'row of letters' with.the cue being delayed.

Bre:.tmeyex' ¢ Ganz (1976) 'have argued that when the display

size excedds the limits ot' our’ functmnal fovea a "sequential
\sdanning superimposed on a parallel readout" occurs.’ This

explanation incorporates the results of the: second éxperiment

- quite well. The digits do appear to be ?roceséedvin parallel
but the presence of the Selective masking (pffect when the

diglt is cued for Feport with a delayed cue suigests a

strong, pverriding, serial, ends-first processing strategy. -

In summary, then, it is apparent that the dominant

mode of processing alphanumeric material is a serial one

\'which begips at the ends of. the display and in general:-goes

towards the middle. Tt is also clear that this serial

operation can bé arrested if the attention of the obsérver
can’ be directed to a single item in'the display by ‘the 'sim-
ultaneous presentation of ‘a si;atia]t cue, Whether or not' an

incongruous item can direct attention to an individual.item

‘appears to depend on whether or not it is to be reported all

of the time. Thus, although Butler's (1975)-hypothesSis that

‘items can be selected on ‘the basis of category may not have

been enti:\eiy correct, hig paréllél-sequentialvmodel of
processlng seems tn ‘be I‘éasonahle. Because the present

l‘esultq suggest that hath ope»atmns “octcur and-that ‘these

may be part1ally ‘temporally super

‘posed (Bz‘er\:meyex' 3 sz,_

1876), . the parallel sequential model cf vuual pz-ocessi.ng

.appears to be a.valid proposal.
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‘ APPENDIX A = TABLE'1 = - N,
: 3 \EXPERIMENT T
| Summary table for analysis of variance on number of corréct
& -~ re‘sponses for each subject at each serial position |
2 A g Y B :
: P Source vt gf is ’ F
~ £ . .
i o oo Y R
Masking (M) e S C 38.00 % 10.86%
M x Subjects -8 3.50
<y Interstimulus Int. (1) 5 ' 5.53 Z 2:00
/ I x Subjects . - - W0 2.67 . /
A !
Serial Position (SP) s 205.88 15.684%
P x Suh]ects NTES 13.13 e
» ! A B ¥ =
L Mx I ! 5 2.08 1487 .
M x T x Subjects’ T 1.84
. Mx SP : 6 7.18 2.82% i
M x SP x Subjects 48 2.55 i
. ! %
s Ixsp -] a0 - 1.45 0.93
.~ ,.0. Ix SP % Subjects 240 . 1.6
v : R
Mx Ix 30 1.83 % 1.53% .
; . _Mx IxSP xSubjects. 240 _ 1.20
BL Subjects I 46.82 % e
3 © = #p <.05 L - :
: wp <ol - )
- 5 Z
. S -
3 \ : E
f S K g




- APPENDIX A’~ TABLE 2
_EXPERIMENT IT

Summary' table for analysis of variance on mean number of

correct responses for all.experimental conditions

(Letters vs Mixed/Digit)

- \ Prack
e / Source ar ush F
Hmlakving an 1 42:35 15,5948
>’ Cue Delay (C) ‘ ' 1 136.03 50.07#%
Reporting Condition (R) 1 35.00 12.884%
MxC IR SR T B-H 10.4yki
MR A e 10 0.45.
@ior g 17T ouas 0.09
o MxCxR ' 3 0.07
Ervor - I
Seftal Position (SP) - 6. 46.31 T 457288
‘MxSP N 60 2,04 2.02
>/ exse S 6 ‘15,12 1h.93a
M xC x 8P 6 2.68 2.65%
R x SP } _6 o ,:7.71 7.61R%
‘ MR X SP g 12,89 2.36%
CxRxsP : 6 LTS “1.73
‘ MxCoxRxSP 6 263 o | .2.89%

Error

g w
1,01 :

wpi< .05
G WA < L0l
" v

2020




©Ap < .05

R I i
APPENDIX A - TABLE 3
S g \
EXPERIMENT II
Summary -table for analysis of variance on-mean number of

‘correct responses for all experimental conditions
(Letters vs Mixed/Letter)

Source ° daf’ Ms F
Masking () R A u6.25 19.624%
Cue Delay (C) ‘a 221.64 ,  Qu.07H*

" Reporting Condition (R’ .1 17.97 7.654%
Mxc { 2P 20.18 B.56m%
M xR ; 1 1.93 0.82

CxR : 2 7.38 3.13
Mx e xR ) v “gl e, Casde 0.50
Ervor ' 72 2038
"Serial, Position’ (SP) - - w3 ¢ 5810wk
M x SPi_ ) 6, 1.96 C2.57%
cx sp g O 11,957 15.65a
MxCxSP il » 5- 1.72° 7.25% [m"ﬂ
R x SP ) 6 6.83 i
MxRx se- 5 - 1.96 )
Cx R xSP ; L e RENY 2.13k%
MxC xR xSP ‘_ : el udaE | e
Error | : i 432. L. 0%T78

#*hp < L01.
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