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Abstract

;.*etacontrast is tiie type of visual masking which occurs when the 

norraal perception <-^ one stimulus, the test stimulus (TS), is distrusted 

by a second stinulus. th» making stimulus (MS), ore sen ted 5O-1GO : sec 

later in time and at an adjacent but not overlapping position. I'ayzner 

has described metacontrast in displays consisting of several letters 

forouajt a horizontal row but displayed very briefly in, a scrambled 

tenporal order; the first few letters pr*»«-^tpr* are enclosed by adjacent 

lettii» presented later in time and are report 'not seen*. He called 

this jaetacontrast phenomenon 'sequential blanking 1 . In this thesis a 

scries of experiments is reported which investigated just what information 

about such suppressed letters, those which are *not seen 1 , is available 

to the observer.

A review of our present knowledge of masking and nxjtacontrast is 

given in Chapter 2 and then in the following chapter the observations 

of slayzttfcr and his associates arc described and their model of visual 

information processing, baaed on their work with sequential blanking, 

is discussed. The taodel postulates that letters do not reach conscious­ 

ness ('subjective visual experience', SVE) until at least about 130 i-iaec 

after presentation and that interactions in that tisie among the responses 

of visual analysers deter:line whether any particular letter will arrive 

in SVE or will be suppressed. It is suggested in Chapter 3, however t 

that suppression is not a"i-r.r~none and that investigation of the diff­ 

erent perceptual analyses required for Different responses to suppressed 

letters, rather than simply asking whether the letters are seen or not, 

would be valuable.
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Chapter 5 describes experiments in which S classified whole displays 

sakinj; fast keypress yeispoas**. The rwults showed that sup >r*M*d 

letters can b« analysed sufficiently quickly and iu sufficient detail 

to control a choice motor response ux normal speed and accur*,^ , evon 

when the analysis had to be sufficiently detailed to distinguish 

letters and digits.

In the experiments of Chapter 6 B Searched through displays of 

random Ittiers l<xikiag lor a single target letter and gave keypress 

responses to iucicatt whether each display did or did not appear to 

contain a target, suppressed targets were usually detected quite 

efficiently, but if £» adopted a strict criterion for target presence 

it was nainly the suppressed target letters which were missed.

The first two expert -rental chapters described situations in which 

suppressed letters were analysed at least almost as efficiently as 

other letters. In the next, Chapter 7, experiments are described in 

v.uicn £ laciiiiixec ^ctvfcrs ut van out potii vic.i*i> i^ uae cusp-iays. 

Suppressed letters were found to be generally difficult to identify. 

In addition, if position intrusion errors were excluded the remaining 

errors* iteia errors* were KJOJBB likely to be acoustically confuslble 

with the correct ic-iicr it the correct letter had been suppressed. 

This result suggested that suppression is the degradation of visual 

information in particular and that flocwtiuies S could s>ame the letter 

before it suffered suppression.
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In the experiments described in C r e* a switching task was 

used. £ gave a keypress response signalling either that two 

successively presented letters were the same or were different, 

or that two entire dlsnla-ira -grorc the sane or v;ere different. Acoustic 

and visual confusibiiity was aianipulated in the 'different 1 trials 

in an attempt to determine whether the aemory and watching processes 

employee-    ,!o.>*>'f<.UKi mainly on acoustic or visual coaiu^. The  -  -r'-^s

suggested once a;ai« that suppressed letters are viore difficult to
In feme con£&o*is thefp. ctf&Atf? J& fa. a

process than other letters and that /acoustic *M* relatively
A 7^ be.

more iw.K-'rtant for these letters.

The final exj^eri:r^ntal cJmpter, Chapter $, reports investigations 

of the appearance of ays. SB gave ratings t»£ the brightness* 

appar^iit uurati.o^ a,. . orceAvad clarity of ii-*uiv*uuai let ';->!-«  in iaeta- 

contrast otid control displays. Suppressed letters were jad^et] a:. 

appearing iwss L> . auid siujrtor, Dut uu less J> y defined than 

other letters.

The results vere interpreted as showing that suppressed letters 

are available for processing for a short ti « before suppression occurs.

He-tac'.-.a r.ist a>i;>.  ;. > ^3;3io» appears to    - "" ation in apparent fcri .jhtaess 

caused by fairly peripheral neural -^ro. ,_,.,....,, But whether suppressed 

letters are reported as *seen* or not <. on whether an appropriate 

perceptual analysis can be applied to them sufficiently early and quickly 

to give a confident categorisation, which can preserve information about 

the» cjk»spite suppras»j,oi^ v^ their apparent bri^litucss. For exaiaple a 

letter-digit discrimination can be aiade su.ffl^lcr.tly quickly to trigger 

a choice ."3u tor response of n« a speed and accuracy. There is also some



evidence that a word, all of whose letters are suppressed, jaigfrt even 

so be identified because wholistlc Word r is so fast, 

isation of the perception ox i&c waoxe ax»i^iiy juitu ii ^uvu Oesta*t ^s 

another way in which infornvatl' ".bout suppressed Tftttrsira .-j pre- 

served. Analysis of letters before they suffer k ion -- 

with long practice.

The coaci.usi.un that iniuraation about suppreMMKt stimuli is 

available for a short ti e and then lust unless recotied and stored 

applies also to standard sietacontrast displays, of squares or circo.es 

for example. It disagrees with theories that {^etacontrast consists 

simply of iBEaediatc, irretrievable,partial Io38 of inforriiation. It 

also suggests that we should not postulate that stimuli either veach 

SV& aod are seen* or are entirely suppressed, but rather we should 

investigate the ti. « course of the brightness reduction that is 

metacontrast and investigate the perceptual analyses which allow 

information about these stimili to be pr *4M>rved tlirough suppression.
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CHAPTER I 

Overture

Visual masking and metacontrast. Why they are 

interesting. Why it would be more interesting 

to use letters and words, iiayzner describes 

metacontrast masking of letters. The strategy 

of this thesis.

We see the world in a series of glimpses. Saccadic 

eye movements occur between glimpses, and a glimpse is typi­ 

cally some 300 raaec long.

Considered from above, this organization of input 

poses questions about how we integrate information obtained 

during successive fixations. Somehow we manage to do so, 

and thus build up a percept of a stable world. In the 

process 9 we manage to avoid conflict between the very 

flifferent inages formed on the retina during successive 

fixations. Considering from below this organization of 

input into glimpses, we can ask what we can see during a 

single fixation. We can investigate how time, space, 

energy, contrast and complexity limit the? ansount we can 

see during one fixation. A large amount of experimental 

work has been directed at this last problem and most 

commonly some form of tachistoscopic presentation is used 

to ensure that input effectively occurs during Just one

fixation.



fhe next sta^e of complexity involves presenting two 

successive rlsolays in a tachistoscope and studying how 

our visual system copes with the double stimulation. If 

the two displays are sufficiently separate in time, seeing 

the first will be quite indenendent from aeeina the second. 

But as the two come closer in time, the two seeing pro­ 

cesses may Interfere; either on© may facilitate, inhibit 

or completely disrupt the other. Studying the interaction 

tells us much more about the visual system by showing 

just how it breaks down when overloaded in various ways. 

Hopefully, we can In this way learn about the normal 

input process during a single fixation, and also something 

about how the visual system avoids clashes between inputs 

from successive fixations. This interaction of visual 

inputs, if it is inhibitory, is known as visual masking.

The study of visual masking leads to consideration of 

many aspects of perception. Conversely, experimental work 

in many fields of perception turns out to require ex­ 

periments involving visual masking. So, quite apart 

from the study of masking in its own ri^ht, visual masking 

experiments have been required in the study of retinal 

photochemistry, dark and li^ht adaptation, peripheral 

neural organization, binocular integration, contour and 

shape perceotion, movement and apparent movom^nt perception, 

•ensory short-term memory and even word recognition and



reading. With so many Issues Involved It is scarcely 

surprising that masking does not turn out to be a single, 

simple phenomenon. Indeed, it will be a recurrent th«ro<» 

throughout this thesis that many phenomena, involving a 

variety of stimuli, observers* strategies and response 

measures are all part of 'visual masking 1 .

Some definitions are now in order. We shall say 

that one visual stimulus, the masking stimulus ClS), 

masks another visual stimulus, the test stimulus (TS), 

if it interferes with its normal complete perception in 

any way. Typically MS in larger or brighter or longer- 

lasting than TS, bttt it need not be. If MS follows TS 

in time we have backward masking; if MS arrives first, 

forward masking. Metacontrast is the name given to 

masking when MS does not overlap TS in space; usually 

they have adjacent contours. An important variable in 

ail masking studies is the temporal separation between 

TS and MS. We shall measure this from the onset of MS 

to the onset of TS, and refer to it as the stimuliis onset 

asynchrony (SQA). Strictly then negative values of SOA 

will correspond to backward masking, but it will usually 

be clear whether TS precedes or follows MS and so 

sign will frequently be omitted.



Looking ahead, in Chapter 2 we shall survey som* of 

our present knowledge of visual masking. It will quickly 

become clear that the usual responses in a masking ex­ 

periment: 'Yes, it is present on this trial* t or •! 

can § t see it now ... low I can just see it 1 , may be made 

to any of several aspects of the display. A single masking 

curve, a graph of percent detected against SQA, may reflect 

responses made to different aspects of the display at 

different Saa values; perhaps temporal flicker, simult­ 

aneous brightness contrast, presence of contour, apparent 

movement, or total duration. Variation of TS and HS 

along single dimensions (e.g» size, luminance, contrast), 

the use of various responses by S_ and phenomenonoiogical 

descrintions can go som« way towards untangling the roles 

in masking of the different aspects of the display. One 

conclusion is that there is at least some independence in 

the processing of the various aspects of the visual system. 

This conclusion comes very conveniently lust as the 

physiologists, with Hubel and Wiesel in the van, are 

discovering neural structures that fit very well with 

the nation that information about different aspects of 

an input is encoded and transmitted by parallel neural 

channels showing some decree of independence.



But single cell recording techniques cannot be 

applied to man, so the investigation of man's neural or­ 
ganization must rely on indirect exnerimental aoproaches, 
Masking and, in particular, metacontrast experiments 
ailov the effects of different stimulus attributes to 
be separated to some extent, and so they offer one 

possible approach to the study of human neural organ­ 
ization. Indeed, their exploitation in this direction 
has begun,

Most masking experiments have employed simple 
stimuli; white flashes of light or simple figures, 
such as circles, squares or rings, Sufch stimuli were 
of course chosen for their simplicity and we still do 
not completely understand their masking. 3ut looking 
ahead, it will soon become constricting to work with 
stimuli having only relatively few separable aspects, 
The use of more co&ftox stimuli, letters and eventually 
words, will allow use of all the techniques of search, 
matching, classification, identification and reading 
which have been investigated extensively by workers 

studying more central aspects of human information 

analysis. In other words masking studies may be able 
to so on from the study of luminous energy, apparent 

brightness and simple contour, to the study of more 

complicated contour, and eventualIv perhaps to



•latter-ness 1 , *digit-ness 1 , and meaning. So far masking 

of character arrays by visual noise-f i«slds has bean used 

to provide controlled nresantation of letters and dibits 

for experiments aimed at studying more central information 

handling, the present lin«t of argument is suggesting 

that the application may usefully go the other way. We 

start by knowing something about what kinds of information 

are needed in a visual display, and for how long, for o_ 

to conduct a particular type of analysis •n the input. 

Then, if he can conduct that analysis on letters in a 

masking display of interacting letters, we know something 

about what kinds of information survive masking. This 

approach might show, for exarnole, that masking occurs at 

several levels in the visual system, or it may show that 

masking occurs at just one fairly peripheral level, but 

allow us to study it more completely. The attraction 

of this line of speculation is, of course, that more 

complex aspects of stimuli are probably handled more 

centrally in the nervous system and so analysis of their 

effects may tell us something about neural organization 

at this deeper level. So visual masking is interesting, 

but visual masking of letters may turn out to be even 

more interesting.



Returning to the nresent, Mayzner has described 

conditions which give metacontrast raiwsVinft of letters
 

by other adjacent bat not overlapping, letters. *» has 

described numerous effects which may be observed with
 

suitable manipulations of the display arrangements. 

Letters are presented, but are not seen, then others 

can be supnr*»««!^d and the original ones become visible
 

again; l«jtter« are seen as displaced from their true 

positions; shapes and sizes and orientations *r«* found 

to be critical in ^ferraining 1nst which characters a
re 

se«n In a particular set of conditions; and word recog­ 

nition may even occur when the letters forming the wo
rd 

•re ail masked. Considering the preceding ar&ument, these 

letter masking r>henom«na are likely to be most illumi
nating 

if we study just what aspects of masked letters are s
up­ 

pressed and under what conditions. This approac* t*11l 

require variation of display conditions and, most im­
 

portantly, variation of S^s task and response; the 

great advantage of working with letters is that a var
iety 

of tasks and r*stx>nses is available which are not ava
il­ 

able with simpler stimuli.

This is the main line of this thesis: we shall 

discuss display conditions in which letters are not s
een, 

but then we shall pay most attention to a series of e
x­ 

periments aimed at analysing just what attributes of
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masked letters may be extracted from displays w*-*^ _? la 

given an appropriate task. int b*for*» rurrtin,^ to 

exnerlments, we shall survey In Chapter 2 the present 

knowledge of visual masking, and In Chapter 3 we shall 

discuss iiayaner's demonstrations of the caetacotitraat 

masking of letters and shapes.



; 2 

Visual Masking and Metacontrasf

The importance of the observer's criterion in masking. 

Our present knowledge of masking: ransking of flash 

by flash, masking of shapes by flash, interactions 

between successive shapes, and metacontrast. The 

debate about U-shaped curves. Fheories of masking 

and implications for visual processing.

2.1 Approach t

fhe label 'visual masking 1 covers many phenomena. 

This point has b«M»n made many times, Hnt- rt-ti. j n^**^s to 

be stressed, for far too many papers still end merely by 

saying 'it is concluded that at least tvo distinct pro­ 

cesses are Involved'. Of course there are; the problem 

is to distinguish and exolain them. Kahneman (l%8) made 

this point about the multiplicity of masking phenomena by 

listing different limiting cases of masking paradigms. For 

example: at SOA» 09 metacontrast becomes a simultaneous 

contrast or figure-ground discrimination; or when TS is 

a form and MS a flash, then with simultaneous presentation, 

MS merely reduces the contrast for TS. Acting as an 

observer in masking experiments leads one to a similar 

cone luff ion from another direction: all sorts of cues may 

be used to carry out the required task and the cuea used
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can vary within an experiment and from time to time with 

the same display conditions, *3o when we vary a disp**v 

parameter (TS luminance, say) we should not infer that 

a change in the probability of a 'tes* response is neces­ 

sarily mediated directly by a change in the corresponding 

subjective dimension (fS brightness). It may depend on 

one or many indirect cues and the cues used may change 

in a complicated way with the display parameters. So 

masking is many-faced and we will not expect to find one 

theory handling all of visual masking and also we will 

expect problems in finding out just what stimulus attri­ 

butes are Controlling jS's behaviour.

The simplest way to find out what cues are important

is to ask JS. But this seems unscientific, and anyway it 

is hard to know what to do with his answers. Perhaps 

these reasons account for the omission from many pipers 

of any comment* about the appearance of *"*•>** Displays used 

and the cues which jj, thought he was responding to, but 

there is probably a more important one: in many masking 

situations £ can choose for himself a criterion for res­ 

ponse which seems natural, and vM.r*le»*« fo fairly 

consistent responding. Subtle changes in the experimental 

conditions, or *"h« experimenter 1 n instructions might lead 

j| to adopt a different criterion, and different £s may 

adopt different criteria in the same conditions, but any



II

single .S often ~ives stable nerformance. Asking studies 

usually involve many hours observation by a very fev ,3s, 

with great emphasis on stability and consistency of 

performance over sessions* Consequently, idiosyncratic 

criteria may not sh»v tit* as tar;e individual differences 

within single studies but undoubtedly contribute to 

variations across experiments*

Kahnesxan (I9* q ) ^Toduces the term •criterion con­ 

tent 1 to refer to the tyoe of cue used by £ for a report. 

This is contrasted with 'criterion level 1 which refers to fi , 

the decision *-h«ory measure of laxity or stringency, or 

the response bias adont**^ bv S,. Kahneaian notes that in 

many cases subjects can adopt a criterion which shows a 

fair degree of stability within subjects and agreement 

across subjects; h« calls any such a •n*ttvr*i o-rtrerion 1 . 

But he also notes that even a natural criterion can be 

based on criterion contents which change in a systematic 

way, vith ->QA for example, and that study of criterion 

contents involves phenomenology Uaber (1970; and Jeisser 

(1969) are aiaon^ those calling for the use of more system­ 

atic and detailed ohenomenological reports in masking and 

perceotion ex per in*?-:*-P. But then the argument of Garner, 

Kake and *r**!ksen OQSft) should *>• t-«r»«ii*»^» 

that there is no need to retreat to r«»^ardin!» 

introspections as data, nor to abandon the smdv of
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internal constructs, for ingenious manipulation of 

stimuli presented and responses ri»qulr**H, srv4 +nt» is« of

conversing operations, allow the study 01 proceaaes 

between observable input and observable response,

iomervo logical descriptions will guide us In choosi - , 

the best experiments, but do not remove the obligation 

to do theia. "he use of rating scales is one approach

to analysing In detail the effect of particular manipu­ 

lations of display conditions in masking stxidins. It

and Blanc- larin (1969). U«isst«in (19^) has r«%c«ntly 

elaborated on the usefulness of this technique in the 

study of metacontrast.

The problem of the responses to be used in studies 

of masking, and their interpretation, has been raised 

first because it is central to all that follovs. v.e 

shall now turn «-Q a survey of sotne of what is known 

about visual masking. The field is vast and complicated, 

with T.any experiments and issues blurring across any 

set of classification categories. The arbitrary plan 

we shall adopt 1* to start wltn fh« interaction of two 

flashes of light. We shall proceed to th* masking of 

form (e.g. letters or shanes) by 0 light flash, to '•he 

•asking of forin by form or pattern, and then to meta- 

contrast. Then ve ahall consider *•*">* *^-iih«p«d curve 1 , 

discussion of which has generated much heat, and 

finally separability of attributes and analysers in 

the human visual system.
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FIG. 1. Schematic masking function. The threshold 
for detection of a brief TS is plotted against SOA. 
The duration of MS is 500 milliseconds. Plotted 
values are characteristic but arbitrary.

(from Kahneman, 1968)
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2.2 Masking of flush bv flash

If a small, short, dim flash of light (TS> is followed 

vithin abou^ 50m*^c hv a large, long, bright- fia«h of 

light (MS), then TS is not seen, or at least the threshold 

for detection is raised. If SOA is varied and the 

threshold of TS determined at each vain*, then the 

function ^rn.rr. schematically in Figure I is found. 

Sterling (1065) discussed changes in the criterion 

contents which seem to determine the threshold at suc­ 

cessive aOa value*: this is a good example of a 

situation i" t*M.nV £s give atable and consistent 

results, bat the criterion content changes system­ 

atically with $OA (see Section 2.1). The strung dip 

in the curve obtained when TS precedes MS by 50 to IOO 

3T»f»c iTTdicarefl f>i«r rh« pre*^n«-i» of HS actuallv Decreases 

the TS ltiminar>c«» required for detection. At these SOA 

values 2,9 r«*nor^ t^«t t-he prefl«vtt«fion of TS results 

in a change in the appearance of HS. For simultaneous 

ons«*- of *-he tt*o ft^ff^eu, *-^rr»«rhotd is at its maxirrrum, 

for ^ must rely on a simultaneous brightness judsement 

in detecting TS. When the onset of HS precedes that of 

TS, however, both spatial and teronoral cues may be 

\jsed, and the t*»r«sho1.<* is corresnondin<>ly lower.



neasurawents of the masking of flash hv flash have 

be«n mad* in the conr^xt- of many different experimental 

and theoretical approaches. Pieron (19?5) made hi« 

original careful, study a* nart of an investigation of 

latency differences. i<* realized, of course, that MS 

could not act backwards in t*tme, and that any apparently 

retroactive interaction can take place only if the pro­ 

cessing of TS has been delayed for some time. He measured 

the maximum SOA giving backvard masking as a function of 

the Luminance, duration, wav*ien$tb, and retinal position 

of , He discussed his results along with other approaches 

to latency differences: the earlier work using sirople 

reaction time (RT) (e.g. ?ieron 1914) t and that using 

the Pulfrich phenomenon (Sngelkim and Poos, 1924; see 

also Wilson and Anstis, I960). Crawford (1947) was the 

first worker to measure masking for positive (MS onset 

first) as well as zero and negative values of SOA. rte 

too invoked a transmission time explanation, but wisely 

left open the question of whether the signal from MS 

overtakes that from Ti on the way to the brain, or 

whether the interaction occurs more centrally rHjrtnaj 

Some 'process of perception* *hich takes appreciable, 

time.
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It is well established that backward masking varies 

with TS energy; so do«s perceptual latency. >bufs 

(1963; Gibbon and litschwann, 1969 obtained similar 

resultt) measured the perceptual latency of li^ht flashes 

as a function of flash luminance, using tvo perceived 

simultaneity methods and a motor \T method and found 

that the methods agreed. Vaughan, Costa and Giiden 

(1966) found a&reement betveen the changes in latency 

of the averaged occipital evoked response and those 

in motor *i.T as flash luminance varied, thus further 

establishing the relation between luminance and per* 

ceptual latency t and showing that the lag occurred in 

the retina. The step of directly relating the two lines 

of work by measuring simple motor &T to the TS, :;.> com­ 

bination was not taken until recently (Orossberg, 1970), 

and turns out to be fairly complex. The oroblem is 

that raotor AT and the masking of T3 have different 

critical durations (tc : the longest interval within 

which flash duration and luminance may be traded recip­ 

rocally). Kaab, r'ehrer, and tiershenson (1961) and 

Grossberg (1968) found that t for aaotor ;r is very
%J

short (usually less than 10 msec and less than I msec 

for reasonably bright flashes), and that for all but 

the very lovest luminance flashes, RT was determined 

by the luminance of the first few milliseconds of the
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flash: further lengthening of the flash duration would 

not reduce '?T . Ddnchin (1967) found, however, ^»t 

Bloch*s lav was more nearly follow*-* for backward 

masking although luminance vas a little more effective

than time. The difference in t values implies thatc
siotor t*£ and apparent brightness are determined dif­ 

ferently. <^.at#r<»son (1970) provided further evidence 

that this is so by shoving that with increasing 

adaptation luminance, brightness of TS decreases, 

but that motor RT also decreases. So the issue is 

complicated, but 3rossberg (1970) did not make a direct 

comparison between motor RT and backward masking using 

the same stirouli; it would be useful to conduct such 

a study.

A simple perceptual latency hypothesis is not, of 

course, sufficient on its own, for why then is TS not seen 

at i»oA=O? Some central confusion must be added to the 

theory, as Cheatam (1952) has pointed out.

Measurements of the masking of flash by flash have 

also been considered in the context of dark and iig,ht 

adaptation. ;iaker (1953, 1955, 1963; also Boynton 

and iiiller, 1963) measured TS thresholds near MS ons«t 

and offset vith adapting fields of various luminances 

as background. He described the changes in TS threshold
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within ft few tenths of a second of H> onset and offset 

as the early parts of the light and dark adaptation 

curvet* He presented evidence th«f these earlv narts 

of the curves represent neural limitations, with 

photochemical changes limiting response only later 

in adaptation*

Soynton (1958) argued that the shape of the masking 

curve (Fig* 1) resembles that of the neural on-respon«e. 

The arrival of MS sets off a lar$e on-dischargef and the 

weaker TS cannot break through sufficiently to have its 

own response detected. If this is so, he reasoned, then 

raising the preadiipfation level would reduce the sisse 

of the on-resoonse to the large MS relatively roope 

then that tb the small TS and so TS should be more 

easily seen. Hoynton and Kandel (1057) presented a 

preadapting stimuli^, switched it off, presented T3 

a fev hundred milliseconds later, and then presented 

MS. With this secmence an tnrr*wt«« fn t*^** t»rea^* nf'ing 

luminance mi^ht be expected to raise the TS threshold 

and <toes so if MS is not presented. Hut it also should 

decrease the on-response to MS and therefore decreasf 

the TS threshold to the extent tv»r neural factors 

associated with HS onset are responsible for masking. 

The cs threshold is found to decrease and the sixe of 

the change was interpreted as meaning that this masking
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is mainly neural in origin. ?k>ynton and Sie&frie^ oo<*>i 

and Qnley and Bovnton (106?) took the on-resr>onse argument 

further and showed that flashes of eouat- apparent bright­ 

ness but of different luminance, duration, or erterf$v 

produce very similar on-responsea (t>os«lbly after trans­ 

lation of th* rime axis) as measured by T*? trhresbol^ 

change and by an increment threshold technique.

Two flash masking appears to be primarily a neural 

effect, but where does the interaction occur? Wa&iaan 

and Battersby (1959), Boynton (1961), 3aftersby and 

Wagman (1962) and Battersby and Sturr (1970) concur in 

finding very little '^r> ctn^ with dichontlc presentation 

of TS and *iJ (®.g. 0.4 logunit change in ?" threshold 

when a 3 lo^unlt change is observed with raonoptic pre­ 

sentation). Also, although variation of MS energy 

changes the amount of monor>tic masking drastically, 

it ma^es aiinost no difference to the arcount of dicho^^ 1 ^ 

masking. But the sixe of the dichoptic effect is dis­ 

proportionately affected by changes in the areas of 

TS and »HS. K> most interaction occurs at a peripv r ' I 

site, while the very small amount of r^ntr**! Interaction 

seams to defend on spatial or edge properties rather 

than on energy. This conclusion may be contrasted 

with the results of experiments using two flashes which 

were both belov absolute thT-««bo ld, presented to corres-
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ponding points of the two eyes. 3attersby and

(1969) found that two such 5 msec flashes presented 

foveaiiy summated if SOA was less than 25 msec, and

Martin (1962) found some facilitation foffthe detection
o / 

of tvo 2 msec flashes ore*»nr«d 7 in f*» periphery,

for SOA values ur> to 100 msec. So the lack of inter­ 

action or the slight inhibitory interaction between 

dichoptically presented flashes is limited to stimuli 

which wo\Jd easily be perceived if oresentad singly.

In roost of the studies referred to so far it was 

not clear what criterion contents SB were adopting at 

the various SOA values, although it is a reasonable 

••sumption that simultaneous brightness comparisons 

account for performance at SQA zero, where masking is 

maximal. In particular, it is not clear what, if any, 

use £ makes of *d<j* rn««. We shall discuss edge and 

contour effects at length in later sections, hut con­ 

sidering only tvo flash masking it seems that thev 

usually do not play a large part. Dodvell and Standing

(1970) used two flashes of precisely rh«» same sise and 

position as TS and MS and obtained typical masking 

functions. Donrhin (1^67) on the other hand used a 

semicircular flash for TS and a much larger circular 

flash for KS. He required £s not merely ^o detect 

whether TS ^«s oresent, but to give an eight-alternatives
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forced-choice response as to the orientation of ^ . 

So t*>« task bfvmn** an «cnit-v -lMrt?r*wn«nt $ hut fh« making 

function was the usual monofonic curve with maxii 

masking at SOA zero. *• if TS and MS edges are close 

then edge effects may become important, even though ^~ 

airf M<3 are «tili insf superimposed flashes of whit*? 

light. -chiller and CSreenfield (1969) masked a 0.7.5 

degree circular TS wit-h a concentric circular H3 of 

varying diameter. For MS diameter 0.^2 degrees or

the usual raonotonic maskint* function was ob-

For MS diameter 0.29 degrees, not only was 

the amount of masking increased hut maximum masking 

was obtained at SOA of 20 msec rather than at zero; 

our first <tncount«»r with a lUshaped (actually an 

inverted J-shaped) curve. Such functions are assoc­ 

iated wirh masking which results from contour inter­ 

actions and Schiller and Qreenfleid's result shows 

thar edge effects can be important in two flash 

masking. Sturr and rrumkes (1968) also present data 

suggesting the importance of edge effects in two flash 

masking, and they make direct comparisons of masking 

bv flash and masking when TS and *-tS are black (concon- 

trie) circles on a white ground, when contour interactions 

are certainly important, it would be instructive to 

measure two flash masking using either flashes with
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very blurred edges (Corn*weet t 1970 t p. 409) or flashes 

to the ganzfeid to eliminate edge effects entirely.

ere is a small amount of electroohvsiologlcal 

evidence relevant to two flash masking. The explanation 

for the effect given by ,>oynton and by Baker (see above) 

is that the small neural response to TS is sirapiy lost 

in the larger, longer-las ting response to M'3. Schiller 

(1968) t recording from the lateral $enlculat<% nucleus 

(UM) in the cat t found that if TS and MS were both 

within the receptive field of a unit then the response 

to TS was indeed lost within the response to MS f if SOA 

was sufficiently small (e.g. less than 50 rasec). Sturr 

and 3attersby (1966) obtained similar results and also 

showed that there ia very little interocular Interaction 

at LGN and greater interaction in the cortex for raonoptic 

than dichoptic presentation of TS and MS. Donchin and 

Lindsley (1965; also reported by Donchin, Wicke and 

Lindsley, 1963) recorded and averaged t^^ oceinit-al 

visual evoked response (V£R) in man to a semicircular 

TS masked by a higher luminance, larger, circular MS. 

They found that for large SOA values (e.g. 250 msec) 

r.i and MS «jave independent resoonses, for SOA values 

of 75 and 90 msec t £ reported that the brightness of 

TS was enhanced by iiS and the joint response was very 

similar to that obtained by adding the responses ob-
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rained previously to I* and MS separately, .or >OA 

less than ^ ̂ «ec 2 repor***^ t-s/it- T<; t?*« ?n/asJf««* hv 

MS and the joint response no longer resembled the 

sum of the responses to the separate flashes, but more 

nearly resembled that to MS alone. Also relevant is 

t^- «orv O f vicke, Donc^*" and Lindsley (1Q*M cs^tH^^ 

that VEX. shape and latency depend strongly on apparent 

brightness and change very little if the luminance, 

duration, area or shape of a stisntilus is c^ 

without changing its brightness. It is tewm *•*«»• tv> 

conclude that the VER is a measure of brightness and 

hence of any visual masking which is just a lack of 

brightness discrimination. #ut other worKers have 

fonn^ A stronger dependence of VS^ ^h*i-«^^«ri«^.*** 

on than on energy (John, Uerrington and Sutton, 

1967), or on salience or uncertainty-reduction (Sutton 

I970a). Sutton (I970b) and Uttal (1965) h«v*» "iscussed 

at length the many problems associa^^^ Mt-s l^ferring 

relationships between evoked responses and perceived 

phenomena. Srindley (1970, p.116) is typically forth­ 

right in declaring that the sixty or more papers (to 

1969) studying the averaged evoked nr»t-Anrtat to various 

visual stimuli have added almost nothing to our knowledge 

of the visual system because the response is too ^ 

and is difficult to relate to perceived
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There i8 just one study in the literature in which 

chronically implanted electrodes in man are used in a 

study of visual masking and it, alas, is of little value. 

Qalbraith and Heath (1970) had access to an £ with 

temporal lobe epilepsy. They presented a 10 msec circular 

fla«h f 5.8 degrees in diameter as TS and a very short, 

high energyt circular flash, 7.2 degrees in diameter 

as KS. They recorded from LGM, limbic system and occi­ 

pital cortex and obtained a pattern of changes with SQA 

and percent TS detected suggesting that the masking 

interaction was, at least largely, central. But because 

they used circular flashes of similar diameters it ia not 

possible to tell whether their masking was limited by 

brightness or by edge effects. They th«n stimulated, 

either in the rostral aiesencephalic reticular formation, 

or in the anteriomedial septal nucleus, and observed a 

slight fall In the proportion of trials on which TS was 

det*ct«d, over a range of ->UA, values. Th«y interpreted 

these results as shoving that such stimulation affected 

the masking interaction specifically and as offering 

further evidence that such interaction occurs in the 

•higher visual centres 1 , mit their r«s«ults could just 

as reasonably be interpreted fey supposing that th« 

stimulation they gave simply changed S* s criterion. 

They save catch trials, but merely reported that 3,



almost never gave a false positive response. Since a 

non-negligible f«l«« *1*rm r«f*» (PAR) is recruir*^ if 

sensitivity (d 1 ) and criterion lsv«l ( ft ) changes are 

to be dlatinttilahed, the data cannot rule on* a criterion 

shift interpretation. Sue* an interpretation is quite 

plausible because *•*»* stitftulation used was felt »s 

•pleasant 1 by the j3. It is sad that such an elaanentary 

fault of experimental design should be made a full ten 

years after the arrival of decision

Another approach to tvo flash masking is based on 

the extensive study of lateral inhibition in t^e eye of 

Lfcnulus: see Hatiiff, artline and Hiller (1963) for 

a sun&aary. As early as I960, Diamond (I960) applied 

the concepts of on-responses, off-responses and recurrent, 

delayed, lateral inhibition to building a model of vuroan 

bri^tness perception, vit^ considerable success; see 

Kornfeld and Lavson (1071) for ^^ latest such model. 

Ratliff (1965) took t^e argument further and Gornsweet 

(1970) used these concepts to describe a nuraber of nev 

illusions. Ratliff (1961; pointed o--i* ^u at such theories 

make predictions about interaction* *n time as well as 

in space, and so became relevant to masking. T^e main 

idea is tvat lateral inhibition spreads the influence 

of a strong MS into adjacent areas and times and so makes
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presentation. The icon, at least for the indicated 

letter, was destroyed and £ could only give a correct 

report if tb*» letter indicated happened to have been 

one of the few read out from the icon in the interval 

between array and marker presentation. It is clear 

that this line of reasoning leads to support for the 

disruption theory of masking by form: the rin^ mask 

terminates abnsntlv anv processing of the icon of the 

cued letter.

Speriing (1963) took the argument one step further 

by following the presentation of an array by presentation 

of a visual noise field. Plotting the numbers of letters 

correctly reported against the SQA between array and noise 

onsets gave a straight line, suggesting that the first 

three or four letters were read serially from the array 

at a rate of about 10 msec per letter. £s reported that 

the array seemed clearly visible until the noise arrived, 

completely removing the perception of the letters. These 

observations led Sperling to postulate also that 'this 

process is not the passive addition of a new stimulus 

to the fading trace of its predecessor but the active 

replacement of an earlier stimulus by a later one*. 

Sperling (1960b) found evidence supporting this view by 

presenting in close succession a stimulus and its negative, 

In many cases only one of the stimuli was seen and so
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simple suiwnation did not occur. 3tit in the experiments 

using visual noise as HSf the noise field was presented 

continuously for some time, as a post-field for each trial, 

so it is hardly surprising that it overpot^r<*rf the fading 

icon even if there was only overlaying of the old vith 

the new as postulated by the confusion theory.

Many experiments have been aiioed at determining 

the nroperties of iconic storage. Wickelgren and '/hitman 

(1970) shoved that it is a non-associative form of storage: 

items are stored in a tvo dimensional array vrhich is not

content adresMble. Experiments requiring partial report•i
on the basis of properties other than array position 

generally concur vith this result (Sperllng, I960a; 

Von Wri&ht, 1968; Turvey and £ravetz, 1970). u>ost 

«nd Turvey (1971) showed *h^r rv>*. storage of information 

in iconic storage does not re<|uire cognitive processing 

capacity and so it is quite different from storage in 

verbal memory. Turvey (1967) demonstrated that material 

not read out from the icon and stored more centrally is 

completely lost once the icon has faded, since no «bb 

effect could be found, even after 54 repetitions of the 

same array. (The .ebb effect is the gradual iraproveraant 

in performance on an item in a verbal memory task which 

is observed when that item is presented many times, among 

other
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Eriksen and Steffy (1964) and ilayaner, Abrevaya, 

Frey, Kaufman and Schoenberg (196&) failed to find 

evidence that cueing for partial report from the icon 

could be helpful and they questioned the generality of 

this form of persistence. Keele and Chase (1967) 

shoved that the display lurainanoia level, rmtst be high, 

as it was for Averbach and Coriell f if an icon i« to be 

formed. If a strong icon is not formed, then a partial 

report technique cannot be helpful because responding 

at»nrot>rlately to the cue tak«s at t,«*«st ?00 mnfx* 

(Eriksen and Coilins, 1969) and a weak icon might decay 

in that time.

Several approaches have been taken to determining 

the duration of the icon* Sperling,and Averbach and Corieli 

inferred its duration from the performance observed with 

various cue delays. Mackworth (I96?,l963a,b) varied the 

type of materi*^ to b« read frora the icon, and found th« 

duration to be constant. Values found are in the range 

200 msec to i.25 see, with all workers stressing that 

display conditions affect the duration markedly. :tmrling 

(1967) estimated the duration of the icon when array 

presentation was followed by visual noise, by having 

,3s adjust the timing of clicks until they were perceived 

as simultaneous with the onset and the disappearance of 

th* icon* The estimate was close to the objective SOA9
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for SOA valu*s up to 150 msec, ffelsser (1967,p.33) argued 

that processing from the Icon could continue even aftar 

the onset of the mask had been perceived, relying mainly 

on the liftplauslblllty of the fatt read-out rate found by 

Seerling. But these rates can only be maintained for a 

few Items and read-out for these fev Items may better be 

considered as proceeding at least partially In parallel 

(Sparling,1967), so Heisser's comparison with the much 

slower verbal reading rate Is Irrelevant• Besides t It 

Is probably more useful to teflne the Icon as the visual 

Image seen by the S and seen to disappear when the visual 

noise-field arrives 9 rather than any more deeply coded 

Information which may still be processed after the arrival 

of the mask. Haber and his associates Umber and Standing, 

1969$; Standing, Babar, Cataldo and 3ales 9 1969; Haber 

and Standing, 1970; Haber9 1970) used a variety of 

methods to estimate the duration of visual persistence, 

although It Is not clear that this Is the same thing as 

the duration of the Icon. They found that, for light pre- 

and post-fields, persistence lengthened the apparent 

duration of even extremely short presentations to 200 

msec, but that when presentation time was Itself more 

than 200 msec, little further persistence was found, 

Sfron (1970) used a temporal matching method to estimate 

that the duration of thetmtnlmum visual percept Is In the 

range 120 to 240 msec.
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An important concept which has emerged from work with 

the icon ia that of processing tin*. If the presentation 

of an array haa more than a certain minimum amount of 

energy, thon the time for which it ia displayed does not 

matter. Ail that matters ia th* tin* from array onaat 

until a noise field, or some oth«r array arrives and 

terminates the icon of the firsts this ia tho processing 

time. The concept of processing time has proved to be 

powerful and useful in the analysis of performance in 

many different visual tasks such as word recognition 

(Scharf, Zamansky and Brightbill 9 1966) and the recognition 

of letters presented simultaneously (Smith and Careyf I966) t 

or successively (fmber and ?fathanson9 1969; Sparling, 1971).

An enormous number of studies have uaed tachistoscopic 

exposure, with or without noise-field masking, to control 

processing time. They have investigated a great variety 

of topics and no attempt will be made here to review the 

full range. Many have been interested in the possibility 

that expectancy» word frecfuencyf or even emotional content 

of the stimuli can affect inmit to the icon. A case can 

be made that this is so (Dixont l97l) 9 although we may more 

cautiously follow Broadbant (1971 9 Chapter 6) and leave 

the issue fairly open. A related question is whether set9 

or prior knowledge of the stimuli can affect the formation 

of a percept. There are problems of definition and of
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finding accaptabla aat» of converging oparationa (Hat- 

souls** I967) f but moat reviewers (Haber, 1966; Sgeth, 

1967; Qusiseriiian, 1970; mrcum, 1970*) have concluded 

that little or no effect of set on perception haa been 

demonstrated ao far. the point ia still ; however con* 

teated (Winnick and Daniel, 1970).

Hoat investigators have made the reasonable working 

assumption that input to the icon ia automatic, parallel v 

and practically instantaneoua f given reasonable lighting

and contrast. Interest ia then directed to the aucceaaive*
stages 4t of read-out from the icon into a post-categorical

>ryf to atorage and any further recodingy and finally 

to overt report. Study of even Juat the 9ead~out stage 

has produced a complicated and confused picture of reaulta. 

It la not Jutt a question of whether read-out of the 

first few Items proceeds serially or In parallel (Sperlingf 

1947; Estes and Tayior, 1966; Wolford § Vassal and £ate* f 

1968), but a question of what variables affect the fora 

and rate of read-out. Almost every variable investigated 

haa proved to be involvedt from the geometry of the array 

(Hiber and Standing, 1969p; Harcum, 1970O) and symmetry of 

the item shape (3rydenf 1968), to meaningfulness (Mewhort, 

Herlkle and Brydent 1969) to naM only very few.

* iroadbent*e (1971) terminology is used unashamedly without 

explanation or continual reference to the source, because it

deserves to have become standard uaage in experimental psych­ 
ology by now.
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fiuMlhart (1970) brought some order to the findings 

with a mathematical model of read«*out from the Icon. His 

nodal postulates a probabilistic feature by feature read* 

out from an exponentially decaying Icon with read-out at 

any time dependent on the clarity of the Icon at that 

moment, the unit of read»out Is assumed to be like 

Selfr0£^e's (1959) features but, wisely, Is not specified 

precisely. When a criterion number (C) of the features 

for an item have been read out, a category*state for 

that item Is reached e.g. the Item may be named and re­ 

presented In verbal memory. The value of C for an Item 

depends on the nature of the task, being lower for a 

detection task than for a recall task, for example* 

Masking by flash is handled by supposing that the 

usually exponential decay of the icon makes a vertical 

step downwards when the flash is presented, the sine 

depending on the energy of the flash.

The model is plausible and allows fcimelhart to 

make good quantitative fits to Sperllng's individual 

and group data for partial and full report, and 

Estes § s data for a detection task*

Just one more topic will be considered in this 

section and that is the uncanny speed at which we raft 

read* Cattell (1885, 1886) observed that a slightly 

shorter tachlstoscoplc exposure was retired to recog*
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niaa a common word than a single lattar (especially if 

this was a grandiose German capitals). This ia an uaax* 

paetad result because recognition of a word prasumably 

requires processing of savaral rathar than just one 

lattar; Cattail attributed it to our greater familiarity 

with associating a name with a word than a name with a 

lattar. Fraisse (1963, 1969) made a different comparison 

and found that reading a word is faster than naming the 

corresponding object. These experiment* suggest that a 

word My somehow be processed, vary efficiently, as a 

unit, rathar than having to be constructed laboriously 

from analyses of lines and curves, or even letters, 

frroadbent and Oragory (1971) varied independently the 

frequency of appearance in their experiment of words 

and their component letters and found that word frequency 

affected performance more than letter frequency. They 

concluded that frequency affacts pigeon-holing rathar 

than filtering and therefor* that words are recognised 

as units rather than being built up from separately 

perceived components, fteicher (1968, 1969) conducted 

an ingenious experiment to compare lattar and word pro* 

cessing. Ha presented a four letter word (e.g. WORD), 

or a single lattar, followed by a visual noise-field 

in every case. Then ha presented two letters (e.g. D 

and K) and required £ to give a forced choice response 

of which had appeared in the array. In the case of WORD,
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a correct response could not have been made simply by 

seeing other letters, because WoluC is also a common 

Kaicher found that a shorter exposure was needed for 

equivalent performance with nor da than with letters, 

even vhen the two types of stimuli were mixed randomly 

itt a list so that £ could not know which would come next. 

Wheeler (1970) gave a good example of experimental method 

In action by systematically eliminating a number of un­ 

interesting but logically possible explanations of Heiche*1 * 

results* The preferred conclusion front these results is 

that words are processed efficiently as units v although a 

sophisticated guessing explanation (Broadbent, 1971) cannot 

be ruled out*

In summary, form can mask form through contottr inter* 

actions and does so centrally. The main theories are those 

of confusion and of disruption. The confusion theory seems 

best for forward masking and backward masking with short 

SOA, while with long SOA it is difficult to distinguish 

the implications of the two theories, Given sufficient 

energy and contrast an icon is formed and the icon decays 

with time or may be destroyed, effectively instantaneously, 

by superposition of a visual noi***field* The time from array 

onset to noise onset is the time for which information is 

available in a visual forms the processing time* The array * 

mask sequence has been used to study many aspects of visual

information processing and one result of this approach is

the finding that a whole word can be processed efficiently cu>
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2.5 Metaeontrait

If a black diak on a white ground ia preaented briefly 

and followed 50 or 100 msec later by a black ring, which 

would encircle the diak if the two were preaettted aimult- 

aneoualyt then the diak ia not aeen. The effect ia clear 

and compelling8 the diak ia phenomenally absent. But with 

careful observation and a little practice it ia eaay to give 

a forced choice reaponae to diatinguiah between a ring pre~ 

aented alone and a ring preceded by a diak. Typically* the 

ring ia aeen to aove or expand a little or flicker in time, 

or the apace inaide the ring appears either a little darker 

or a little brighter than the background field outaide the
>

ring. These secondary cues betray the presence of the diak9 

which ia v however, confidently deaeribed aa being not aeen. 

Qbvleualy, at 30A zero the diak ia aeen for it fills in the 

ring to form a larger disk; equally clearly, at very large 

SOA values the two figures will both be aeen. So «axi»u« 

interaction occurs at a non*zero SOA value and we have a 

U-shaped Masking function. This phenomenon ia roetacon£raet.

Aipern (1952) provided a historical introduction to 

the study of netacontraat. Classic studies in the field 

are thoae of Fry (I934) t Wemer (I935f I940) t Alpem (1953) 

and Toch (1956). fry uaed an annulua aa TS and two more 

annuli, one fitting juat inaide TS and the other just out­ 

TS t aa MS. !*• varied the presentation time or luminance
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of MS until it matched TS in brightnass and obtain**! a 

vary marked U» function. Warnar mada a vary datailad sarias 

of obsarvations t mainly using tha disk * ring display das* 

cribad in tha pracading paragraph, and raquirlng £s to 

dascriba what thay saw. Toch usad a square of light as 

TS and tvo adjacant square flashas for MS; his data agraa 

with Warnar v s in shoving U» functions. Alparn maskad a 

rectangular light flash with two adjacant rectangular 

flashas and also obtained a U-function. Ha usad a 

brightnass matching technique: TS and MS were presented 

only to tha right eye, while a ractangular flash of vari­ 

able luminance was prasantad to tha laft aya so as to 

appaar Just abova TS. Tha luminance of this flash was 

adjustad until it appaarad to match TS in brightnass. 

These aarly workers observed many of tha effects and put 

forward many of tha ideas which have turned out to be 

important in tha study of matacontrast and which will 

be referred to below.

the first important question to consider is that of 

jfi criterion. In tha description above of tha appearance 

of tha disk - ring display a distinction was made between 

seeing a clear disk and making a forced-choice response 

between presence and absence of the disk. If £ simply 

reports that the disk is not there, we don't know which 

type of response he is making: we don v t know what his 

criterion content is. lliing brightness matching may reduce
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the problem, bttt it still may be difficult to match two 

stimuli which simply appear very different on other 

dimensions. Such difficulties are discussed at length 

by the early workers, Fry f s £* found it difficult to make 

the brightness match because the two stimuli took on 

different colours. Werner reports that £s were able to 

enhance or reduce the phenomenon * intentionally 1 ,,, 

•by voluntarily evoking a certain attitude in observation, 

the black disk can be made to vanish within the ring 9 , 

Toch even reports that 9 the protocols of one observert 

who was discarded because he reported the centre square 

thro us tx>ut f indicate that his performance was probably 

due to an analytic setv and an unusually careful fixation 1 . 

Other comments about individual differences could easily 

reflect criterion differences rather than the claimed 

differences in susceptibility to a perceptual effect.

The description of metacontrast given in the studies 

being discussed suggest that Sa set for themselves fairly 

strict criteria for the seeing of TS. Also, i>»shaped 

masking functions were obtained. What happens if £ must 

make a forced-choice response? Schiller (1965$, Schiller
«

and Smith (1966) and Hsckaraueller and Dember (1965) used 

the disk - ring sequence and Fehrer and Smith (1962) the 

three squares display in forced-choice experiments. In 

each case the finding was clear: when TS and MS are 

comparable in contrast, luminance and duration, as is
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uauaily tha case in matacontrast demonstrations, dataction 

of TS la perfect, but that whan TS is made much waakar 

than MS maximum masking la obtalnad for SOA zero. That 

is v tha U-f unction disappears. Also, if nagativa SOA 

valuas ara usad t somewhat more forward than backward masking 

is found, wharaas with normal ntatacontrast conditions tha 

aarly workers raportad aithar no interaction or a vary 

slight affect whan MS preceded TS. Tha forced-choice 

results resemble those discussed in earlier sections for 

the other types of masking. These and<rher results lead 

to the generalization that tVfunctions and reports of 

metacontrast effects are obtained whan £'* criterion level 

is fairly high and TS and HS are approximately equal in 

energy.

One important addition must be made to these con­ 

ditions, and la concerned with contour. In both metacontrast 

sequences described so far TS and MS would share contours 

if presented simultaneously. This is important for If the 

contours of MS are moved away from TSt matacontrast decreases 

(Alpern, 1953; AIpern and David, 1959). Indeed we saw in 

Section 2.2 that contour interactions can be sufficient to
»

give a U-function, since Schiller and Qreenfieid (1969) 

obtained maximum masking at 25 msec SOA when TS and MS ware 

both 5 msec circular flashes of light, of nearly the same 

diameter* In this case performance resembled that for meta-

contrast even though MS overlapped TS in space.
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In Section 2.4 we saw that masking of form by form 

also dapands on contour interaction* and can ba obtainad 

dichoptically. la matacontrast observed with dichoptic 

presentation? Warner (1940) and Toch (1956) found 

dichoptic metaeontrast to ba vary similar to tha monoptic 

effect. Koiers and Rosner (I960) found a claar U-function 

vith a dichoptic disk - ring display. Schiliar and Smith 

(1968) used & brightness rating method and obtainad even 

more metacontrast vith dichoptic than monoptic prasantation. 

They suggested that binocular rivalry accounts for tha in­ 

creased ffiehoptic affect. Alt>em (1953) mentioned, without 

giving any datails 9 that ha had failed to find dichoptic 

v*tacontrast» This nagativa rastilt has baan explained 

avay as b«ing causad by aya movamants (Kolars and Bosnart 

196Q) 9 tha usa of highly trainad observers (Fahrar and 

Smith, 1962) 9 or the use of an unreliable adjustment 

method (Schiller and Smith, 1968). In the monoptic case 

Aiparn presented TS and MS to the right eye and required a 

brightness match of ts with a comparison flash presented to 

the left eye. It is possible that for dichot»tic present­ 

ation he simply transferred TS from the right to the left 

eye and so the two flashes to be matched for brightness
A/5

were presented to the aameqre, and only 3£ to the other. 

But brightness judgments can be made somewhat independently 

in the two eyes (Asherv 1950) and so it need not be surprising 

that Alpern's particular conditions failed to reveal a

dichoptic effect.
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Related to considerations of contour is the issue of 

similarity of TS and MS, Wemer (1935) found that if TS 

is a short vertical rectangle and MS a pair of similar 

rectangles, netaconrrast is obtained, but that if the 

height of TS is increased the effect disappears and TS 

is seen* Toch (1956) reported that if some pattern or 

design is placed in the three squares, no metacontraatr 

is observed unless precisely the sane pattern ia plsc<?<1 

in all three, in vhlch case TS is not seen. Ottal (1970c) 

reported similar findings and also found that three triangles, 

for example, could show meracontrast, even though in this 

case the contours of TS and MS were not adjacent. The 

complementary effect, that metacontrast is reduced or is 

not observed at ail when contours or patterns are intro­ 

duced only into TS was reported by Werner (1935). So 

similarity of form, as veil as adjacency of contour, is 

important in metacontrast• ^fortunately, reports of such 

observations are not sufficiently detailed to determine 

whether the similarity of TS and MS, and the closeness 

of their contours give the same or different types of 

metacontrast, or whether either is a special case of the 

other*

Slectrophysiology does not yet have very taueh to 

say about metacontrast* Schiller (1968) recorded from

in the cat and found that the number of spikes recorded
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declined monotonically with decreasing SOA, with a •eta- 

contrast display; there was no «ign of a U-function. 

Schiller and Chorover (1966) failed to detect any changes 

in the human averaged V8R associated with a reduction in 

brightness caused by metacontrast. Vaughan and Silverstein 

(1968) found that Schiller and Chorover 1 * result could be 

explained by stray light* They used a dimly lit field, 

rather than darkness, as a background and found a decrease 

in the area under the averaged V£R which varied with the 

depression of rated brightness in a matacontrast display. 

Recalling the difficulty of interpreting V££ results which 

was mentioned in Section 2.2, great importance should not 

be attached to this single result.

Turning now to theoretical descriptions of metaeontrast, 

the early simple accounts given by fcerner (1935) and Toch 

(1956) are still appealing despite their lack of great ex* 

planatory power, there are two main aspects, first, 

Warner stresses a localised contour interaction: the 

inner contour of the ring inhibits the perceptual formation 

of the edge of the disk, and without an edge the disk cannot 

be seen. The first point is reasonable in the light of the 

observed dependence of the effect on contour adjacency, and 

the second is in line with the neurophysiologist's findings 

that the nervous system transmits me*inly edges and from 

these percepts must be constructed. Further, £s often
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describe T3 as appearing Juat aa a shadow dark area lacking 

in definition* On th* other hand Toch stresses the organ­ 

isation* I aspects of perception and describes on« relevant 

dsaonstrations if T3 is not one square but two, the second 

added Juat to the left of whare the left aquare of HS will 

be, then neither square of TS is suppressed, but rather a 

pair of Bquarae Making a smooth quick movement from left 

to right is seen,

W*ra*r and Toch both noted the similarities between 

the conditions giving metacontrast and those giving apparent 

movement, in each case the maximum effect is observed at 

a small non-aero SOA value, the similarity of the two 

stimuli is important and the effect may be obtained dichop- 

tically. In each case also, the effects are labile and depend 

to aome extent on the observer's set, Fehrer (1965, 1966) 

pointed out further parallels and Kahneman (1967$ made a 

direct comparison of the apparent motion tnrodueed by two 

squares with the metacontrast prodtjced by three sqmarea 

of the same type. $e obtained vary similar functions 

relating the rated effect to SOA in the two cases, l&s 

conclusion was that metaeontrast is frustrated or suppressed 

apparent movements if apparent movement should be seen in 

different directions at once, then th* conflict is resolved 

by suppression of the stimulus which should give the motion. 

That this theory does not have great explanatory power is
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scarcely a criticism, for neither do its competitors. But 

it does not take into account the special role of closely 

adjacent contours. Also, Hlgginson (1926) described con* 

ditions producing apparent movement in different directions 

at once. Weisstein and arowney (1969) objected that 

Kahneman's model Is unparsimonlous in that is makes no 

attempt to integrate metacontrast with other types of 

visual masking, they also made some direct comparisons 

between apparent movement and metacontrastf varying more 

parameters than did Kahneman. They found that the two 

effects behave differently with variation in luminance 

and visual angle, and so concluded that although the 

effects are undoubtedly related, neither can explain 

the other.

the only quantitative model we have of metaeontrast 

is that of Weisstein (1968). She aimed at integrating 

metaeontrast with other types of visual masking and so 

based her model on the well established lateral inhibition 

process. Her basic postulate was that excitatory and 

inhibitory processes develop at different rates and so, 

given a suitable neural arrangement, the excitation g«ncr­ 

ated by TS may be overtaken and cancelled by inhibition 

from MS. The model is a simple net of five two*factor 

neurons, whose behaviour was simulated on an analogue com* 

puter. Parameter values were chosen to fit the data of 

Weisstein and Haber (1965) and then these same values
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used in an attempt to fit the data of ail those studies in 

the literature giving appropriate data* The node! gave a 

reasonable fit to the gross aspects of all but one of the 

25 metacontrast functions to which it was applied* Con* 

sidering the great diversity of tasks and conditions 

represented this is a very remarkable achievement. The 

next question is whether the model is only a descriptive 

m»d«l, or whether there is any correspondence between its 

processes and those of the nervous system* Inaedlate 

difficulties are that the model only responded to the 

total energy in the TS area and the MS area of the visual 

field, whereas contour is also known to be important, and 

that It required inhibition to develop wore quickly than 

excitation, whereas the usual naurophyBiological finding 

is the reverse (Boynton, 1962). Finally, it might be 

too constricting to seek a model integrating metacontrast 

with the rest of visual masking when there are so many 

differences between the two.

two final results, which are not handled by any 

theory, remain to be mentioned. First is the finding of 

Fehrer and Raab (1962) that the simple RT to the T5-HS 

display is initiated by the onset of TS. Fehrer and Raab 

used toch*s three square display and found that as 3QA was 

varied the phenomenal appearance of the centre square varied 

as would be expected, with maximum suppression for an SOA 

of 75 msec, while HT remained constant at about 160 msec*
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Tha raault ia raliabla (Sehillar and Smith, 1966; 

Htrriaon and fox, 1966). Fehrer and Biederman (1962) 

avan found metaeontrast conditiona in vhich jj»a parformad 

cloaa to the chanca level if attempting to datact tha 

praaantation of TS9 but gava UTe aa a tort aa if it were 

not masked. Ona othar affect of a TS masked by netaeontraat 

%raa deacribed by Koiers (1963, 1964). If two black dlaka 

a little dlatanee apart are briefly flaahed with a suitably 

chosen SOAf smooth apparent notion la aeen. If now a ring 

aurrounding the flrat diak la preaented Juat after this 

diak ia flashed, perception of the first diak ia suppressed 

by metaeontraat, but smooth movement ia a till aeen.

In suamary, aetaeontraat ia flora labile, harder to 

work with and leaa veil understood than the types of masking 

discussed previously. It ia observed when two stimuli of 

similar energy, and with some suitable spatial arrangement, 

are preaented with an SOA of 50 to 100 msec. Contour inter* 

actions and similarity are both important and the effect 

may be obtained diehoptically. It la not obtained, however, 

if a foreed-Hp ho ice response ia required. Metacontrast seems 

to involve the suppression in the nervous system of in­ 

formation about Juat some aspects of TS.
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2.6

A big change in tha pattern of results shown by a 

masking experiment can ba produced by an apparently small 
changa in tha display or in &'• task. Aa we hava> seen 
Schiilor and Smith (1966) found a U-function whan £a 
•are askad whether they saw T39 but observed much laaa 
masking and a monotonic curve if j|a ***• forced to guess 
whether TS had been presented, there may be something 
suspicious about a reported experiment which seems to be 
the same as one 1 a own but which gives quite different 
results; the workers cannot be entirely reliable! 
fteisser (1969) greeted the idea of a U-function with 

an exdamation mark and one of ffirlkaen's latest papers 
is called 'Safari to masking lands a hunt for the 
elusive Uv (Qrlksen, Seeker and H»ffmany 1970). Some­ 
times the opinion is implied that forced choice response 
measures v forcing very low criterion settings t are somehow 
more healthy and respectable and less mental is tic than the 
stricter criterion settings associated with subjective 
reported (Cox and Dember, 1970; Sherrlek and Dambert 
I970a,b). The experiments aimed at finding or not finding 
^functions could easily have been included in one or more 
of the preceding sections, but we shall discuss them here 
in the context of ^functions and shall find that some use- 

ful observations have been made, despite the polemic.
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First v» •ball return to the iconic read-out experi­ 

ments of Averbach and Corleil (1961) and Averbach and 

Spelling (1961)* If a black ring i« usad «» * partial 

report cue, tha poorest performance ia found when SoA i« 

100 msec* Tha author* 1 interpretation was that for SOA 

cero or small the ring surrounds tha chosen latter but 

atill allows it to be read out. At intermediate values
\

of SOA erasure occurs, tha ring destroying the icon of 

tha letter, and ao performance ia vary poor* At longer 

SOA values erasure atill occur* when the ring ia presented, 

but there ia some chance that tha required letter has been 

raad out already and ao performance increaaea to the full 

report asymptote. Eriksen and CoIIins (1964) gave an 

Identical interpretation of the ring marker data except 

that they used a confusion rather than an erasure explanation 

of how the ring damaged the icon of the cued letter. The 

data cannot decide between the two explanations (see 

Section 2.4). The important point la that a IK function 

ia found because the ring act* both as a cue for partial 

report and aa a mask for the chosen letter; the experiment 

might tell us nothing about matacontrast.

The next step was to use a single letter masked by a 

ring, with once again a forced-choice identification of 

the letter as a response. Srlksen and Co11ins used the 

letter ensemble A9 T and U and obtained a monotonic backward 

masking function, which they interpreted in term* of their
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confusion thaory. But Vetsstein (1966), for quite diffarant 

thaoratieal reasons, uaad a lattar ensemble of 0 and D and 

praaantad 1, 2, 4 or 8 iattars in a horizontal Una, Ona 

lattar was masked by praaantation of a ring at various 

SOA values. With more than ona lattar in tha array, masking 

curvaa were elaarly U-shaped and this raault agrees with tha 

comparable Averbach and Coriell (1961) raault, Tha single 

lattar arrays were of two types; tha lattar could either 

ba in ona of 4 positions or in ona of 8, Jfow Srifcsan, 

Collins and Qreenspoln (1967) pointed out that Weisstein's 

zaro SOA condition was special since in that caaa tha latter 

and ring were drawn on tha ona card and praaantad for 20 

msec, while at all other SOA values tha mask was praaantad 

for 50 msec. Therefore, batter performance at zero SOA waa 

hardly surprising and this point should ba omittad from tha 

curves in deciding their shape. Weisstein (1968) accepted 

tha criticism. Returning to Waisstain's (1966) data for 

aingla lattar arrays and omitting tha zero SOA point9 tha 

shape of tha three relevant curves is ambiguous, while that 

for a single latter intone of 4 positions, in bar Sxperiaeat 

II, shows a clear aaximun at an SOA of 50 msec, tha experi­ 

ment raportad by Weisstein and Usber (1965) is an exact 

repetition of this condition, and again gives a claar U» 

function, Mayznar at (?) al, (1965) repeated tha experiment 

and obtained tha same result. Eriksen (£riksen, GoIIins and 

Oreenspoon, 1967) suggested that cues, particularly of
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apparent movement, paeuliar to tha letters 0 and D whan 

•asked vith a ring may oparata diffarantly at diffarant 

SOA values. That is plauaibla and could account for tha 

diffarancas batwaan tha 0, 0 and tha A, T t U experiments 

(saa Stavart and Purcell, 1970 for a diract comparison), 

but doas not datract from tha respectability of Waisstain 1 s 

result. More racantly Briksen, decker and Hoffman (1970) 

rapaatad Waisstain and Hrter's (1965) study as axactly as 

thay could and obtainad a eurva showing constant masking 

out to SOA 50 msec bafora declining; tha slight 0-shapa 

in thair data was claimed to ba insignificant* Weisstein, 

Jurkans and Ondarisin (1970) cllnchad tha niattar by using a 

Undo It C in ona of four oriantations as TS and a closaly 

fitting ring with gaps cut in tha topv bottom and two 

sidas as MS* £s wara raquirad to giva a forcad-choica 

rasponsa as to tha oriantation of TS* Tha curva showad 

a claar maximum at 50 msac SOA*

Tha pracading sarias of rasults suggests that if a 

discrimination is chosen 'considering matacontrast to ba 

a distortion, fragmentation and dinning 1 (Waisstain at 

ait 1970) of TSt than even forced-choice rasponsa measures 

will follow tha U-function typical of tha time course of 

natacontrast* We immediately loaa any hope of a clear 

division batwaan masking situation* showing tha two^rpas 

of masking curves and so it becomes even more important to
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particular experiment. Also w» can agree with Erlkaen 

and Marshall (1969) who criticised procedures, each aa 

tha method of limits with a yea/no reaponaa uaad by 

Koiers (1962), 9whara S* wara allowed to adopt thalr 

own unasaaasad and unasseasable criterion for report 1 , 

but muat not go furthar and eoncluda that only those 

aapaeta of masking which can ba measured with forced- 

eholca procedures ara of Interest.

Diainhibition, or tha reappearance of TSf la an odd 

phenomenon In masking and will ba mentioned now, because 

Its time course muat ba a U» function and Its study will 

also depend on good control of &** response strategies. 

It has bean reported in several different situations, but 

tha common feature la that addition of extra stimuli to 

tha diaplay sequence disrupts tha Interaction of TS and 

MS and allows TS to ba seen even though MS la a till present. 

Schiller and Smith (1966) reported that if their disk - ring 

sequence was recycled repeatedly, with tha two inter-stimulus 

intervals each 80 msec long, than both figures wara seen and 

they appeared equally bright. We!sstein's (1968) nerve-net 

nodal accommodated this result neatly. Robinson (1966, 1968) 

found that If a 23 9 circular flaah was followed by a 46 9 

flaah tha first was masked, but that if a third flash 92 9 

in diameter was added, the first flaah was more easily seen.
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St aware, Pureeli and Dember (1968) reported a similar rasult 

with a black disk as TS and Purcell and Dember (1968) 

skate had an explanation in tarns of lateral inhibition. 

Sehurman and Sriksen (1969) did not obtain disinhibition 

with Robinson 1 * display conditions if a forced-choice 

response for TS presence was required, although they noted 

the appearance of many complex subjective effects such as 

Mach bands and apparent movement. Dember and Pure el I 

(1967) 9 however 9 did obtain slight disinhibition using 

an identification response* Their TS was 0 or 0 and it 

was followed by a black diskv then a black ring. Di« in­ 

hibition effects will be important in forming theories 

of masking and await thorough study.

The careful and systematic work of Blanc-Qarin 

1967, 1968, 1969; Blanc -Gar In, Oubrocard and Harlay, 1970) 

will serve as a link between the diacussion of U- functions 

in this section and that of separability of attributes in 

the next. TS was a disk and MS a ring; both black on white 

and white on black figures were used. First she used single 

disks as stimuli to establish 9-point rating scales for 

brightness, apparent duration and sharpness of contour. 

Hsving obtained linearity, stability over time and agreement 

between observer s 9 she had her observers rate these aspects 

of TS in the masking display, independent variables were 

TS diameter , presentation arrangement (monoptic or die hop tic), 

background luminance (observers could be either dark or
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light adapted), duration of TS and MS, and SOA. One 

cellent aspect of the work was that a full range of SOA 

values was used so that proactive and retroactive conditions 

siaiply formed parts of a single time axis.

One early reault was that the pattern of brightness 

ratings with SOA in the retroactive condition changed smoothly 

Jrom a U» function to a mo no tonic function as the duration 

of MS was increased* Another interesting finding nay be 

seen in her figures displaying the point* for every individual 

brightness ratings there is a slight proactive effect and 

maximum masking occurs at short negative SOA values (the 

retroactive condition) but when the averaged brightness 

rating starts increasing with increasing TS-MS delay it 

clearly doea so because the proportions of high and lov 

ratings change, with very few intermediate ratings being 

given but many doubtful responses being made* It is aa 

if TS is either seen or not seen on any one trial, with 

the probability of seeing increasing smoothly beyond the 

30A for maximum masking* This is not observed for forward 

masking^ however, intermediate ratings being given in this 

case*

&lanc*0arin f s main conclusions arise from compartRons 

among the results for the three rating methods* In any one 

condition the three curves of average rating against SOA 

value usually differ* Most importantly variations in the
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independent variables make different pattern* of changes 

to the tfiree ratings* Brightness It reduced when TS and 

MS are presented to the tame eye and are close In space 

and trime; dichoptlc presentation or Increased spatial 

or temporal separation generally reduces the dimming pro* 

duced by MS, Apparent duration is relatively unaffected 

by spatial separation or dlchoptlc presentation. Changes 

in sharpness of contour generally follow changes in bright- 

ness, but increased spatial separation or dlchoptlc pre­ 

sentation did not restore sharpness of contour as markedly 

as brightness• Blanc-Garln concluded: "We may suppose 

that the various sensory dimensions are mediated by different 

mechanisms acting at different moments•• Brightness seems 

to be the dimension determined soonest in the visual 

message, but its coding require* a large amount of time... 

its coding Is partially determined in the peripheral parts 

of the visual system*•• Apparent duration ... seems to be 

defined later, is secondary to brightness and nerhaps 

processed at a higher level,.. The elaboration of contour 

appears as a secondary phenomenon slovly built up by means 

of a lateral inhibition process* Accentuation of contours 

develops in time and is strengthened at the different stages 

of data processing. It is a more complex, more costly and 

more fragile dimension than brightness*.
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Finally in thia saction some racant results of 

Welsstein's (1971) will ba mentioned bacausa they illus­ 

trate tha application of a lina of thinking vary similar 

to 3lane»Garin f s» Waisstain raasonad that both brightness 

and contour intaraetlona hava been found to giva masking» 

vith brightness Interaction* only occurring monocularly 

and contour interactions possibly giving >functions. 

Therefore if TS and MS are chosen to allow both brightness 

and contour interactions 9 presentation is monoptic and a 

response measure sensitive to both brightness and contour 

effects ia usadt it may be possible to obtain a W-ahaped 

curve. If so, one masking maximum would ba at SOA zero
V

and reflect a brightness interaction and tha other maximum 

would reflect a contour Interaction. Waisstain found that 

if TS and MS were circular flashes, HS waa a little larger 

and of rat bar highar luminance than TS, presentation waa 

monoptic and tha response used was a rating of tha 

•proportion of TS disk remaining', than a W-shaped function 

waa indeed obtained. If presentation was dichoptic, the 

maximum at SOA zero disappeared, as expected.

In aummary, controvaray over what eonditiona glva U» 

functions and ovar tha merits of forced-choice response 

methods has lad to experiments suggesting that tha debate 

is empty. But these experiments do show that it is both 

necessary and possible to distinguish experimentally tha 

variations in different subjective aspects of atimuli in 

masking displays.
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The idea that information concerning different aspects 

of input is processed in different ways at different times 

has been laboured repeatedly in previous sections and we 

have seen many experimental results supporting its validity* 

In this section aome more experimental results with the same 

implication will be mentioned, then two lines of recent 

theoretical and experimental development will be discussed*

Haber and Standing (1968) and X*iss (1968) presented 

arrays of one or more letters and required £s to report as 

many letters as possible, or to give ratings of the apparent 

clarity and contrast of the array* The array presentation 

was degraded either by using a very low luminance and short 

preaentation time, or by following the array with a visual 

noise*field* When accuracy of letter report was the same 

in the two cases ratings of clarity and contrast were higher 

for the masked than for the very brief presentation con* 

dition. Also* the two types of measure followed different 

functions with change in severity of degradation in the two 

caaes. So sharpness of contour may even be partially separ­ 

ated from a shape identification task*

Treisaan (1962) studied the appearance of displays 

giving both stereoscopic depth perception and binocular 

rivalry* Her results suggested that processing of contour, 

shape, intensity and colour information may be partially

separate* For example in some conditions contour disparity 
gave depth perception of shapes whose colours were rivalling*
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A review of the Impairments of visual function pro* 

duced by missile wounds In the brain of man was given by 

teubert Sattersby and Sender (i960)* lor example they 

described the fairly regular sentience In which different 

visual abilities return after temporary total blindness 

produced by some wounds in the posterior lobes, i'irtt 

there Is an undlfferentlated sensation of light, later 

a discrimination can be made between stationary and moving 

light, then orientation may be seen and blurred contours 

appear and finally colour perception may return* Without 

implying gross localisations of the relevant mechanisms f 

the authors concluded that 'there is a functional hierarchy 

of different aspects of vision which can be derived froia 

their relative vulnerability to cerebral lesions 1 *

We shall now consider recent experimental and theor­ 

etical work in psychology which has aimed at not only 

defining the dimensions of perceptual analysis but also 

the basic units, with some attempt to relate the functional 

units with hypothesized corresponding neural structures* 

Sutherland (1959) argued that animals 9 observed abilities 

of discrimination, learning and generalisation might most 

reasonably be explained by a processor having specific 

mechanisms (•analysers 1 ) tuned to respond to a particular 

type of input* Since then of course single cell recording 

techniques have been used to find many cells with such
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propartiaa in animate. Tha idantification of comparabla 

structures in man 1 a visual ayatam ia difficult; Weisstein 

(1969) reviews tha difficulties and tha prograaa which haa 

been mada so far.

Ona baaic problem ia deciding what criteria should ba 

uaad for judging whan psychophysleal findings may ba taken 

as providing satisfactory evldenca for specific naural 

analysing machanisms. Weisstein arguad that compatibility 

with direct neurophyslological evidence in animals and in* 

direct evidence in man is required, and that the psycho** 

physical changes must occur vary specifically to the 

stimulus attribute varied.

So far, tha fading of stabilised retinal images, 

aftereffects and visual masking have providad tha main 

experimental approaches. Host of tha work with stabilisad 

retinal images is poorly quantified and there are problems 

of establishing tha reliability and validity of tha report­ 

ing procedure which must ba uaad. But Welsstein f s main 

objection is that what wa saa ia tha output of, presumably, 

a complicated hierarchy of analysers, with different- 

proper tie* of tha sama input being analysed by different 

parts of tha system, and so it is not possible to make 

convincing inferences from observed deficiencies in tha 

final output of tha whola systam straight back to tha
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properties of the analyaera early in the system. Similar 

comments may be made about aftereffect techniques, with a 

particular difficulty being that of determining not only 

what analyaera remain when a particular aet of analyaera 

ia adapted out, but aiao what the properties of the adapted 

analyaera are* For example the MeCoIlough (1965) effect 

obtained after adaptation to two gratings of different 

colour* and orientation may be explained by cells with 

dipole receptive fielda (Harris and Gibaont 1968) rather 

than by the adaptation of edge detectors aa proposed by 

Me Co I lough and by Fidell (1970)* gieverthelees Seamier 

and Fantle (1967) and Pantie and Sekuier (1969) presented 

evidence for a plausible model of movement aftereffects 

baaed on earlier proposals of Barlow and Hill (1963) that 

direction sensitive cells can be adapted selectively* 

Later work (Day and Strelow, 1971; Strelov and Day, 

1971) is trying to define more precisely the properties 

of the analysers for motion* Similar discussions have 

been presented for aftereffecta of tilt and curvature 

(CoItheart, 1971) and for figural aftereffects in general 

(Sutherland, 1961).

Weisstein smiled most approvingly on visual masking 

approaches to analyser identification, emphaaialng the 

great range of stimulus combinations available and the 

advantage that the time course of processes involved 

may be tracked, ftoulihan and Sekuler (1968) used a masking 

method to obtain evidence for orientation-spec!fie analysera,
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Campbell and his colleagues used converging approachas 

by measuring masking (Campboll and £uiikowskfct 1966), 

contrast detection threshold (Caispboll and Bobsont 1968) 

and averaged VBR (Biakemore and CampbeU, 1969) to study 

properties of analysers for orientation and spatial 

frequency*

Thomas (1970) gave a similar analysis In putting 

forward a model for the function of analysers In human 

vision. Hi stressed the hierarchical nature of analyser 

organisation and pointed out that different experimental 

approaches might Isolate units at different levels and 

so give conflicting results* An example of such a 

conflict is that Dick and Dick (1969) found that processing 

of line orientation was more primitive than letter pro* 

cessingt in the sense that different presentation times 

were required for tachistoscoplc Identification; Zichel- 

man (1968), however9 found that the time taken to make 

physical 'Same* judgments for letters was no longer than 

that required for line segments in various orientations*

the idea that different mechanisms process different 

aspects of the total input to the organism has been applied 

In ft general, central way as well as in the fairly simple, 

physiologically-based way discussed above* All of the 

work on attention may be considered as aimed at Identifying 

the mechanisms which are most easily separable and studying
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how the different mechanisms interfere with one another, 

or bow some may ba suppressed to the advantage of otheirs, 

Treisman (1969) used the term analyser not only for the 

mechanism selectively tuned to a particular colour, which 

we know to have a cloaaly associated neural structure, but 

alao for the mechanism responsive to French rather than 

any other language, which will probably never be closely 

associated with a particular neural structure*

It is attractive to think of the nervous system as 

beiag a large hierarchy of analysers of increasing ab» 

stractness as we go deeper into the system: from simple 

to complex to hyper-complex, in **ibel and Wlesal's 

terminology. Then the task would be to extend the work 

on specific peripheral analysers inwards, until ail was 

understood, in flow chart tarn* at least, if not in 

physiological terms. 3tit it is not even that simple for, 

as De Valois (1966) stressed, there is great divergence 

at well as convergence in the nervous system. There is 

certainly convergence from the 120 million retinal recep­ 

tor* to the one million optic tract fibres, but input from 

any tiny area on the retina also has a diverging influence: 

it contributes to more central signals carrying information 

about brightness, contour, orientation and movement or, 

even more centrally, meaning and pleasantness. Analysis 

of such a system Inevitably becomes a problem of deter** 

mining what the units of Independence are at each level
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and Garner anil Norton (1969) analysed just hov tricky a 

taak this la v given that usually we can only observe tha 

Input to tha ayataai and tha output from It* 3ut techniques 

ara available and progress haa been mada.

It certainly la a complex system which allows "* *--^ 

do tha thing* «ra can do, y«t- tnk«« up ao tnora room than 

that In a human haadf and «o It should be no surprlae 

that the job of understanding It la turning out to be 

correapondlnsly difficult.
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Mayzner Describes Sequential Blanking* 

A review of the observations and experiments reported 

by Mayzner and his colleagues describing sequential 

blanking, and of Havener 1 • model of visual processing 

based on these observations.

3.1

In the last five years Maysner and his colleagues have 

published many papers describing various perceptual effects 

observed when letters are presented close together In time 

and space. The main effects have been termed •sequential 

blanking 1 and •sequential displacement'. Other observations 

have been related to apparent movement 9 form perception and 

visual maaking. In nearly all cases observers* phenomeno* 

logical descriptions of displays provided the data and 

Havener deliberately postponed detailed psychophysical 

investigation of a few effects in favour of exploratory 

observations of a variety of displays.

In this chapter Havener f s early observations and 

first theory will be described, then some of his later 

observations vill be mentioned, finally his latest 

theoretical ideas and associated observations will be

discussed.
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3.2 ____________________

Mayzner and Tresselt <1966), in « paper 

1 Studies in sequential perception: looking at on* thing 

but finding another* t reported the surprise of their £s 

who only »«w 7 or 8 letters when 10 letter* were presented 

sequentially at a rapid rate in a horizontal iine§ but in 

a random temporal order*

Mayzner, Tresselt and Cohen (1966) and Mayzner, 

Treaaeit 9 Adrignoio and Cohen (1967) reported more system- 

atic observations, although they aay that •since little 

previous work vas available to provide guide-lines for 

the present study, a phenomenological and qualitative 

approach was adopted 1 * They reported that if the letters 

of the word CHMR were presented in a horizontal line in 

the correct spatial order but in the temporal order 42513 

(i.e. first the 1 in position 4, then the H In position 2, 

etc.), £s 9 reported perception depended on the 3QA between 

successive letters. For SOA values from zero to 4 msec 

the letters were seen as appearing simultaneously. For 

SOA values of 100 msec or laore the letters were ail seen 

and appeared in a clear sequence. But for SOA values of 

about 40 msec the first two letters presented were not 

perceived at ail and the fis reported seeing the word C A Rt 

with its letters widely spaced: this phenomenon was termed 

•sequential blanking 1 . If the SOA value was changed
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gradually from zero to 100 msec* tha three types of 

perception were observed in succession, each merging 

smoothly into the next* Sequential blanking was observed 

with a row of Ix, dashes t random letters or letters 

forming a word. Variation of letter presentation time 

from 0.1 msec to 50 msec, while holding SOA constant, 

made little difference. The effect was invariant with 

changes in viewing distance from a few inches to a few 

feet t with changes in character size from 0*25 in. to 

1*0 in., with a change from head-on viewing to oblique 

vlaving, and with large changes in room illumination. 

Use of crossed polaroids to present the blanked letters 

to one eye and the others to the other eye showed the 

effect to be central* Displays of various sixes and 

composition and numerous different temporal display 

orders were used* the general conclusion was that the 

first 50% or so of letters in a display were not seent 

providing that the SOA was chosen so that the duration 

of th* whole display was about 200 nsec* Thus the best 

SOA for a five letter display was 40 msec while for a 

twenty letter display it was 10 msec* A letter was 

less likely to be blanked If it was at either end of 

a display and the othwr requirement for the observation 

of sequential blanking was that the temporal display 

order was scrambled; if it was too regular then the
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effect was not observed. For example the orders 1234567S9t 

('t 1 stands for ten) and t987654321 gave strong impressions 

of apparent movement. Similarly, for I35792468t two streams 

of apparent movement from left to right were seen, but once 

again all letters were visible: there was no sequential 

blanking. With this display order, Incidentally, a large 

spatial gap was seen between the lettmrs'2nd and 9th; 

this effect was termed 'sequential displacement 1 .

the requirements of a scrambled temporal display 

order and an SOA value giving a total display duration 

of 200 msec, together with examination of Just which 

letters suffer blanking in particular displays, led to 

the conclusion that letters which are followed on one or, 

usually, both sides by othmr letters arriving about 100 

msec later are the ones which are not seen. In large and 

complex displays 2, 3, or even 4 adjacent letters may be 

blanked, but similar conditions hold when this occurs. 

This conclusion fits well with classical findings in 

masking and metacontrast and Kahneman (1968) in his review 

includes sequential blanking simply as a special type of 

metacontrast.

Mayzner noted the close relationship between sequen­ 

tial blanking and apparent movement. A change merely 

in the temporal order of display, with SOA and other 

parameters held constant, 'from a regular to a scrambled



80

order produced a change from the perception of ail letters 

and strong apparent notion to perception of only some of 

the letters with perhaps still a little apfsrent movement 

remaining. Kahneman (1960) made much of this relationship 

in developing his argument that metacontrast is tbe 

suppression occurring when a display gives apparent 

motion in two conflicting directions at once.

3o far sequential blanking has been described as all- 

or*»nonat and this is exactly how nayzner described it. 

Any letter is either perceived clearly or not perceived 

at all, and Maysner stressed the striking and compelling 

nature of the effect, the excellent agreement among ob­ 

server* and the persistence of the effect even after 

prolonged observation* In the early papers there is 

only one slight qualification made! 'only if an observer 

fixates directly on the location of a missing element and 

so tunnels his vision as to exclude almost all other 

elements can a missing element be detected 9 .

riayxner, Tressait and Heifer (I96?a,b) described 

several more properties of sequential blanking. The 

effect was observed for vertical and oblique lines of 

letters and it also occurred in two*dimenslonai arrays 

of letters, vith very similar principles governing whAch 

letters or coitions of letters were not seen. The effect 

was not observed wfcen the spacing between letters was
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increased to two or three letter widths. And, moat in* 

terestingiy, it mattered whether all the characters in 

the display were the same. For example if ten dashes or 

ten strokes wore displayed in the order 7£92i,t£,18 

the characters in the underlined positions were not seen, 

but if the display used was -/«.//-//•»- or

/ ail characters were seen,

As before sequential blanking was described as aft all* 

or-non* effect, Mayxner, Tresselt and Heifer (I967a) in­ 

cluded a photograph of a simulation of the effect, in which 

blanked letters were simply omitted from the display f to 

show tt*e reader how the display actually appears to an 

observer when the appropriate input rate is actually 

employed 1 , Havener, Tresselt and Heifer (I967b) displayed 

CAR immediately below the sequential blanking display of 

CHMR described earlier, so that the apparent and physical 

absence of the H and I could be compared directly. They 

say that •such a comparison produces a visual experience 

which Je report th«t the two display sequences appear 

almost exactly alike, but that there is occasionally a 

fleeting impression that the sequence actually displaying 

the 1? and I seems to have a very dim biuji of diffuse light 

in the H and 1 locations*.
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In two further papars Mayzner (1968; rtayzner, Treaselt 

and Jfclfer, I967a) described the $200,000 worth of equip* 

ment used to present the displays studied* Tbey were 

presented on one of the four cathode ray tubes driven by 

a i>0i**7 computer having 8K of 18-bit* core storage and 

magnetic tape units for backing storage* Timing was 

under control of a 20.000 Hi crystal clock. Be also das* 

cribed the software developed for the work and stressed 

the necessity for the services of a full-time programmer.

3*3 The first model

Mayzr»*rf Tresselt and ML far (I967b) described a model 

of visual information processing; the model Is shown in 

Figure 2. Impulses aroused by visual stimuli pass up the 

visual system, beyond the visual cortex and not until about 

130 nsec after stimulus presentation do they arrive at the 

SVE (subjective visual experience) box* At the entrance to 

SVff is a gate which allows signals from stimuli separated 

in time to interact and which sometimes allows later signals 

to block the entrance to SVB |roFearlier signals, thus pro* 

during sequential blanking* Varbal report is assumed to 

reflect the SVSa 'in response to the question, •What 

characters do you see in the displayf 1 ... we assume that 

an observer is reporting his own immediate subjective 

visual experience (SVS) of what he has just observed and 

recalls of that observation 1 .



03

Mayxaer argued that SVS only follows after 100 msec 

or more of visual processing because It Is Implausible 

to suppose that a character enters SVf immediately after 

presentation, and so by definition is f seen*, only to be 

displaced 10Q asec later by a similar character arriving 

at the correct time and place to give blanking. He 

recognised that verbal response is Inevitably delayed a 

little and so a rehearsal loop bypassing the gate was 

provided to allow S to remember his perception long enough 

to give his report. The possibility that blanking operates 

by interference with memory rather than original perception 

vas not considered*

Maysner discussed whether the gate blocks completely 

the passage of some inputs or whether tome inputs •are so 

attenuated in intensity that their perception relative to
'uMrl

the much brighter blanked Inputs does not occur 1 . He did 

not decide between these alternatives although he leant

somewhat to the severe attenuation postulate on the grounds/
that in some cases £9 report seeing some trace of blanked 

Items•

This early model postulated that input takes some 130 

»**c to reach SVS and so may be interfered with bv later 

inputs, but it did not tackle the problem of how the later 

input, or some aspect of it, Jumps ahead through the visual
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processing praeading SVE in order to be able to affact 

tha perception of the first intuit. Another difficulty 

ia that the estimates of the processing times associated 

with each box in the model depend heavily on the assump­ 

tion that a simple visual reaction, tatting over 160 msec, 

requires that a signal reaches and passes through SV£« 

But Fehrer and ftaab's (1962) TS did not reach 3VE yet 

the visual reaction time was still about 160 msec. 

Mayaner accommodates this by noting that Fehrer and 

Baab's £s 'may not subjectively experience the target 

stimulus, [but] they do report a subjective experience 

os movement9 and we would suggest that this movement 

perception serves as the initiating signal for RT response 1 . 

This movement perception, however, la a property of Ts and 

MS together and so can hardly trigger a simple reaction 

as early as the onset of TS. Also, Havener's argument 

will not explain the result of fehrer and Mederman (1962) 

that? * normal visual reaction may be elicited by a TS which 

cannot be detected even by secondary cues.

SVS is the crucial stage of Maysne^s model, yet cannot 

be defined beyond naming it or taking it as being equi­ 

valent to the answer to the question p»Jt to t*he § •What 

did you see? 1 . The whole argument of Chapter 2 that an 

understanding of masking will only follow experimental 

analysis using many different tasks ia relevant here.
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It suggests that experiments using responses other than 

phenomenal description are required if we are to develop 

a theory of sequential blanking which Is more than a 

thaory of what observers say they saw*

3.4 Further observations bv Mavgner

The 3V2 box in the modal (see Figure 2) is shown, 

tentatively, as lasting for soaa 100 msec, trassalt and 

Mayzner (1969) examined this point further by singly pre­ 

senting two adjacent or superimposed Xs successively and 

askin$ £ at vbat temporal separation the display 'represented 

a discontinuous visual experience rather than a continuous 

visual experience 1 • Values obtained ranged from 60 to 

120 msec and were compared with other measures of visual 

persistence made with quite different displays in quite 

different conditions e.g. those of Haber and Standing (1969),

Another line of enquiry was concerned with the effect 

of similarity between blanked and blanking characters, 

HAyzner, tresselt and Ifelfer (I967b) described the appearance 

of »/•//. //-- with temporal order 7592lt4386t no 

blanking was seen. But if the vertical expansion control 

of the display tube was turned the slashes became shorter 

and eventually were indistinguishable from dashes, in which 

ease sequential blanking operated and the first five charac­ 

ters (which had been the slafthes) were not seen. If the 

control was turned slowly back again f as soon as the /s
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are again changed in orientation to a slight degree, all 

five /a reappear on the display 1 • Once again description

was in tans of blanking as an all-or-none phenomenon*

SuchsbatvR and Hayzner (1969) studied blanking displays 

of five vertical lines* With an SOA of 40 msec and with 

temporal order 31425 £s reported seeing 3 of the 5 lines; 

the first two presented were blanked* But if the tvo lines 

presented first were made either shorter or longer than the 

other three they became progressively more visible as the 

length difference increased, Hayzner and Tresselt (1969) 

obtained similar results using squares as stimuli: if 

the blanked squares were distorted slightly by changing 

the length of one of their sides they became visible and 

the proportion of occasions on which blanking occurred 

decreased aa the amount of distortion increased. The 

authors interpreted the results in terms of interactions 

*'long geometric analysers which are very form specific*

Mayzner* Tresselt and Hslfer (I967b) first reported 

disinhibition in sequential blanking displays* They used 

an SOA «f 20 msec and interleaved the letters of two five* 

letter words (•beach 1 and 'carry 1 ) to give GBASRAaCYB as 

th« display* The temporal order was 61728394t5 anc? t as 

expected, ^s reported seeing CARRY but not BSACH* If now 

a third word was added with its letters adjacent to those
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of the second word, CARRY (and therefore overlaying 

of the letters of the first word, but appearing much later 

in tine) j|a usually reported seeing the first and third but 

not the second word presented. If a fourth was added, 

only the second and fourth were seen; the first and 

third were not seen. Mayzner (1970) reported a similar 

finding of disinhibitlon using single letters, Hot overlayed 

at any point, rather than words, these findings are simi­ 

lar to those discussed above (see Section 2.6) and also 

lend themselves to an explanation based on lateral in* 

hibltion Ideas; Mayzner (1970) gave a description in 

such terms.

Following up the idea that blanking Is produced by 

Interactions among form specific analysers, Schoenberg, 

Katz and Hayzner (1970) investigated a sequential blanking 

display consisting of a row of five dots. Under the 

appropriate conditions only three of the five dots were 

seen, but if the two blanked dots were moved very far 

above or below the line all five dots became visible. 

The authors varied systematically the positions of the 

blanked dots and so mapped the field of masking influence 

of the three fixed dots. They tertativeiy identified 

this with the shape of an inhibitory field in the 

human visual system.
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Tresselt, Mayzner, Schoenberg and Waxman (1970) 

reported a further phenomenon. They used a standard 

blanking display of e.g. BBBBB with an SOA of 40 msec and 

a letter presentation time of 20 msec. As expected only 

three letters were seen. They then noted that if ••$. ** 

ft and a 3 were presented in the same place, each for 20 

msec and in immediate succession £ saw only an uninterpret- 

able jumble. They combined the two conditions by presenting 

ant ft immediately before the presentation of each of the 

two blanked letters in the BBB33 display, in the same 

spatial position as the blanked letters. £s were required 

to Identify the letterjsor letters presented in spatial 

positions 2 and 4 ft the blanked positions. In the control 

condition the three non-blanked letters were not the same 

as either of the two letters overlayed In the blanked 

positions and £s made 11% of correct identifications. 

In the experimental condition they made 37% of correct 

identifications. The difference is highly significant 

and was interpreted as showing that the sequential blanking 

type of interaction can be very speciflex later letters 

can subtract identical letters from the earlier Jumble, 

thus allowing the other letter in the Jumble to be seen 

more easily, this result is strong evidence in favour 

of Havener's idea that interactions among form specific 

analysers underlie sequential blanking. It would still
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be desirable to show, how«v«r t that similar disinhibition 

is not produced by adjacent letters presented simultaneously 

with the overlayed pair, possibly by some different com* 

parison or subtraction orocass, but is specific to 

displays having the time characteristics giving sequential 

blanking. Robinson (1971) reviewed the studies finding 

disinhibition in backward sjasking displays and concluded 

that if two flash stimuli are presented successively to 

one eye and then a third, larger flash to the other eye 

dislnhibition is not obtained, even though weak interocuiar 

Basking cC the second flash by the third is observed. So 

Havener's observation should be repeated with the letter 

pairs presented to one eye and the blanking letters in 

positions i t 3 and 5 to the other to confirm that the dis- 

inbibition interaction does occur interocuiariy and so is 

related to tequentiai blanking.

Andreassi, Hayzner, Beyda and Waxraan (1970) took 

sequential blanking into the U-shaped curve arena (see 

Section 2.6). They used the standard five letter blanking 

display and required £s to identify the letter presented 

in spatial positions 2 and 4 i.e. the blanked positions. 

They varied SOAt incidentally completely confounding 

brightness with SOA, and obtained a clear U-function 

with the minimum et an SOA of 40 msec.
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The last two experiments are important because they 

required £• to give a forced-choice letter identification 

response, rather than to report, as in all previous ex- 

perlments v how many letters they saw. The earlier 

experiments raise questions about just what criteria £s 

adopted for * seeing* letters t hot* these criteria varied 

within and across £s, the effect of the instructions 

from the experimenter and the demand characteristics 

of the whole experiment. Much more knowledge than is 

available about the precise instructions given to £s 

and examination of the raw responses are required 

before an attempt can be made to answer these questions, 

The authors continually stress the striking nature of 

the effects and say that agreement among •bservers is 

very high. The paper by Havener (1970 ) is f howevert 

one of the very few to give data for individual £•• 

For a control Condition very similar to the standard 

five letter blanking display each 3, was required 'to 

fill in the appropriate cells of a matrix, in which he 

had observed alphabetic characters'. The percentages 

of blanked letters reported f seen' by the 10 £• were: 

10, 2,0, 32, 3, 28, 10, IS, 38 and 28, and so agreement 

among §* was not very good, unce again we feel the need 

for experiments using various responses and with clear 

control over response criteria.
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The final point to b* n«*nrton*d in this section is the 

failure of Sriksen and Spencer (1968) to observe sequential 

blanking, they could present letters at any of ten positions 

forming a circle and found that even when they used the time 

values and display orders reported by Hayzner as optimal 

neither they nor their Jj»s could observe sequential 

blanking. The explanation of this result presumably 

lies in the different spacing and shape of the displays 

used in this experiment.

3.5

Mayzner and Tresseit (19700 summarised many of the 

observations of blanking and related effects and combined 

their later ideas of interacting analysers with their 

earlier model of visual information processing. They 

ware more concerned with events occurring between input 

and the entry to 3V£t particularly at the gate, than 

they had been in the previous discussion which dwelt on 

the properties of SVE (see Section 3.3). They postulated 

'that the final visual experience is a resultant of 

certain excitatory and inbibiforv processes associated 

with each input and ail other inputs associated 'closely 1 

with it, in space and time.'. 'Thus, if the excitatory 

and inhibitory fields of a string of inputs be&in to 

overlap, interactions will develop and sequential blanking
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and displacement effects may occuC' 'If we finally asi 

that aa a result of about the first 100 or 130 msec of 

input processing, Inputs are 'routed 1 to locations within 

this columnar aystew [aa described by Hubel and Wieaei » 

and that if the inputa arrive in the same column, because 

of sufficient geometric similarities along dimensions such 

aa line length or orientation, angle size, degree of 

curvature, and ao on, then these Inputa may fall suffici­ 

ently close to one another for inhibitory fieida to 

Interact and so produce sequential blanking effects* 9 

Considering in more detail the interactions required to 

give blanking they aaid 'the inhibitory fields of the 

later inputs are now much stronger than the excitatory 

fields of the earlier inottts, which are slowly decaying 

with time; thus inhibitory interactions occur «t th« 

gate and the excitatory fields associated with the earlier 

arriving inputa become greatly attenuated by the inhibitory 

fielda associated

with the later arriving inputs'.

this analysis implicitly assumes that inhibition from 

later inputa travels ahead to interact with excitation 

from earlier inputs and ao it resembles Weisatein'a (1965) 

nodal and shares with It the problem that inhibition la
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usually found to develop and spread more slowly than 

excitation fa** Section 2.5). A less important point 

is that if the excitation frota an earlier input is 

asBlined to have decayed substantially by the time it 

reaches the gate then it is surprising that we ever see 

anything at ail, for the input then has not yet reached 

SVS! But the assumption is not crucial to the model*

Th« authors made much of the effect of similarity 

between blanked and blanking characters in their analysis 

In terns of analysers postulated to be very form*spec!fie* 

The theory thus explains why 11111 shows blanking while 

/-/-/ does nott but only at the cost of not explaining 

why e.g. CHMR does show blanking. There are one or 

two suggestions that homogeneous displays (XXXXX) $ive 

•stronger 1 blanking than heterogeneous ones (CHki^;, but 

once again without more quantitative and better defined 

ways of assessing blanking we can take the argument no 

further.

The finding of blanking and disinhibition when the 

iettiwrs of 2, 1 or 4 five*letter words are presented in 

sequence and adlaeent or overlapping in space was mentioned 

in the previous section. This finding was only reported 

informally on the basis of phenotnenological descriptions 

given by an unstated number of observers and in terms such 

as 'observers usually report seeing only ....*. N6
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description of the instructions to £s was given, fiven 

so, if interactions do indeed occur over the long tine 

intervals involved in the four word display (some 400 

ras«c). it is very hard to maintain that all interactions 

among inputs occur before any input arrives at SVS* It 

woul* seem more plausible to look for interactions at 

later stages in processing, and to analyse where inter* 

actions occur in terms of a sequence of boxes corres­ 

ponding to various responses rather than just the 

single box, SVS, corresponding to the response t *l 

see it 1 * An additional possbility is that memory of 

the perception of items may be disrupted if they cannot 

be distinguished sufficiently veil from the later items, 

as may be the case for similar letters presented in a 

tight Jumble in time and space* The interactions between 

fields which produce the suppression may then be considered 

to act fairly late in item processing and storage* This 

line of argument emphasises the importance of the organ* 

laation Imposed on a display by £ and his recodlng of 

items for storage and so comes close to many of the 

considerations of the previous chapter*

Mayxner and Tresseit (19704 reported one further very 

interesting finding* If SOMERSAULT was presented in the 

temporal order I62728£9£t "1th «n SQA of 20 msec. 

letters in the underlined positions were not seen* Simi­ 

larly, if MHBOLUXSUS was presented in the same conditions
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tha firat fiva random letters tore not seen but tha aacond 

fiva letters, forming tha word rOtJSE, were seen. But if 

two common fiva letter words were Interleaved and TCAFBALIER 

waa presented £s reported the firat word presented, TABLE, 

on 87% of occasions and the second word, CHMR, on 91% 

of occasions, (This result is at variance with an earlier 

informal observation by Kaytmer, Tresselt and Balfer (I967b) 

which was discounted by Maysmer and Tresselt (1970$.) 3y 

comparison j|s never reported seeing a whole ten-letter 

word and for tha displays consisting of five random letters 

and one word, the word was identified on 88% of occasions, 

while tha five letters ware identified correctly only on 

21, 6, 4, 8 and 12% of occasions respectively. The authors 

concluded that word meaning can affect processing before 

entry to 3VIS and so can influence whether sequential 

blanking occurs or not, 'In sum, the sequential blanking 

paradigm may allow for a spatial mapping of Inputs, in the 

visual cortex and higher centers, differing not only 

along geometric dimensions, but along •meaning 1 dimensions 

as well 9 . Ottal (I97lb), in a theoretical paper presenting 

the view that much present theorising and speculation In 

psychology goes much too far beyond the physiological 

findings on which it is allegedly based, argues that it 

is highly Implausible that vmeanlng 9 , a complex, d«*«B f 

abstracted property, affects tha operation of lateral 

inhibition and similar processes in the fairly peripheral
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columnar structures postulated by Haysner as the site 

of the sequential blanking interaction.

There are at least two other possible explanations 

of this result* The less interesting is simply that £s 

could combine scanty information about the five letters 

forming the first five*letter word and, knowing that a 

very cotaaon five*letter word had been presented, make a 

good guess. If the two five*letter word* forming the 

display were always close associates, as are TABLE end 

CHAIR, the only example of the words used given in the 

paper, then j&*s task was even easier, H» mention of 

any control of word frequency is made but the two ex* 

amples given of ten*letter words used are SOH1ESAULT 

and EXPERIMENT and these are both considerably less 

frequent than TABLE and CHAIR. So it might be reason* 

able that JJ* could guess the live*letter but not the 

ten-letter words and so this explanation cannot be 

ruled out.

The more interesting possibility is that since 

reading a word is a particularly fast process (see 

Section 2.4), §* could identify the first word presented 

and store the word in time to escape the disrttption 

produced by the second word. So in a sense meaning 

would determine whether blanking occurred, but indirectly 

by froviding & with a way of recodiag input to survive
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blanking ratrhar than by taking part directly in tha inter­ 

action* which ara blanking,

The use of word* in such experiments promises to 

provide SOM interesting experimental work. Pollack (1971) 

seem* to be the only study coming close to providing rele­ 

vant observations* Hs studied word recognition when 

letter presentation was in a scrambled order, but his 

letters were soaced one and a half letter width* apart 

and so it is not surprising that he did not report finding 

sequential blanking*

3*6 Ccmclaalqn*

Havener and his colleagues have described a variety 

of very interesting visual effects* In most caaea they 

have relied on j|e f phenottenological descriptions of 

dlspiaya and have been content to sav 'as the research 

program progresses, precise paychophyslcai procedures 

will be employed to ayatematically atudy the findings 

reported to date, but in no case are these more precise 

procedures expected to alter In any significant way the 

reaults already obtained* (Hayzner, Tresselt and Heifer 

I967b). In many cases we have missed the provision of 

complete descriptions of the experimental task and the 

instructions to £s and in one case where responses for 

individuals were published the agreement among £s was not



98

particxilarly close* In one case (Andreassi, Mayzner, 

Beyda and Waxman, 1970) where a forced-choice identifi­ 

cation response was required £s scored 70% correct in 

one set of conditions giving optimal blanking and this 

result is certainly different from the 'no letter seen 

there 1 phenomenologleal report elicited by the same 

displays. So not only may the response of giving a 

phenomenological report be unstable and hard to control, 

but other responses may tap other stages and aspects of 

visual processing.

We can conclude from Mayzner's observations that 

sequential blanking occurs when characters are presented 

in a scrambled order and that the characters which are 

blanked are those having adjacent letters presented about 

80-120 msec later. Blanking is not seen if the display 

order is easily organised into sequences: apparent move­ 

ment is seen instead. Similarity of shape between blanked 

and blanking characters enhances blanking, but the effect 

also occurs for random letters and for letters forming a 

word. Disinhibition is observed with either letters or 

whole words, and the interaction appears to be sufficiently 

shape-spec!fie to 'subtract 1 a letter from a jumble of 

two letters and thus allow the other letter in the jumble 

to be seen more easily. Finally, words can be seen more

easily than random letters in some sequential blanking
<

conditions.
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iMayzner's theory of visual processing postulates 

complicated interactions among excitatory and inhibitory 

signals arising from successive visual inputs. These 

interactions occur before the items reach SVS and they 

determine which of any set of input items will eventually 

enter SVE and so be seen. The importance of interactions 

amon$ signals from analysers in the visual system is 

plausible, but the restriction that all interactions occur 

before SVE is less so. It is probably more fruitful to 

think of different responses tapping different stages in 

the visual processing of items rather than one final 

•perception 1 box, SVE, through which all items must pass 

if they are to influence the response. So an investi­ 

gation of sequential blanking using various response 

measures might be fruitful and it is to this that we 

shall shortly turn.
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CHAPTER 4

Sequential Blanking Observed.

The equipment and programs used in the experimental 

vork. Some (general aspects of the experiments, 

Sequential blanking displays are oresentedj 

the phenomenon does indeed exist.

4.1 Introduction

This chapter introduces the experiments to be reported 

in succeeding chapters by describing the computer programs, 

computer and other apparatus used in the experiments. Then 

some general features of the experimental procedure are 

described. Finally, conditions are described in which 

sequential blanking has been observed. This course is 

taken in an attempt to establish convincingly that the 

metacontrast suppression of letters by other letters does 

indeed occur, however slippery a concept it may become 

later in the experimental investigation.

4.2

A LI IC-8 computer was available to run the experiments, 

It is a basic LItfC-8 machine with 3,000 12-bit words of 

core memory available for LI 1C language programming. It 

has two raagmntic tape units for backing store, an on-line 

teletypewriter and contact-closure inputs, but no clock.
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Figure 3. The LXNC-8 computer and teletypewriter. 

The S's cubicle is just to the left.
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Figure 4. S's working position. Note the slave scope 

with grey surround, the two dim lights, the rubber face 

mask and the response keys.
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Figure 5. The characters as they appeared on the 

scope. The figure on the left in the bottom line 

is the checker-board grid used in Experiments IV 

and Xe and that on the right is the nonsense form

used in Experiment XI.



101

Figure 3 shows the computer and teletypewriter. An II cm 

by 9 cm cathode ray tube, Tefcronix 561 A/3M modified, is 

fitted as a slave to the master scope of the computer. 

The slave scope is fitted with PI5 phosphor wboee light 

output is rated as decaying to 0,1% within 50 y^sec of 

the end of excitation. For our purposes therefore any 

spot forming part of a display on the slave scope may be 

considered to have no persistence after its excitation 

by the electron beam. Characters on the slave scope 

appear bright and slightly greenish against a dim dark- 

green background. The luminance of the characters i« 

difficult to measure and could not be maintained precisely 

constant during the 18 months of running experiments, but 

is of the order of 0,5 log ft-L for characters displayed 

continuously by the display programs used in the experiments.

The display systero includes a hardware character display 

generator which allows any subset of a 6 by A matrix of 

dots to be displayed efficiently. The patterns o€ dots 

selected to form the upper case characters and the digits 

are shown in Figure 5, Characters are 4 mm high and 3 tn» 

wide and there is 1 mm of space between adjacent characters,

In Experiments IX, VI and IX £ rested his face against 

a rubber mask and viewed the scope through a light-tight

tube so that the bright display was observed in an other­ 

wise dark field. Viewing was binocular and the viewing
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distance was 30 cm so that individual characters subtended 

0.8 deg. fcy 0.6 de&. at the eye and the rectangular area 

in which a row of 5 characters appeared was 0.8 

high by 3.8 deg. wide. In all other experiments 

head position was again stabilized by a rubber mask but 

the scope was seen in the centre of a dark grey cardboard 

screen uniformly and dimly lit by two small bulbs placed 

behind diffusers one on each side of jj's head. The 

luminance of th* screen v«s -2 io& t"t-U the li&htinn 

was arranged so that j>*s face was in darkness and no 

reflections could be seen in the scope; reflections, 

if present, are not only distracting but also lead £ 

to converge and focus behind rather than at the face 

of the scope. Viewing was binocular and the viewing 

distance was 35 cm so that Individual characters sub­ 

tended 0.7 de&. by 0.5 d@§. at the eye. Figure 4 shows 

the viewing arrangements.

Two response keys were used in many experiments. 

They were positioned for easy use by S^'s two index 

fingers and were connected to contact closure inputs 

so that the computer could measure response times (RTfc) 

and record keypress responses automatically.

TSGOPE is a set of LI$C-language programs developed 

to allow the presentation and control of experiments

requiring the display of only small numbers of characters 

at once, but requiring great flexibility in displayins
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these few characters. Complete descriptions of TSCOtffi 

and its component programs were given by Cummins (1969, 

1971). The system essentially consists of nine related 

programs held on tape and one master program which is 

permanently in core. The master orograw calls wanted 

programs from tape, maintains display parameter values 

for use by all other programs and holds reference tables. 

Ancillary programs permit the automatic generation rf 

certain types of lists of displays , the typing in, 

editing and storage on tape of any lists of displays, 

some analysis and output of results, and various other 

operations some of which will be mentioned in later 

chapters. LI *?O language programs were also written 

to translate data into a form suitable for analysis 

Ky FORTRAN

TSGOPE may be used to control experiments in two 

main ways. Displays may be triggered one at a time by 

£ using a hand or foot switch, with written response, or 

the £ may be required to give a keypress response and 

the next display follow automatically after the response.

Timing presented a programming problem because the 

computer was not fitted with a clock until more than two 

years after its installation. So T3COPE relies on memory 

cycle timing, with all the routines used for displaying,
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and recording responses and HTs, being precisely time* 

balanced, whatever characters are being displayed. The 

basis for/this timing is the computer swwory cycle ti«*
/ (

of 1.5 /zsec; this was measured and found to be accurate 

in absolute valu« and stable over time. The display 

programming is based on a display cycle of precisely 

3.405 msec within which up to nine characters are dis­ 

played. This is TSCQPE's finest unit of time resolution 

and all display times, waiting times and RTs are measured 

in units of display cycles. For example a character 

displayed for 20 msec would actually be displayed six 

tiroes, in six successive display cycles.

4.3 The

Some general aspects of the experiments will be 

described here to reduce the amount of repetition in 

the descriptions to follow of the individual experiments. 

The general plan is that in each of the next five chapters 

several experiments aimed at investigating one particular 

aspect of metacontrast in displays of letters will be 

described. The order in which the experiments are 

nsjrabered and described was adopted as being logical 

for presentation of the argument, but the chronological 

order in which the experiments were conducted is approxi­ 

mately: VI, IX, II, VII, VIII, III, XI, I, IV, X, XIII, 

XII, V, XIV.
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In all experiments the Sp were volunteer Oxford 

students of a young adult age without gross visual defects. 

Corrective spectacles were worn if prescribed. The prop* 

ortions of men and women were approximately equal. £s 

were paid an hourly wage and in some cases a performance 

bonus as well. Unless otherwise mentioned SB were initially 

naive to the phenomena tinder investigation and served in 

only one experiment. When £s were required for more than 

one session in an experiment successive sessions were 

always run on different days. Sessions usually lasted 

about 50 to 65 minutes.

The usual procedure in an experimental session was 

for the experimenter to point out relevant aspects of the 

apparatus, adjust the height of the chair so that £'s face 

was positioned comfortably in the rubber mask and make sure 

that jj, Mnderstood how to make the required responses. The 

experimental instructions were read out and any questions 

answered. Then £ was shown a display on the scope of all 

the characters he would see in the experiment and allowed 

time to study them. Then the practice lists were given. 

Short breaks were given between experimental lists and 

time was allowed at the start of each list for jj> to adapt 

to the moderately dim viewing conditions.
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In describing the experiments a 'display 1 will refer 

to a small set of characters presented close together in 

space and time. Unless stated otherwise a display con­ 

sists of five characters presented in a horizontal row 

in the centre of the scope* One or very occasionally 

two displays and the associated response make a 'trial 1 . 

The displays required for a seqtience of from 50 to 200 

trials make a 'list'. Lists for an experiment were 

always prepared and stored on magnetic tape beforehand 

and then read &nto mestory for use in an experimental 

session when required.

Four temporal display orders for five-letter displays 

are used in many of the experiments and will be given 

abbreviations. The two orders showing metacontrast 

are bl ('blanking') and frli^ ('blanking, reversed'). &JL 

is the order 42513 and blr is its mirror image, 31524. 

Two additional orders are rp ('non-blanking'; 14532) 

and nbr; ('non-blanking, reversed 1 ; ?^54l). A fifth 

abbreviation, sm. will be used occasionally to indicate 

simultaneous presentation of all the letters in the display,

4.4 Sequential blankina observed

Mayzner reported in several papers (see Chapter 3) 

that a five-letter display with the temporal order 42513

(i.e. bl)> with each letter being displayed for 20 msec 
and with an 3QA of 40 msec, produces sequential blanking:
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the first two letters Sinplayed, those in positions 2 

and 4, are not seen. If exactly the same conditions 

are used for a display on the slave scope to the 

then exactly the same observation i« made: only 

letters are seen. A little apparent movement is seen and 

with steady fixation on one of the blanked positions some 

trace of the letter presented there can be detected , but 

whether the display consists of five identical letters, 

five random letters, or a five- letter vord, striking 

roetacontrast suppression is indeed observed. If the 

display is recycled e.g. every 500 msec, then the effect 

is seen to persist and remain compelling. Use of the frlr, 

order &ives identical observations.

preceding descriptions have been $iven spontan­ 

eously by ,3s in many of the experiments and by many in­ 

formal observers including more or less notable visiting 

psychologist* being shown around the laboratory at various 

times during the last two years.

Many of Havener's other observations have been confirmed 

informally. For example changes in viewing distance, viewing
^^ arvzJvL*~4*&_<>~- -<tJi— 2 ̂  ̂-^iu^eL^^ "tk&SA*}

angle, Background iLWinance and display ^fcfrattofi/have little

effect, but the amount of suppression is reduced if SQA is 

increased or decreased or if the letters are spaced further 

apart*
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The appearance of nb and nbi; displays cannot be des­ 

cribed so unambiguously. The aim in selecting these 

orders was to find display conditions 'similar 1 to bl, 

and b\r but not giving suppression and the orders chosen 

were considered the best rather than ideal* Observers 

report seeing jerky apparent movement mainly towards 

the centre In the nb and nfrr displays* They often under­ 

estimate the number of letters in the display, yet can 

see each Individual letter and report no letter as 

apparently missing and no apparently ttnfllled spaces* 

So the marked suppression observed in frl and b^ displays 

does not occur in these displays*
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TR 5

Simple and Choice ^sponse Times to suppressed Characters

Sxpt I Suppressed characters can trigger a simple

response, 

Expt II Suppressed characters can trigger a choice

response when display conditions are constant

within a list. 

2xpt III Ditto, when display conditions are mixed

within lists. 

2Kpt IV The result does not depend upon contributions

frora lat«r characters. 

Expt V Suppression by metacontrast is not equivalent

to a physical decrease in intensity.

5.1 Introduction

The simplest task which can be inquired of a stimulus 

is that it should release a simple inotor response. Fehrer 

and Kaab (1962) shoved that TS in a metacontrast display 

can indeed do this. fov b^ and folr displays have the 

advantage that the suppressed characters are presented 

first in tl?ne an** so have the first opportunity to release 

a simple response, i&pertment 1 asks whether a simple res­ 

ponse to sue* displays is indeed elicited by the first 

•tmmressed character.



no

More complex perceptual analysis of a stimulus is 

required for it to control a choice r*8r>onse, Experiments 

ll t IH, and IV enquire whether suppressed characters can 

be analysed In sufficient detail to do this.

finally in this Chapter, SKperltnent V examines a 

related side issue. We know that RTs to stlnmil of low 

intensity are long. Also, observers report that some 

letters in bl displays appear absent or very dim. Will 

a direct comparison show then that metacontrast suppression 

resembles simple physical dimming at least in its effect 

on choice

5.2 Simple responses

Sxneriroent I ; Simple Response rimes

S» in this experiment gave simnle keypress responses 

as quickly as possible to the onsets of successive displays 

in a list,

Twelve experimental lists of 170 displays each and 

2 practice lists of 50 displays each were prepared. The 

ensemble of characters used was (ABCDEr^*! 123456789) and 

half of the lists consisted of pure displays (77777 or 

6 ) and hrtlf the lists w«r<* mixed displays (< , or 

36287), i'bur of each type of list were tended pure lists
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because display conditions -were toraoganeous through the 

list* One consisted of a random mixture of 85 &i displays 

and 85 blr displays, each display consisting of 5 letters 

or dibits, and was called the &1(5) list. A second list, 

the &I(4) list, was formed similarly except that the 

character presented first in time in each display was 

omitted, leaving every display consisting of 4 digits 

or letters. The £1(3) H*t w«* similar except that each 

display consisted of only 3 letters or digits, those 

presented first and second in time having been omitted. 

The fourth list in each case was termed the jgv(4) (my. for 

'moveraent ' ) list and consisted of displays of 4 letters or 

digits presented in the temporal order -1234 (my) or 

^321- £mvr)« where dash stands for a blank. The first 

character presented in these displays is thus in the same 

position on the scope as the first character presented in 

displays in the £1(5) and Jfcl/4) lists, but no suppression 

occurs and apparent movement is seen. The final two lists 

of each type were termed mixed lists because they consisted 

of mixtures of eoual numbers of £1(3), &l£(3), 

and tfl^(5) displays,

Kour 3s each served for 2 sessions. One of the original 

SB could not follow instructions «n^ m«d« very frequent- 

anticipatory responses; her data were discarded and she 

was replaced. In one session £ worked through the 6 lists
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consisting of pure displays and in the other the 6 lists 

consisting of mixed displays. The order of presentation 

of display type was counterbalanced over £s, In each 

session the 4 pure lists were presented first, in an 

order counterbalanced over £s and sessions 9 and then 

the two mixed lists were presented. £s were instructed 

to maintain fixation in the centre of the scope and to 

respond as quic^ as possible while making very few 

anticipatory responses.

The index finger of the dominant hnnH was used for 

response. The value of SOA was 40 msec and characters 

wer« presented for 20 msec. The time from one response 

until the onset of the next display, the R-S Interval, 

varied randomly among 8 values ranging uniformly fro® 

1,25 to 1,75 sec. It was necessary to vary the R-S 

interval since this was effectively the foreperiod 

and a simple HT task with a fixed, fairly short fore- 

period becomes merely a time estimation task and Ss make 

many anticipatory responses,

RSSULId A^D DISCUSSION

The first two responses In each list were considered 

to be for warm-up and were oraitted from the analyses, RT 

was measured from the onset of the first character to 

appear on the screen, RTs of less than 100 msec or more
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than 800 rasec were excluded and then RTs more than 3 

standard deviations avay frora the mean of the remainder 

were also excluded. 3.2& of all responses were excluded 

in these ways.

Heans of the remaining RTs were calculated for each 

£ for each condition and were subjected to two analyses 

of variance. Analysis I was a 5-way analysis and the 

factors were: pure/mixed lists; ^s; pure/raitfed displays; 

3/4/5 characters per distlay; bl/blr display order. This 

analysis thus included all the data except that for the 

BJ&(4) lists. All main effects and interactions were tested 

against their interaction with £s. (This will he the case 

in all analyses unless otherwise stated.) /4o interactions 

were significant (p > 0.10) and no main effects were 

significant (p >0.25) except that the main effect of 

3/4/5 characters just reaeNsd significance at the 0.05 

level. The mean RTs were 22^.3, 234.6 and 233.8 msec 

for displays containing 3, 4 and 5 characters respectively. 

Individual comparisons among means ("Hays, 1963, Chapter 14) 

showed that the values for 4 and 5 character displays did 

not differ (p >0.10) but that the value for 3 characters 

dlsolays is less than the other two values (p < 0.025), 

This 4.9 msec difference is much less than the SQA of 

40 msec and so does not alter the main conclusion which 

must be that the first characters presented in £1(4) and
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lil(5) displays, the suppressed characters, do trigger a 

normal simple response. This result is as expected con­ 

sidering the literature (see Section 2.5).

The explanation forthe email difference observed may 

be that the initiation of response may very occasionally 

have been postponed until the end of the display, perhaps 

because of a lapse in concentration, with the result that 

the &1O) displays, having a shorter total display duration, 

would show a shorter mean Tt. Examination of the HT dis- * 

tributions might settle the point, but more data than 

are available here would be required.

Displays of different total durations were deliber­ 

ately used so that equality of HTs over conditions could 

not be ascribed merely to the triggering of response by 

display offset, but would indicate that responses were 

indeed triggered by display onset.

Analysis 2 was a 4-way analysis including only the 

results for the pure lists. Factors were: ^s; pure/ 

miXed displays; &i(3)/£i<4)/&i(5)/ig£(4) list type; 

b^/blr. etc. display order. No main effect was signifi­ 

cant d> > 3.10) and no interaction was significant 

(p > 0.05). The best comparison to make to see whether 

the KT to suppressed characters is quite normal is that 

of the lsy/4) vitn ^d J2i(4 ) condition, because both types
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of display start in spatial positions 2 or 4 f both consist 

of 4 characters and so have equal total durations, and 

while the first character in the jfel(^) displays is 

clearly suppressed that in the jgy/A) displays is not, 

The mea.< arc 232.5 and 236.0 msec for the 2jv(4) and 

£1(4) conditions respectively. The difference is not 

significant (p >0.25) and th* 95% confidence interval 

for the difference is 3.5 — 7.5 msec.

This experiment indicates clearly that suppressed 

characters can elicit a normal simple response, and that 

this Is true for both pure and mixed displays and whether 

or not different display types are mixed in a list*

5.3 Choice Responses

II • Cfryaice Hestxtnses. with Display Conditions

Grouped

classified displays into two classes in this ex* 

periiaent, while working under ^peed and ecuracy pay-offs. 

Displays in some lists were Os or Xs and In other lists 

were digits or letters. Displays were sj^ or £1 and the 

two types were presented in separate lists.

To the extent that bl :iTs were found to be longer than 

RTs, information from suppressed characters was not
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available to influence the choice response. Any effect 

might depend on§ among other things, level oif practice, 

the extent to which jjj, was forced to respond quickly and 

the complexity of the perceptual analysis required. Any 

Influence of level of nraetie* was not investigated in 

this experiment, but the Speed and Accuracy conditions 

and the 0/X *nd di^it/ietter conditions were included 

to see whether the last two variables mentioned did have 

amr ranrfc^d effects.

Sight experiment A I lists of 202 displays and two 

practice lists of 50 displays were prepared. Ail displays 

consisted of five occurrences of a single character, 

In half the lists the character was either O or A, so 

every display | was either 00™™ or ^'XXXX, and these two 

displays occurred randomly and equally frequently. In 

the other lists the character was « digit (I, 2, 3 t 4, 3 f 

6, 7, 8 or 9) or a letter (A, 0, C, D, E, F, u, h or I) t 

so typical displays were 33333 and HHHKH.

Characters were always displayed for 20 msec and the 

SOA value wa» zero to give a^a displays, or 40 msec to $ive 

b\ displays, but was always constant for all displays in 

a list. The -i-S interval was 1,0 sec,
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Eight £s each served in two sessions, one vith Speed 

«nd one vith Accuracy nav-off conditions. In each session 

four experimental lists were used, one in each of the com­ 

binations of 0/X and digit/letter displays with %m and jgj^ 

presentation conditions. The order of sessions was counter­ 

balanced over ^s and the orders of use of lists and pre­ 

sentation of different display conditions were counter­ 

balanced over sessions and s.

£ was instructed to fixate in the centre of the 

and to oress one of the two keys as quickly and as accurately 

as possible to signal his classification of each display as 

consisting of Os or Xs in 0/X lists, or of digits or letters 

in digit/letter lists.

To Induce a set for »p@ed or accuracy the following 

Instructions were read at the start of the session:

Please try to work as quickly and accurately 

as vou can. ^umber of errors an^ reaction time 

are both used in calculating your bonus payments. 

in this session accuracy (speed) will be 

^£«<* ranch more heavily t*«« si>e<<*d (accuracy). 

SQ please try to work accurately (quickly), even 

at the expense of speed (making sotne errors).
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was reminded frequently during the session of the emphasis 

on speed or accuracy and at the end of each list one of the 

TSCv-^ii programs vaa used to calculate, using parameters 

favouring speed or accuracy as required, the number of 

bonus pence earned by £f s performance on that list.

RESJLTS

The first two responses in each list and the single 

response immediately following any error vere omitted 

from the analysis* (Responses immediately following an 

error were omitted because such responses am atypical; 

the point is discussed in Chapter 6.) The mean correct 

&T and the percentage of errcas were calculated for each 

list for every £. Too few errors were made to permit 

analysis of error RTs.

Two analyses of variance were performed. The first 

was a 4-way analysis of mean correct XT a and the factors 

were: £s; Speed/Accuracy; 0-X/disit-ietter; sm/b\» 

It showed that Speed RTs were lowertfhan Accuracy RTs 

(p ^ 0,025) and that 0/X RTs vere lower fvin digit/letter 

RTs (p < 0.001), but that there was no qtn/bl main effect 

(tf(l»7) « 1.00, p > J.25). .^b interaction was signifi­ 

cant (p > 0.25).



The second arklysis vns similar to the first and 

was applied ro the arcsine transform of the percentages 

of errors. It shove^ *"^«t more errors *>ere made 

Speed than in the Accuracy condition but that no other 

main effect and no interaction was significant (p

Tables I and 2 snow the »0an correct i<Ts and percent­ 

ages of errors averaged over £s f but for the 8 conditions 

separately, t^ RTs appear a little longer than sm RTs 

in the 0/X conditions t but the difference is no*- sig­ 

nificant. Also, if mean b^ and sm RTs are coiapared within 

£8 for each combination of Speed/Accuracv ^nd o-X/di^it- 

letter conditions the difference is in one direction for 

4 or 5 j|s and in the other for the remaining A or 3 J?s. 

So J2i and am RTs apparently do not differ in any condition, 

3ut making t^in conclusion involves accenting a null hypo­ 

thesis so some consideration of possible Type II errors is 

required. The most plausible alternative hypothesis is 

that b^ RTs are 80 msec greater than aty RTs; this would 

b» expected if neither of the suppressed characters in bl 

displays contributed to making the classification. 3ut 

even if only the first of the suppressed characters is 

assumed not to contribute and the veaker alternative 

hypothesis that frl \Ts are &0 msec greater than gm RT« 

is considered, it may be rejected at the 0.001 level

overall and at the 0.01 level for each of the 4 display 

conditions separately.
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dias
Classification Display —— — • ———————

Set Condition „ . Speed

0/X gm 349 (61)

t& 367 (32)

digit/letter 913 459 (66)

&I 453 (77)

Accuracy

418 (76)

427 (83)

535 (I 10)

540 (107)

Table I. Mean correct &?s (in taaec) for the 8 conditions 

in Experiment II. (Each value in brackets is the standard 

deviation of the 8 means for individual £p vhieh are aver- 

to ^ive the mean value shown.)
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Classification Display
Set Condition Spee<? Accuracy

0/X jsj£ 18.2 2.9

I 2.4

sis 22.7 4.3 

18.7 5.5

Table 2. Error percentages for *rhe 3 conditions in
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The analysis of error rates iounc no difference 

between the error rates for am and fr\ lists and so the 

equality of sjn and bl #Ts was not merely achieved at 

the Co**1 of a higher error rate in the bl lists.

Six of the 8 gs manrioned spontaneously that the 

bl Displays seemed to consist of only ^ characters. 

When specifically questioned about fixation all £s 

reported that they had fixated in the centre of the 

displays as instructed. ;>ut all bl displays were grouped 

by themselves into bl lists and so in those lists the 

first character in each display always appeared in the 

fourth spatial position. Therefore it is possible that 

,3s intentionally or unintentionally fixated on this position, 

a little to *•*<* riant of centre, and so perhaps gained 

some advantage with frl displays.

It is Just possible perhaps that responses to bl 

displays were not initiated by the suppressed characters, 

but that fy\ and s.na HTg wer« equal because stn responses 

were delayed by some effect specific t*o sm displays. 

This effect could have been some startle or overload 

effect produced by displaying 5 bright characters at 

once, although t^is seems impl«n«?ibie considering that 

£s worked through lists of 200 such displays. The

interpretation becomes even less likely when it is 

considered that any such delay to «m responses would
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have to have been precisely equal to the presumed delay 

in b\ responses produced by metacontrast. further evidence 

that this interpretation is untenable comes from another 

experiment, which will not be described in detail because 

only 4 $«_ v^r* run before it became clear that overall Ats 

were changing so much with practice during a session that 

any effects of tN» independent variables were bein^; over­ 

shadowed. " •* experiment was similar to Sxperiraent: II 

and, in particular, the different display conditions were 

presented in different lists. On«* analysis could reason­ 

ably be made on the data obtained and that showed that RTs 

to £1 displays and to nfe displays were tbecame^ and that 

this was true for all 4 combinations of Speed and Accuracy, 

and of 0/X and digit/letter conditions.

This experiment shows that a two-choice classi£ic- 

atory response niay be tri$s«r«(l by suppressed characters, 

at lease when different display conditions are grouped 

into separate lists, and eve" wfcen «cr'jr«cy is stressed 

and discrimination between digits and letters is required.
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Cnditions

In Experiment II t*e different dlsnlav conditions 

grouped into separate lists and so £& -"V ^flive 

adopted different viewing strategies with different 

lists • It was also possible that ga obtained an advan­ 

tage in $_\ lists bv fixatina selectively. Th« present 

experiment once a^ain required ^f to classify disjiays 

into two classes, but the display conditions were mixed 

within lists and bl and blr- and nfr and nbr conditions 

were mixed so that no single fixation position save any 

special advantages*

One further condition was introduced: the first 

character to *>* presented was otnitt**/* ft-o«» a randomly 

chosen half of th« displays of each type so that any 

effect of the first character presented could be deter­ 

mined by direct comparison of performance on displays 

without the first character.

HJKTHOD

<»xperiinental lists of I 70 -Hsplays and two

r>r/»rtic<» listff of 50 disnlavs were prepared. Half th«% 

lists consisted of displays made up of Os or Xs and 

the other lists consisted of displays made up of digits
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(l,2,3,A t 5,6,7,8 or 9) or letters (H,D,C, ~. t & 9 t :, u, . , or 1), 

Each display consisted of a single character repeated five 

times, except that the first character to be presented 

was replaced by a blank in half the displays of each type, 

Each list consisted of a random ordering of equal numbers 

of each of th« el<$ht possible dlstfay types: &L(^)» £1(5), 

£l£(4), UL£(5), t&(A), r&(5), nbr(A) and n£r.(5), where (A) 

indicates that the first character has been omitted from 

the display. The fotir disnlay orders were such that 

positions l t 2, 4 an^ 5 were each used as the first dis­ 

play position for one (4) order and one (5) order; these 

positions lie symmetrically about the centre and so there 

should have been no encoura«$«roent for ^ to fixate other 

than centrally,

Each character was presented for 20 msec and the SOA 

was ^0 msec. The time between the onsets of successive 

displays, the S-S interval, was held constant at 1,5 sec, 

^mT»s«, as rarely happened, £ had not responded within 

that time, in which case the next display was delayed 

and presented immediately after £'• response to the pre­ 

ceding display,

Eight £s each served in one Accwracv and one 

session. In each session four lists were used, two for 

each of the classifications 0/X and digit/letter. The 

order of sessions was counterbalanced over gn and the
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orders of use of lists and classification conditions were 

counterbalanced over sessions ana

£ was instructed to fixate in the centre of the screen 

and to press one of the two keys as quickly and accurately 

eft possible to signal his classification of each display. 

The p cure used to induce a bias for speed or for 

accuracy was the same as that used in Bynerlm^nf n.

ass 10 v

After the experiment had been run a serious error in 

th* ^reparation of the list was discovered* the lists 

were exactly as intended except that the character omitted 

to ^Ive the (4) displays was the first (in tajae) to be 

presented only for the n£ displays. The character con­ 

sistently omitted frona the other (*•) displays was the 

4th for b,I,« the 2nd for fo^r and the 5th for nbr. So the 

planned direct comparison between (&) and (5) displays 

would not say anything about the first character presented,

The first two responses in each list and the single 

response following an error were omitted f-on the analysis. 

In every case the T was measured from the onset of the 

first character actually to appear on the screen I.e. from 

the earliest moment at which £ had information on which to 

base a correct response. The mean correct RT and the per­ 

centage of errors were determined for every condition for 

every £ and were subjected to two analyses of variance.
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The first was a 3-way analysis of the arcsine trans­ 

form of the percentages of errors and the factors were: 

Speed /Accuracy; O-X/di&it-letter; bl/frlr/qb/fikg; ^s; 

(4)/(5). ^ analysis showed that more errors were made 

In the Spe*d than in the Accuracy condition (p < 0,005) 

and more in the dl$it/ietter than in the 0/X condition 

(p < O.OQl) t and that the interaction between these two 

factors was significant (p < 0.05). No other main 

effect or interaction vas significant and so once again 

consideration of RTs for the different display orders 

is not complicated by differing error rates or any con­ 

sideration of speed-error trade-off.

The second analysis was similar to the first and 

was applied to *"N* mean correct RTs. It showed that 

Speed 37s were lower than Accuracy ~Ts (p < 0.01) and 

the 0/X classification was faster than the di^it/letter 

classification (p < 0,001). "'to interaction was significant 

(p > 0.05) except t*«t of Speed/Accuracy with <4)/(5) 

(p < 0.05). Table 3 shows the mean RTs relevant to 

this Interaction and Table 4 the mean RTs for the different 

display orders.

The error in the list preparation did not directly 

affect the (5) displays since all these displays contained 

all five characters. Table 4 shows the mean (5) RIs for
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"limber of letters 
in each display Speed Accuracy

(4) 

(5)

433 488 

428 A96

Table 3. *iean correct :<Ts (msec) for 4 conditions in 

Experiment III.

lumber o 
in each

(4)

&i 464

blr *73

Mean of 
kl «nd b^r A68

£& 452 

Ti)?r ^55

i:oa:i of 
nb and nbr ^54

f letters 
display

(5)

469

460

464

463 

462

462

M*VrtTl

(4) and

466

666

466

458 

458

458

of 

(5)

Table 4. Mean correct 3fs (msec) collapsed over Speed 
and Accuracy conditions and £s for Experiment III.
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the different display orders and It Is clear that the 

speed of classification is independent of display order. 

The mean for ail (5) displays is 463 msec and this value 

siay be compared with the overall mean RT of 443 msec for 

Sxperiment II. The two figures are both means over 

Speed and Accuracy, 0/X and digit/letter, and different 

display order conditions. The standard deviations over 

£» in fScperiments II and III are 69 msec and 54 assec 

and so a difference of 65 msec is required for a 

si&nifleant difference (by t-test § d.f. * 14; 0.05 level) 

betveen the means of the two experiments. Therefore the 

observed difference of 20 msec does not approach signifi­ 

cance, although this comparison across £s is weak, and 

a common conclusion, that choice responses can be 

initiated by display onset, is warranted.

Turning to the (4) displays, the comparison most 

relevant to the aim of the experiment is that of bl 

and blr with nfr and nbr RTs. The analysis of variance 

showed no relevant main effects or interactions to be 

significant, but a planned comparison of the 468 msec 

mean for bl^ and blr with the 454 msec wean for the nb 

and nbr conditions (see Table 4) shows a difference 

(p < 0.05). The effect of the preparation error, however, 

was to omit the first character from nb displays and

the fifth from nbr displays so that the total duration 

of these displays was shortened. The characters omitted
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from the b^ and b^r displays, on the other hand, were 

the At* *nd 2nd respectively and no the total duration 

of these displays was the same as that of the (5) 

displays. Consequently any tendency for response to 

have been initiated very occasionally by the end of a 

display would have led to the nfr and afrr.r (4) Ht being 

a little short, and this was precisely the case* This 

interpretation is also consistent with the Interaction 

shown in Table 3, if it is assumed that any tendency 

for display offset to control response timing is stronger 

in the Accuracy condition, in which £ is working more 

slowly and cautiously,

In summary this experiment indicates that letters 

suppressed by raetacontrast can release a choice response, 

even wh«n different display conditions are mixed within 

lists, and that they can do so even when accuracy is 

stressed and discrimination between digits and letters 

is required.
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Sxoeritaent IV s Choice 'iesoonaes with I

Signal Controls.

It is possible that in Sxperls»nts II and III the 

choice response was indeed initiated by the first 

character presented, vhether this was suppressed or 

not, but that this character only served as a warning 

signal and did not contribute to the perceptual processing 

leading to the choice of response* In other words perhaps 

the first character presented did initiate perceptual 

processes, but these processes were not ready to use 

information relevant to the choice of response until 

later when non«*suppressed characters were available* 

If this argument were correct it would make no difference 

to replace the first character with, for example, a star, 

or any other character Irrelevant to the ciassificatory 

response required, l^cperiiaent IV provides this control.

MET HDD

This experiment was Identical to Experiment III except 

that every display consisted of 5 characters. The 5 

characters in a display were 4 occurrences of an u or X, 

or a digit or a letter, and one non-informative checker­ 

board pattern formed by 12 dots in a rectangular grid the 

same size an other characters. For a randomly chosen half
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of the displays the .grid was the character presented 

first and fordthar displays it was the character pre«* 

sented second. These two types of dismay were called 

Gl O&rld first 1 ) and G2 displays respectively, A grid 

was presented in the control displays, in the second 

position, la case the grid was in some way distracting 

and so that there was no difference in overall appearance 

between the two types of display that may have led to 

attentional bias,

were instr'jcted to ignore the grid and simply to 

fflake a classiflcatory response to the display as quickly 

and accurately as posiiible,

AND DISCUSSION

As usual most £p commented spontaneously that there 

appeared to be fever than five characters in some displays, 

Five of the 8 £• also consented that the &rid in each 

display was hardly noticeable or was seldom seen at all, 

One £ even asked why, after the change from the w/X to 

the di^it/letter condition, the grid had been omitted 

entirely from the display. These observations are similar 

to those made by Mollon's (1969) £s when trying to dis­ 

criminate the orientation of a Landolt C presented twice 

with an intervening noise* field. In that situation the 

noise-field was seldom noticed. The effect is presumably
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o/x

Gl G2

£1 389 388

blr 377 401

3fc 378 399

nbr 397 390

Table 5. Mean correct KT*

and Accuracy condition* and

O/X

Gl G2

ii 7.7 2.4

blr 5.4 4.2

ak 5.9 2.7

nbr 10.7 1.8

digit/ letter

Gl Q2

491 498

492 498

478 496

480 504

(msec), averaged over ^peed

£*, tor Experiment IV,

disit/letter

Gi G2

10.7 4.4

8.6 4.8

8.0 6.*

9.4 3,6

Table 6. Error p««rc«nta^e* t averaged over Speed and 

Accuracy condition* and £*, for Experiment IV.
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in each case the result of sustained attention to the 

relevant, informative parts of successive displays in 

a list.

The first two responses in every list and the response 

issued lately following an error were omitted from the analy­ 

sis. HTs were always measured from the first moment at 

which £ had information allowing a correct response. So 

RT was measured from the onset of the second character In 

Ql displays and of the first character in G2 displays. 

RTs of less than 150 msec or more than 1500 msec were 

excluded and then RTs more than 3 standard deviations 

away from the mean of the remainder were also excluded. 

o.S/» of all responses were excluded in these ways.

The mean correct RT and percentage of error were 

calculated for each £ for each condition. Two 5-way 

analyses of variance were conducted, one on the arcsine 

transform of the error percentages and the other on the 

mean correct RTs. The factors in each case were: Speed/ 

Accuracy; 0-X/digit- letter; £s; bl/^r/nb/nbrs

The analysis of error rates showed that more errors 

were made in the Speed than In the Accuracy condition 

(p < 0.001) and raore in the digit/letter than in the 0/X 

condition (p < 0.005). i^ore errors were made to Gl displays 

(8.3% errors) than to J2 displays (4.1%) (p <: 0.00l) t this
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factor interacted with bl/blr/nl/nbr (p^ O.O5) and these two factors 

gave a sirrnif leant 3-way interaction with O-X/dirit-lettor (p^ O.O5). 

Relevant error percentages arc shown in Table 6. No other main effects 

or interaction was significant (p> 0 S 10).

The analysis of mean RTs showed that Ss worked faster in the 

Speed than in the Accuracy condition (p ^ Q.O25) and faster in the 

0/X than in the di^wietier cuidition(p^ O.OO1). The Gl HT (432 msec) 

was shorter tT»*»-< th,- .13 HT (444 *nsec) (^ ^ ,.,OO5), this factor interacted 

with bl/blr/nb/nbr (p < u.OG) and these two factors gave a significant 

3-way interaction with 0-X/digit-letter (p<_ O.OG1). Relevant means 

are shown in Table ~. 30 other aaln effect or interaction was signifi­ 

cant Qf» 0.10).

It is clear that Gl displays were ciassinea uore quici^y than 02 

displays, but it reniains to be discussed whether this only reflects a 

speed-error trade-off or so».se other effect irrelevant to metacontrast , 

or is specific to bJL and blr displays. If it is specific to these 

displays it i plies tnat the grid in Gl displays was helpful as a 

warning signal and so characters suppressed by metacontrast might 

not have been fully effective in controlling the choice of a response 

in Experiinents II and III.

The Gl error rate was clearly wore than the G2 error rate and so 

the 12 nsec difference between the Gl and G2 ^.ean RTs rray be entirely 

explained by the operation of a speed-error trade-off. A reasonable 

•aeehanism for this follows si ply from assuraing a slight tendency to 

respond at a fixed time after display onset: since an informative 

character does not arrive until 4O msec after the onset of a Ql display 

a response given to such a display at the fixed tine will follow a 

sttc \rtcr ncrf^ ~* T*rr«eT>tiw) prooesain^ relevant to the response choice
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than would be the case for a G2 display. So it is more 

likely to be an error, but it will be recorded as a 

fast RT since RT is measured from the onset of the 

first informative character.

Interactions were observed of Ql/<32 vlrh Display 

order. Tables 5 and 6 suggest that these do not indicate 

a different effect of the position of the ^rid for dis­ 

plays with and without roetacontrast suppression, but 

rather that ft]Lr> Gl and nb r Jl displays are processed 

particularly quickly and accurately, especially in the 

0/X condition. These display orders are the two whose 

first characters are presented on the left of the fixation 

point, and so it is possible that ieft-to-right reading 

habits and perhaps cerebral dominance were responsible 

(see also Section 2.6 )•

It is possible th*»** *he grid has a general disruption 

effect and so the processing initiated by the first 

character in a 32 display may be interrupted by the 

arrival of the *$rid, or the grid may sometimes stop this 

processing with the result that processing must start 

a$aln after the third character arrives. In either 

case G2 HTs would be lengthened and the effect would 

presumably be independent of display order.
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Whatever causes th« overall difference between Ql 

and J2 KTs, the important- observation is that the size 

of the difference is no greater for b^ and blr displays, 

for which it Is 9 ™*ec f than for nb and nbr <Hsr»lays f 

for which it is 15 msec,

This experiment shows, therefore, that the conclusions 

to Experiments XI and III need not be qualified by ad* 

aittin^ the !>osstbitity that the first, suppressed 

character mi^ht only be serving as a warning -H- mal, 

The general conclusion must be that characters suppressed 

by metecontrast do indeed trigger normal choice responses*

5,4 Ketacrtrast suppression and h.ca

V > ysical

This experif&ent attesspted to measure more accurately 

than had the previous experiments whether choice RTs to 

suppressed characters are of exactly normal length, and 

also to discover whethmr metacontrast suppression resembles 

physical dinsnina; in itn effect on choice KT (see Section 

2.2). Once again §p made keypress responses to classify 

displays as consisting of letters or dibits •
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KETJHOD

served for fotir sessions each in this ex­ 

periment. All were very experienced in kT and perceptual

and one bad served in Sfcperiwent VI more than

a year earlier, but all were naive about the pur DO see of 

the experiment.

After a Ion-* series of pilot experiments it seemed 

best to make the main ce»mr>arlson8 required within lists 

to reduce error vari*tnc?% «nd *"o wake the two main com­ 

parisons within separate li«rs «o that in each type of 

list *•'<* *-*-o ^vn^s of disnlav vonTd he equally frequent 

and so TT could not be distorted by the effect of different 

display frequencies.

Twenty- fo^tr experimental lists of 162 displays and 

two practice lists of 8? dl«nl#ys were orenared. All 

displays consisted of 5 occurrences of a single letter 

betwean A and I or a di^it betw»«n i 6,id 9; displays 

consisting of Os or Xs were not used in this experiment. 

Half of the lists w«r* M ( •raetacontrafct 1 ) lists and half 

were 0 Odiramln** 1 ) lists. M lints were a random iciitture 

of eijual numbers of b^ and frlr displays and of ct 

(•control 1 ) and ctr ('control, reversed 1 ) displays. 

cj; displays co^«1 «*•** of 5 identical characters presented



successively in the order 4 5 3 , which means that the 

3rd and 4th characters were displayed in the sarae positions

as the 1st and 2nd characters, ctr displays were pre-
l 7. 

sented in the ordar H 5 A. These control orders were

chosen because the first two characters were presented 

in exactly the same way as the first two in the b.\ and bl 

orders, the 5th character was at the fixation position as 

for these other or^^*" 0 1* s ** t-, 4 r.it ^M-rafi^n r»f all 

was the same and yet no in?, or tnetacontrast & 

occurred in the control displays.

j lists were a random mixture of equal numbers 

and ctr displavs And of £Q ('dim 1 ) and drar ('dim, reversed 1 ) 

displays, dm and drar displays were identical with ct and 

displays exc«r>t tKat trhe first character displayed was 

intensified on ^e screen only once, whereas all o*" u ~~ 

cbaracters v«%r«> tnr*»r»*t? 1 ^d 6 i-i?n#»« d'trln? 6 consecutive 

display cycles to <?ive the normal chr r presentation 

lasting ?0 msec. SOA vas always 40 msec and the S-S 

interval was 1.5 ?

vas instructed to fixate in the centre of the screen, 

to ignore any differences Df appearance affion? the displays 

and simply to make a keypress classification of each di jy 

as quic!4y as possible, but without making many errors.

Separa^** ^r>eed and Accuracv n«y-off conditions were not 

used. A series of three 11 lists and a series of three ~
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lists were ''.iven in every session and every series was 

preceded by the appropriate practice list. The order 

of series v*s counterbalanced over sessions and ^s. 2*cb 

5 worked <-v^OM vV *-rh experimental list only once anrt th* 

particular letter or di<>it in each display was cho »»* i 

afresh, randomly, before a list vas used for another j£t 

to minimise atiy effect of particular display sequences 

in the lists.

The ADparatn* used di^ not allow fine or accurate 

control of display intensity but a coarao ad jus*

u - *T»ade. The usual display intensity vas sufflr'--"-T

for a «?i-n>1«ii i-i*-<»^£if \ ration of, for j»ysirr>le, t^o 

adjacent different letters to be seen very easily. So 

if r'.Ts to (^Efi «nd dmy displays ver© to be lengthened it: 

seamed desirable to reduce display Intensity while still 

ensuring that the single intensification of ^he first 

character in these displays was not too dim to he seen 

at all. Consequently, at the start of every session £ 

was required to name the letter'* * - "uecessive displays 

consisting of a single intensification of tvo simultaneous, 

adjacent letters. Between displays the intensity control 

of the slave scope was adjusted wi«-h a screv-driver. An 

informal method of limits was used to set the display 

intensity *«• the lowest level which still allowed JS to 

identify pairs of letters nearly perfectly. This setting

was then used throughout the session.



Subject h lists j
Difference in »n<tee!

j lists
in raseci

uirxerence of the 
differences (msec)

3V

0.6 (7.6) 

t(ll) a 0.26

TO

t> > 

2.3 (6.9) 

t(U) s 1.07 

r> > 0.?5

-5.? (9.0) 

r(il) = 2.01 

p « 0.07

-0.6 (I?.*) 

t(U) a 0.16 

o v 0.25

I -12.7 (7.6) 

j t(U) s 5.75 

\ f) < 0.001

-5.R (12.1)

*(U) = 1.62 

r> s 0.13

L3.2

tr(22) 2 A.31

p < 0.001 

8.1

Kll) a 2.53 

p » 0.03 

-7.0 (U.2) 

t(ll) « 1.71

p • O.U

= 1.94 

p S 0.06 

0.7 

t(22) s 0.19

n > 0.25 

6.6

t(22) = l 

p^ ^.25

Analysis -0.74
I
ov*r ^» t(3) = 0.46
i l

p >0.25

-7.82 

! t(3> = 4.79

[ p • O.j^:

I 7.07

j tr(3) = 2.74

, p - 0.076

Table 7. Mean differences in ms«c for each ^ for each type of

list in Sxperimentr V. Th« values in parentheses are standard 

deviations over lists, ror i<* lists the difference is mean con­

for , lists it is mean 

uT. ,Jach difference is com­

trol RTf minus wean &L and blr

control AT, roinus mean <^nn and 

pared vith zero and the t-values (d.f.ll) and p values are 
shown. In the rightmost colisnn the differences are compared 
for each £• In the bottom row the mean differences are com­ 
pared with zero. All p values are for two-tailed tests.



~»s reported that they very quickly learned to do the 

task •automatically 1 , with a stable error rate of 4 to iO 

and scarcely noticing differences of appearance anon*? the 

displays.

The first two responses in every list a** **^» 

immediately following any error were omitted from the 

analysis, tils less than 150 msec or greater than 1000 

msec were excluded and then His more tnan 3 standard 

deviations from the mean of the remainder were also ex­ 

cluded, 1,2% of responses were discarded in these ways* 

The mean correct RT and the percentage of error were cal­ 

culated for each type of display in eacn list,

M lists allowed a comparison of bl and blyr dtsolays 

with ££ and ftyft displays to be made. For each M list 

taean AT for b^ and frly displays was subtracted from that 

for the control displays. There were 12 surb difference 

scores for «ach £. Similarly, for ench D list th« m«»^n ,<T 

for dm and diar displays was subtracted from that for control 

displays and once again 12 difference scores were obtained 

for each j^. The mean and standard deviation of each typt 3* 

difference score for each § are shovn in T*M.« 7« &n in 

differences were compared with zero and Table 7 shows that 

none of the M differences differed frora zero at the 0.05
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level while 2 of the D differences did differ from zero 

(p < 0.05). The other tvo D differences just failed to 

differ from zero at the 0.05, one-tail level. The bottom 

line of the table shows that the mean M difference did not 

differ from zero (p > 0.25), while the »ean D difference 

did (p s 0.02, two-tailed). Two H differences went in 

each direction but all & D differences were in the expected 

direction.

The analysis so far shows that RTs to b)L and l?lr 

displays were exactly the same length as those to control 

displays and that RTs to dm and <flmr displays were longer 

than those of the control displays.

Sut was the difference between the differences real? 

The rightmost column cf Table 7 shows that it was in the 

expected direction for all A £s, was highly significant 

for one £ and just significant for another (p « 0.06, 

two-tailed, so p * 0.03 one-tailed), but was not signifi­ 

cant for the other two £s (p > 0.25). The bottom ri$ht- 

hand cell of the table shows that the mean difference 

between the differences was just significantly different 

from zero on a one-tailed test (p * 0.038), even though 

only ^ d^rees of freedom were available.
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An analysis identical to that of mean Rts was carried 

out for the percentages of error. In M lists the &L9 b\r 

error rate (6.7v») was not different from the error rate 

for control displays (8.0%) either overall or for any 

Individual S. In 0 lists the error rates for dm and dqa:
<MW WHHPV ^^^^^^^^"-

displays (7.6%) and for control displays (5.9%) did not 

quite differ overall (p » 0.06, two-tailed), although 

the difference was in the same direction for every £ 

and reached significance for one £ (p < 0.01). The 

difference between the differences was significant 

overall (p <. 0.025) and for 2 £8 individually (p < 0.05).

The observed pattern of error rates fits conveniently 

with the iCT results, in rt lists, b^ and frly displays 

gave performance that did not differ in speed or in accuracy 

from that for control displays. In D lists, on the other 

hand, the dra and dmr displays ?|ave performance which was 

both slower and less accurate than that for control displays.

This experiment showed th«t eN>lce responses to sup­ 

pressed characters are of normal length and accuracy and, 

In n*rtic»ilar, that metaeontraat s'in»r*s!i«ion la not- 

similar to physical diiwtiin^ in its effect on choice 

responses. This last conclusion is certainly reasonable 

since the first conclusion implies that the selection of a

choice response is initiated at the onset of +*<* display, when 
the first character is present by itself at full intensity, 
even if processing of this character is later suppressed

and the character is not seen.
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I 6 

Visual Search in Metacontrast

Experiment VI j ^s search for sin*le*-letter targets in

metacontrast displays of random letters; 

many bvit not all suppressed targets are 

detected, arid £s fnl1 into tvo classes.

VH: trh« mo classes reeemble Speed and Aecu» 

racy p ^^irnance; relatively nore 

suppressed than other targets are missed 

in Accuracy conditions.

2xp«riraent VII I: a ^o/no ^o response task forces ^s to

use a stricter criterion and many 

suppressed tar^et-s are missed.

6.1 Visual

%isser (196^, l«5fi^; ^eisser, bvick and Lazar, 1963) 

presented £s with Ion?? lists of randow l^^^^r-s udd required 

theta to locate single tar^^t lAfrer* in the lists as quickly 

as possible. Rabbitf (l^6A) required Sm to sort cards into 

piles accordin^ to which of a small set of target letters 

was shown on the card, embedded in various number of ir- 

retovant back^ro'jnd letters. In »*cv> case ^s had to scan 

quickly through « display looking for a single target 

letter, or one of a small set of target letters. ^ternber«r
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studied ^se converse task: £» were *iv«n a 

single probe di*it and had to scan through a short list 

of dibits held in memory and decide whether or not the 

probe di*it appeared in the list. Numerous t>api^rs based 

on the ideas and experimental paradise of these early 

studies have now appeared; R«bbi«-t (1971) provided a review.

For our present purpose* &he visual search task, is 

useful becatise it requires £ to undertake perceptual 

analysis of an intermediate decree of complexity. If £ 

must scan through a small number of random letters and 

decide whether a 7, for example, is present, be must carry 

out more processing than is reauired merely to initiate a 

simple response, but visual search ^indin^s surest that 

in many situations he need not fully identify every letter. 

This is the task used in th« three experiments described 

in this chapter and our interest is in the efficiency, 

measured by RTs and error rates, with which £s can detect 

targets which happen to be in positions S!ir>r>re*sed by meta- 

contrast. Study of the visual seam literature su^ests 

that the complexity of the perceotual processing carried 

out by £ could be manipulated by cha*»in^ f amon* other 

variables, the display size, the number of nossibl* targets, 

the number of possible background characters, the level of 

practice, or the bias for speed or accuracy, ^ut in these

experiments only the bias and the type of response required, 
either two-alternative forced-choice or *o/no *o, were 
manipulated; the task was always to scan through displays 
of five random letters looking for a single target letter.



6.2 VlQil search in metacontrast

V. ; 5^ oratioK of

This is an exploratory exp . tment In which £s *ave 

keypress responses to Sucre*' si- y «* disolays to signal 

wv***-b«r or not- they judged each display to include a 

single target letter. Both gji and foj, displays were used 

and! several different SOA values vere tjsed for the 

displays.

n

Six lists of 200 displays were prepared. Svery display 

consisted either of *> letters selected randomly with re­ 

placement frow 25 letters of the alphabet, or of & such

lstt*r* and a single occurrence of the oth<»r letter, 

*?«rv*»d as * target. Each display contained a target

* ^.5 and targets occurred with equal probability 

in the five dfcnlay nositions. the different list's rontalned 

different target? -^~d the si?? targets nsed were i, u, jp f 

if, ? and X.

The letter presentation time was always 20 msec and 

v-S interval was i.O sec. the. display order vas
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always that for b^. but several values of ->OA were used: 

Ot 20, 30 f 40 t 60 and 100 msec, *>to mat the Jjl order 

with an SOA of aero *ives effectively «n sj| display, 

SOA value eoul* br> used with anv of the lists, but the 

value was held constant for all the displays in a list.

twelve ^s each ""i-v^d for one session. Every

^-«,,^^ aix «ix experimental lists a^rf was *iven

of the six SOA values. The orders of use of the 

lists and of SOA values were counferha lanced over ,2s, 

The as8i<»nraanr of tr T"<* 'target- 1 an<1 'no target 1 responses 

to the tvo keys was changed frotn list to list wlt-Mn Ss. 

^s were instructed to fixate a din* spot presented in the 

centre of the screen before each list be«*an and to keep 

lookin* in that s*n<» r.^sition throughout the list. They 

were instrticted to vorv- ^udcviy, btit without T««kin» m«r»y 

errors .

Before each lt«*t £ was told wh^t the target would be 

for that list and wM~ T 1'* t * ^"o use to signal target and 

tiS6 to pl^nal no

RESETS A"TD

The first response in e^ch list and the response 

iasiedl«t«ly following any error were excluded from 

anal> . delusion of some responses following each
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error was necessary because such responses in a serial HT 

tack are known to be atypical (babbitt, 1966). Limitation 

of the exclusion to one response following each «rror 

aoneared justified because the ii-3 interval was fairly 

Ion* (I sec; babbitt used 20 msec) and becansm a pre­ 

liminary analysis of the data indicated that although the 

me*" RT of rorrec*" responses whicb Immediately followed 

an *arror was, for some £s t different from the mean of all 

corr**ct i\Ts t that for subsequent responses was not.

Responses were then classified as correct or error 

responses by target occurrence (tar*e* oresent or absent) 

and, for displays containin* a target, by target position. 

The first analysis was made by eollapsin* data within £• 

across SQA values. It appeared that §& divided into those 

who made more misses for suppressed tar*^fs (targets in 

positions 2 and 4) and tho«« who made mor* misses for 

other tar*®ts (targets In positions I, 3 and 5). the 

values of 20, 30 and 40 ?nsec were obs«»«v«d to »ive the 

stror»^«i«t lfflr>r«%ssion of foetacontrasf and these values 

correspond closely with those ^iven as optltaai by *uaya: 

(see Section 3.2). Accordingly the error data were 

over these 3 SQA value • ^l»ure 6 shows the resultin* means 

for individual _% It «hov« t*vtt 8 gn (called H £0 after 

the shapa of thrsir <»rror curves) inadn mor« misses for targets 

in positions 1 «nd A than for t«r-»e*"» in other |>ositlons f 

while the remaining 4 ^« (called W £s) made fewer misses 

when targets were in positions 2 and 4 than when in other
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positions. There is not a single reversal: "he 12

curves are either n-snaoed or w~»hap«»d. The difference 

betwe*^ t^e proportions of misses for targets ar positions 

2 and 4 and for targets at nostrions l § 1 and 5 was 

significant for each individual £ (p ^ 0.05 or better), 

except for one £ for whom p <£ 0.10, two- tailed.

H *rid w gn shoved sticb different patterns 

of errors, all further data analysis was carried out for 

these two <-roups of £s separately as well as for all 12 

together, /i«-ure 7 Rives the percentages ot irespo..-.-.

err-arp, **r^r*t*ly for eacL .... * value. ibr 

Kero Figure 7a shows a straightforward display position 

curve with no differences between *i and W ^s. .<hen oOA 

was 100 msec the total duration of the display was more 

than &00 msec and so jj, tryin'* to «>ive fast responses, 

oay 'e ••- 1 - iven a pre*nattjre target absent response wFien 

a target was in the display, but was one of the later 

letters presented. Figure 7f shows that the error per- 

eenfa^ftS! increase ir? the order in which letters vere 

presented and so su^ests that this did occur. This 

pattern is shown by both the H and < ^s. Figures 7b, 

7c and 7d show that M and W ^s had quite different 

patterns of misse* for rh* disnlay conditions which 

show th«t most marked metacontrast. fhe curves for en 

SOA of 60 msec take intermediate shapes (Figure 7e).
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One notable feature of the error rates 1ft w at they 

were so low, Indicating that many suppressed targets 

were detected. Avera»in» over all jjs, 69. n of targets 

In positions 2 or 4, with >OA values of 20, 30 or 40 msec, 

were detected. is proportion is similar to that obtained 

under some conditions by Andreassi, ^yzner, Beyda and 

Waxman (1970) wh«n rhey required j|s to identify the letter 

or**enr«f* in positions 2 *nr? & of a bla^kin* ^isnlsy (see 

'Ction 3.4).

sor the purposes of analysis, HTs were expressed in 

two ways. Raw RT was the time from the onset of the dis­ 

play to the keypress response, while adjusted RT was the 

tltae from the onset cC the target, for displays containing 

a target, or the last letter presented, tor displays 

without a target, to r*e response. So the adjusted RT 

was measured frosa the moment at which £ first had sufficient 

information for a correct response.

Figures 8 and 9 show correct and error TTs separately 

for each SOA v«l«». The wosr striking r«snlt is that in

every single condition plotted the H ^ had longer (TTs
W than th«/o9 J^ and so this difference is clearly significant

and pervasive. For small SOA values (O t 20 and 30 msec) 

the raw correct" -T curves are fairly flat as if £ waited 

until the end of the display before deciding and responding. 

For SOA » 100 msec, however, the adjusted correct RT curve 

is close to flat as If letters aniring at 100 msec intervals
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initiated response independently. Curve* for intermediate 

SvM value* *how a confused pattern of Intermediate shades. 

Perhaps the only other clear result i* that for 3OA 

value* of 20, 30, 40 and 60 msec the error* made by .

£* to targets in position* 2 and & were much slower than 

error* **o ot^r t-ai — ̂t* (p ^ 0.001 at each SOA value* 

vlKsi"S*r raw or adjusted F,7* are considered). Inpother 

words, M £s not only missed a ler~© proportion of supp-

targets, but their responses in doin* so were slow* 

otT*»^ *>o ^i***'* t-*^/»r,^(jy fo ouike f^o^'**^ ^^rors for 

targets at any particular positions.

further points relevant to the difference* between 

M and W £* arise from the data. It was mentioned above 

that the mean raw RT for correct resnonses immediately 

follo**in~ «n error vas t for sotne ^s t different froro the 

overall mean correct \T. This r!iffer©nc« was not si^nifl- 

cant for 7 £* t but did reach significance (p < 0.01) for the 

other 5 ,2s. T^re«* of thefle j>s were in the W » rot ID and 

for ^-«ch of them responses followin-* errors v«r© unusually 

fast. The other ? Js for whom the differenc«i reached Hi*- 

nificance were ir *•' ** -rovtp and their difference went in 

the of-wr ^ir«»ctton: resoonse* follovin-* error* t?«re 

unusually slow. An ,' .?ntary probability calculation 

shows that such a strong correspondence of direction of
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difference to ~roup is significantly extreme (p • 0.014). 

This difference between the <»rout>s could, however, have 

ba*nproduced by other difference?? «^eh as different mean 

RTs and different proportions of errors of various types.

fin*l ^if fer*n^<% observed between 

of the M £• and that of the w j3s comes from a comparison 

of correct and error '•Tfs. Combinin** data for all values 

for the % .. ^Sj the av«*r«~«i correct RI was 575 msec and 

th* av*irja~i* «irr«r H r t^as ^SO m«»r , '?o nrroT**1 w»re slow 

and the difference was 75 amec and significant (p ^0.001). 

Also, the difference was in the same direction for 

of the 8 £s individually, rot th« '4 ^ ^s f the 

correct ,-<T was ^25 FISIW* *tnd the average error 'T 357 msec. 

So errors for these ^ wer« fast <ind the difference was 63 

msec and significant <p < O.OOi;. Thre** $a showed differ­ 

ences in this direction and for th*» fourth, *irror -T/JR 

just 2 msec longer t"h*n correct >T ,

In suaiaary, two nuite distinct- rt*rterns of behaviour 

have emerged. ih*^ H », ^s f«ve slow r - -n«es and their 

errors were even s lower . <N*ir average error percentages 

were 21.5 for misses and 16.1 for ix> si fives. irror 

patterns showed that suppr«is««rf targets were missed often 

and vis showed that responses to suppressed targets were 

slow, particularly if the target was missed. The



on tfee other hand, pav« corrwr resoonses which 

150 msec faster than the ti ^s 1 correct responses. Their 

errors were even faster, owever, their miss and false 

positive error percentages vere uth significantly jretter 

(p < 0.001 in each case) than those for f ui» M £s. 26.°% 

of targets were missed, and 27.1% of displays without a 

target ^ave rise to a false positive response. Error 

patterns snowed that suppressed targets were missed 

relatively infrequently and kTs showed that "v <*n such a 

target was detected the response was faster, or at least 

no slower than other detection responses.

It is certainly strange that £s sho'ild divide so 

clearly into groups qivin* such very different patterns 

of performance. Perhaps the nsoft plausible intnr;-retation 

is to assume that t _'• a a set for accuracy and 

deliberately worked slowl^, whereas the W j£s emphasised 

speed. <% farer overall t>«rforraance and greater proportions 

of misses and false positives shown by the A w £s are cer­ 

tainly consistent with this inter ion. It is not so 

strai ht-forward t however, to interpret the different 

directions of trhe dif£er**r»o«« h4»trw»*n correct* and error 

,iS observed in the tvo qroups, bee errors may occur 

for a variety of reasons. -it it may be plausible to say 

that errors were faster than correct responses for the *i 

£9 (those presumed to adopt a bias for speed) because
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errors occurred when £ tried to respond too quickly, 

and that impulsive motor errors were likely to occur 

and to be fast.

eniaon (1911) observed that 'there are indications 

of two types of wron^ jud«iaents with reference to time, 

those that are rendered too quickly and those that are

prolon^dd bovond the animal time 1 , babbitt (1966, 1969) 

also discussed error KTn and presented evidence that 

errors are usually faster than correct responses in 

serial choice response tasks. Kellogg ri ^^ 1 ), Rabbitt 

and Vvas (1970) and Wildin* (1970, 1971) studied situations 

in which errors are slower than correct responses. Such 

tasks are typically tho»e in which discrimination is 

difficult, and the~ "K«n errors are made they «r* not only 

slov 9 but they are assigned low confidence ratings iy 

Search for targets in metacontrast may Indeed require 

to make difficult discriminations, and this aspect way 

Have been more important for M ]Js, wv ~> ^>re assuro<»^ to 

h«v<% rtdootad a bias for accuracy. This interpretation 

is certainly plausible for the slow resrxmses made by 

j[s «v«n they missed a suppressed tar-*«it, for discrirQin 

way nave been most difficult In just rhls case. The 

pr«*d*'-*'l on tcr>!i1d f u«»n h* t^r confi^ance rfttin^s 

be low when an H jj does \i?^ 3 ? -poressed target.
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If th* interpretation in terras of accuracy and speed 

biases explains the differences between M and _• fully, 

then the -yyparvent shovs no thin" s'vx>ut metacontrast 

beyond the aiamle observations that f first, many stippressed 

targets were detected and, second, far from all such tar- 

~«tf«» w«*r*» r*f»f*»rr*»H. Th« only other remarkable findin** 

vonld he t^at Sp divided so sharply into two ^roups,

fh«n shovin* patterns of behaviour distribtited 

~ «ome line loinin^ a stron* speed bias pattern and

a ***Tvm» .^cr-tTrnr^v hipifl nAt-1-^r-n^ nn VOtlT (^ hi* *»VT>«T'1"<9'd

t»Vi^ neutral nature of the instructions 

miickly vitho*tt ma^in-* many errors 1 ). M^s 

finding sir^es^fi ^hat th* easiest strategies to adopt 

in thi« n.irftc'ilar f*»i? tnvr>tv« wdon^inn of stron* 

soeed or accuracy hisses, *"heae may correspond 

to selective attention to the early, suppressed positions, 

or to the later positions respectively.

There *r«, hov<*ver, findings su^estint that there 

is «till more to be explained, if , §js detected ir«ore 

suppressed t>>an easily visible targets siroply because 

they *«ve many premature target absent response*, ^uen 

their ^Te to missed unsuporessed targets should hav#% 

fast, «nd this was the case for 30A 2 30 msec or more 

But for SOA « 23 msec, Figure 9b « sts that there 

was no tendency for misses of unsuppressed targets to
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be especially fast, alt' "iqura 7b shows a pronounced 

W shape for the error curve whan >UA * ?0 m**r. 

Figure Sb «hov« «-h*«- for ^s the raw RT curve for 

responses when . » 20 msec is close to flat, suj 

that £ waited until the end of the display before initiating 

a response, so the observed pattern ui i- e can hardly be 

attribute tfol.Mv t*n rjT-mnr>rtTre target absent responses, 

^either of the ••• . rvations is easily handled by an ex­ 

planation in terms of a simple bias £or speed, but both are 

consistent with the idea that suppressed targets may be 

detected eff irl#»n*-lv if A nar^ic-lsrlv fast decision! and 

response are

Another observation not easily accounted for oy a oias
W 

interpretation Is +***" ti ^n ™\***A far fewer suppressed

than did H ̂ s and this was the case for 3QA values 

of 20, 30 an^ AQ naec. This observation again leads to 

interesting 3T)ecalatioi aiono the liuies oi t iat first

deterred more readily when j£ was ser to a very early 

decision rhan wT>0n ^ uas nroce**^in^ slowly and cautiously. 

In other words, suppressed targ<»r« *ve been available 

for analysis v^~* presented, but were removed, in some 

sense, very soo^ *'.rer first appearing. The slow responses 

atade by H ^s when missing blanked targets would then be 

described as occurring because the arrival of a target in
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position 2 or position 4 wa* registered tn t^e nervous 

systani, but by the tiT><% 2 came to choose Ms response 

no sensory evidence that a t*rcft»* bud been 

regained, so £, puzzled, made a slov, incorr<*c«", 

absent

diffarent- de^^ction rates for 8uppr«*s«d 

shown by M and W £p may, however, hav» b^en prodtic«d by 

different r«Br>on«i* biases. lf f for example t U ^8 not only 

vorked qutrv<! " ^"«- preferred making target present respon­ 

ses, then a higfh detection rate for suppressed targets 

wlgr^t vave been achieved but at the e^nense of a Mg"b 

falf?e positive rate. In the ^"ermlnolopy of sternal detec* 

tabilif" «-^'*f>»-" ••»'«*• speculative bypo*>v "k '* 4 " volds t^at 

dlscriminabillty (d' )for suppressed targets vas greater 

for W than for M 3n 9 while tS» response bl«« Interpret­ 

ation holds that the dtffnr^ic* w«s merely due to a 

difference in s^^.ngr o^ ^*-l«-*»«f^« C/3 ). figures 7b, 

7c and 7d sN>v that W ^gs did detect more sunpressed 

targets than M ^s, but also that they made taore false 

positive responses (except for a small revnfrsal at ;»oA s 

ssec), so the response bias interpretation cannot be

It seem* plausible that discri bility and criterion

effects may both be important in t^ls visual search task 

and that their effects may be distinguishable, ikit there
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is one dif ficultv in applying the theory of signal detec- 

tability here and *-M* Is slwoly t *•***• there is no way of 

knowing in wM.r»v position ,2 wrongtv '^tected a target 

when he raad«* a false positive response.

The observed hit rates ( ":\: the proportion of tar- 

gats detected) and the fal«« alarra rates (FAR: the propor­ 

tion of 'Hsniflv** tHtho'Tt n f*^g«i- to which ^ tfave a target 

re*r>on*r • .» -»er« used to determine estir^ ^.i of d 1 and ft • 

rate* wer^ for t^ra*»t« presented in positions 2
^^j

and ** only. TVo differen** ^^^isnptions vere used in choosing 

the fals«* alwrm r«fea to T*«. *f?fi'rrir;tfnn (i) wafli that no 

errors of co'^is^ton «?ver ore^rrred to positions I, 3 or 5 and

that all fals* positives occurred because tarp'ets *r«r« mis-o

takenly detected at positions 2 or 4 t so that the A*U. used 

was straoly the ov^r^l 1 "^in**. !smT3t-ion (ii) vas that 

false oositives orctirred eqtially frecniently ^ ?h of 

the 5 positions and so only 60£ of them were in positiftna 

2 or 4. The FA !i u«e<* was therefore r ! times the overall 

vi».1.Me. :--;*vln$$ sel«»rti»d the annront-lntre i"'R *md FA.< vslnes 

tables (freeman, 1964; Swets, 195A) were consulted to 

determine the corresponding d 1 and /3 estimates. Estimates 

were determined separately for «ver ^ it each of the ^JA 

values ?0 t 30 and AO **t*ee f for Sm combined into 

, and for the 3 SOA values combined.
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Table 8 shows the results for the two groups of .£§• 

It appears that the absolute values o f •*' -»-"• /3 are 

sensitive to the FAH. ass»rrr»tlrir» 7r1n^« f hut th*t tho differ* 

ences between values for t £s and the M £a seem little 

affected. So it is not important which assumption is the 

more correct, but we do rely on the probably quit© reason­ 

able assumption that, vK*t-ev«r the distribution of false 

detections over positions,it is similar for the two groups 

of £8.

Table ^ ^ho»— '•"-*• f ~*~ '":•" *\ a ' "* r<-.~>~~ *•*-«. *^o ^t-Qtips 

had the same d 1 and so *nv r?«rformance difference must be 

explained by the stric* -riterlon of the _;. (^» I

re is no bias and fl> \ vhan t--e criterion is 

strict i.e. the bias is for target aba*-** ^eapo^*"". ft< I

an the bias is for target > - responses.) For the 

shorter 3CA values, and overall, the ^ ,Ss had higher d 1 

values as well as lower, less strict crirerioi values. 

3ut the analysis of values for individual ^« «^owed that, 

because individual variation va« lar^e, the only differences 

b«twa«igroups to reach significance were the d 1 r r^ 

fo* * * 30 msec (2.0 was greatar than 1.0; p < 0.05, 

two-tailed, by *iann-Whitney t«p ^ +~* (3 diff*r«nc* 

for «;?A s 70 msec (O.S teas less than 1.6; p < 0.00.5, two* 

t.nit^'l, by Mann-Whtrney test). Averaging over the 3 SOA 

values only the $ difference was significant (p < 0.005). 

So the different nerfortawnce of the two groups in detecting 

suppressed targets may be ascribed largely to different 

resoonse biasea, but there Is also some evidence
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the W Sjs, those vho worked ouickly, had a larger d 1 than did the other
S_s, -vrhen SOA was 30 msec. It is ouite plausible that repid response 
and a lax criterion should be associated, since the smaller amount of 
evidence reouired to satisfy a lax criterion can presumably be collected 
rapidly, or, conversely, if response is to be rapid only a limited amount 
of evidence can be collected. The results cannot assign primacy to 
" '''-' er of the,c e possibilities. __________ 

A second anproach wan taken to the possible reiatlon- 
a toot

hip of spe<*dwi*->-> *rcrrracv I" ^v» detection of

targets. ik correlations ov*ur the I? £n were calculated 

between the »ean fcT for the detection of targets in 

positions 2 and & and tn» esti»at«»« ^^^*f previously oi 

d 1 and ft for individuals. Correlation^ ^Qrft determined 

for SOA values of 20, 30 and 40 msec separately and for 

the t^ree values combined. IVo correlations were signifi­ 

cant and th«s@ corresponded wif 1^ rwo of the thr» =• ^idnifi- 

ctnr differences discussed 1" «*^ n~&t+a***p ^arajjraph.
D O

t • 30 msec, target d«»t*crion HT was strongly and 

naoativeiy correlated with d» (rho » -O.BO; p < 0.005)
^^

and the overall analysis shoved f^.-,»- *-arg^>t detect lua

ET was rct^*>i .«f«^ nOsitivelv t.Ht-s <? <r-v 7 . ^.fiQ; p < 0.025).

So once ag«in we find that fast <?T« for the detection of

suppressed targets were associated ^Hth the accurateo
discrimination of sucn targets for the "'0 J*M value. 

r^^r-flj vas also a gener«^ *<*.*<*<**~™ f^r* *-v.A « tt Detection

responses to be related to a lax criterion i.e. a bias 

tovar<5« giving target present resnonses.

The correlation of speed with accuracy j = , " 

not gtiArant«« that the same relation N>lds M t- ?iin A^ t

for some £* may have been generally good and 6iven both 

fast and accurate performance while others were generally
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bad and tfav^ neither. The correlation over the same 3& 9
5

however, of mean target- detection ri'f with d 1 , fo^ the zero 

»VA condition, was -0.02. This value clearly does not 

differ from EWTO *nr? «o tv>s»r-A i « no «viH«»nce in this case 

for any important contribution from a general ability 

factor. *ote ilso that the direction of the observed 

relation between iml discrirainability is in precisely 

th« opposite diriactio1"* fr/>™ rh*»r <f»vr>**rt"**d r>n simnl** con­ 

siderations of speed-error trade-off.

The oeneral point mi^ be made that the complexity of 

perceptual analysis required in the visual search task

used in this experiment is not obviously much greatero
*• an that required for the letter-digit discrimination

^.x

in the choice *u experitaents described in Chapter 5, 

&ut many suppressed targets were missed in the visual 

search task, while metacontrast did not increase the 

choice ^Ts in the classification experiment. The im­ 

portant difference must p^esuaabiy be t , classi­ 

fication task only one character, the fi»-st *•'> appear, 

need be classified w^a^eas in the visual search task 

may have to classify every lette*- in the dierfay as a 

ta»*oet or a non-target.
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Pilot work had shovn thar systematic quisling of 

about the appearance of the dlsolavs only led to confusion, 

and £s ^eported that they 'looked for target* 1 most of the 

time and • looked at the displays' aom« of the time, Juat 

so that they could ansver questions about the displays' 

appsmrance. So no formal arco tints of th«* sub-fective 

appearance of displays we*-e required from ^s. Several 

jSs did t however f give spontaneous coawwnts along the lines 

that in some lists they only saw three letters in each 

disnlav *nd that many responses seesjexl fo be roflde ouite 

at '-andom and § in pa«-tlculart trhat they would sometlraes 

find thecaselve* makin a fast 'target 1 **esponsse f with no 

recollection of having seen a tar

In stBBmory this experiment provides evidence that 

observers can detect many but not all targets masked by 

metaconfast. gp divided *-ema*-kably cleanly into two 

o^oups, one of vhic^ (fh*» W g^oupj showed a pattern of 

pe~fo«"*nance su^jef5ting a bias fo- speed while fis in the 

otbe- g-^oup (the H g'-xrip) app«a-ad to have adopted a 

bias fo~ accvi~acy. Membership of the speed group and

fa«t wenn fa^uatr detection ^T» we<-e both associated

in ^en€r»al with a bias towa-ds giving target present 

r«stx>n«es. The^e is also evidence that in some con­ 

ditions the fast detection of suppressed targets was 

associated with accurate detection of them, even though



greater speed is usually associated with greater error and a loss of 

discriminate Uty in such aerial TT tasks. So suppressed targets appear 

to have been discriminated from background letters particularly efficiently 

when 8s adopted a bias towards finding targets and when they committed 

themselves to a target detection response very early. Once again it is 

possible that information was available at first and was then removed, 

and that this later removal is the phenomenon called netacontrast .

8.3 Speed and Accuracy jfoyof f s

VII : Visual Search with Speed and Accuracy
gay-offa

The x^isual search task used In this ©scperiaemt was sisdlar to that 

used in the preceding experiment, but Ss worked under pay-offs either 

for speed or for accuracy. The aim of the experiment was to study 

the variations ia periorroance which appeared, in the preceding ea^i-jL- 

aent, to be related to Sa* biases for spend or accuracy* but *ith the 

sane Ss serving in the two bias conditions.

METHOD

Bight experimental lists of 2O1 trials and one practice list of 

5O trials were prepared. Every display consisted either of 5 random 

letters chosen without replacement from the 25 letters A-Y, or of i 

such random letters and the target 2. In every list a randomly chosen 

half of the displays contained a tar-jet and the others did not, and the 

target was equally often in each of the five positions.
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Twelve SB each served for two sessions, one in the Speea uod one- 

in the Accuracy condition. The procedure used for inducing the bias*a 

was the saiae as that used in Experiment II. Each S had hi* own single 

target letter and searched for Just this target in all lists of both 

sessions. When £, for example, was required as the target* one of the 

TSCOPJS prograitui replaced «v«ry B in the bacK^ruund of one of the 

standard lists with a 2 ami every target Z with a B. So each 8 

searched through lists which were basically similar, but he was looking 

for his own target. The 12 targets used were B, 0, H, J, L, N, P, S, 

R, X, Y and 2.

The letter presentation time was 20 asec and the S-S interval was 

heiu constant at 1.5 sec. This cnange to a constant S-o interval xrom 

the constant R-S interval used in EKperi^tent VI was raade so that overall 

rates of working would be the saiae in the Speed and Accuracy conditions, 

even though the i»au RTs night well differ.

Three types of presentation were used: mn, bi and nu and the 90& 

was 4O otsec for the bl and nb conditions. The type of presentation 

was always couaiaut Attain a list. One am, uue aw aftd twu ui. ixscs were 

presented in each session. The order of sessi us was counterbalanced over 

SB and the orders of presentation of the different display conditions and 

of use of the eight lists w*re counterbalanced over session* and 30.

To avoid confusion, the assignment of responses to the two keys 

was counterbalanced over Ss but kept constant for each single S.
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RESULTS Am DISCUSSION

The first response in each list, and the response iigaediately 

following any error were excluded from the analysis. Examination of 

the RTs for individual Ss shoved that the mean Speed HTs were shorter 

than ;r«ean Accuracy RTs for every S (p <: O.OO1 in each case), so the bias 

instructions did have sotae effect on behaviour.

Errors

Figure IQa shows the proportions of errors ®a4e under the various 

conditions. It is clear that many wore errors were utade in the Speed 

than in the Accuracy condition; the difference was significant (p < O.O1) 

for both misses and false positives, for each of the three display types. 

False positive rates in the Speed condition (average 19%) were approxi­ 

mately double those in the Accuracy condition (average 3.8®). For 

neither the Speed nor the Accuracy condition did the false positive 

rates for the »m, nb and bi display types differ significantly. In the 

Accuracy condition the proportions of targets missed did not differ 

significantly over the five positions and tills was true for pal, Iu^ au 

and for tu displays aaparately. Averaged over the five positions* the 

proportions of targets missed in the Accuracy condition did not differ 

the sin, nb and bl conditions.

Considering the error pattern shown by the M Ss in Experlnaent VI, 

we would expect that misses at positions 2 and 4 for bl displays in the 

Accuracy condition would be riore frequent than those at other positions, 

but there is clearly no support for this suggestion. In other words, 

Ss did not miss more suppressed than other targets in the Accuracy condition,
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Turning to the laiss rates in the Speed condition, there wm« a 

strong tendency for tar..,'«ts ^reaented in later positions aia^i«^eu u 

be au.»»«d. This consideration cannot, of course t a ipiy for the 3 

displays, and in that ease the** were no difference* «aang the propor­ 

tion* OA misses ;aad*j at the different ;>u3itioas, except that significantly 

wre fid sees (p < O.oi) were raade in position 3 than in any other position. 

For the two WAJ»^...»^ t^^w.--* lor ^hicij bt*\ »*a -*w sj»«c, the h^^^i .:'5 tested

*ae tiiat the adss rattt <.aB ^rr«2ater i^r th& last t;u«oa ^:vsitio...,, y _. -:tcrd 

than for th« firat two. Tiu,^; ..y.jotheaia arose fro.,-» the iRtter^rt^.^^- 

that in Experiment /I the W fia {aa4e .^ore ^iaaea in the three laat 

^rviwuted (positiuas .v , ^ *wia o) tuita iii tii«r i'irat, two ^u'es 

they were working quickly. So for tha bl condition, radlss rates at 

,jv«itiona i, 3 aud j were coupar^ti with those at ;>o«itio ns 2 ami it while
-*/

for tlie »fa coivditioa, the Co:- >ax*ison *as taetwean t?je alas rates at 

positions 2*3 ana 4 ami tuos*; at ^aitioa^ j. . ... in eaca case 

difference was in the exacted direction and significant (p < 0.01). 

Sioce targets is the later positit^as pre^eutoci wer« iuaeed /-ore 

frequently in nb as well a* in bl displays and the two effects

•eeated com j&rablt- in aize, there was no evidence tlmt live

of errors obtained for bl displays ia the Speed condition .

related to s»tacozitrast, rather titan simply havia^ been pro, by the

sequential oature of the presentation of characters forniag a display

Mtf the eaptia&ia on speed of re*ixmae.
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Response tli

RTs were expressed as raw RTs and as adjusted HTs, as in Experiment 

VI, and the values are set out in Figures 11 ami 12. The roain finding 

(sec Figure 12c) was that, when suppressed targets were missed, the HT 

(considering cither raw or adjusted HT) was longer than when targets 

in other positions were missed and this was the case (p <O.O1) for 

both Speed and Accuracy conditions. This result was probably not 

Attributable to ter:,wral order of presentation alone because, as 

Figure 12b shows, there was no tendency for tuisses at positions 1 

and 5 (the first two positions presented in nb lists) to be slower 

than raisees at other nositicns. In the Speed case, and no significant 

tendency in the Accuracy case. But the muau?rs of rcs;.*onses or* which 

Igure 12b was based were sisall (the numbers beside the points indicate 

ho* Eaany RTs eontributud) and so any conclusion, particularly one 

accepting the null hypothesis of no difference, must be tentative. 

If the effect is accepted as being caused by .iietacontrast, then 

these data suggest no additions to the interpretation given earlier 

(see ilESULTS AND DISCUSSION for Experiment VI). The only point to 

add is that the Ion,- RTs associated with S missing suppressed targets 

were observed both in the Speed and the Accuracy condition, whereas 

in ExpertRjent VI they were observed only for the U S>e.
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Eatiattion of d* and P values

Methods similar to those used in the previous experiownt were 

used here to estimate d* and /S values for individual Ss in the SKI 

condition and in the bl condition for targets in positions 2 or 4 only. 

The first finding was that d' values were higher in the Accuracy than 

in the Speed condition (p<: O.OOl for the sn valuosj p < O.O25 for the 

bl values). So there appears to be no support for the hypothesis that 

S detected suppressed targets ^or* readily ^hen working quickly becaus* 

the proportion of such targets sdssed in the Speed condition was actually 

slightly higher than that in the Accuracy condition and this, together 

with the much higher Speed false positive rates, led to the observed 

result that d* values were lower in the Speed condition. No $ 

differences wore obtained in these comparisons of the Speed and 

Accuracy conditions.

Comparison with Experiaient VI

In the previous experiment the different patterns of performance 

shown by the M and W Ss could largely t>© interpreted in terms of biases 

for accuracy and speed respectively. Coiapariuj; uau results of the two 

experiments there was indeed a close sirailarity between tile ;-»erformance 

of the W So in Experiiuent VI and that in the Speed condition of this 

experiment. In both cases average ETs were short, false positive and 

odea rates were high and there was a marked w pattern of miss rates 

over the 5 positions. Also, in the Speed condition, the mean correct 

RT was longer (p ̂ ~ O.OOl) than the aean error RT and this difference 

was found for the W Sa of i.xperi;,ient VI. Averaged over SOA values of

2O, 30 and 4O msec, the raiss rate for the W Ss was ' the false 

positive rate was 26 > and the m^an correct adjusted BT was 396 msec.
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The corresponding values for the bl, Speed condition in the present 

experiment ware 14 , 10 and 399 asec respectively. So, althuu^a 

patterns of performance in the two cases were sitailar, Ss worked 

rather r,;ore accurately but Just as quickly in the Speed condition 

of the present experiment as did the W Ss in Ixperiiaent VI. There 

is, however, one marked discrepancy between the two patterns: in 

the Speed condition, .VTs were longer when suppressed targets were 

oissed than who a other targets were .aissodi out this was not so 

for the W Ss in Experiment VI.

*

There is not such a clear si.Clarity between performance in 

the Accuracy condition of the present experiment and that of the 

M 8s in Expert raent VI. In both cases ttTs were long, error rates 

generally low, and error responses slower on average than correct 

responses (p < O.OO1 for the Accuracy condition of the preseat 

experiment). In both cases, also, HTs were longer when suppressed 

targets were missed than when other targets were missed. But there 

was no sign of an H pattern of miss rates over the five positions, 

for the bl, Accuracy condition in the present ex^riaent, to 

correspond with the M pattern shown by the a Ss at SO\ « 2O, 3O and 40 

asec in Experiment VI. Also, averaging over SOA values of 2O, 3O and 

40 msec, the sdlss rate for M SH in Experiment VI was 25 , the false 

positive rate was 37 - and the raean correct adjusted itT was 586 neec. 

The corresponding values for bl, Accuracy condition in the present 

experiiaent were 6.5:i f 9.e and 567 osec, so Ss worked no ruore slowly 

but considerably i.iore accurately in the latter case.
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general comparisons between the d' and /S values obtained 

in the two experiments wore made. Considering all SB in each cxrrrf 

for the *® conditions only, the d* values in the Accuracy condition of 

the present experiment wore greater (p< 0.01) than those in Experiment 

VI, but there was no significant difference for tin . j values. 

The /S values for the Speed condition were lower (p < O.OS) than those 

in the previous experiment, jtedleating that Ss were biased -tore tov/ards 

givin; target present roaponses in the present axper . There was 

no significant difference for the Accuracy values.

Comparisons were also made for the detection of targets in positions 

2 er i in the ax coucution oi the presefct experisaeii* auia in the 2O, 30 

and 4O sasec SCA conditions combined for the previous experi&tent. d* 

values in the present experiment were greater than those for iixperiinent 

VI, and this was true not only considering those for the Accuracy 

condition (p < O.OOi) uu*. aj.so those xur tut; opceci condition alone 

(p < O.OO5). There were no /> differences.

There were differences between the tasks and procedures used in 

the two experiiaents • and these »aay have accounted for sorse of the per­ 

formance differences noted above. In particular, the use of bonus 

payiaents, a single target for each S and a constant assiganent of the 

two responses to the two keys for each £ pi ibly accounted for much 

of the general superiority of perforoance in the present experiment 

over performance in Experiiaent VI. If the use of bonus paymnts also 

increased the eiaphaaia on accuracy, even in the Speed condition, then 

it is plausible that aTs were long when suppressed targets were -asaea 

in the bl, Speed condition of the present experiment, assuning that 

the interpretation of the similar long RTs shown by the & SB in
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Experiment VI (an being the result of difficult discriminations) was 

correct. Consider in- this arguiaent, and the comparative error rates, 

mentioned above, the w Ss of Bxperiaient VI saay reasonably be 

described as having worked quickly, while the H Ss of Experiment 

VI siay better be described fterely as slow, rather than accurate,

Data for Individual Ss

Examination of the data for individual Ss suggested that 

consideration of enly the pooled data is not ...isleading except 

on GO® iui^oriaiit pcxut. *very <S worked faster and rnade more errors 

in the Speed than in the Accuracy condition and in the Speed condition 

no £ showed a pattern of errors markedly different from the mean for 

all £s. For seven £s the esean Speed correct HT was longer (p< 0.01) 

than the corresponding error ET, for three Ss there was no significant 

difference, while for two Ss (G.H. and J.H.) the difference was 

significant (p <: O.O1) and in the other direction. In the Accuracy 

eoadition, the jaean error ET was loader (p <i_G.01) thac, the correct 

RT for nine Ss, there was no difference for one 3>, and the difference 

was reversed (p ̂  O.Oi) for two Ss (E.J. and V.N.). So the results 

for most individuals were sisailar to those for tlie group. The one 

exception was the pattern of misses shown in the Accuracy condition. 

As expected, the Accuracy error rate u-as low and so the group pattern 

fc»ay have been unduly influenced by one or two Ss rmking allarge number 

of errors, and Just this appears to have occurred. The patterns of 

misses inade in the Accuracy condition by two or three SB tended aore 

to that shown by Ss in the Speed condition. If, for example, the
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data for K.J, wore renewed from the Accuracy analysis the laeaa error 

rates appeared as shown in Figure lOb. The selection of data rmy bo 

partially defended in this case by observing that E.J. was one of 

the two j»s for whom saean Accuracy error UT was shorter than correct 

iiT, that she node acre misses than any other 8 in the bl, Accuracy 

condition and that of the 12 Ss she showed the smallest difference 

(49 msec) between laean correct Accuracy HT and mean correct Speed RT. 

She loiMfrd no suppressed targets in the bl, Accuracy condition, but 

missed a total of 26 targets from positions 1,3 and 5 in that condition 

Coroparison of Figures lOa and lOb shows that the omission of all E.J.'s 

data frori the analysis did not alter the Speed curves, nor the iten, 

Accuracy curve very iiucn. But the nb, Accuracy curv« was chiui^csu in 

shape somewhat, and the bl, Accuracy curve changed narked)y in shnne 

from being nearly flat to showing the U shape originally observed fur 

M Ss in Kxperiiaent VI. If each of the tests for differences nientioned 

when Figure lOa was being discussed is applicu tc tae data for ii Ss 

shown in Figure lOb, the conclusion is the sarne in every case and, in 

particular, the uiss rates at positions 2 and 4 of the bl, Accuracy 

condition are still not significantly greater than those at positions 

1, 3 and i>. (The data for 2 more Ss who gave snort KTs and shov.-ed 

speed-like error patterns must be oiaitted before this difference 

reaches significance.)
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Appearance of the displays

For tho reasons given when Kxperi.ient VI was being discussed, 

no formal questioning of Ss about the appearance of the displays 

was carried out. However all Ss volunteered at least sowe corataents. 

Nine 01 the 12 Ss said tint the target letter 'juaped out 1 from the 

background letters, or that the background letters were 'there, 

but not seen* or * blurred*. Similar observations are eoosacmly aatie 

in visual search tasks (Heisser. 19&6), but in this experi.aent Ss 

were staking these observations in their first or, at the latest, 

in their second session of practice. Five SB volunteered after 

a bl list that they could see only three letters, srmced out, in 

each display; one S said that she could find no pattern to the 

display in any non-simultaneous case. Perhaps the most interesting 

observation was that offered by one S when he said, after the bl 

list in his second session, that he never saw letters in positions 

2 or 4 unless the target was there, in which case it still *ju^;>cc 

out* and he saw it clearly.

Suranary

In this experiment Ss* bias for speed or accuracy was ;*iani pulatea 

and the observed patterns of performance were, on the whole, consistent 

with the performance expected of Ss working particularly quickly or 

accurately. Performance was generally superior to that in the previous 

experiment and error rates, particularly in the Accuracy condition, 

were low. No evidence was found in support of the hypothesis that 

suppressed targets are discriminated more efficiently froza background 

letters if S responds quickly. Comparison of results of this and tho
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previous expenr ;;uasested that the description ox tue * 

adopted a set for speed was reasonable, but that the perforvtance of the t? 

3s was better described as slow, rather than accurate. The W-shaped 

error curves seemed adequately explained as being a simple consequence 

of sequential presentation and a bias towards fast responding. It is 

possible that in the present experisient an M-shaped error curve was not 

observed in the bl, Accuracy condition because the error rate in this 

condition was only Just above a floor level ar •„«, :; *. curve 

was contaisinated by a relatively large number of errors contributed^' 

a fev 8s showing speed-lil;« ^i-Ior^r:>cr•. But it, io*y be that th© 

eiepitasis of the wholg rilsetjsjjifjn or? biu- •:-.• for stK?ed and accuracy 

has been misleadin t would be more helpful to concentrate 

on response biases. One of the highly i: leant (p < O.OOu) 

difluix?aces between the ,u>d the '» Ss in X..T; ut, VI WAS tiiat 

the W Ss, whose perfnir ^ancv ..aa speed-liif ^ot/or criteria 

than did the V Ss i.e. their response bias was ards target 

detection. Comparison of the t \ ©atiimtes for the two experiments 

showed that the median values for the present fc-..,'t'i-iiaent wore cua- 

sistently lower than *^**» -Tediane for Expertnent VI for all the 

various am and bl conditions. Several of these differences v/ers 

beyond the 0.1O, two-tailed level, but just one was significant 

and that was the comparison mntioned earlier: /•> values in the 

Sja, Si>eed condition of the present eKs^erinent were lower than those 

for th« zero SCA condition of Experiment VI (p ^O.O5). la addition, 

the overall bl ft values for the M Ss of Experiment VI were greater
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(p <O.Q5) than the ft values In the bl, Speed condition of the 

present experiment. So there is a consistent suggestion in the 

results of these two experiments that success in discriminating 

suppressed targets from background letters is related to a low, 

lax criterion i.e. a response bias towards target detection. This 

would suggest that such targets :«ay be detected if imrtial or 

dubious evidence for a target is accepted and so the hypothesis 

Is consistent with the idea that in ^©tacontrast sor*e evide 

is available and then lost. The similarity of the jbl and nb 

raiss rates in the Accuracy condition suggests that, rriven a 

sufficiently lax criterion, detection of suppressed targets 

can be very successful.

6 . 4 Go/ no %Q iieaponjM» «a<i a strict Criterion

VIII .: Visual Search with a Gq/No o Response

In this experiiaent && once again searched for a single letter 

tar jet in displays of random letters* but gav® a go/no go response. 

In other v/ords thev used only a single response key and they pressed 

it only when they detected a target, if a display was judged not to 

contain a target S did not respond but merely waited for the next 

display to appear. As in tb« pruvious wjMeriiaeaat ^s f biases tor 

and accuracy v/ere uianipulated. The experiiaent was planned to add one 

iaore task to those studied in connection with netacontrast suppressio 

and, by practically eliminating the possibility of waking premature 

target absent ro»poii£G», to estiiaate their iiaportaace in the previous 

two
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The eight experimental and one practice list prepared for Xx4x:ri;. Jc;i 

VII were used again in this exnerloient. Eight Ss served, each f'-v -ne

and one Accuracy session. The eight targets used, one i . S, 

were D, 0, H, »} s, ^ and S. The display conditions used were bl.

;- ••••/' > iu£ a»d nbr, and on© list JLJI each coodinon w»s presented in each 

session. Letter tatirm tiiae was 2O rasec and SQfc was 4O issee. 

The S-S interval was 2 sec and th© TSCOi'E paraitctcrt; were set so that 

successive d i*y 2 sec v. the single resixaise 

key had been ^1* •••'.... ^ .. rucvcu IL> ^i-e*s the j;ey with 

their domlnAnt index fiturer ^hen they detected a target and only then, 

if a display was Judged not to contain a target they were simply to 

wait until the next display was tiree«nted. tither details of the 

-r---- thv }./.,*. •_• a?? t:•%._•_.' in

Onc« a^ain the first r«spoase in every list and the 

diately toil owing any error were excluded fron the analysis. Because 

a go/no go response was used, HTs were not, of course, obtained for 

correct rejections (key not pressed when no target presented) or for 

miss©* (key not oressed when the display did contain a target), only 

iac u ^er of these types of responses could be recorded.

Figure 13a shows the error rates for the bl and blr lists and 

Figure 13b shows those for nb and nbr displays. There were ao 

differences between the curves showing miss rates iu the Speed and



179

in the Accuracy conditions, for any ttis.jiay ty.oe. False positive rates 

in the Speed and Accuracy conditions were different overall (p <O.O5) 

and for the nb and nbr lists (p < 0.01>, but the difference was not 

Significant for the £1 and blr lists alone. So it appears that in 

the Speed condition jSa wur^eu & little faster and oade more false 

x>sitivoB. but nissed as somy targets as in the Accuracy condition. 

There is certainly no evidence to support the hy v sis that aiore 

suppressed targets are ted if response is initiated very soon 

after the onset of the uis

F 9 Ma and 14b show the raean RTs for t : and blr, and the 

ab and nbr displays, w »;.»«*; vi.vu.iy. No differences were aisasrnioxe 

between the bl^and blr RTs, or the nb and nbr JVTa. sr» only the conbined 

iaoans are shown in each case. In both cases the adjttfttdd RT curves wore 

close to flat.

As in previous ext*rloentB, no specific request for description 

was made, but all Ss vuiuiiteered soae comr>ents about the ap;>c«rance of 

the displays. There was no consensus as to which display order or orders 

were the easiest or most difficult. One 8 said that all display orders 

appeared very similar. No S mentioned that any letters appeared missing 

free nb or nbr displays, but six Ss described ai or blr displays as 

consisting of only three letters, spaced apart. Two of these Ss went 

further and said that in these displays they never saw any letters at 

positions 2 and 4 unless a target was presented there, in which case it 

was visible, and 'leapt out*. One of these Ss, .ose target was J, noted 

that occasionally AH 1 ur a T, which he found visually UUIU.UHJL iu uis 

target letter, also occasionally'leapt out' fron ;x>sition 2 or 4.
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Seven of the S ft* aade coaoents such as 'Bios/in: down doesn't seem 

to heln, I nake just as smny errors', indicating that they did n. foel 

that their accuracy was very different in the 8pe«d and Accuracy tiondltlons, 

Eaouaination of the data for individual SB shewed that the s»an accuracy 

RT was longer <p < u.Ol or better) than the s»an Speed RT for every S. 

The moan difference was 73 msec, but the corresponding $ean difference 

between Accuracy and Speed RTs for Experiroent VII, considering only FtTs 

for hits and false positives so that the figures were corsparaUl". ,*r 

found to be 11O nisec. Tiic difference was barely significant (p< O.1O, 

two-tailed) but suggested that the differentiation between Speed and 

Accuracy perf oraaance , assessed by KTs, raay not have been as narked in 

the present ex x-ri ,ent as in Kxperiraest VII. Perha >« this is : im oible 

considering that in a go/ no go situation S should do nothing on about 

half the trials and exhortation that he do so as fast as possible has 

rather a hollow ring to it, although there seems to be no logical reason 

wfcy he should not be able to respond aort- quickly when he does re-. 

indeed, he does so, i>ut .-- UiX £<£*•: no* nay not oe as great as 

obtained with a two .^./vraatt r«ssxias«

The first luiexi^ccted result of this experiiaent v/as that so isa'.'y 

(28%) of the suppressed targets were missed. Fixture 13a shor.s a r^«*- 

Mtshaped curve for th© proportions of nisses at the five positions. 

This curve is similar to that for the M Ss in Experiiaent VI and that 

for the bl, Accuracy condition (with £.J. o > t , ) 5 Experiment VII, 

yet i -shape was obtained in both the Speed sum ^curacy conditions 

of the present experisiupnt. One sin of this experiraent was to remove



191

the possibility of premature target absent responses and so to allow the 

•underlying* pattern of Hisses in the Speed condition to be exa . i. 

The result was not only that the Speed pattern, as well as the Accuracy 

pattern, becatae definitely M-shaped, but the proportion of suppressed 

targets tssed was much higher than it had been in either the Speed or 

the Accuracy condition of Experixoent VII.

Estimates of d 1 and /5 values were calculated for indi.vld-.ial 

Ss in the various conditions so that comparisons could be made with 

the previous experlasent. No systematic differences in d* values were 

observed but it was clear that the ft »-. . . .1 the pjreac-ac c^i ..«nt 

were higher than those in fexperinent VII. The diJffnrm-.ee was cmstatr nt 

over display conditions, but individual variation aaong Ss was too great 

to allow any of th© comparisons, which necessarily were between different 

groups of Ss, to reach si^nmcaace. waiau p in iac u^ 

condition of Experiment VII were O.S5 (Speed) and 0.64 (Accuracy) for data 

averaged over all five display positions, and O.53 (Speed) arid 0.63 

(Accuracy) for data for positions 2 and 4 only. The corn : values 

for the present @xperi>ri@iu were ;;.-* ana £.<i f ana 2.2 aau ^ j^.^^Lively. 

This analysis may even have underestiiaated the difference, because in the 

prevent experijt*nt the false positive rates, especially in the Accuracy 

condition, were so lu* that a * floor* oay have been reached. If ao, 

then the ,'S value* given may be aubstantiaHy too low because (I 

increases very quickly with small decreases in PAR, when PAH and Ht 

values are near those obtained in this experiment. It seems plausible 

that there is a ainimusa to the false alarm rate which taay be obtained 

in practice; for example there will probably al\vays be the occasional 

fast motor set, or 'auscle twitch', errors.
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evidence that this aay indeed have been the case in the 

present experiment was given by a comparison of the HTs obtained in 

this and the preceding experiment. Comparison of Figures 14a and 

14b with Figures lie and lib showed that the adjusted RTs for the 

detection of targets in this experiment were senewhat shorter than 

the corresponding HTs in Experiment VII and the average differences 

were 27 msec for Speed and SO msec for Accuracy. But comparison 

of Figures 14a and 14b with Figures 12c and 12b showed that the 

adjusted HTs for false positive res x>ns0a in this ex.^eri^cnt were 

considerably shorter than the corresponding RTs in Expexiae&t VII 

and the differences were 02 msec for Speed and 188 msec for Accuracy. 

The difference between the differences was significant (p<O.01 or 

better) in each case, i.e. for Speed, the G2 msec difference was 

greater than the 27 uisec difference and for Accuracy the > > .*<;;•_ 

difference was greater than the 6O msec difference. So the few 

false* pu*itive r«.'fciJvuaK2» $iven in th present experiment were es­ 

pecially fast and, therefor©, may &&II mainly have been inevitable 

r-uscie twitch errors and ;• te that the false positive rates 

were near some minima level.

With the advantage of hindsight it is plausible that the use 

of a go/no go res x»se should result in a strict criterion. In 

Xxperiaeats VI and VII 8s saay have regarded the task as a forced- 

choice task in which he was required to press «ne of the two heys 

and so he aftde his best guess and responded. In the pr , ri --ent 

S chose not between two keys but between action and inaction and he nay 

have committed himself to a keypress response only when he was fairly 

sure that a target had been presented.
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Suppreaseu targets pr : i.y offer pour eviosoce i'c t 

detection and so if ft is increased it should be the hit rate for 

these targets that drops. Comparison of Figures 13a and lOb showed that 

the proportion of suppressed targets detected in the present experiment 

ve* such lower than that for Experliaent VII, while the average detection 

rates for targets in positions 1, 3 and 5 were the sarae in the two ex­ 

periment*. Experiments allowing comparisons within Sa between forced- 

choice respoase with two alternatives and go/no go response are 

required to settle the point, but, in the absence of reasonable 

eenpeting explanations, the results do suggest that SB in the present 

experiment were induced by the naturo of the task tc adorrt a strict 

criteria result they missed many s -d tar . This 

h lesis is similar to that >sed at the end of the discussion 

OJL the previous ex^-rjujeut after the results ivr x.j.ftvi'i _.»uis VI and 

VII had been compared.

The interpretation given above does not distinguish between the 

Speed ami Accuracy conditions, but it r.:ay b© sufficient to not© that, 

with the go/no &o response used ia the present oxpori-^ent, S could have 

changed a fast, incorrect target absent response into a target dete tiou 

response siapiy uy cnangins * decision and pressing the key, so it is 

reasonable that the observed hit rates in the Sraad and Accuracy 

conditions were the sane. Tills argument does not, of ^ - • , a,4>iy 

to false positive responses and in this case the Speed and -acy 

error rates were indeed different.
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Another une* ortsd finding was that so many targets were missed 

in the nb and nbr displays. Targets in position i of nb displays and 

position 2 of nbr displays were missed as frequently as suppressed 

targets in bl and blr displays, and once again the proportions were 

the same in Speed and Accuracy conditions. Also, targets in positions 

1 and 5 in the nb and nbr displays were missed more frequently (p < O,O5) 

than those in the bl and blr displays, although less frequently (p< O.O23) 

than a- - -ssed targets in these displays. These observations might 

suggest that poor performance with suppressed targets arose because 

the effects of position (2 and 4) and of dlsnlav order (first and 

second) were simply siumaed and in the nb and nbr displays tJ 

were seen separately: performance at positions 2 and 4 and at the 

first auu jseconu ^UBJH,JU.US presented (positions 1 and 5 fur uu auu nbr) 

was intermediate between that for suppressed and unsuppresaerf targets 

in the bl and blr displays. It is more likely, however, that the poor 

performance at positions 2 and 4 in the nb and nbr displays was specific 

to tue display oruer rutii^r uuui to the uxs.iAa.y ,,-usiij.ua, ~cca u 

each of these display types targets at only one of the two positions 

were missed frequently and in each case it was the targets in the 

third position displayed.# It may also be relevant that the third 

position displayed was adjacent to the second displayed la me ru, 

(14532) and nbr (23541) orders, and these were the only cases in 

these experiments in which successive characters appeared at adjacent 

positions. £von so, it is not at all clear why adjacent, successive 

presentation should have been especially difficult. It is possible 

that letters in the third position displayed were partially suppressed, 

since an adjacent letter, that in the central positinn, was displayed 

80 msec later.
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rison of results for the nb and nbr conditions with those

for the bl and blr conditions of the present experitafcnt showed that
/> 

there were no discernible d* or P differences. So Ss* criterion

was hii?h for the nb and nbr lists also and the hi;;h criterion 

presusrsably aust r t for the different pattern of miss rates 

found in the nb» -aey condition of Ex nt VII ana in t:ie 

no and nbr conditions of this experluieat. Many targets were • 

in this eatperlr-nent frcm positions 1 and 5 and, in particular, f: 

the third position . aycd, whereas in the previous experitaemt 

Figure 1O shows that the error curve was almost flat. It is only 

restating the results to say that targets at, in particular, the 

third position displayed in nb aad nbr displays tmist have been in 

soae way difficult to recognise or to distinguish from adjacent 

characters and were tr ^ often missed when £ aa« -ici. 

criterion. The dj.iticuj.iy uu^s uot aeeira to be simply metacontragt, 

because observers do nr>t describe nb and nbr displays as missing; 

characters, my be i 3d to the ^nt r nt seen in 

these displays. The results froia the present experismmt caiinot t^, e 

the argument beyomi i.iis rather unsatisfactory stage*

In auoaary, Kaq>«rlc«nt VXII gave no further oviaorice t.. i 

targets may be oc teemed store reaaii./ a A w*i early response i« ^- . It 

also offered no evidence requiring any chanjj© in the earlier conclusion 

thnt the w nattern of iala»es observed under s at ions in Ex,>eri:aents 

VI and VII was produced by premature target absent re -es. The main 

finding of th« experiment was that the strict crn,«rioi* *iKiuced by the use
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of a gc/no jo response resulted in aan> au, - -od

sugffesting that 60 had only partial or dubi

presence of such targets. It regains a puzzle why so roany t

were also missed fro t the third position di *1 in n]» u

displays.
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CHAPTER 7

Letter Identification in Metacontrast

Experiutent IX : Ss write down two letters in each display.

identifying supp-_.,

• ue in

8O these

can .©s be named, even if they are

not always 'seen*.

X : ^s once again write down letters from displays

of random letters. The fixation problem is 

solved, but not the problera of the identifi­ 

cation of positions. Again more acoustic

are made to suppressed letters.

7.1 ;tlon

natural way to start any study of the metacontrast 

suppression of letters nay ap?>ear to be si ply to ask 8 what letters

are in a and require him to guess the letters rather than just

say that he sees nothing. This approach is appealing, but v,ue.i it was 

tried three main difficulties were encountered. First, Ss were simply 

unwilling since they maintained that their confidence wad so low and their

guessing so wild that it was pointless t d. Second, either S was

asked to name all the letters in the display, ia -ich case the task

Coo difficult and iut:.:w*> factors intruded, or lie was &&..<- ̂  ^ identify 

only a few of the letters, in which case problems arose in choosing which 

ones. Finally, without apparatus for monitoring S's fixation direction, 

It appeared to be impractical to require consistent fixation anywhere but 

precisely at the display position of the suppressed setter to be repc d



Sxperimeit IX took the direct approach and &et all these problems 

-on. Experiment " —-^ •/ • t oi isrhat had been intended as a series 

of pilot experiments to determine the aoat satisfactory conditions in 

wftich to investigate letter naming in aetacontraat. In each case 8 

sew a display of random letters and was required to write down some 

or all of the letters, guessing if necessary. Unlike the experiments 

described in the preceding chapters these two experiments were self- 

paced and did not place 8 under any tirae pressure, and the computer 

did not record any re as or measure HTs.

7 • a Letter flaiaiag in aetacontraat

ranc :-tters

ft* used a fcx>t-switch to trigger presentations of displays of five 

random letters. They were) instructed to fixate on a central fixation 

•pot oeiore each presentation anu to write vk,w, t l.u.. letters in two 

specified

Eight experitnental lists of SO displays and two practice lists of 

2O dis^xu/a we-ru prepared. Each display consisted of five AW^^.O chosen 

randoraly v.lthcut rer»lac»i>rssnt frori the full alphabet, Dis .i^iis 

used were sm a _ th an of 3O or sec, and were always 

constant within a list. Letter presentation time was 2O msec.
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The resijonse keys were removed and a response booklet provided for 

0, positioned so that he could write in it co*aivi ruau^y aau pi-eieraoiy 

without removing his face frora the rubber Tin.sk and looking down. A 

foot-switch was also provided and T8COP& parameters were set so that 

displays were presented singly. When the foot-switch was pressed a 

di;u fixation spot appeared in the centre ox *ae screen and remained 

on till § released the foot-switch and so triggered the presentation 

of a display.

Bight of the 12 Sa <vho served in Ex^s-ir^nt VI eachserved for 

session in this c - t. £*s task was to write down after 

each display the two letters c specified non-adjacent 

positions in the

Report of two non-adjacent letters rather than a single letter 

was required in ever/ v.«u*e so that the tas . .. uj.xxj.uuxi unu : .•-• that 

th© possible benefit of selective fixation u-ould be re -t 

of two letters rather than all five letters was used so that the task 

was not too difficult and to reduce memory loss while 8 was re *.

S was Instructed to initiate a trial by pressing the foot-switch, 

then to fixate the dim spot presented in the centre of the screen. 

When he had the spot clearly in focus he ,**:> <,u release the . ^-av/itch

to trigger the mresontation of the next disoiay and then write down the 

letters occupying the specified posit^ guessing if ^3^ry.

The task ^as self-oaced and S was encouraged to work as accurately

as possible. Display t > ••.•. - -ions were si -»piy - ved 1 to 3 frosa the 

left to the rii£ht and S was instructed to report the letters e.g. in 

positions 2 and 5. The two positions xor report re.taineci fixed for
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tbe GO display* in any list, but were changed from list to list. S 

fcatw that each display was «UUM» up of five different letters presented 

in five positions in a row in the centre of th@ screen, with position 

3 defined by the position of the fixation spot. S was also instructed 

to write down the two letters in left to right order. If in doubt he 

naa to guess and he was encouraged to guess the identity of the letter 

rather than make a position error by simply reporting a letter seen at 

a position adjacent to that specified for report.

Two practice lists, each of 2O displays, were used for each 8, 

one inuaediately before his first sn list and one immediately before 

his first bl list. It was intended that each S work through six lists 

of displays, half being SKI lists and half .tits, with no S 

seeing any sin-rle list wre than once and with each of the eig^t : sta 

available being used about equally frequently. But the task was self* 

paced and different As adopted quite differ nt speeds of .ig, and 

so the total of six c ?ted lists was not n.< t>y three of the 

eight SB within reasonable limits set by ti >.c and the fil's patience. 

Every §d however, completed approximately equal numbers of an and bl 

iistSt and positioua 2 and 4, and positions 1, S and 5 were specified 

for report about equally frequently for each S.
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RESULTS AND DISCUSSION

Before the results were examined or analysed the alphabet was 

divided i.Ao acoustically confusible (sets. I his wan done subjectively, 

but independently of the result a of this experi;aent, and after con- 

si deration of the analyses of acoustic confusions made hv Cn-rA.-i 

; ) and Wickelgran (1963, 1966). I ^ iviSion adopted was (A J K), 

<B C D I 0 9 T V), (F IM N 8 X), (H), (I Y), (0), (Q tf), (a), <W>, <2), 

where two lettvrti tux c^xis-tuux-ttu vu uc itcuuctxcaiiy uoiiiusicic if and 

only if thoy belong tn the same bracketed group.

Xr 19 su lists, 1O lists with SQ& = 30 SIMC, and 14 lists 

with M& * 40 o»ec were coiopicted. The re ^ sheets were scored 

by hand, fcacn t... . ..\* ..• ->.i •.-... i..- :.-'- .-. ^t ii j.t u,... •?. .-i-we

in the display *.„ the position specified f^^ report. If it ha« ^^ 

in the display in another ix>sition it was tcrraed a position error aid if 

it had not appeared in the display it was Oared to be an iter,; error. 

The last 4O responses, each response being two letters, were scored for 

each list. This aeant that responses for the i*> 1rt displays in each 

list were considered to be warra-up and dis.-J.-jfc ..«.;*... c 

oj;iitted frou tte . u,. In a or* lists an oc 1 display *aa 

ais«ed because § did not release the foot-switch iy and so in

those lists V ur & sr^sy^uu^tao v/ci-v U^XLLCU, u^aj.;.

for analysis.
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Preliminary analysis revealed no dlscwmible dil 3 in error 

rates or error patterns between lists with 8Q& * 3O sisec and those with 

SOft * 4O msec and so these results were |x>vu";i ..v-'i these lists will bo 

referred to sl^aply as bl lists.

Ss 1 cm&Mmts. ami the results, su&gesteci that ; iv:-v. sotae difficulty 

determining Iran wJuw. . iVi.'^ v Letters, prooaU/ A***^-^ 

because apparent move de it difficult to assign letters to the 

positions, niuu>ered j. to 5 from iSJft to right* but wlu.: . •:,- ,-e defined 

only reimU.v@xy. £U the first few cii. 3 of each list parti cru-

pair of positions i /h list; this reported difficulty was the 

reason for ecorir, , ^y th. at 4O re; in e; st .

IHiriog the scoring of the responses it b®ca0» clear that in ao « 

eases £s raade the saiae position error cotisi ..y for most of the 

displays in a list. li a consistent error uay indicate that ^ 

assigned the iett.. . _, .ocred position** .-.rrect.j, perhaps 

bocsauac of the a t in the dis

a strategy of ; ig an adjacent letter frou the display when in 

(although this practice was discouraged). A consistent error was 

defined to osv« occtu-ruu AJ. itfilf or sasore oi n responses ,.s»t 

contained the sasse nosition orror (e.g. the letter pres. in jx>sition 

1 resorted, wt*oii ^ositiou 2 was J.V-"^;.JL*-.U £^r •'*«» of tl*« 

ctjht Ss made one or iaore consistent errors, a total o£ six lists contained 

consistent errors aiw^ a^j. of th«»e wwi-w _UA AAWWC*. .1 ^-viisi.»vwii-, erapors 

occurred (one list contained two) and for five of thea letters in one of the 

positions 1, 3 or 5 were consistently reported when positions 2 »r 4 had 

been specified for report.
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Discussion of general performance

- MOS ;j«j.XVUi,«V£« VJ. XVl.VC.4O iV^Mjf.. •

the 5 oosit i oh tvt»e of display. .re 

separately for c . in which a position was . . .. lor i. 

along with positions 1, 3 or 5 and cases in which the other position 

epwtiAit;u was ^> or M. xu tu < ^ point s&ow*. - r 

position 3, because the two positions si*~" '?'*'<* for report were always 

non-adjacent and so position 3 was only ever specified with posit i 

1 or 5, and never with iiositions 2 or 4. Ho analysis of errors into 

position anci ite^ errors Is ,;ivon ixstcause i^any 4>asiiiua errors pr 

arose because £ did re'.v*-t adjacent leti .t-^t *••• 

tendency f ^-r this to occur c .be .. the data, and it 

quite possibly have been positions.

In general 5s found the task very difficult and so^e dc . seriously 

whether they ever rt letters correctly fro i jtoeltions 2 and i 

of bl t.ispiays. Alt' a xixanonspoi, v/as -;itea uexox-t: evujr^- ux^pAuy 

w^ .^**cific instructions to fixate -vor. rvrrv S 

maintained that it wfts virtually an iiaposs to fixate exactly 

on the centre and yet c .trate on giving an rep* 

letters presented e.g. in positions 2 and >>. .-y £ rQ^or: . ^r 

ac ..vast soue displays in so^e lists ii® fixated voluntari.^ ' ntarily 

a little to one side of the centre. The usual strategy desc.i,-d for bl 

dis. in which one of the ^sitions 2 and 4 was specified for report 

was to fixate near position 2 or 4 and attend oro i tor tuaa to 

the letter in i/v»Anwiu ^ \JA- A, the other iotter c . ^^"w-Vv^-o.. 'Vhen both



positions 2 aud 4 in bl displays were specified, Ss frc My said 

that t .c_ . .av.. liny attempt to identify tiu* letter presented in 

•position 4, because it was so diffic^t to idenw, -,, lc 

letter.

results shown in Flairs contasd? f ̂  ! <--... -«»T,..- 

ur n effects of variation of fixation a^ ^Les a a by Ls. 

In particular, Ss / traded a .3 

to oe reported ana so ti*« diXX os shown in 

points ?'•>*• '-•sitions ^ ;. c *-..*. 

1> -ly under-esti.iiates. 1 . , , ,w, in a general way, that 

in bi lists it was very difficult to i letters in positions 2 

and 4« bs aia, ^ort the letter in ix>sition 2 relatively 

accurately when ,x>sitions « ^^ •* v.ere sijecifi^-w. X^LO a../ A uuAou.i.e 

that selective attention to suppressed letters or to unsuppressed letters 

was easier than to one of each typo, or that different analyses were 

required and it was difficult or ti e-cc itch ootveen the 

two. Or, since the two suppressed letters* -weie ^I V»KH.>.^V ±.~. ;-.<*, * i. ight 

indicate that selective attention to one short tine interval was better, 

or again, that spacii u, ,-ortant (2 and 4 were closer together than 

2 and 5 or 1 and 4). But all these explanations would predict that per- 

fur . vvuuid h— " i u«;i.(.t.'r than it was • ~_iwu u^ have been 

...;^,x .. u.nd 4 were specified, .-so the cnn /arativcly gocd "orfor-Ttance with 

rx>sition 2 in this c ly refU the strata in 

position 2 and giving . /ely little tion to position 1 that S« 

Ti- .v tnat ^cttcra iii pc'sii-i . - aua u>



were, la general :flcult to report still docs not dist oen

the Uilficulty oi se*lnc: the letters and tho cliff. ing th* 

positiona. AJS^, pc«aj.tiw the 

hardest to deflno. a ^1,-v* n,^,i • -.«»- .•si.tioim 

1 and 5 -.'lay, bu was ao si ct 

iv, fer ;-:^o v .nt for pot- • >,a 2 r rig 

way select.; . lion ,,as lici U' imioe<:I It was, for it Kiay ." 

h»vt i ««« -. ,/aiti^^ rather than allow more accurate 

p tion of t.. -n.

In auT^arr «?r far, there were aa; -v.^ assets of the task 

required o^. _ qualifications whicii -auat be r^ade to any 

i relation of the u .cy results shown in . Tb« socuaci 

a.,....-.-j.cn tw i;>, :.f the results - ..-.• i...cre .vcre 

otfi-"-» differ<;,,.,v ! asides those in overall accuracy, betv.co.i, ^>erformance 

with s and other lett». . One line of ti. ... lowed fro»a 

th« thesis v ral times previously t ut 

suppressed letters &ay be available at first, out after a short t . c 

is remove ̂ . Jiues visual preseatAtioc is used the earliest i'w . -.,. 

which Motion about s jsed letters night be available is visual. 

If raotac on trust operates soon afterwards by rex soiae form of visual 

or e iiifor^ation it siay be possible that re-: ; o£ the ,iu«xi 

infer, .awj.v,-.i AI'U... »* VAOUJI: j,^. .c^ soiue VWV^V.L AV,. .-ii.3crve it from 

^otact-ntrast -o re. ix; carried out i»u£ficiontly 

TV. j. An to c^ v.r is nai^e c^^ii^; and 

so it way be ioe 3 to an letters v, ir 

visual ant. acoustic coafusibility with the owi-i«.t»,j^udiag correct letters.
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Co' am (1) (2) (3)
ay type sru a. a bl

r»rn1 1 ; as ... ,.., ,. .,;...

A.L>. S/14 0/23 .14

<0 )

. *

(1 (7%) f6">

D.O. O/O 4/23

(0) (14)

8. 0. 1/6 2/13 a/j^

(IV „ (20 )

1. , C/IS 1/9 0/12

(0 ) (11 > (CK)

I.I. 1/22 0/33 V4»>

(5 ) (12 )

A.S. 4/21 1/13

(0->) (2: (T^>

8.W. i/a V24 2/21

(2<n) (17 ) (10>)

Total y.^^.- 13-

Total witi-
(C,0) and -;. . ) 3.r*

(4)
"

2,4

16/61

(26 )

8/ 43

(19i)

2/11

da :J

2/24

(8 )

1(V42

(24 .;)
7/47

(is;)
VlQ

(19.)

^

(25%)

20.34

20. 3o

of item, errors for U .. acoustic

confusions, for difierent display types ami dlfiersnt fl^tu of positions, for

S*. The equivalent percentages aro u brackets .
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Ac _ _ . ic co _ a

The second analysis concerned the pro itvu vrrui-» 

were acoustic contusions, i.e. which were acoustically ccnf^siv.c. as 

defined earlier, with the corresponding correct lett sition 

errors were ignored and the is of the refining errors, item 

errors* which were acoustic <~v. a ju.ua a. urn* v. -i-,.u.ueu. iuey art- s^ 

in Table &. -portions wsre also oxa-i ,, .... etters 

reported first a, .;. ad but no differs :.- M. c. AH 

analysis due to (see ,:axvvoll, 1061, oh takes into 

account tin* viiryxugi i-. .s C:A vnxca proportions are oasea» was 

U7 Dairs of eclirrjns in Table f*. It ph. -A- Art t.tiat <4) was different fro*i 

(1) and frora «. ,< O. ; be twee a and 

(4) was significant only at the O.O;>, one-tailed level (critical ratio 

- ..-.). -.o differ -r. „, .~ . . v- • rt -A t ,.•. \^,_ the proportious sho'.m in 

columns (1), (2) and (3).

r.aii«-' ii: 'jets vscy-rc uyxu acoro;

f ; r in Sffi lists. If vis - 'so 

a< sionf is to /, if any 

for acoustic coaiusi;,.is to occur at su.; .-;~r r.: "r?d ••.?;. f .• r^:. . ' "ing v.-i 

Intern1 * > *''"w^ «r»/i HI«> "'otter shapes (see Fi *••»**'•» "^ • s-. ' • xn . i>-. 

possible correlations b -i visual and acoustic confusibility. The 

two pairs (C, 0) and ( , M) see ;ed to be the only pairs provio 

classified as acoustic <:•"•' which oi (,iit ible 

visually as well. Indeed C and 0, and M and N only differ by the
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plscesant ol two dots and tho letters in all other

confusible pairs are more different in shape than thi: , If the

pairs (C, Q) ancK,,, isj are no longer considered to be acoustic

confusions* the proportions shown in the bottv>. r«u ?r. •*

are obtained and tests on these oroportions ivouid cloarly lead

to the same conclusion as previously, but with higher levels oC

Significance. This observation may increase the plausibility of the

conclusions a little, even ta._ of the results had uuwji examined

before the ehanre in scoring procedure was made. Exani nation r,f

Fi : jre 5 also su^- sts that pairs of letters within the sarae acoustic

ooafusion group (see first paragraph of this section) are probably

not markedly acre or less visually confusioie cxi average tiiua

of letters from different groups.

There V»<*B ae» uuacruu uvor the tiiae betwvcu uia^-**^ presentation 

and jS's response, so It r-l ht bo arsrued that difference in storage 

ti jc nay have produced differences in the proportions of acrostic 

confuaiuiis and, if the suppressed letters were indeed the uvost difficult 

to report, ^s /say oave oesAtated j.cmiB,er iu r^i>orting suppressed letters* 

even though this would probably only have reduced their jrcrfornance even 

furtoer. This explanation is unlikely because, as mentioned previously, 

no dii'lercncc' was apparent between the proportions of acoustic contusions 

for letters reported first and second. Also, . .us iuu osec or so 

difference in storage tiJ^e for suppressed and other letters iirrjd-.irted by 

the sequential nature ui the presentation is scarcely likely to account 

for the results.
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The conclusion tsuirt Nj that relatively more errors -^ 

acoustically confusible with the correct le. when It 

reported froa suppressed positions than when they were reported 

other positions in bl US s or from any position* iii s t 

Since acouat ; ~ on fusions occurred when suppressed letters were 

re. d, 3 must frequently have been able to extract sufficient 

information fro.i the display to aazae the suppressed letter. Since 

the / rtion of ite;n errors v.hich were acoustic c sions was similar
srov-

J&aa* other, unsuppresaed letters soae additional forn of information 

for response, besides narac information, must have been available in 

those cases and this was presumably sons kind of visual or sha.x) 

infarsMLtion. V/hen S reported suppressed letters, therefore, lie ciust 

tos>ve relied on a natae code relatively more frequently than v/hen tie 

re -icrted Dthor letters. Suppressed letters were initially only available 

in visual form, of course, but in addition the visual information 

originally available mist have been lost.

It might be argued that visual information about suppressed letter* 

nay indeed have been lost but that the results do not require the coo* 

elusion that these letters could frequently be aa%*d» because the proportion 

of acoustic confusions for au:>t>re8seti letters say be just that expected 

by chance, while the oti.or proportions were lower because visual confusions 

predominated in t.^se cas«s. But this argument rests on two unlikely 

assumptions. First, if & guess*.a raaousuLy iix-^ the fuj.x ax^.^wv t when in 

doubt, the expected proportion of acoustic confusions .„ .113 and so a 

considerable bias towards guessing from the large acoustic confusion groups 

would be required to obtain by chance the observed proportion of 0.203.
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\lso, the argument assuaes that, if the proportion of visual > 

increases, that c-i aoouacie confusions ; t crease and for this to 

occur pairs of letters frow different acoustic -.-<>••> f >>«•. i. ~ •»-,•:, 1^5 would 

have to DO, on the average, considerably more visually c an 

i>airs of letters within the same group.

It is interesting to aote that the absolute level of performance 

with suppressed letters in this experiment (see Figure 15) was uuch lower 

than thai m toe visua^. search experiments (see Chapter t»). So, although 

suppressed letters iuaj ,^ .^c. .cs be named, the greater complexity ol the 

letter identification tas^ over tue simple target/not target classification 

was reflected in the quite different levels of performance shown by the 

two experiments. The additional requirement in the present experintent 

that positions had t^ -^ .identified no doubt contributed to the difference*

.££

1-^c task used in this experiaent was a difficult one and in particular

Ss found it iiu^w»aibl© to ,-^ij.ntain fixation as instructed and clifiicult * • 

distinguish and number tha five disnlay DOB!tions (consider, for example, 

the large nujaoer of consistent errors aade), as well as to identify letters 

uich were suppressed. Nevortheioss, a larger proportion of the item 

errors wade when reporting letters at suppx&6«ed positions were acoustically 

confusible with the correct letter than was the ctuv? for other positions 

in ol displays or for any position in the sm displays. Two c 

foilov. froa this result. First, suppressed letters could sosaetioes be 

na;.ted and, second, visual information about these letti.ra . -;- ' 

readily than that about other letters. Considering subjective descriptions
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of uii> i---_ij> s i.n .vaiwu .Letters are 

information is presumably exactly what .. nntrast suppression is. 

These conclusions fit well with our hypothesis t. .i <*ctacontrast 

di :s information about a suppressed letter is available at first 

and then lost. They add to the hypothesis uy sujgestiui taai the 

loss of informtttion is a specifically visuax ,,>„* and that letters 

may survive if they can be recoded sufficiently quickly into, for 

tie, a n&ne.

7.3 Naaiijn let tors; ...At 4"' '^3 at better expgrisientaJ control

X ; 14amng letters; Aine . experiments

Experiment IX suffered from uncertainty and confusion about the 

selection by S of the positions from which report wi» required cuui 

about just where 8 fixated. Numerous variations in the display and 

response conditions were possible and a series of pilot experiments 

was planned to find the conditions preferred by Ss and allowing the 

most direct study of errors made to suppressed letters, ho very 

satisfactory set of conditions was found, however, and individual 

differences seetned too large to allow satisfactory selection of the 

best conditions frou those which had beea used, so some extra 8s were 

run In the last two conditions used and the results from all conditions 

analysed together. Nine sets of conditions v.ere tried formally and 

these will be described as Experttsents Xa, Xb, ... Xi. In every 

ease S used a push-button to trigger presentation of a display, 

then wrote down some or all of the random letters in the display, 

guessing if necessary.
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Li.. -

Aspects of the apparatus and the; method that were the same for all 

the exi^eriments will be described first and then the indivU. 

experiments will be described.

Two aspects of the apparatus used in Experiiaent IX were improved 

for the present experiment. Ss found the foot-switch rather awkward 

to us* and occasionally a display was incorrectly triggered and so v.-e.s 

miss - . A bistable wicro-switch operated by a push-button and held in 

S's non-dominant hand was used instead. Ss also found it awkward to 

write their responses without taking time to move out froia the rubber 

mask and look down at the booklet. So a device was built and mounted 

beiuw the scope to allow |5 to write his response on a roll of paper 

positioned behind a siaall vertical window. An adjustable elbow-rest 

was proviaeu and there was a sloping shelf Just below the window for 

S's wrist. The window was just below the face of the scope and at tho 

sjuae viewing distance, so no change in convergence or accommodation vas 

required when £5 looked down and wrote his response. This arrangeiaent 

allowed £ to control presentation with his non-dominant hand, write his 

response with his dominant hand and then pull down the str: •> f paper 

so that a blank piece was behind the window and ready for the next trial.

Lists consisted of SO dfiiplays and each display consisted cf 5 

characters. The first two displays in a list were for warm-up and the 

remaining 48 were a random ordering of equal numbers of the different 

types of display making up the list. The alphabet used consisted of 22 

letters, the letters M, O, V and W having been omitted from the full 

alphabet. O was omitted because Ss occasionally called it 'zero* or



* a»d the other three letters because their shapes ir. the 

8x4 dot array alphabet used (see Figure 3) were judged by Ss to 

be particularly unnatural. The random letters In any display were 

always selected by saiaplin. , wu^ut ivpj,aeo"-mt, s^ no 

ap;>earad twice In a aintlo display. SQA v.-as altsravs 1O

« w«tfc* iuStruCceU tv p4't;&;3 wiv |KU»M~uu I wwu v/uw w uutai dlffi

fixation spot in the centre of the screen. When he was ready and had the 

spot clearly in focus he pressed the button t^aln to tri^er the display. 

After the display he waited, still fixating in the centre. After an 

Iritfri v**i VA u*vw seconds a saaall figure uiauo u*> y-C four dots was flashed 

briefly at the fixation rsosition, This was the response cue and nerved 

aa a signal to H that he should now write his response, in left to 

right order, in the window. This retention interval was used to *mke 

sure tnuc t;io s -a. - ^?s of all letters ry pur ted wsj»^ nracttolly 

t . The res,-,^- cue was a ~ftori2<>ntal line of throe riots with 

a fourth dot a little below the line of the other th •< id either 

Just to the left or just to the right of the line, randomly fron 

trial to trial, b aaa to ooserve t Hun uX the low dot and 

write his response accordingly on th<~ left or an the ri-ht hand side 

of the window. Has procedure simply guaranteed that S did not look 

down or start to write his response until the end of the retention 

interval .

Rather than requiring Ss to fixate on one position in the display 

and report a letter from a different posits i ers to be re­ 

ported were defined in relation to the fixation position. Successive 

displays were presented at various positions on the screen so that
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various letters were in line with the fixation^ • .sition and BO were 

to be reported. It was hoped that this procedure mi^ht reduce the 

iaportanee of the Identification of positions within tte? rt

Anotheiapproach to solving the position identification problem was 

tried, but not adopted lor the experiment. Various ^rlds and markers 

surrounding the display positions were used in an attempt to define 

the display positions absolutely on the screen* But if vertical lines 

were placed between the letters the spacing within the display had to 

be changed and so ioetacontrast interactions were reduced, and if 

•ftfkers are placed just above and just below the display S still had 

to relate the letters to the markers. The extra confusion did not aeeta 

to be offset by any improvement in position identification, so no fora 

of oarking pattern was used in this experiiaeat. (The .-narking; patter a 

which was found to be the least confusing was used for the rataer 

different task studied in Experitaent XIV.)

S was told that only correct letters reported in their correct 

positions would be considered correct, and so if in doubt he should 

guess the identity of the letter at a particular position rather than 

make a position error by reporting a letter displayed in sone other 

position.

Expcriiaent Xa

In this part of the experiiaent the display conditions were arranged 

so that not only could £ sain no benefit from fixating <*he« than at the 

centre), but also that he needed to fixate correctly t*. te able to select 

the required letters to report. The displays were five random letters 

and the lists consisted of bl, blr, nb and nbr displays, :aixed within
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lists. The di f* were ar d so that .e 

aligned with either their second, or their thlrc thoir f

exactly at th® fixatiua ^uaitioa. ouc v-o 

randomly in nnc of these three positions and within 

a list every type of display appeared equally often at each of the 

three positions. S was instructed to Report the three adjacent letters 

closest to the fixation point, so if position 2 of a particular display 

was in the centre of the screen he would write com the letters in 

positions 1, 2 and 3 in that display. Similarly, if position 3 was 

at the fixation position he reported letters from positions 2, 3 and 

4 and if position l was in the centre, letters from positions 3, 4 and 3,

Two SB served, each for two sessions. Six lists were prepared 

and each S worked through two of these in his first session and threw 

in his second. To i'^ f «*'.xiuce S to the fairly complicated display 

conditions, the first session started with a practice list of 14 

sia displays. Then a second practice list of 14 displays »f the 

Mm types as those in the experimental lists was given, at the start 

of each •; the sessions. The letter presentation tine was, as usual, 

2O msec.

Performance in part Xa was too good to ai.u. -lax «iuii>»Ai* of 

Item errors since the Ss made, oa average, only 4 such errors per list, 

although a considerable nunber &t position errors were made. So part Xb 

was identical except that the letter presentation tis» was reduced and 

each letter wa* intensified twice, once during each of two sw-jsmve 

display cycles, rather than the usual six ti *s. Presentation tl e k,as
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about 6 msec rather thaii the uiiu.il ~J .,^«,^ and tfce I oared

•iMser, although s .©rs w«re still perfectly legible. 0.

•gain two Ss each served for two sessions.

Experiment Xc

Performance in part Xb was little worse than that in part Xa. so 

In part Xj a new difficulty was introduced. Displays were presented in 

one of three horizontal positions as before, out instead of being exactly 

In the centre vertically they appeared either just above or just below 

the fixation position. The vertical displacement of the centre of the 

letter immediately above or below the fixation ;x>sition was equivalent 

to u.j ueg. at tne eye. Successive displays were randomly above or 

below the centre so S's beat strategy should still have been to fixate 

exactly in the centre. Letter presentation tirae was 2O rasec and two 

3s each sewed for two sessions. Three practice lists, with increasingly 

eoaplicatec! display conditions, were presented in the first session to 

introduce £ to the complex task. Other details were as bcfcre.

" "lent Xd

This part was the sans as part Xc, except that letter presentation 

was reduced to 6 e»ec. Pour 8s each served for two sessions.

t Xe

The vertical dispiaaeaent used in parts Xc and Xd certainly increased 

toe number of iteia errors niado, but it also increased the number of 

position errors. In an attempt to 1 reduce the number of position errors,
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part Xe used lists ii. two le in each <..

»«re not to be ro^rtod (those in posit! d 2, or

4 and 5) were ! v,ith rectangular checker-board dot patterns

having the satae size as the letters. Twv ^ c ;erved tor two

sessions, letter £ fomentation tir.ie vas G ar details were

as for part Xc.

cnx Xf

There vere still many position errors, so in -»art Xf an attempt 

was caade to decrease the confusion by separ - rent display 

types into different lists. Six new lists were prepared, three con­ 

sisting of an equal iraxmre CJL ui aiiu blr dis; lays only and three o^- 

nb and nbr displays ^~'° .our Ss each served for* two sessions and 

vorked through one ot each type of list in the first session and 

two of each in the second. Other details were SS for part Xd.

..ent Xg

Another approach was taken to the problem of reducing 

of position errors while still obtaining imny itea errors. Part Xg 

«SS identical to part \a exce ; »t that in the second session Ss rep-or ted 

all fiire letters in each disjlay. This task was certain] y difficult but 

Sc were prepared to tackle it in their second session. Four Ss served, 

but the results for on® fi were not analysed because she did not iollow 

the instructions concerning the order of report.
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toperi;.icat Xh

In a further attempt to reduce position errors, displays wore pre­ 

sented in only one horivontal position^ with position 3 in line with 

the .fixation position. Displays stili anocarcd above cr below fixation. 

Six lists were prepared and used in this part and all co - . of 

displays made up of live random letters. Two consisted of bj. and ulr 

displays, two of nb and obr displays and two of sra ujis^ays. six Ss 

served for two sessions and worked throu-h one of each type of list in 

each session. In one session 3 reported only the letters in positions 

2 land 4 and in the other only those in positions 1, 3 and 5. Letter 

presentation time was @ usec.

It was clear that most interest would centre on the results for 

report fron positions 2 o-uu . t iu part AU. ^^ xu ^UA «. .•>.< . \ as always 

of the letters in nositloas 2 iind i. To reduce position errors the letters 

in positions 1, 3 and i* of any particular display were , but 

different from both of the letters at positions 2 and 1. A typical 

u A spa. ay was, tncrezv JXDAJb aua ^ enuaau ;.. il«?r 

details were exacts i-n ->n.rt X'-i. Ajain st>: s.-.. ,..,'ed fcr two

sessions each.



109

RESULTS AND DISCUSSION

Aa the exneri ioat progresses .. ^eca^c clear that the identification 

of the positions for report, to^etuer with the difficulty of seeing 

letters in soiac positions, was S's greatest difficulty. After soiae 

initial coniusxon uunug tne practice lists all Ss aianaged W^^JL «itb 

the conplications of the procedure: trigger, fixate, trigger, ui>**A*ve, 

wait, select response side and write response . tao uncertainty 

about exactly where the next display would appear on the screen. 

Ss made the usual coavuents about the appearance of the displays: there 

was apparent movement and the letters appeared - JU .^ around, they would 

have guessed that there were only about three (or two, or four) letters 

in any display and in soae disdays three letters seemed to stand apart, 

with gaps between them. But it was difficult to select the letters 

for report because •*? 'mrd to associate letters u-ith particular 

positions. Every £ {maintained he had fixated as instructed and that 

it was not too difficult to do so, soiae said that it helped, because 

it helped define the display positions.

So it appears that the fixation problem of the previous experiaent 

was solved in this experiment, uut tnat the difficulty in ueixuin^ 

display positions remained. Although Ss were encouraged to guess at 

letter identity rather than make position errors many 6s said that 

this was an impractical instruction. Many position errors were 

certainly wade and once again it is not possible to know how many 

of these occurred oecause S \vos unsure of the Identity of the letter 

at the position for reix>rt.
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Table 1O. Analysis of individual letter responses in Experiment X, 

for each part of the experiment and for different sets of disv-ay 

positions separately. In each cell the r in brackets is the 

total number of response letters and the three numbers in a coluuui 

are percentages: top is percentage correct (C), middle is . tn 

of item errors (I) and bottnn that of position errors (P). The 

fraction is the number of acoustic confusions over the total number 

of item errors. The number of Ss contributing data for each part 

of the experiment is shown at the left.



for the analysis, all responses written on, the- wrong side of the 

winu- , , 1 « of the tota. , A-erw aiBcarded. Indivic..^- otters in the 

regaining responses were then classified as r- •• >*• -ot if both letter 

ideality and position v.ere correct, or as an error. Errors were 

classified aa position errors if the response letter had appeared 

at any other position iu the display, or as ite,a errors. Item errors 

were further classified as acoustic confusions and other item errors. 

The definition of an acoustic confusion was the same as that used in 

£xperiident IX, except that the pairs C, G an ; were not counted as 

acoustic confusions. Takle 10 sets oat th^ percentages of correct responses » 

itc/M errors and position errors at the various different display pos­ 

itions in each part of the experiment. It shows the number of acoustic 

ecu fas ions as a fraction of the* nuaber of ite;« errors and also the 

totaj number of response letters (the number in brackets) in each case. 

It ±s c^ear that the pjxv*.'*-* A •«.•,» v>i' i/usitiv>n errors was high ia most 

eases. Examination of th& rav/ data showed many instances of regular 

position errors e.g. in bl displays the letter in position 3 aay have 

been given for that in t>osition 4, or the letters in positions laand 3 

intarchaajped.

pattern of percentages for wl and blr displays 

with that for nb and nbr displavs shewed no lar?e differences. The 

two proportions of ite^n errors were very sindlar in all parts of the 

experlzaent. The nb aftcl nbr displays ^ave consistently lislie* proportions 

of correct re«pans«s in parts jui to Xg, out lower proportions in parts



212

Xh and XI. T^csc differences were, of course, matched by changes in 

the proportion of position errors in the opposite direction, ^arts 

Xh and Xi required report from positions 2 and 4 or 1, 3 and S. These 

sets of positions were chosen with the appearance of bl and blr 

displays in ..lind and so, if these sets of positions were particularly 

hard to pick out *.* «a> and nbr displays, it is reasonable that S* oade 

fever correct responses and taore position errors for nb and nbr displays 

In these cases.

Considering resr*onses to Dosltlons I, 3 and 5 only, performance 

was better «Mtth the fail and Mr conditions and, in articular, ;nore 

position errors were made in the nb and nbr conditions. The opposite 

was true for responses to positions 2 and 4. So it appeared that the 

difficulty was mainly concentrated in positions 2 and 4 in JW and blr 

displays, but more «veniy spread in the nb and nbr displays. Once 

again suppressed letters were particularly tiiti'icuit.

Acoustic confusions

Table 10 also shows the fraction of acoustic confusions in each 

cell. In many eases the numbers were small aad no big differences were 

obvious fross scanning tne table; there were certainly not consistent 

differences comparable with that between 20.4 and 5 s* found with the 

second scoring method in Experiment IX. But there were bi£ differences 

between the displaying conditions and the response procedures used in 

the two experiments and so it is reasonable t&at the proportions of 

acoustic confusions might be dlffeant in the two cases. For example, 

the introduction in the present experi&ent of the delay of two seconds 

before response nay have increased the proportion of acoustic confusions
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by increasing the partial memory loss, or have decreased it by increasing 

the total loss of items from, joraory ami so increasing c... nu..,uer of 

random guesses.

In the third visual search experiment, Experiment VIII, letters 

presented third in ub and nbr displays, i.e. those in positions nb,i 

iiur,2, gave resu.;u* siaxaar to tnose tor letters in positions * and 

1 and ***** displays (see Figure 13). Inspection of the results in 

the present experiment suggested that here, too, they &ave results 

similar to those for suppressed letters. Accordingiy, in the analysis 

of proportions of acoustic confusions, the results for ab,-* and n&i. ,* 

were grouped, but kept separate from those for nb»2 and ubr,4. Com­ 

parisons of proportions of acoustic confusions between conditions 

<•**• eade within Ss and for as many parts o£ the experioient as gave 

relevant results. la:>ia ..:. allows the comparisons aade.

The data used in any particular comparison consisted of 25 or 31 

(the total number of Ss in the parts of the experiment concerned) 

of fractions, one for each S. A test for a difference between 

of the pairs might have weighted each pair equally or udght have 

into account the different numbers of itcx errors on which the fractious 

were based. A Wllcoxon test, which weiglte each pair equally, was 

applied in the usual way to the differences between the fractions 

forming the pairs. It had the advantage that every 3 was consia«re«i 

equally important, but the disadvantage that s;^ll numbers* e.g. l/o 

(2O%), were weighted equally with larger uiuaiiers, e.g. V3u (also 

2OJ). So the Cochran test used for Exparu^nt Li was also ap^^Aad 

here. It had the advantage that very sinall numbers ;aac3e only a small
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Comparison 
of with

Parts in ^ereontages of Significar.ee levels 
comparison acoustic con- (two-tail tests)

Cochran Wilcoxon

m M»^i£i 2 » 4 bitbirii,3,5
v i? if ^

(3) " " nb»4,nbr,2

H) " " nb > 2inbr > 4

(5) nb,4,nbr,2 " "
. * *

(7) nb,*;nbr,4 *'

)' ' '3 *~ t * '
/nb » 4 »nbr f2j nb»nbr , 1 ,3 ,5\

Bb,2,nbr,4 j

(9) " " sa,2,4

(10)" "

(11)" "

Xa-Xh

Xa-»i

Xa-Xi

Xa-Xi

Xa-«.

Xa-Xh

Xa-Xli

Xa-Xh

Xh

Xi

Xh.Xi

15.1

15.1

15.1

15,1

17.8

17.8

10.9

15.8

16.7

15.3

15.7

12. 0 <^O.i-v* <O.Oo*

11.8 ^O.O25 <O.OO5

17.8 ns as

1O.9 <O.O5 <^O.O25

1O.9 <O.Oi>1'! <TU.O1

11.8 ^O.Ol <O.O1

11.8 ns ns

11.7 ^0.001 <0.001

4.8 <O.Ot>* ^O.OS

15.9 ns ns

13.7 ns <0.05*

Table 11: Comparisons of proportions /or Experiment X of acoustic con­ 

fusions in different display conditions. The second colunm shows which 

parts of th© cxperi&ent contributed data to the comparison and the next 

coluian gives th« percentages of item errors which were acoustic confusions 

in the two conditions being compared. The last column shows probability 

values for two tests for a difference when the data are amtched pairs. 

For the Cochran test see Hajwell

* for one-tail test only.
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\

contribution, but tills had the effect of giviag greater weight to the 

Ss who sade vutmt errors. Exa«dnation of the data for the individual 

SB suggested that the few cts who aade a very large number of errors 

•hewed smaller differences in the proportion of acoustic confusions 

between conditions than did ctner Ss. Such a trend is consistent 

with the difference in significance levels shown by the two tests 

for the same comparisons (see Table il). Also, it would suggest 

that the percentages wfcown in Table 11 uuder-esti.aate the differences, 

since these percentages were calculated fro;.i the numbers of errors 

pooled ov*r 3s rather than being the raeana of the percentages for 

individual

Table 11 shows that there was a difference between the proportion 

of item errors wiucii v»ere acoustic contusions for suppressed letters 

and that for other letters. The difference was siaall, but consistent 

and significant and in the direction expected. The results concurred 

with those of Experiment VIII in suggesting that letters in positions 

nb,4 and abr . 2 beoave like suppressed letters. Comparison (3) in 

Table 11 showed that their acoustic confusion proportion did not differ 

froiu that for suppressed letters and comparison (3) showed that it 

was greater than that for no, 2 and nbr,4 letters. When the nb,4 and 

nor ,2 results were grouped with those for the suppressed loiters and 

coapared with all oth*r rwauits (coupariat-u (3)) the difference between 

the acoustic confusion proportions was significant at the O.001 level. 

It remains puzzling why the nb,4 and nbr,2 positions should have behaved 

in this way, considering that descriptions of ub and abr displays never 

mention missing letters or blank spaces at these positions. Table 1O
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shows that the proportion of correct response* at the nb, i and nar,2 

positions was nearly always lofcer than that for other nb auu nbr 

positions, although not aa low as that for positions ^ or 4 of Li 

and blr displays: so in this way also their z&Su.v • owhat reseuo. 

those for suppressed letters.

Parts Xh and Xi allowed a comparison with results for letters in 

positions 2 and 4 of sta displays. In part Xh the proportion of 

acoustic confusions for these letters was very small (see Tables 10 

and 11), but in part Xi it was the saaw as that for suppressed letters. 

Perhaps this result in just one part of the ejq>eri£«ent should not , 

given very tauch

Migration errors

One of the further analyses carried out, but not fully reported 

here, was the classification of position errors Into those for which 

the correct letter was given elsewhere ia the sa:.je response auiu taoat- 

for which It was not. If the correct letter was given elsewliere the 

error was calad a al ̂ ration orror. So, for exa;^le, a si .pie trans­ 

position was scored as two laigratioa errors and, if ABODE was presented 

and EACXE given as the full response, a Migration error was scored for 

position 1 since tho D was a position error and the correct letter for 

that >osition, A, occurred elsewhere in the response. On this definition 

2O& of the position errors at positions 2 and 4 of bl and blr displays 

were migration errors, but the figure for nU,2 a •*. _ ts -iV.-». So 

suppressed letters seldom appeared in the response in the wrong position, 

while migration errors fron nfc,2 and nor -4 were fairly coramon. Once
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ttee figure. 32,, fur nb,4 and abr,2 va« bclcw that for the nb,2 

and £&£•* positiuns although not an low a* that for positions 2 and 4 

of bl ami blr ais^.uyi;.

The proportion of position errors which ware migration errors for 

positions 1, 3 and u ui bl ar.d blr diapzaya wa» i>«j* aua touch ox the 

migration wan certainly to positions 2 ar*d 4. The figure for positions 

1, 3 and 5 of nb and nbr displays was «l2/i and there was no such single 

•ftrked migration pattern. Recalling that the overall proportioa of 

position errors TA'»S higher for ut ant- nfcr displays than for j^i suia oxr 

displays if suppressed positions were ignored, the xst general con­ 

clusion is that seeing suppressed letters was the 4^ain difficulty la 

the bl and blr displays, but that in afc and nbr displays acre letters 

coula 0« laentiiivc. out it was s^re ditficuxt 1:0 assiiu tr.c..* correctly 

to their positions. A qualification to the conclusion is that letters 

in position nb,4 and nbr«2 behaved rather like suppressed letters.

In sur&aary, Experii^ent X supported the two min fi^lin^fi of J 

IX. First, it is a very difficult and confusing task just to 'wnce 

down the letters ia the display*. It is also difficult to find approp­ 

riate cues or display condicions which help £ '7ith t«e positiu-i identi­ 

fication part of the problem. Second, a greater proportion of itaa 

errors made to eupnressod letters are acoustic contusions tiuui is the 

case for other letters. Thin oxperiasent £avv >alts requiring 

•odificatioa of the interpretation £iven duri^ tav o^cussiou oi
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Experiment IX: jssod letter* ar; soiaetimes uaned and then visual 

information t then la lost. Letters in positions nb, 4 and nbr,2, 

which gave results reseaiu.Utt£ those of suppressed letters in Experiment 

VIII, showed the sa#te acoustic confusion proportion as suppressed 

letters and gave other results somewhat resembling those for suppressed 

letters. Finally, overall performance with bl and bit* displays 

about equal to t&at with nb and nbr displays. But while the 

difficulty with bl and folr displays was seeing suppressed letters, 

with nb and nbr displays it was relating the letters in the display 

to the correct display positions.
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Comparisons of Letters in Metacoatrast

Experiment XI: Sa raake same or different judgements about

pairs of let tors. Visual and acoustic con- 

fusibility of the letters fcruinu pairs are 

manipulated and HTs and error rates indicate 

that visual matching is comparatively less 

important if one of the letters in the pair »

Experiment XII: The tasL is made more complicate*!, but any

relation between acoustic confusibillty and 

aetacontrast fails to reach significance. 

XIII: £>s make saae or different jud^a^ents between 

entire

8. i iaa^c jur

The experiiih nts reported in Chapter 7 found ocuua evidence that

4.e tiers can soijetlttes be naiaed even though visual information 

about them is quickly lost. But the letter report tasks used required 

SB to identify the positions at which letters were displayed and this 

was found to be difficult. In this chapter some experiments taking ft 

differ at approach to letter naming are described. Their aiav4ai to 

avoid the position identification problem and to seek confirsiing evidence 

that suppressed letters can b« coded and stored as na.aes. They required 

Ss to match a cue letter with a test letter presented tn a nietacontrast
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display and to press one of two keys as quickly as pussittl* to signal 

v- letters were the wuae or were different. When the 

two letter were different they were either ac^u .u*iy confusible 

or visually •cnfusiblc, and so any differential effects of those 

t*u types of confusibility oa RTs or error rates would indicate 

that £ was relying relatively more oa naiae or shape coding. The 

line of thinking ynaenyxng those experiments is similar to that 

underlying a large amount of recent work on the recognition, coding 

and storage of siiaple visual fttiouli. So these experiments provide 

ma eJOfcaple of the use of the strategy suggested in Chapter 2 that 

visual ,m3Jo.ug iiiuaies might trnke good use ot tii© results and tech­ 

niques of -f «*^ Investigating hursan information processing. i<cfore 

describing the experiments soa» of the relevant work in this field 

will be iaentloned.

iiayes v iiobiiu*oii and i^rowii <1£M>1) required ^s to Judge 

two eirdultoneously presented fonas viere the sau^e ana iounxi tliat they 

judg^u iwu reversed letters to DO the sane ^ust as quickly as two 

letters in the correct orientation. So the recognition or naming of 

tire fortuS as letters did not appear to be important and the cu.:ipurieon 

A-as presumably ciade at ati earlier proctrSBH^, sta^e. Hochbcrg (1966) 

used MNtoin^fui and nonsense words in a sisdlar matching task and 

found that familiarity of the jaaterial was only important ii the 

task required S to r?ver:c>ri se or tranofort: one of the stiuuli before 

he? could wiatch it with the other , such as when the v<orde were separated 

in space* or tirae, or were in different type-faces. » osner and Kitchell 

(1967) uitasured ETs for sane and different judger^nts .uade to pairs of
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simultaneously presented letters. Three criteria tor saoeness were 

used: physical identity (AA), naue identity (Aa) and vowel- 

consoiiant class identity (AE), and iaatchinj tides under the three 

criteria were found to increase in this order. Posner and Keele 

(1967) studied physical identity arid name identity matches of two 

successively presented letters. If the letters were presented 

simultaneously physical identity thatches were aoise 9Q msec faster 

than none identity matches, but tlw difference decreased as the ti ^ 

between the two presentations increased and fcad nearly disappeared 

one letter was presented 1.5 sec after the other.

The assumption underlying the interpretation of these experiments 

is that arty additional transformations or manipulations which rttust ue 

applied to characters in order to perform a task will lengthen *iTs and 

conversely, if RTs la two siuiiiar conditions are different, then iu the 

situation yielding the longer HT so&e extra W,^ A «H,AMAI utust be required 

before the response. The interpretation is that visual aiatchinf£ of 

letters or simple shapes is fast and efficient and foay be carried out 

without aasting the stimuli. Narae .aatchin; and class matching tai;e loat;er 

uc cause extra o;>« rat .ions viat be applied to theftaput before the required 

comparison aay be roade. With successive presentation visual thatching can 

still occur and is >aore efficient than na^e .etching if the interval 

between the two presentations is short, but it bee OH* 8 less efficient 

as the interval increases eecause the visual information uuuut the 

first letter decays with time. This visual storage is not just the 

icon because the ti e course of decay is not affected by variation in 

physical parameters, such as brightness, nor by introduction of visual
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nois* duriu* tte iater-stioulus interval (leaner, Boles, Eichelaan 

and Taylivi-, A*u«>). but it is ai'fected by an j.ufonaation processing 

tasK, such as adding 3 tp a digit presented auditorily and saying 

the result, so it seecifi to require attention or rehearsal of sons 

kind (Boics, 1968; Posner and Koniek, 1966). There is also eviu 

that £ raay isaintain the visual information jaore efficiently and for 

if it ia especially important or helpful to cio so.

Further experiments (leaner et al., 1969) asked whether 25 can 

generate soue form, of visual representation of a letter presented 

auditorily, so that a visual match with a second letter, presented 

visually, may be ;;ad^. The findings suggest that £ can do this, pro­ 

vided that he lias at least O.75 sec ia which to generate the visual 

code. Matches are then uore efficient than naae Hatches, although 

they are not as efficient as physical matches for simultaneously 

presented letters.

Posacr (197O) gave a review and a theoretical discussion <>T 

this whole field of work.

IB tae e«pcrii.!A-.:).i£ .-.•,.vicncci ao iar, two diflei'tat critc'ria tor 

sasenee were used so that visual and name matchin; could be distinguished. 

Manipulation of the visual and acoustic confusibility between tho letters 

in a pair offers another method for discovering whether shape or nans 

coding: is relatively more important in a particular task, i/aincff and 

Haber (1970) used a saaw~or-dlfferent task with pairs of simultaneously 

presented letters as stliauli. Acoustic confuslbility increased STs for
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but not for physical matches*. The authors discussed whether 

the naue and visual analyses proceeded in series or in parallel and did 

not make a fins choice, although they preferred the view that physical, 

visual analysis occurred first and was foi-tuweu uy *u;cui»u.c, n^ >• 

analysis. Dainoff (1J>70) found that with successive presentation the 

effect of acoustic confusibility increased as the interval increased. 

He concluded that the likelihood of auditory encoding Increased over 

tine and that since :/iai£tenaoce ox a visual code decreased with tisae 

(as Posner and Keele fion?) had also found) the two foras of coding 

could be handled quite separately. Posner and Taylcr ( . ; used a 

Matching tasii between a three-letter array, followed by a visual noise- 

field, and a siacle prooe letter presented after tse noise-field. 

Tnc-y :oanipJ&ted the visual and acoustic confusibility of the three 

letters in the array and excluded any effects of coniuslbility between 

these letters and the probe letter by considering only trials in which 

the correct rt 39 was 'saoae'. Their resvu ou tiiat in w.tur 

conditions confusibility affected the iilt r«' encoding sta^je rather 

than the uatching stage and that visual confusibility reduced t- 

efficiency of physical identity matches without affectin; naiae catches, 

so the visual and narae codes were stored separately anu ncca :iow 

vv..; interrogabvu serially, although they raay possibly have been f*v ._„ 

serially. Coheu (1JJG3) li-equlred Ss to watch two successively presented 

trisraat of lower case letters. The two tri^raoui were citber the saae, 

or they differed at just o«e position, la 'a*** urxuis tut t,_ 

differ otters wuji'u uvw wuulusible \.,^/, ^-j. ^^-^ visually



con*£sible (p,q), or they were acoustically conifeslblc (t,p), or they

were bcth visually arid acoustically contiieitle (b,d). > aad ^rr&r 

rates for the first Hire-* ^uuii.1. t • . . ut performance 

was slower and less Accurate in th& single case whe n •*'-"» --"fferent 

letters were both visually and acoustically confusible. This result 

Suggested that in thoao conditions S was a** ing a visual and a

un in parallel aaa titit either ccnjiid lead to a decision and 

, so that on.ly if both covaparisoiia were disrupted would a drop 

in efficiency be sotm. la this experisisfeat ooalusibiUty was between 

the two successively presented lottors to be taatch*d rather than 

vithin the iritia^ -ci* ;>,.*.- ay, 3i> it usual imv-ts luui its «£'£dct dui'iu^ 

g rather than during the initial encoding,:.

In Su;.i &JTJ , cuv - .. ^.ay ox sxa . , .j-'i

and study of a physical, visual cu. .^i— ificw . • -.coustic, 

cc ..'ivison process and. otlier classi/i calory pi . . ^ well. HT and 

error rates are the perforiuance eaeaaures usoci, o different processes 

uay - ijy U£ia^ asL-vcrax criteria xoi* saue£tees« or oy u&uipu-

vj various types of corif visibility betr. i . the stimuli to be compared.

In our (stutiy ex .utaacontrast in displays of letters w& ^uuiu i±uv to 

know in what form ft suppressed letter is rearesented in meatory, if it is 

^presented in <aei.K>ry at all. fee could co.ipa^ atches uet*c»en letters in 

the same case and thos*? in different cases, or we could manipulate the 

visual and acoustic eonfusfcilivy OA ici-tcr tja.irs. It was at>t po«»it;*« to 

obtain enough satisfactory lower case letters with the display equi r .ant 

available, *o the second method was used in the three experiments 

described in this chapter.
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8.2 Comparisons v.x > v >terfi ia^^ac?tacuu

Experiment XI ; Conparisons of letters preaeated

vi sual noi ee jMtt terns.

In each trial in this experiment S made a *-cypress response to 

signal whether he Judged a cue letter and a test letter to be the sa«* 

or different. The test letter was presented in a display with four 

i<a:sense ioras aiui nhe cue letter was presented fcy itself. Successive 

presentation was used and in son*" lists the cue letter cause first; 

inofchers it came second.

METHOD

Four types of list were used. In two the cue letter always pre­ 

ceded the display and in two it followed it, and in one of each of 

these types the interval between cue letter and display was short 

while in the other it was long;. The four conditions were, therefore* 

caned PRE-SHOaT, PRE-LCBIO, PQST-3JKHT and POST-LOW^, where PRE and 

POST refer to the t>re~ and post-cueias conditions i.e. those in which 

the cue letter eaoe be£or« aad after tlie display, r«s jectiveiy. Pilot 

work sho-^ed that the shortest practical cuel^i interval (CI), the 

interval between cue letter cffset and display onset, or display off­ 

set and cue letter onset, was 280 a»scc. If a shorter CI was used S 

was likely to coniuee the- cue letter *ith the display and the al ,1 

was to oake the cue letter virtually perfectly visible. .\ Ions CI, 

of 1.73 ««e.. fcfc* --«^ ^ ' -J.'£icieiu *.,..,• for a considerable 

loss of visual information to occur. So the CI was 0.28 sec in the 

SHORT conditions aaU 1.73 stc. in tli« UH«S conditions. All trials 

in a list had the saiae CI and the sarae cueing order.



A pairs

BT BP BE BG CB CK CT C? DT

DB EC ED ET 10 GB 6J& LN LS LX

FB PT TB TP FX FS FL SF SX XS

IY TI QU VQ JA AJ JK KJ AK HA

V pairs

AR BR BS CU DQ EF F£ FP FT

GL HI HH HU IT IJ JT JI KX KP

Kh LU i^l iH ^ ^ 4u»

SP SB TI TJ UJ XH VK YX ZX

Table 12: The pairs of letters used to form A trials (A 

aaci V trials (V paxrs). T o letters in an A pair were considered 

to be acoustically ccnxtusiblc but not highly visually confus^.^.*, . 

Titc two letters in a V pair were considered not to be acoustically 

coniusAble ana, on average, more visually coalusiule than letters 

within A pairs. In every case the first letter ghowu becaiae the 

test letter -.* t-ue trial and the second becaiae the cue letter.
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In every trial the teat letter and four nonsense forms (Figure a 

shows the nooseuae forms used) niade up the dis /lay and this always 

appeared in the middle of the screen. The test letter appeared equally 

frequently at each of four display positions (it never appeared in 

position 3, the central position). Each character in the display 

presented for 2O raaec, SO& was 40 msec and the display orders used 

bl» blr» nb and nbr. The cue letter was presented for ISO msec by it­ 

self in the centre of the screen. In any trial the tost letter and 

cue letter were the same (an I pair) or were different and acoustically 

confusible (an A pair) or were different and not acousticajiy confusible 

(a V parr), tight oxix,-r:i.jciita.l lists, two in each of the four etain 

conditions, were prepared. Every list started with tv.c warm-up trials, 

then consisted of a random ordering of G-; I trials (cue letter and test 

letter the same), 32 A trials (cue and tost letters were an A pair), 

and 32 V trials (cue and test letters were a V pair). In each category 

tsjsj 16 possible combinations of the display orders (bl, blr, nb and nbr) 

and test letter position in the display occurred equally frequently i.e. 

twice ior A and V trials and four ti^es for I trials.

The letters M, o, V and W were excluded and so an alphabet of 22 

letters was used. 4O pairs of acoustically eoofusible letters were 

chosen to provide a pool for the A trials aad 4O pairs of letters which 

were not acoustically ccsrfwsible were chosen to provide a pool for the 

V triais. The pairs c«o»eu are shown in Table 12. The selection of 

pairs was subjective but took into consideration the analyses of acoustic 

eeafu»ibility given by Conrad (10iH) and <*ickelarea (1£6;>, 1966), the
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dot patterns used to fora the letters (ao« a 3) and the results 

of &xpuri.,»aav IX. -'airs of letters which were acoustically confusi^e 

and alau /wry ^...u.j.iU'' VA^U^A./ vvere omitted entirely, «.&. * *t-! . It 

can hardly be claioed that within evory V pair the letters werfc very 

similar visually, but it is reasonable to aasiuae that letters in V 

pairs were, on average, aiore visually ccnfusible than those in A 

pairs. Taking, for example, the auuuer of dots two letters have 

in common as an objective measure of visual confuslbility, the average 

for A pairs was 0.8 dots while that for V pairs was 8.3 dots.

An experimental list was node up by selecting 32 pairs randomly 

frosi tlie -jpi of A fNtirs and 32 pairs rancioaly Ire. the pool of V 

pairs. $4 I pairs *<sre selected so that any one letter appeared 

about equally often in I trials and in A or V trials, even though 

the 22 letters did not appear equally often in the experiment. 

A display order and a test letter position were assigned randomly 

to each trial with the constraint mentioned above that each of the 

13 combinations of these varisuues occurred equally frequently 

within types of letter pair.

Four practice lists, one for each of the znain conditions, were 

«ade up in a similar fashion and consisted of just 2O trials. Two 

further practice lists were prepared, one in the PSIK-SHORT condition 

and one in the POST-SHORT euutUticm. These lists consisted of 22 

trials and used every letter DC ing used in the experiment as ttie cu« 

letter in just one trial. Th«se lists were used to check that S 

could recognise the 22 letter shapes and that the cue letters were 

not being confuseti with the display at the short CI.
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Ten Ss served for two sessions each iu LUG taperiaent. Uie 

session was devoted to nre-cued trials and the other to post-cued 

trials. In each session S> worked through four experimental lists. 

The order of sessions, order of use of CI values and order of use 

of the eight lists were all counterbalanced over SB. In lists 

using the short CI the S-S interval was held constant at -.^ g&c, 

and in the long CI lists it was held constant at 3.5 sec. A 

fixation spot was presented in the centre of the screen at the 

start of every list and S was instructed to fixate on the spot 

and to keep looking in that saiae positin throughout the list as

us where the cue letter always appeared and vhere the centre 

of the display fell* S was also instructed to work as quickly ag 

possible, while still aaking few errors. If in doubt he was to guess.

The first practice list used in each session was the appropriate 

OB* oi the two lists consisting of 22 trials. For this list f> diu not 

give any keypress responses but simply read the cue letter aloud as S 

triggered presentation of the trials one by one.

The assignment of the two responses, saoe and different, to the 

two keys was kept constant for any one S, but was varied over £»s so 

that the do-dnant hand was used for the saae response by half the Ss.
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RESULTS AND DISCUSSION

The first two trials in each list wwr. c^c^uded froa the analysis. 

RT« were measured from the first ti.ve at which sufficient information 

was available for a correct response to be raatie. So in post-cued 

trials RT was measured frota the onset of the cue letter, while in pre- 

cued triais itT was ueaaured from the onset of the test letter, whenever 

during the display of nonsense forms it was presented. RTs less than 

15O otsec or greater than I5oO nsec, or aore than three standard 

deviations from the *»ean of the remaining &Ts of the saae type 

Cleaning A or V or I) in the same list were discarded, 1.7* of all 

.41 s were excluded in these ways. The aean ilT and the percentage of 

error were then calculated for each condition for each S.

Inspection of the data

The first expected result was that in the POST condition A trials 

would be difficult if the test letter was suppressed. This prediction 

followed from the finding of Chapici / wmt a suppressed letter might 

be stored only as a nanae; if so, acoustic confusibility should be 

disrupting. Inspection of the results, averaged over Ss, showed no 

clear evidence corJUrising this prediction. The hope «as that given 

sucn a very speciixc prediction confirsuatioii jji^ht be made sim^y uy 

applying one or two t-te»t«, h-?t hoth the RT and the error resu-te 

showed complicated patterns of values and any effect was too ssaall 

to emerge on simple inspection.
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Another particular question asked concerned the nature of
/

matches Bade to suppressed test letters in the PR£ condition. Could 

8 make a simple, fast shape match, or did he have to naoe the test 

Utter and only then oaten it with the stored cue letter.' QQCO a^ain 

inspection did not suffice.

(tee observation did eraerge from the initial inspection of the data 

and this was simply that long ETs and high error rates seened to be 

associated quite closely, so it seemed reasonable to accept either as 

evidence of difficulty or inefficient processing.

Anal ysos 01 variance

Three series of 5-way analyses of variance were applied to the 

results. No attempt will be oade to £ive an exhaustive account of 

those because the cc of the display conditions iacan0 that a 

full description of the a „:•••: would be yxtremoly complicated and; 

because many of the effects found were not of Interest anyway. Instead 

a description will ue ^iven of just what analyses were carried out, then 

the main findings will be sketched and finally tiie results relevant to 

our investigation of tretacontrast will be discussed in detail.

All the analyses were carried out separately for percentages of 

error, with an arcsine transformation, and for RTs. In the first 

series the factors In ea U analysis were: A (LONQ/SUOilT); B(3s), 

Ctl/D), iA£l^£l£/n&.£££>i *<i ,11/iiitiv). The lower case Ronan 

numbers refer to the to ocral order of presentation, so that an f ii* 

trial is one iu which the test letter was presented second in ti *s,
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e.g. it aay have been in spatial position 2 of a jbl display, or in 

position »i of an rib display. Factor B therefore refers to the 

classified to. uu ox s.i-i*ixs according to whether cue teat letter 

was presented early (i or ti) or later (iii or iv) in the display. 

Tim third factor in the analyse* was I/D, referring to the classifi­ 

cation of trials into aasae and different trials, D trials wers not 

further classified into A and V trials. Analyses wore carried out 

for the PRE and POST conditions separate ̂> «uu lor the two together .

Ton factors in the second series were: A CLUi«0/SiKKTj; 

C(A/V), D(bl,blr/nb,nbr), E(i,ii/iU,iv), so that only A and V trials 

v. '.. Once again analyses were carried out for the Hi£ and 

POST conditions separately and for the two together.

In the third series the factors were the same as in the second 

but the display orders (bl, blr , nb, nbr) and the temporal display 

positions (i, ii, iii* iv) were «&ch classified into toe full four 

levels, rather than t ito only two. So each analysis was 2x10x2x4*4, 

rather than 2x10x2x2x2 as were those in the second series* Analyses 

were carried out for HIE and POST conditions separately,

Turning now to the main findings of the analyses, the only 

notable general finding of the first series was that I UTs (*Oi tsec) 

were shorter than D RTs (578 msec). As would be expected, the second 

and third series of analyses showed similar natterns of results and 

Isrure 16 shows the A and V RTs results relevant to those analyses. 

The most striking result was that V trials were consis tently nor* 

difficult than A trials. Th* V HTs (6O2 msec for PH£, 574 asec for POST)
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nb.nbr

iii.iv
581
539

570

542

JTable 13A: Mean itTs in aisec, for I and D trials together, relevant to the 

DxE interaction in the P»8, KT analysis in the first series in Experiment XI.

bl,blr nb,nbr mean bl,blr nb,nbr ooan

mean

615 58O / 598 

562 559 / 56O

(339) (370)

575

640 / 632 

570 / 573

(GOO) (6O5)

Table 13b: Mean PRE RTs in msec for the CxDxE interaction. The four under­ 

lined values show the CxE interaction and the four Values in brackets the 

CxD interaction for Experiment XI.

i 
t

j

LOW

SHQftT

mean

556

567

(562)

i i
blttlr nbrfebr 

V A V '

555

SSL
(567)

54o S36

5556 576

(550) (581)

Table 13c: I^lean POST RTs in msec for the AxCxD interaction. The four 

bracketed values show the CxD interaction for Experiment XI.

A

LONG 4.8

SHORT 8.4

bl»blr 
V mean

5.8 / 5.3

13.8 /_!!_. 1

nb.fabr 
A V

3.8 12.3 /

7.4 11.6 /

mean

8.1

9.5

Table 13d: POST error percentages for the AxCxD interaction. The four

underlined values show the AxD interaction for Experiment XI.
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were longer than the A HTs (579 osec for FBI, 536 m»*c for POST) and the 

V error rates (£.77. for i>RI£, 10.84 for POST) were greater than those 

lor A trials (6.4, for r ' for ^CST). In the PH£ condition KTs 

were masured frora the onset of the test letter, la the visual search 

experiments described in Ohapter6 th© p&ttm-n oi aTs often suggested 

that £ waited till the end of the dlsolav before initiating a response; 

if there was any such tendency in the jftUE lists of the ; ;\:-saut experiment 

it would be shown by the ateasuirecl RTs for i and ii trials being longer 

than those for iii and iv trials. If the tendency was c^^ete i 1-'*? 

difference would have been SO msec. It was observed to be 20 n&ec for 

I trials and 54 :>.sec for D trials, so there was sorae tendency to delay 

response selection until the end of tlu oasplay although 'sar.<o' reeponsos 

were less afffcw*? < j ^t. Overall difficult < and ii trials and 

the shorter warning in th«se than in iii and iv trials toay also have 

CLIItributes. Finally, in the POST condition, performance was slightly 

worse when the test letter appeared in an inner position 

position 2 or 4) than when it was in an outer position (position 1 or 

5).

Findings relevant to ntetac<yitrast

Turning tv the results of interest in our study of metaeontrast, 

we find only one in the first series of analyses. The DatE interaction 

was significant (p O.OO3) in the v£, RT analysis and Table 13a 

shows the relevant average RTs. To recapittiate, the symbols used in 

Table 13a a»mn that the average ET for all PftE trials with the bl 

or the blr display order, and with the test letter in the (temporal)
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position i or ii, was 531 msec. Since the first two character* in these 

display orders were suppressed this simply raeans that the mean rtT for 

trials with suppressed iteat letters was 581 msec. The interaction 

suggested that suppressed letters were in general the most difficult. 

The effect was specific to HUE lists and there was no interaction with 

I/O or SHQttT/LQKQ.

The secuna ana taira series of analyses showed another effect in 

the HUE, HT results. The CacD, CadE and CxI>xE interactions -nrr an 

significant (p -C O.O3), the relevant raeans are shown in Table 13b. 

The four underlined values are relevant to the CadB interaction and 

suggest that visual confusibility was particularly disrupting when 

the test letter api>eared early (in positions i or ii), whatever the 

display order. P>u figures for the CxDxE interaction suggest that 

this tendeacy was stronger for nb and nbr trials than for bl *nd 

trials.

Consideration of Tables 13a and 13b and the top half of figure 16 

suggests that i,af- 1 i o«t effect was the bi£ disruption produced py

visual confusibility for early test letters in nb and nbr displays. TTie
s Su^jeaf -fWt 
/8 >re»sed test letters were in general the most difficult and acoustic

confusibility was relatively »ore disrupting than visual confusibility 

for them, by comparison with early nb and nbr test letters. But without 

a no confusibility condition it was not possible to separate confidently 

the effects of the two types of confusibility. The best conclusion is 

probably that visual comparisons were the most important, that visual 

information about suppressed letters was degraded or removed and so visual 

comparisons were comparatively less important in that case* and that 

acoustic confusibility did not appear to disrupt greatly whatever naae
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The one interesting effect io the results for the POST condition

»oth in the HT and th® error analyses c, ., ^ -,^& .•«.; .^d third 

scries. In the IX^T, KT analysis the AxCx^ and the CxD interactions 

were significant (v<. O.O5) and the relevant vaxuet* are snovm in Table 

13c. Thy Cxi> interaction (see the four brack^te-d values) shows that 

the A ii it ions t~ave very similar &Ts for b : blr while the 

nbr displays sho\0d the usual difference, so for bl and blr

acoustic conxusxoility was poi"iicuxarj,y difficult or visual 

confaaibility *as .^ar-M dearly easy or both. Tiie values shov,^n for 

the Axcx> interaction * <,ast that visual eonfusibility was particularly

for ao and nbr displays and a little leas disrupting thau 

for ox iu*u j^r displays, i>ut oruy at tue long cueing interval.

Turning to the POST error analysis, the AxCxi> and the AxD later- 

actions reached significance (p < O.O5) and tnc x-^x^vauL VUJLUOS are 

shown in Table 1 3d. The AxD interaction (see the lour underlined 

values) shows that the error rates at the two Cis (LONa and SHUvT) 

were similar for nb and nbr displays but umch lower for LONO than SHCWT 

for UJL anci pxr Ui&^j.ays. The AxCxD iiiterACLJ.ua au^iicsts Laut tuxs vas 

a»inly caused by eithc. --. unex,?ectediy low error rate ffi, ) in t^e 

LOW, V, ^1 and blr condition, or an unexpectedly "high error rate (12. 3- 

in the LONG, V, nb and nbr condition, or that both these tendencies 

contributed. * co tparisoa of Tables 13c ana ua »ntws tnav civ i ,a 

the error results show similar patterns. Both suggest that visual -x-n- 

fusibility at the lon;£ CI are disrupting for nb and nbr displays but, in 

particular, did not interfere with iuaiching when the test letter 

appeared in a bl or blr display.
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The first implication of this last result (and the earlier linding 

that visual coni\, cy was disrupting iu general i» th« exponent) 

is that sane for* «f visual code, sufficiently strong to interfere with

a> natch with a letter ux siaiisr sna^, rt, .t*.^ ;-ju ^voa *.V^ soc
V

displaybffset. This raay have been an icon, siuce the letters appeared 

brightly on the screen, there was ao following noisa-fi*.ui aud th« 

illumination during the Cl was fairly di*a, but evea so, 1.73 dec is longer

than Boat e en mutes oo. tno duration of the (see Chapter ->. It is

more likely to have been a visual code oi the lor,, investigated by

Posuer ami his collo&gjes (see Sectioa ^.1 1./3 aec

is also near the upper li^ait vt the esti a tee ol the duvation of this

type of code, it is perhaps the coda was

icon for the first two or three lumoreu ^milliseconds of its lile

is also liKeiy that £ rehearsed or regenerate

V an

it

prolonged

its useful life. A second Lupiication oi these results is that this vittuai

code was absent or

had appeared i

result, that visual

uic- <:.-".: ol t^& Iua& CI when toe test

. By itself this is a reasonable

was r<_ . when tike test letter

appeared in a -aetacoiitrast display, even t: the 4-wa.y interaction

necesaary to .11 wit the effect to -essec* liiters was not t- Tioant. 

But it r

- at the short t, the; lor ̂  Cl for bl and blr tri

is not sufficient to observe that the? ion^ and t. rt Jis were In

separate lists and to postulate that there was a strategy difference, 

for the bit klr» no and nbr orders and tne A aiiti V conditions were all
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nixed within lint*, and so it is very difficult to find plausible

strategies which might have gxveu tae full set of result,*. uiAe inter­ 

pretation assumes Uuu the icon of a suppressed test letter was 

destroyed soon after presentation but tiiat a reasonable visual code of 

the test letter was available at first. This was sufficiently strong 

to disrupt a siatch with a visually sisaiiar cue letter u. *uc later, 

but did net survive for sufficiently long to give interference at the 

long CI. Because so much interf erased was oeserv«ci at the short CI 

it is not sufficient to assiutie that the initial visual code was weak 

and so decayed fast, unless a ceiling effect is invoked. It appears 

necessary to assuuae that the initially strong visual code decayed 

qpickly, perhaps because S did not have a normal icon of the letter 

at first and so, for soue reason, he could not rehearse the visual 

code. The best conclusion at this point is probauiy that 

disrupts the storage of visual information about ~ »tw 

but that further deductions would demand too aueh Iroai the observed 

results.

One i port ant oroble, reniains: how did 8 aiake such accurate i&atches 

at the long CI with ,),. pressed ett^rs.' A trials were not particularly 

difficult and yet we have also argued that little visual inloraation 

regained 1.73 sec after display presentation. There seera to be three 

possibilities. First, all matching &ight have been entirely visual 

and the re/aoval of sotoe visual information when the test letter was 

suppressed actually improved performance on the V trials by tie creasing 

the i pact of visual similarity between the letters oem*; ;ua&.caed. 

This appears implausible, particularly considering the c mounts of Ss 

mentioned below, that they narked letters frequently, and the results
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discussed in Section d.: that the tendency to use a none increase* with 

delay and is strong after 1.73 sec. Another possibility is that visual 

and acouBtic comparisons , aded in parallel, that the visual comparison 

predominated so that visual confusibility vas disrupting, except in the 

LOIO, V, bl and blr condition in which a nane taatch tertoinated first, 

and that visual roatchcs terminated first in A trials. Finally, :, , 

matching nay have occurred frequently but without acoustic cccfuslbiMty 

producing very much disruption. We cannot choose between these last 

two possibilities* although the work raentioned in Section 3.1 suggests 

that the last one is unlikely.

No further finding ot the analyses renain to be described, but 

the comments of £s should be mentioned. In spontaneous descriptions 

of the task jS described many strategies used including naming and suu- 

vocal rehearsal to retain a letter during the long CI, naming of several 

possibilities if there was doubt, the retaining of shapes of J^ttor 

fragzaents if tliat vas all that was se«n and thc» deliberate construction 

of an * image* to achieve a fast visual oatch. Clearly such strategies, 

if adopted consistently* could markedly change the observed pattern ol 

iils and error rates and it would be interesting to know which stratc..;i^j 

fie would prefer for different display conditions, »>^v conditions were 

nixed within lists in this eaq»erirdent and so no account of strategy 

differences could be taken. It is iaterastin^ . .y one 3 on one 

occasions made any eomtaeat about the necessity to search through the 

display and find the letter by reject la,; nonsense ^utt«:rua. i^j.;^ £ 

co^ncnted that the Aonseaae form used reaembled a E. But, ^n the '.h 

6s described only the matching tasv. as if the location task was not
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noticed. *»ilot work had also suggested that locating the test letter 

in nonsense forces was a fairly easy t*&K» oven wuen it was , _3scd 

but tiiis dues not alter the fact that preliminary analysis to locate 

the test letter was rtj^ujurau uuju.. -/ atcaiu^ c^iuc cowtence. It was 

not possible to separate any effects of the location task and the 

r. in tite observed perforsaanee .

Mo mention has yet teen md«§ of test letters in the nb,4 and

2 jK)sitions; letters in these positions gave results reselling 

those of suppressed letters in visual search aad letter identification 

experiment s descr^^^a earlier. It was hopeu trtai. tiieir results could 

bi. -iOAisiu^i^u separately and used in appropriate t-tests, but tl\e 

effects were not £»af£i^i@titly clear-cut- Following the analyse:* of 

variance the results contributing to the four parts of Table 13 were 

cxassiiifeti iujk&awi vo i,^p«.i-ate th© values Jtor tatsee two positions iroin 

those for otiier ul> aiid uor positions. Cozaparlsons of values for trials 

with test letters iu positions ab,4 or »br,2 with those for trials liaving 

suppressed test letters aiiowed ouly aml»iguou« patterns. Letters* iu these 

positions svw,,,ou, if auythiu^f not to resti^ble suppressed letters in 

their effects , but little c on I i deuce c&u — ,aeoci in this obsc-i*vatiou.

general strategy of arguing froa significant interactions in 

analyses of variance can be criticised on at least two grounds. First, 

any particular observed interaction **ay be interpreted in several ways; 

the argument must rest on the judged greatest plausibility of the inter­ 

pretations given. Second ,many related analyses were carried out, there 

were £iany effects which <aay have reached significance , out no useful
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estimate of the probability of siakin^ 4>i/v* * W-*-AVI-» u. . 

Even though the significance levels were only .-operate? fo. 

effects discussed probably were real, Uo-.ever, since two or • 

observed interactions contributed to each, except in the first cas« 

(shown in Table 13a), for waxcu p< O.OOu. Toe eiieci. sacw;i x; 

13c and 13d is particularly convincing because the ET and err " 

agreed.

-»«

This experiment showed that the task used was aainiy a visual U.SK. 

It relied on S being able to locate th® test letter In tha display of 

nonsense forms and the results and Ss* com>r*ents showed that thit • 

not very difficult* even when the test letter was £ ssed. orforsianc* 

was* in general, very food, the overall enx* r»tv u*jiiig Jxtst less than 

1O'*. In the discussion of sequential blanking sriven in Section 3.5 

it appeared that si,r,ilarity of fora between blanking and t. U 

characters* and difficulty of organisation of the whole display t>r 

label iiu;i of tiw? ujtaaiied characters were both involved in the ^u«?uu«i©non. 

It was not poSJiblc to assess the relative contributions of the two* 

But in the pi^»eat experiment tiic test letter was always different in 

shs** froia tins nonsense forns and it wad also easy to distinguish or 

label since all other characters were idciitica,: Jiau»eu»e ioras. Lo it is 

perhaps not surprising that suppression x ch displays was not very 

narked and this &fr" explain why the effects related to i^t&coutrast 

obtained in the experiment were simll. These results were that, in 

the pre-cueing condition, suppressed test letters were the *iost difficult, 

and although visual confusibility was particularly disruptive when the
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test letter appeared early in tae display (at positions i and iij, visual 

conlusibility was relatively l<ja« important for suppressed test letters. 

In the post-cueing condition both the ItT and error results suggested 

that aetaccaitrast interfered with the storage of visual infor/aation 

about test letters in Jbl and blr displays for 1.73 sec, but not for 

0.28 sec. In both cases the interpretation was that visual matching 

was relatively less important for suppressed letters, but the results
f

did not allow the argument to be taken further with confidence to 

conclude that nauiag was particularly important for these letters. 

Indeed, acoustic confvisibility may not have produced very smch dis­ 

ruption of whatever imrae comparisons were iaade. Those results are, 

however, quite consistent with the earlier description of raotacontraat 

suppression as interfering witft visual information while somatirues 

allowing aa^inr, but the effects were weak because the suppression 

obtained in the displays was itself weak.

Experiraent SII A Co.a.mrisons u of_ letters ^resented aiaong

ot her 1_eittears

In the previous exxsrirjent the task was mainly visual fluid only 

weak aetacontrast suppression was obtained. In this experiment 

exactly the saae matching task was used but dJLstin^uishin^ tiw test 

letter -vas aade jaore difficult by eajbeddins it in a display of four 

occurrences of another letter rather than four nonsense forms.
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All the details of the apparatus, materials and procedure were 

identical with the nrevioua experiment, except those noted here. The

lists were used, but before a list was presented in any particular 

lion a randomisation program was run to replace all the nonsense forms

letters. la aay trial th© nonsense for via vei-c ail replaced %-ith 

the san.e letter, which was randomly chosen but was never the sa^e as 

•itiuj*' the cu« letter or the test loiter for that trial. So a typical 

A trial consisted of the display JGJJJ and the cue letter E. The 

background letters were re-randomised each ti ;c a list was used because 

they probably contributed considerable variance to the results and there 

were few displays in the lists for each combination of the independent 

variables. The effects in the previous experiment had been snail and 

extra variance was expected in this experiment fro the variation in 

background letters, so it was expected that naay Sa would be required. 

Sixteen §s served for two sessions each.

MOULTS AKD DISC X

The analysis was also the saiae as toat ox tuu p*. <wnt 

except that in the PRI condition ETs were rseasured from the Display off­ 

set rather than from test letter onset, since S always *d to process 

several letters @ locating the test letter. Chic© again inspection 

of the data was not sufficient and auca.,••»€-« of variance were conducted. 

These ; ^ ^ny of the s&ae general results that were found for the 

matching task with nonsense forms as background: V trials gave slower 

HTs and higher error rates than A trials in all four &tain
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was a tendency for response ••lection to be delayed until display 

offset in the HIE condition but it was not complete, and visual con- 

fusibility was particu^rly disrupt*.*^ - "'is test letter arrived 

early in SHE displays.

The analyses revealed, however, no significant interaciJku. .. 

any Interesting i plications for our study of .itetacoutrast. Ii. ,_.ticular 

there were almost no significant interaction** involving the A/V factor, 

a ;h this factor was a significant «aia effect in all the analyses. 

Several interactions c.t interest app**&a,c.o&-a sigai.iic-iwr.ae aaa saca^natAon 

of the appropriate means sho^ved patterns similar to those observed in 

the previous experi&ent, so, although this experirsent does not support 

the conclusions of Experiment XI, it does not require their qualification 

either. Also, the variability see&eti top i^r,e ,o allow iiuereacet to be 

drawn from the absence of particular interactions about the different 

effects of noise~fields and letters as background characters.

As well as making coiyaenta about strategies similar to tho»0 

in the previous experit&mt 8 said that sosi&ti^s it was easiest to 

select the test latter from the display and mtch it with the cue 

letter, but soaictl;;«s they preferred to identify both letters iu 

display and compare both with the cue letter. So perha;js it is hardly 

surprising that any effects were 0ui>iaerg@d by the variance. Tine overall 

error rate in this experii«©iit (1C.9») was only a little nore tlian that 

in the previous ox^ri-.^nt (J.t> u ) and there was also no saarkcd difference 

in ET, so the use of a background of letters did not isa&e the task sub­ 

stantially more difficult.
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The final ach to the analysis of these two expert swots on

tea t chins involved analysing tiae reeuits a or t~tc two tageuaer. The 

two -sjthods of iseasuring the PRE «Ts could not reasonably be rcade 

comparable, but the PORT KT data <*ad ,h« error Uata for both the 9RB 

and the POST conditions could be combined. The combined analyses 

Showed most of the effects found in each of the experiments alone, 

soswtlnes at higher significance levels, but no further effects 

relevant to mstacontrast*

In sumrnary this experiment added aothiag to the conclusions •-, 

Experinient XI and sliowed no effects requiring chants in those con­ 

clusions; it sinply showed that the line of ax^erizwntal 

adopted is not lively to oe fruitful.

8.3 f ot Entire Displays

of random letters

The previous ts*o ex;x&riaieuts required £s to aatch two letters, 

The task turned out to be mainly visual} it was perforsied quite 

accurately and it did not reveal very «uch about juetacontrast 

suppression. Yet the concept of studying th© storage of suppr*s**4 

itHters u? i.^aipuiating visual and acoiiStic confusibility reimined

attract!, ̂ , xo a £»ore difficult taatching task was tried. In this 

experiment 39 had to decide whether twv successive displays each 

conslstin ; of five random letters were the sa.se or were different. 

Zn every trial the two displays were either ^itiic-. / the SSJBS or 

they differed at only one i>osition. Once again acoustic and visual
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Twelve experimental lists of 32 trials and two practice lists 

of 6O trials were pi-v^red. Each trial consisted of two aiapxaya of 

five letters, in ha"f th* trials (I trials) the two displays were 

identical and in the other half (D trials) the two displays differed 

at Just one position, the critical position. No letter ever appeared 

twice in any single display. In half the D trials the letters at tac 

critical position In the two displays, the critical letters, were 

acoustically confusible and in the other half they were visually 

confusible. The trials were called A and V trials accordingly 

and the A and V pairs used were chosen randomly from the pools of 

such pairs used in Exper latent XI. So a typical Vtrial was AK3KS, 

ANGXE and a typical X trial was simple JLP&E, JLMB. The four 

display orders used were tJl.Jblr, nb and nbr; tbey were used equally 

frequently and the two displays in any trial always had the same 

display order. The critical position was equally ofte^ *r each of 

the five display positions for each display order. There wore thus 

40 types of D trial; each experimental list consisted of two 

warm-up trials and then a randou ordering of one of each type 

of D trial to - •>*: ,a 4O I trials.

The letter presentation tia* wan *•• . :• A see. 

The two uA»i/j.it<ys Aii ^ v*-*»* were displayed successively and two 

inter-display Intervals were used. In the SHORT condition there
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was O.28 sec fro.;, the offset of the first to the onset of the 

display and in the 1X3110 condition this interval wae 2.5 sec. The 

shorter interval is that uoed as the short CI in the two previous 

experiment* while to reduce tit* amount of visual information available 

at the end of the ftelay the lon;er interval was taotte longer titi^i the 

1.73 sec used sreviotjslv. The? first display in a trial was presented 

a little above the ceatr© of the sc md the a ;cvi»d a little 

t*te centre so that the vertical separation of the centres of the 

letters in the two uis,)iu, • ./..* u®gree». - >4±ayi.*y8 v.ci-t; 

centred horizontally. The displays were displaced vertically so that 

the position of the display on the scope would define whether a display 

was the first or second in a trial aad so S, even in a long sequaae* 

of trials, s&ould not Jaavo oecenoe cooiu&^u aau jiYfa a xvi»pu£u»« u^^^r 

the first display in a trial. The vertical displacement alar* meant 

that i«atcbGS la tlic- bliuri ccnaition cculd not je &iade simply by co.n- 

paring two closely successive icons in the cue ' eft* S could 

exactly the cc : .. ,^,- nag

Ki -ht Ss served for two sessions, in each session S worked through

SHORT lists and tiirec LOJKS ^iai.8 mid wwv* 4y,**wui.» of three lists 

was preceded ^ an appropriate practice list. Xnter-disalay interval 

was always constant within a list, but any of the twelve lists 

available could be need either as a SHOKT or a LO8G list. Each £ 

saw each experimental list just onc« in the e«|>eriiaent . The orders 

of us* of the two intervals and of the twelve lists were counterbalanced 

over sessions and S*. The kl~>3 interval was held constant at l.O sec. 

At the end of every list S was told his BKMUI «T and his error rate for 

that li*t.
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S's tan!- was to ftive a keypress response to sign*! 'saae' or 

'different' after the presentation of the second display ia a trial 

and il in doubt he was to guess. He was instructed to respond as 

quickly aiul accurately as possible, but, since th« error rate had 

been very hi^h in the pilot work, accuracy was stressed rather ;«ore 

than speed in the instruct ions. The 'saas* response was alwaye 

assigned to th« rl?;ht hand key.

RESULTS AND DISCUSSION

All Ss reported that the task was very difficult and taxing and 

west considered it '--ore so in the LOtfG than in t , dition. 

in tiw* iA>IIQ cotiUitxuii -a aaiu that it was difiicult tx>th to identify 

all t!*t> letters aiiu w^ retain those identified in ^acotory. Six of 

t&s eight S» said tliat tlmy only ever 'saw* (or ' re^ri stored *, or 

'recognised') about 3, or soi^t i/«os 4* letters in any display. 

Three Ss ue scribed watcliin^ in taa SHOii? condition as 'a>itorat.ic' 

or visi*al lt» so»e way <j» i^^-rted e^ ̂  that tliey had 

deibcsrately adontetl a bias towards Dressing 'aaio* wlien in doubt, 

or had noticed a tendency to gi--. ©' than 'different 1

For the analysis the first two trial in each list were discarded 

ami i;Ts-were measured froa the- iirst ti c at which S iiad sufficient

to laftke a correct response choice. So in I trials HT was 

fro*** tii^- uiA»ut w* vu© msi iewei' ^u-eaented in the second display 

and t« D trials it *as «ae«sured fr^r, the onset of the critical letter 

in tli-- 4,^'coad display. *;Ts less than 1^0 ..usec or .uore than 3OOO cacec,
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or wore than three standard deviations from the man of the remaining 

RTs of the sane type (waning A or V or I ; in the sarae list were 

discarded. 2.4,i> of all iiTs were discarded in these ways.

of the data

Inspection of the results showed that accuracy was low, HTs were 

long and the variability in RT was large. The overall error rate was

35.6*, but there was a consistent bias towards 'MBM* responses: the 

O error rate (jS praised 'sane* but was incorrect) was 47.6 o ^hile the 

I error rate was 23.67*. and this bias was a Us, tie stronger la the 

SHORT condition. Xt is a plausible bias, since even in D trials the 

display order and four of the five letters in the second display were 

the same as those in the first, and if S noticed, for example, that 

three of the letters in the second display were the same as the 

corresponding three in the first display and he aould make no 

cocjpariBon at the other two positions, then his best choice was 

the 'saiae* response. The X trials could not, of course, contribute 

to analyses involving the factors A/V or 1, ii/iil, iv. Inspection 

of the I error rates showed no large variation over Inter-display 

interval (SHORT or LONG) or over display order. The X RTs showed 

little variation with display order, but were longer in the LOMO 

condition (1031 nsoc) than in the SilCET condition (^ sec). The 

I error KTs (974 ^sec) were consists ., i^er than correct tfTs 

(859 risec) sugfgestin^ that errors were often resnonsea nade with low 

confidence, and that they could not have been corrected. This inference 

is supported by the universal surprise show, T?y 8s when told their 

error rates at the end of each list: they had always greatly under-
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their error rate. The j> ETs showed a similar pattern: 

the error HT (KH6 iaa©c) was lon&er than the correct ST (381 msec). 

These ii cures also show that res;wn»«a In I trials were faster than 

those JLU a> trials, wij&ther or not the response was correct.

This pattern of values way be contrasted with, for example, that 

found uy ij*iii*jc'x viJoy}. AC required is to laa^ "~cr-diiferenx 

Judge nent between two successively presented arrays to four 

letters each. The arrays were cither identical, or they differed at 

only one position. All the letters within any array were 

simultaneously on a card and there was no difficulty seeing 

Basaber found that realises to I trials were faster taan those to u 

t rials P but that errors of either ty.x? were about as fast as correct 

****** responses, aad that most errors could have l>eea corrected. So 

the eiuch higher error rates, longer HTs, especially long error HTs and 

the ignorance oi Ss of tiieir own errors *.,. v «t. ,-rcsent experime* f jt l 

em^aSlse that the dixiiculties were of perc^ptiua, fcucotiiu.^ aad 

rather than of ti * pr«ssar& while making a i^atch uetween 

and seen arrays* as in Bai&er's experiiaent.

of var

Four 5-i way analyses oi vari*r.<-- •-••. app*ieii t liTs. 

the error rate was hi:;*' fx>r the first tit^e in those oxyerl-^ 

auff iciant error RTs v?®r« available to a.ij.- their inclusion in the 

"In analyses. But the number of trials in each cell was too suall 

to penal t the bX, blr, no, nby factor and tnei, ii, in, iv i act or to

more finely than into two in each ca.se. So for tiie
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first two analyses the factors were; J»ii/i>uwa>i B(Ss), C(V/A); 

0<M»bAr/nb,nbr); E(i,ii/iii,iv). of these analyses,(Analysis 

(1)) was of correct »lTs only and the other (Analysis (2)) of error 

fttm. A single analysis of variance (Analysis (3» was appUod to 

the l> error rates, following an arcsinc transforaation; the factors 

were the tarae as those given above. The final two analyses of the 

DOTs used as factors: A(Correct/Error); B(Ss), C(V/A); D(bl,blr/ 

TV ); E(i,ii/iii,iv). One of these (Analysis (3)) was applied to 

3HO*T RTs alone and the other (Analysis (i» was of LOKG 8Ts alone.

The asUn findings oi these analyses will be eicmtionod artci then 

these of particular relevance to the consideration of metacontrast will 

'oe discussed in greater detail. Analyses (1) and (2) shov/ed that LQHQ 

iiTa (1O7O nsec) were considerably longer than SHORT &T0 (ti •'/ cis&c)* 

while Analysis (•>> showed that perfo^naitce was a little .tore accurate 

at the L£U«G interval (44.<>«) than at tht oiiua (au.u .;. It is 

plausible that both i and i> iiTs were Ion ;er in the i&NQ interval 

lists since there was urestaoably much au>re uncertainty about when the 

second display would arrive In this case. Analysis (2) showed that A 

error RTs (1<*U tssec) were a little slower than V error UTs (i*i& msec) 

(p^-O.G2c»), s»'.- , «!»•.- . tiiiii w» w«r&-v A" jreiierai less confidetit in 

pressing 'saets* incorrectly in an A trial than in a V trial. This is 

the only hint that vieual uatching way have been slightly nH*re important 

than iiaaw iaatching, but there was »o interaction with SHOtlT/LQHG and no

of V/A in the error auuaysis, Analysis (5). or any other 

cf the <iT
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There vas a w»ia effect of K, the tewporal display ;x»sitior , 

in all tno analyses except Analysis (3). *iariy critical letters 

gave errors :uich nor* p •* quently (6O.1 o) than did late critical 

letters (33. CK). If tho selection of res>*mse was delayed until 

the offset of the second display the i and ii HTs would have been 

80 msec longer than the iii and iv *Ts. The observed difference 

was 142 sisec for correct HTs, but only $2 aaec for error HTs. 

These values suggest that correct responses, .it least, ivero --.i.<!c> v,-tth 

lower confidence to early than to late critical letters. Analysis 

(3), of ./ .as, cc;-.fir»s3d tliat this t ' was greater for corvect

SHOUT interval (p < 04 O25),

related to -.^ cacuotrast

The D ET analyses showed several effects relevant to t^etacontrast . 

The only such effect to emerge from Analyses (1) and (2) was shewn 

by the significant (p < O.O5) DxE interaction of Analysis (1). Relevant 

values are given in la':, : e i*a and snow tiiat correct iiTs to sup^rci,«tc 

letters were long and so these critical letters were genera. . "Ticult 

IMMt led to correct responses with low confidence. Although furtLcv 

classification of the D and E factors in the analyses was not possible, 

separate values are shown in the tables icr positions in a^u iv ot 

nb and nbr displays. Position iii of these displays Ui, o£ course, 

njb,4 and nbr , 2 combined and, since these positions showed soae siail- 

aritiee with suppressed positions in earlier ex ants, the 

interest here is in the extent to which results for « .c--, , :



253 

resemble* thoae IUA - .^waAti^* i and ii of ' bi, and lair displays.

The fljwxk interaction was eignit leant i;, /*i,«ilysis (3) oi c/uiT 

«Ts <p^_O.O2a) and ITI Analysis (4) x ,O5) ajici 

Shoved in tach case that the long 8Ts t< d critical letters 

occurred, but oaly ior correct and not for error res. ^os. Critical 

i«tt«irs t M; ,- t^«0s«4 positions «-«r« imi«4»<j the oaly ones £or v-tiich 

correct reapoaiwj. «*ff* glower than errc»», , . , 

old aot ahcw the effect. Thin r«auit t -ht beintorrx., _ _,^ ^/ 

tliat »u^re»&etl po*iit«'-«* «/wre «itfficult and eitlwr let! u u iv/ 

correct, 'different* re«rxm*e or, If »up >re»»ioa wa» 

«iwai,,5i«t«* to an incorrect '•;.•- -•• • of .c-

The CxD?t, *ii Vear««tiv*i of Ana^v^j,^ (3), of S!K«Tt HT», was 

Cftnt (:> -< O.O25) and relevant raeana are shc»m in Table I4b. The four 

uudori ' > , » ire relevant to the au vo interact! tm

Cf^i-O*^) yse: jtf earlier, ••• «Uj$!je*t • early critical

letters gave 4»ic>wwa- A'^a 1̂ - • - -•- . i:* t-u <i.,.u .yr j^*' uj.a^/.j.a. ;•* t-.-»u- ^'..i

in nb and nbr diapiava. ffir both th. • •. The three- 

way interaction MNKSSS to have been J uy the h o :® 

for the A. Hi aiui iv. njfc a«ci afar coadit This higii vaUie wa« in 

turn largely uu<e 10 uiai i«.-j •. 111 poaiixc^ . • -,^: f irxu-,8 v-^ ^ 

and *c there ie so;,.*© indication .^-c that acuuntic <•- ^ «toi3ity v, aa 

disruptive for critical letters in the ab,4 and nbr » ^s, at 

the SHORT interval.
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bl,blr nb,nbr

1,11 1113

891

1O33

3iT7 (ill: 992) 
(iv : 962)

Table 14a: Mean correct, D RTs in msec relevant to the i>x£ interaction 

of Analysis (1) for Experiment XIII.

bl,blr ub,nbr

mean taean

i,ii 9Q4

Lii.iv 322

975

846

T

96ii

&54

917 930

B73 (iii:906)G31 (iii:82i)

(iv :352) (iv :833)

923

853(111:865)

(iv :345)

Table 14b: Mean oHUiT, u iiXs (correct and errors) in uisec relevant to

the CxDxE interaction of Analysis (3) in Experiment XIII. The four under­ 

lined values show the DxE interaction.

bl,blr iib.nbr

iil.tv

A V

72.2 67.7

21.3 29.1

mean

7O.O

25.0

A V

**.* 50.9

48.6(111:61.3)40.4(111:49.7) 

(iv: 35.4) (iv: 31.0)

mean

50.2

44. 5(111:56 P/ 

(iv: 33 .2-)

Table 14c: Error percentages, for D trials, relevant to the CxDxE inter­ 

action of Analysis (5) in Experiment XIII. The four underlined values

ahow the Dx£ interaction.



(5), of error rates, oravided the stoat interesting

relevant to nict. .a.3t suppression. Both the DxE interaction and the 

CxDxE interaction were f leant (p <O.<xl and p <O.O1 respectively); 

tu«i relevant values aura snown in Table . _e. The DxE interaction shows 

that raany isore D errors were made to trial, with suppress?^ rrftir-ai 

letters than to any other trials. (In a D error 6 pressed - ' 

Incorrectly; recall that all five analyses being discussed included 

D trials only.) In ti an^a blr trials many .or© errors wcvo . udo \vhen 

the critical letter ap >eared early, while in nb and nbr trials the 

errors were aore evenly spread over tto» te itioiia. But the 

separate error rates tor lii and iv trials show that the ^ntly 

even spread was largely caused by tiic >iigh error rates for iii trials 

i.e. for those ^rith critical letters in position ub, -1 or ,..rr ,... 

This is a very ^lauaioia fiadia ;, for thft task rmy be considered as a 

search for diifti-once: £ searched throo^li ^airs of displays showing 

siany obvious »i hilarities and pressed 'dilxoreut' it he dotccted any 

indication 01 A difference. If he saw no auch indication ho pressed 

'sane'. Or, this interpretation it is quite reasonable that so :miiy 

* dsaed differences' were missed. It is also interesting that so 

many dii ocs iu the ab f 4 and al>r,2 positions were raiased as well. 

fcjwuuuatiott of the data for individual Ss ahowod that the iii error rate 

was significa'-* 1 ••' M 'Vlfk t» t in th® iv error rate in nb and ajar displays 

separately for the A and V conditions .of the SHOUT and LQHCi 

tn*orvals (p^ O.O3 or better, In each case, by a two-taiiati Wiiaoxon 

test).
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The CxDxE Interaction extended this result by shoving an 

additional effect of type of conf visibility. The pattern of values 

shown in Table 14c suggests that acoustic conlusibiiity was relatively 

more disruptive than visual coniutexointy for positions i and ii of
Fa 

bl and blr trials, compared with iii and iv of these trials, andYthat

the saiae was true for position iii, compared with position iv, of nb

trial n. *« for «j»»4 aa* !>»*•*» ft»d oo««f9»1ir for au<>?Mr*ft*«! 
itioas ncouftic eoi»ftt*ibi1it;r «*i»p*ii*0«? ft difference relatively 
effective?T than rti«f vi»u»l confuftihiHtr, »»et tbf* effect 
e.*ttg>er*<? vith the efiwst 0h«va fey th« r*?rE int®r^rtt^a »JM! 
the precediog p«minrA?4i, Tli« earl%r interaction ^.:--.^r« to

sminlf by tli« r«*«Hf» fe?r the
tbe pit item I» co«»ifft«»t wt*ti

for ««|!ipr«in»c^ n:>ritio«t« f tit in result cwwtet 
th.nt thl« i-,

An interesting aspect of these findings was tliat Analysis (5) 

found no interaction with SKOiiT/LONJ interval and so any inferences 

ai>oui tnu types of comparisons being taade apply equally to the 0.23 

sec and the 2.5 sec delays.

Coaaparison oi tno findings of the present experiment with those 

of Experiment XI shows several differences. The error rates and RTs 

in the present experiment were very much higher than in the earlier 

experiment and so the change from a letter matching to a display matching 

task was successful in increasing the difficulty of the task. Ss f 

descriptions of the displays in the two experiments suggested that the 

phenomenal itietacontrast suppression waa greater in the present experiiaent 

and this is as expected, given the discussion at the end of the report 

of Experisaent XI, since the displays consisted of random letters in the 

preset experiment. Another difference was taat the letter etching 

task appeared to be mainly a visual task, since V error rates and ills
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were considerably greater than those for -i triais, out inere was no such 

general tendency in the results for the display matching task. Posner 

and Taylor (1969) (see also Section S.I) presented evidence that, if 

the number of letters in the original array in a successive matching 

task was increased ueyond two, visual codes ci the tairci and subsequent 

letters were not strongly formed since name matches were just as fast 

with these letters at all delays from 1O sasec to 15OO msec. The 

difficulty appeared to be at the encoding stage, even though the first

•rray was presented for 1.0 sec. A visual noise-field always followed 

the first array, so an icon did not contribute to the matching. Con­ 

sidering this result it is reasonable that the matching in the present

•Jtperi&ent was not especially visual, since J> had five letters to encode 

in each trial. And if no more than about two letters were coded in 

visual form evea in trials with the short interval, it is also reasonable 

that no decrease was found in the importance of visual storage from the 

short to the long interval, as occurred for suppressed letters in 

Experiment XI. T 1 letters is probably an under-esiuuate, however, 

because the total exposure time of the first display plus the SHORT 

interval was only 46O»asec, much less than the 10QO msec of Posner and 

Taylor 1 s first array presentation. Ss* reports auU the discussion of 

letter-naming tines given oy fteisser titJo6> uoth suggested that S could 

not nave reau nve xettwza la -*6O msec, and so evfcn any iraperfect visual 

information may have t>een relatively more important than naue coding 

for wore than two letters in each trial.
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ury ̂ and cpncl us ioiMi

It regains now to draw together and safaris© the finding relevant 

to fnetacontrast and to discuss what they Imply aucut trie processing of 

suppressed letters. The pattern of general findings fits well with 

the interpretation that the task was a difficult visual search task 

in which S searched for any sign of a difference between the two dis­ 

plays in a trial. Lrror rates were high and were even higher when the 

critical letter was at a suppressed position. Ss adopted a fairly 

strict criterion for a difference and so there was a strong response 

bias towards 'saute' and it is reasonable* hat many differences at 

suppressed positions were missed. The picture of the task as a 

difficult one over-loading perceptual* encoding or raeaiory processes, 

or mere than one of these , Is coraalcted by the observation that errors 

were slow, indicating that Ss' confidence was generally low.

Considering only D trials, there was evidence that when the critical 

letter was suppressed, response was particularly slow, especially for 

correct responses and especially at the 3iia;T interval. This did not 

appear to be the case for the no, 4 and at>r , 2 positions, but for these 

ths SfjaiT :iTs were oarticularly loss: in A trials.

also, ,t»l«tiT«!f a«»r* A tfam V errsr* verft w»-^e ?njt tii«r* «»* no 
thrt this «a» tlJ* eeee n% j»nftprtt**ft^ p^sitioa*.

How then were matches raade at all' in the MUMX condition S 

probably could not obtain either visual cude« ^oase codes for all 

5 letters in the first display, but the characteristics of the displays, 

Ss' reports and the short ti.ie intervals involved imply that sotae visual 

matching was used in the SHORT condition. Similarly, some naming was
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used to preserve information in the LG,U condition. But performance 

waa very siutilar at the two different dis play intervals, so the 

best conclusion is that both visual and name conparisons were used 

in both delay conditions, and it is no*. ^uasible to deduce from the 

results the relationship between the two forms of coding, excont to 

say that neither seems to have had overall predominance. It certainly 

would have been useful to have had a 'no confusibility ' condition 

alongside the A and V conditions to allow estimation of the two 

confuBibillty effects separately.

The absence of interactions of any of *.w y^i^vfufo wf performance 

with interval also suggests that the major difficulty was at the en­ 

coding stage and that any losses during storage were comparatively 

nuch less Important. ^&05<^^^ ?^^^

,/wwww^^
WWWWM^^ 

WWW^^



CHAPTER 9 

Subjective Brightness, Duration and Clarity

Experiment .. SB report what they see by giving numerical

ratings of brightness, duration or clarity 

for each letter in a display. Suppressed 

letters appear dim and brief, but uut ui , '.

Chapter 7 started by wondering whether the direct approach of asking 

S to narae the letters in a iaetacoutrast display might be valuable. 

In this chapter an experiment is descried WOACU toou anotner direct 

approach to the Investigation of just what S sees in a raetacontrast 

display. Ss saw displays either many times, to allow careful inspection, 

or Just once, and wrote down in each case a line of five numbers giving 

subjective esti?aates of the brightness, duration or clarity ol tho 

corresponding five letters.

One particular ***.,,. was to study the appearance of letters iu 

positions nb,4 and n br , 2 , which see>a to resenble suppressed letters 

in soiae ways /yet are not reported as missing from the displays. It 

alght be possible that they are at least partially suppressed (for Ss 

usual ly do under-estiioate the total nu&ber of letters in ^ .*uu ;_iur 

disnlavs) but that the saissing letter is not located correctly, or at 

all.- because position Identification in these displays is particularly 

difficult. If this is so, and if the position identification probee.a 

can &e eoived, then ratings for these letters should be iv*v.
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METHOD

Four experimental lists oi 13 displays and one practice iist of 8 

displays were oreaared. Two of the experimental lists were tercied nure 

lists, because each display in the/ list consisted of several repetitions 

of a single letter and so was called a pure display. The other two 

.k.k.a»ti» were termed auceti lists because each uispiay ^ous^teu ui Bevei-ao. 

different letters. Repetition was not a Ic/.^d -.-itMn a mixed display. 

The practice list consisted of four pur© displays followed by four 

mixed displays.

The experimental lists each contained four displays which contributed 

results to the experiment, one having each of the display orders used: 

bl, blr, nb and nor. *.ach of the five letters in these experimental 

displays was displayed for 6 rnsec, i.e. it was dls->laved onco in ©ach of 

two successive display cycles. The experimental displc 'H >it'ibuted 

randomly through the lists. The regaining displays, called irrelevant 

displays, also had one oi iae saiae xcur uo.splay orutrs, but in th*jse 

displays t]ie letters were not all presented for 8 n»ec. Sc:ie letters 

(never more than one per display) were chitted altcy;cther while others 

(one or two or three per display) were displayed once in each of four 

successive cycles ana therefore appcareu ou iae scupe for abuui. 14 insec. 

In each list the lour display orders were used about equally frequently 

and in the irrelevant displays letters were omitted or displayed for the 

long presentation tit* aoout equally frequently at the five display 

positions. To make the structure of thrusts quite clear, suppose that
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* dash represents a blank i.e. an omitted letter, a letter reprenents 

presentation for the normal tine and an underlined letter represent* 

pr*s<*ritition f ' ••»• **« i -*rjer tine. Then in the pure lists v/^cal 

experimental diw-vaya were AMAA and WJN and irrelevant displays 

were G-OGQ and BB-HB, while in mixed lists typical experiments! 

displays were I Y\ZT and KfcZFG and irrelevant displays were XJTAE 

and HHYK-. The SOA. wao always

S used the sarae triggering and responding methods as werv used 

in ^xperiiaent X, so S pressed a push-lwatton * ri ;.>rc»«ui*t.i.uu 

of the next display and wrote his response on a roil of oa<jer ;r.;.unt0d 

behind a s mil window. Tv/o viewing conditions wer« used. In the first, 

the recycling condition, pararaeters were set so that presentation of the 

display was repeated once per second until £'& juccuu *«» ,>ro»»u-si 

the next display. In the one-look condition a display was presented 

only on co when £ pressed the button.

The alphabet used omitted M, O, V and W arid consisted of 

remaining 22 letters. To reduce the influence of particular letter 

coobi nations the letters in the displays were chosen randomly iron 

the alphabet each time a list was used.

When observed on the screen the letters in 

showed the usual effects associated with bl , t,** , ub and nbr display 

orders: there was apparent movement, there were differences in apparent 

brightness and sou*® letters were not seen. Irrelevant dtsp :*/», as 

would i>e expected, showed sitoilar effects , but inttese displays some 

letters really were absent and there was a vu^x4i.tj,ua in physical intensity
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ft* well as in brightness. Irrelevant ais..M,^t ^^ liit 

lists so that s would be rating subjective differences produced by 

physical differences as well as those caused by metacontrast and so 

should not have been aul« to complain that 'what you psychologists 

do is to present two equax tilings aau nave us ; ./ they're different 1 

(see Ornatein (!£&/, j^apter 7) for this quotation and a discussion). 

The responses given to irrelevant displays, particularly those to 

blank positions, would also allow sotae estimation to be oacbe of the 

extent to which .b uao^r errors in identifying toe display positions. 

Ss were, of course, not aware of any classification of displays as 

experitueutai or irrelevant, or that only &u,.*> of the responses would 

be used in the analysis.

To help £> identify the five display positions a white card was 

positioned against the face of the scope. A rectangle just slightly 

larger than a five-letter display had been cut out fro.;i the oara *u:d 

the card was aliened so that displays could be seen through tho hole. 

Vertical lines were drawn in black ink on the card opposite the five 

display positions. The lines for positions 1« 3 and 5 were above the 

hole and those for 2 aati -4 below it.

The experiment falls conveniently into three parts; these will be 

referred to as parts (a), (o> ana (e). *jari; k*t was aa expioravoi-* 

experiment on subjective brightness. Four Ss participated for one 

session each. They rated only subjective brightness and saw only 

the recycling condition. After considering their responses parts (b) 

and (c) were designed and run. In part tu) six different £>s served



264

for two sessions each. They rated apparent brightness and perceived 

clarity, and saw the recycling condition in their first session and 

the one-look condition in their second. In part (c) ©i^ht ;aore Ss 

rated apparent duration and perceived clarity, and they saw also 

the recycling condition in their first session and the one-l 

condition in a second session. The experi&v* however, 

interrupted for a month by failure in the equip; ,nd then it 

was terminated by a titove of the whole installation. So in both parts 

(b) and (c) one of the Sa served for only one session. Also, Ss' 

rates of working varied widely and in each of parts (b) and (c) 

one of the Ss worked so slowly that one session had to remain un­ 

finished and could not be completed later.

The following instructions were read to S at the start of the first 

session* for brightness (duration) ratings;

This is an experiment to study the appearance of letters 

flashed very briefly on the screen. You will see displays 

of five letters and your task is to ^ive your subjective 

rating of the apparent brightness (duration, or persistence) 

of each letter in the display. The presentation of a display 

will be repeated, once per second, over and over again for 

as long as you like, to allow plenty oi ti^e for your 

inspection and judgement. Your task is to write down a 

line of five nurabers, giving your rating of the ap;*arance
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of the letters displayed at the corresponding five 

positions on the screen. To help you in identifying 

then, the five dispiay positions are Tsiarfeod oy ui-acK 

vertical lln^s. In Making your judgements please use 

a scale of digits running from 0: nothing; whatever 

at this position, to 1 : an ex trebly diai, faint

ng, ori©f , quick; letter, sand so on up t< 

7: a very bright (persistent, long, lingering) letter. 

You will see the full brightness . .Lto/i) ran.:® in 

the first few displays of the practice list so you can 

u*e u*o*e to standardise your use of the numbers. 

Please take as wuch ti e as you wisL w.'* it.? v*^ be 

careful and consistent in your ratings.

A suitably iOdiSod set of instructions was used at the start of the 

second session, in which is saw the one- look condition.

In {Arts (b) and (c) t&e'--lftn was for iS to rat© *^-t-ived darity 

(or sharpness, or definition of the individual dots) in as .may .lists 

as be rated brightness or duration, but in every case the S did not 

work further than me clarity practice list oefore deciditt.j that 

clarity was almost constant. This result will be discussed together 

with the other results, but it did mean that nearly all the tisje ia every 

session was s;>cnt en the rating of brightness or duration. In each session 

the instructions were read and then J> worked through the practice list. In 

the recycling session £ worked through the two R?i»ed and two pure experi­ 

mental lists once each and in the one- look session S worked through too 

complete set of four lists twice, with the usual re- random! sat ion of 

lists described earlier.
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iitSULTS AND DISCUSSION

Results for part (aj

The results for part (a) will be considered first. In taxs part 

8s saw nnT-v the recycled condition and gave only brightness ratings. 

Baawination of the raw data suggested that &» used the full scale from 

nought to seve^pi quite efficiently. The use of nought was analysed 

for all displays: two £»& used nought when and only whoa a uispxay 

contained a blank and + as always in the r/»*r« i ^sition. One 

fi gave a non-zero - r for a blank four t •. (out of a total of 

24 blanks seen by any S) and the fourth S did this nine ti es and 

also gave one nought in the wrong position. Th© accuracy v,ith ^uch 

nought was used as !:A " rating for a blank sheets the best indication 

available of the difficulty Ss found in identifying the five display 

positions. These results therefore suggest that the identification 

of positions was very good, u least for three oi the four £>s. The 

errors ^uj.ch did occur wereequally distributed between the nb and a or 

and the bl and blr condition, so there is no indication here that 3s 

were less successful at identifying positions in either of the two 

types of display. 4

Considering now only the responses for experimental displays, th* 

bl »nd blr ratings were as expected for two 01 tao &a auiu typical sets 

01 ratxugs »e*v ^iu*^ MIU 31423. The other two Ss rated the brightness 

of all letters in the ex->erir#mtal displays as being nearly the sas»; 

typical siets wer, ajid . Ratings for nb and nbr < > 

showed no such cl€tAr pattern for the first two Ss and showed little
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variation among letters tor the second two. * suppression score* 

was derived for every sot of. responses. It was simply the raean 

rating for positions 1, 3 and 5 minus that for positions 2 and 4,

and so v/ouiu we xarge 11 suppression was shown uy tne ur.t. , t . sq 

ratings.

The mean suppression. score ior ju^ ana air diapiays aau uiat for 

nb and nbr displays were determined for each £. The values were 

(1.8,O.8i 1.9, l.O; O.6, 0.2i O.O, -0.2) respectively, for the two

Jit ions for each of the four Ss. So every S gave a higher score 

for the otttacontrast displays, although the last two $s clearly . Atie 

little distinction auiong brightnesses in the experii^ental displays. 

There was no sign of any difference between jure and nixed displays. 

The difference between the scores for the bl and blr condition and 

the nb and nbr condition was calculated for each of the 16 lists 

(four for each of 4 Ss). It was positive for 15 of the lists and 

this is significantly different from the number oxpected by chance

by the appropriate X' test over Ss ( = 14. 0, p <£ O.01). So 

brightness ratings did show evidence of suppression.

The ratings at positions 2 and 4 were compared within every nb and

nbr experiiaentai display to see wither those for the nb, i and nbr, 2 

positions were low. The difference was in the predicted direction 

(i.e. nb,4 and nbr, 2 ratings were lower) in ei^ni displays, was zero 

in 13 displays and was in the opposite direction in nine displays. 

So the predication was clearly not continued. The same was true 

for the Ss individually.



The two 8s who ratings shoved litt*^ variation over posi 

have simply been using a narrow section, of the full rating scale, but 

they seemed to use the whole scale for the irrelevant displays almost 

as fully as the other £s. They aiay rather have interpreted *api>arent 

brightness* different!.,. ^4W v* in.*uv~\s<&ri.^ ^auiu^a taat was dee* 

cribed in Action 2.6 is relevant here. -.und th«. ~ater- 

Stimulus interval of 30 to 75 «sec ;-riug caetacontrast 

display, 5 gave an apparent brightness rating of either the lowest 

value or of the Ui£he*t •.»*.... on the *c*4,e, or ^ave tae '1 can act tell 1 

response.

In tm. present exi^ri«ent & »*w the

lief ore and while ha gave his ratings. The most usual strategy r*> .-mr 

was to use the black lines and precise selective fixation to identify 

a position, give a rat in; fcr the letter there and then proceed to the 

next position. By contrast Blanc~Garin*s is wwrt: ryquo-reu to rt,»p 

after each single presentation, bnt the Ss in ,aft (a) .aay have vi 

a sisiilar choice between whether, with the highly selective fixation 

allowed, a letter suppressed by metacontrast was nearly of normal 

appearance, if consicierea in isolation, c-i & < ly uut seen av 

ail if considered as part of the display. Since S v/as not permitted 

a doubtful or dou't-kuow response he had to choose, and it appears 

that two Ss leant in one direction and two in the other,
•M»

The Ss complained of the difficulty of the task, but could not 

(and said they could not) describe adequately just what the difficulty 

v*s, except *<•> &*y that it centred on juat what they shoulo idku 10 

be 'apparent brightness*.
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8

AG

m
AL

PM

SC

JH

nean

Recycled One-look

Pure Mixed 
bl,blr ^r bl,bl_r J.JP bi , bir i_

/I6^

2.0 0.7

*&.jr '^.v^ 3»O '..-.. ji.^ 0»2

1.1 -._ 1.5 O.7 1.2 1.1

1.8 0.7 i.3 O.2 3.2 0.1

0.0 O.5 1.7 1.2 2.1 0.0

£),*i u.J w.6 u. ̂ 1.7 O.3

1.53 0.^3 1,62 0.74 2.22 O.i>2

Table 15: Suppression scores for bri^htnem rating* given by six £ 

in part <t>) of *.xperi a»nt
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In summary, part (a) suggested that in the recycling condition 

£ could identify positions, but had difficulty v*ita a wor&ing 

definition of apparent brightness and this showed up la Individual 

differences in the rating of suppressed letters. Even so, the 

suppression scores for bl and b.lr display* were significantly higher 

than those for nb arid nbr displays. Finally, there was no sign of 

ratings at positions nb,4 and nbr, 2 bcu,*^ Aower than those at positions 

m>»2 and abr, *, although the number of responses contributing to the 

was

Part (b);

In part (b) . __-. . y successful arrangements of part (a), 

recycled displays aad bri^htiKssa ratings, wore used once again. After 

a full session of responses in the recycled condition Ss were asked

to give r;.; ... - for aiaplays la vao one-look coaditiou la ta^A.i' second 

session,* Si, - ,.o gave ratings of ciarit^ ... ,^, , sessions, but those 

results will be discussed separately later.

Table 15 shows the suppression scores for the six Ss in part (b). 

Oitoe again scores were consistently higher for bl and blr displays 

than for nb and abr die ., alt also once u^ain tvo Ss

(&.C. and J.ii, -:sl iitti". - • ' ' • • uis^iay ^uuifciott A a 

fc ,w*r rat,.,,t,» .- .v ,.^ 0 d'^^n. This difference was hardly 

significant ( ^ ~ i.i.3, p ^0.10) for the recycling coiiditiou alone.
(9

Cc parts (a) and (b) together, assion A in the re­ 

cycling condition were signlf icantiy h L,Vr for r^tacontra^i uis>iays 

thai? for nb and nbr displays (^> « 25.3, p <0.01). There were no signs 

of any differences in the scores for pure and mixed displays in part (b).
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The scores for taetacontrast displays were significantly higher in 

ts* one-look condition as well, for pure lists ( *A « 13.0, p -< 0.025) 

and adzed lists < ?C% 17.0, p< 0.005) se^rately. All five Sa gave 

higber bl and blr scores in the one-look than in the recycled condition, 

but there is no indication that the difference between the scores for 

the saetacontraat displays and for the nb and nM displays is different 

in the two cases.

Comparison of the ratings for the nb,4 and nbr,2 positions with 

those for the nb,2 and nbr,4 positions, for the recycled condition in part 

(b), showed a consistent and significant (p < O.O5, two-tailed) differ­ 

ence in the expected direction. Combination of these results with 

those for part (a), which by themselves showed no difference, gave an 

overall difference which just reached the O.a>, two-tailed level. 

So the ratings for the ten Ss in parts (a) and (b) did show some 

tendency for the nb,4 and nbr,2 positions to resemble suppressed 

positions by eliciting low ratings.

Use of the suppression score as a laeasure of raetacontrast suppression 

relies on S having identified the positions correctly. If identification 

was not perfect in bl and blr displays then the score probably under- 

<Mtimates the effect. But If position identification in nb and nbr 

displays was worse than that in bl and blr displays the difference ob­ 

served in the suppression scores may partly reflect this difference 

rather than only a metacontrast effect. Once again the i-atings given 

to blanks in the irrelevant displays wore analysed to give some 

indication of the* difficulty of position identification. All case* where
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a rating of more than zero was given tv» >* JA^O---. viuc moan^ cases 

a nought was given among the ratings for a display ecu tailing a Manx, 

but in tin* wrosu position) were counted. Only three such errors vwre 

Wftsto in th« recycling condition of part (b) f so by this Measure 

position identification i& t.o*u coniuta i v ....... ,..ci. 1

the one~looit* condition the error rate was much higher. An average of 

4.4 such errors occurred in each pure list and 3.2 in each mixed 

list, out of a total possible of six such errors in any list. So the 

&s were in general not good at locating biauua k at least in the vr.e- 

iook condition, even though the positions were mari&d by black 

vertical lines. Tht uillcreuct.' between these error rates for pure 

and uixeci lists aa^^cetoc: that position ideatificatlon was were 

difficult J,n the pure at*,,. ays; a quite reaaoiiab:@ Jtimiing. The 

coaaj>arisca could only toe sade over five S$, L-at vas just significant

(t « 2.31, p^ 0.05, oat,1 -tailed). Thoro was no slga of a difference
t

in error rates between the bl and biy condition and th© ob and a by , 

condition, eo th« difference in ff > '»8lim scores fouivd t>c?twoca 

these two conditions ^ .>«.- accepted as a Kveasur" o?

on.

Considering now that if § had difficulty with position identifi­ 

cation the suppression scores woiicl probably have been lowered* the 

results describee above suggest that suppression in tkv one~look 

coiiditiott »ay well have been greater than in to* recycling condition. 

Also, it ^aay have oe«n greater for pure than for oixed displays in 

tlje one-look condition. But these inferences deoenci. o£ course t 

on the aasuwption that difficulty in locating blanks indicated 

general difficulty in identifying positions and although the hypothesis
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i* Quite reasonable this experisient cannot !>ruvida evidence- ij> its 

support .

Comparison of ratings for Mm ab,4 and Pbr,2 positions with those 

for the ub»2 and nbr,4 positions, in tire one-look condition, showed 

no dif ference ; difficulty iu locating positions .aay account for this 

result.

J5s in part (b) made otmssmts about the task and the appearance 

of th® displays which were sisailar to those nade iu part (a). Uader- 

atandably, th«y found the otie-look condition aarticularly difficult 

and two raentio&ed that it was difficult to reiaeraber enough to give 

ratings for all five positions after a single presentation. In the 

one-look condition two 8s found mixed lists easier than pure, o@ct»ua@ 

the oositions were easier to identify, while one thought n^re lists 

easier because he did not need to waste tiae identifying the letters. 

In her first session (with the recycling condition) one S (S.C.) des­ 

cribed the ditiicLuty ux u^pxyxu^, Caw rutiu^ scale to's^.aa ^ctturs which 

come up early then flick to an adjacent position and there look ~.m;h 

raore persistent; the early ones are harder to see yet scc.^ to have the 

saaw brightness as later ones'. Another S reported that in his second 

sesslon(wlth the one-look condition) he &o&eti',.jso teadea tu rate 

letters for their apparent duration, which did vary, rather than 

their brightness, which see*aed store neatly constant.

These last two observations, together with pilot vr>r* «?ith other 

Ss, led to the use of ratings for apparent duration in part (c) of 

the easperinent.
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Recycled One- look

4 bl.blr

R? 1.9

CK 2.4

DD 1.7

BG 2.1

PJ 1.6

PA l.o

GB 1.7

MC 2.7

•ran 1.96

Pure Mixed 
ab,nbr bl«blr Bb»5*l£ bl , blr rib,ubr

1.1 1.8 0.3 2.2 0.1

0.0

1.1 -0.4 O.8 -1.1 0.4

O.I 2.9 1.2 1.8 0.6

0,4 0.0 O,5 2.3 O.6

1.1 0.9 0.4 1.2 0.7

O.9 1.2 0.5 2.2 1.2

1.5 a.l 2.0 2.6 1.4

0.7# 1.3O O.S1 1.6O 0.71

Tafal* 16: Si^pre»»ion »corf!» for duration ratings given by the 

ei^ht Sa in part (c) of Expcriiaent XIV.
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Part (c); duration ratings

Part (c) was similar to part (b) except that eight Ss served and 

they rated the apjsrent duration, rather than brightness of the letters.

Ss made co^aentfi which were sirdlar to those roado in parts (a) and 

(b). In addition, althou^^c. they iiaa oeeu given the instructions only 

for apparent duration, four Ss sientioned *' -iflculty of distinguishing 

duration Iron brightness and made cov.sents suggesting that they assumed 

the two were related and they sotsetiiaes rated a composite quality, or 

that ihv-/ ^..xtiues inierr^u duration from brightness.

Table 16 sets out the suppression scores. Once again the scores

'-'"re ,L- • >,p<£, w.ucu) lor the ^ ana £_._£ cispiays tiia.ii ior the nb 

and nbr display^ :. .-i the recycling condition. Exarri nation of the 

ratings suggested that one S (t>.D.) had ;reat trouble Ktcntifyn' ; 

positions or u»iut the scale consistently, or both. Without her 

data the difference in scores uetweeii tiie aj. a.ia ^x>- CU.K-> •• -1 

the nb and abr displays in the one-look condition wo* highly sig­ 

nificant, for each of the pure and nixed lists. But vith her data 

included the differences were near the si -ai£icaiico borderline.

The analysis of errors in locating i a in irrelevaut 

and the analysis of positions nb,4 and n.b.r.»2 were, in a similar fashion, 

Mgfestivo but aot conclusive. As in ->ayt (b) hardly aa^y erx»ors in 

the location of uiaaks w*;*e iaad« in +''-r recycling condition (except by 

P.O.), but jaany were made in the one- look condition. Again :i*ore were 

nade in the pure than in the mixed lists, but the? re; ice did not 

reach significance. The comparison of ratings at positions nb,4 and 

nbr, 2 with those at nb,2 and nbr, 4 showed a difference in the expected 

direction for six of the eight 3s in the recycling condition, but the
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difference did not reach significance. There was no sign of a 

in the one*look condition.

the pattern of results for duration ratings re«e»bled that 

I!or brightness ratings, but data from more §s wouid be required to 

establish the effects unequivocally.

Clarity

In parts (b) and (e> Ss were asked to rate the clarity i&f 

sharpness or definition of the individual dots) of the letters iu 

the displays, in just the saae way as they were asked to rate 

brightness or duration, although never more than one quality was 

rated in any one list. In the first session they saw the recycling 

condition and in tl-,< ^ond the one*look condition. The practice 

list w«s given aad |p the end of this S invariably claimed that 

clarity did not vary at a.n. Wiiea pressed to find variation three 

of the fourteen Ss said in one or clhor of their sessions that the 

dots in brighter letters looked l<sss veil d, , :-ia in other 

letters, oa« said just tha opposite ^^ one th • that the end 

A^tc«v* iii taa ais^ays 4.ou*.eu a jn,i.tie clearer than, thfe aiddie 

letters. The conclusion in ©very case had to bo that s£etiw<-ntraat 

suppression does not change the clarity of letters. This is in direct 

disagreement with kayzner's rejjorts of the infor^l descriptions given 

by his observer** which were discussed in Chapter 3.
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Although the Ss were not experienced at using rating scales and 

although the number of Ss used was not large, the experiment clearly 

showed that stetacontrast suppression does occur. There were individual 

differences in the pattern of ratings which su^ested variation in 

the Interpretation of 'apparent brightness' wij*n rating suppressed 

letters. Suppression was shown most clearly by ratings of brightness 

and duration in the recycling condition. In the one-look condition 

suppression was measured to be at least as great, but position 

identification was store difficult in this case and so the subjective 

effect may have been underestimated; it may have been greater in 

the one-look than in the recycling condition. Similar reasoning 

suggested that it zaay have been greater for pure than for mixed 

displays in the one-look case. There was no sign of any change 

in the Judged clarity oi cotters with taeiaccutrast suppression 

or apparent moveiaent ia the displays.

Comparison of ratings for the rib, 4 and abr,2 positions with 

those for the nb,2 and nbr,4 positions, in the recycling condition, 

suggested that ratings were lower at the ab,4 and nbr,2 positions ; 

these were the positions which resembled suppressed letters in sons 

previous experiments. But the effect was sisaii, aiid uxd no*, 

in the ratings for the one-look condition.

In summary, the oxperi£*nt showed tnat supprescKV ^otters are

hard to see and that the difficulty may be described as a 

brightness reduction or an apparent duration reduction* but not as 

a reduction in clarity.
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1O

Coda

The experimental results. Their implications for 

theory. Final sw&uary aiid cone logons.

10.1 The . ________ • Results

in this section the experimental results of the last five chapter* 

will be reviewed ami then in the following sections they will to con­ 

sidered together with Maysner's laiodel and other ideas about visual 

processing.

The results of Chapter 5 were clear-cut and simple: suppressed 

characters eau initiate and control either a simple or a choice motor 

resixttse. This is the case whether a simple O/X discrimination or a 

acre complicated Uigit/ letter «i»cri. i nation is required and whether 

8 is working under payoffs for speed or for accuracy. It is true 

even for the first hour or t«ix> of practice. Hot aeon trust suppression 

is thus unlike uiiyslca) di>%tia^ at least ia its effect on motor ret>,.<-u 

tl

Searching through a display of five random letters looking for a 

sin:,!© target letter involves rather different perceptual analyses froru 

those required to »mke a class!ficatory decision about the whole display. 

For example all letters in the display would often have to be scanned 

whereas only the first letter presented need be analysed before t» 

a classification of tfee whole display. In Chapter the results of three 

ej^*rl«sats usia^ a visual search task were reported. The general 

finding was that suppressed targets are detected ^rith fair but not 

complete efficiency. If £ adopted a strict criterion for a target
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then the detection rate for suppressed targets druy^ud, in the con­ 

ditions used, fro;- 95" tn 70", The effects were overlay©** by 

dlss rates for ta ^ots in the later teraporal positions when £ adopted 

a set for speed and therefore made raany premature target absent 

responses. Allowing for this, suppressed targets were detected a 

little less efficiently than other tar-eta when /j was lew (S's

criterion was lax) and iauch less efficiently when fi was high.
A. kigk 

In Experiment Vl/d* for the detection of suppressed targets was

a««aei*te<i witti a In* eriierion for * t/trsret rr.H ni^o rith fm»t t^ 
fits.

The rather different cundiliona a*t-u 

VII aaU Vill sutAved no further evidence of fast performance actually 

increasing the efficiency of detection of aup^r«»ssed targets and the 

point was not taken further in later v/or .

Tac first ^lenowsnological descriptions of vstaeontraat aa> -ronsion 

were siupiy that soi^e letters were not seen. Chapters J aad G presented 

evidence that those letters car* ta» analysed quito fully by the i 

tua'" system if au air>ro;>rlate task is chosen. la Chapter 7 

were ijiven of the . ;.'•• . -u'isseats requiring £ to identify aoae or all of the 

letters in the displays* aad so the task was »ore similar to phcaoracno- 

logicax r»i*>rt than rfcrt» t.ic ta*»,,a ascJ in tat - x'o.-«ats of Chapters 

5 and 6. The largest effect was simply that §s found it difficult to 

identify and report suppressed lot tors. Tu^re w$r@ general
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.ems of fixation mad position identification, but even so, per­ 

formance was worst for suppressed letters. The second result was 

that, if position intrusion error responses were excluded, the

remaining errors, item errors, v^-rc .•.„.•.-• likely to - :-".-ouaticaiiy 

confusicle with the corresponding correct letter if tJkc correct 

letter had been e _ss«d. In Expert asent £ the effect was small, 

but it was consistent and highly significant. It was inferred that 

£ relies relatively aore on naue coding for suppressed letters than 

for other letters and consequently that visual infarction in 

^articular is lost for these letters and also tfcat tu@ letters 

must often have iXi«n named before the visual information is lost. 

This loss of visual lataraation is presujaably precisely ^uat ;a*ta~ 

contrast suppression is* and the result au&^ests that natai&j; is 

so;etir<es ac u before the *\ .-.., on occurs.

In C&apter 8 an attempt was made to discover in what forw or 

forms a suppressed letter is represented in memory, if it is

nted in memory at all. In Experiment XI S made a MU*a~or~ 

different comparison uerweon a cue letter and a test letter and the 

acoustic and visual eonfusibility of the letters was varied. The

task was found to be aainly visual, but the results suggested that
ok least fW&y[(y (cist 

visual inforMation aU>ut suppressed letter*} \ms£m*jrttm v/ithin 1.75
•«e Hut not 0*g8 see after display off sot. Thi* Tisua! infonrntion 

been in tfie for* of an 4co» or * Posaer-typ* co4ef thi» point is 
>n«H) below (pee p.29fi). A siore difficult tn»k van

A;/ Jk>X|>eriraent XIII: £ uade ^atoaod -xitweva two auccGSSivc displays,

each of five letters. The major finding was that S had difficulty 

retaining the full five .otters frons the first display for comparison 

with the second and that this difficulty was particularly great for 

suppressed letters. So once again these letters were found to be
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hard to see. ettttWMU^ 

WUftty^

WW^^
WHmww^^
wtftoi^M^

Evidence for the existence of the pheaosaencxu .-,.. .estimated, 

aetacontraat suppression, came first fror.i subjective descriptions 

of the displays. An attest was :aade in Experiment XIV, described 

ia Chapter 9, to study the appearance of the displays in a better 

controlled way. Ss gave ratings of the brightness, apparent 

duration and clarity of letters in displays which were cither seen 

oany ti.*es, or only once. In botli cases suppressed letters were 

judged to be iuss bright and of shorter duration than other letters* 

but no less sharply defined than other letters. Posit.*^* identification 

was» understaudably* uuch :.iore difficult in the one than in the 

recycled conditioa and so results fro.-:: the two conditions could not be 

easily compared. But there was some indirect evidence suggesting 

that the judged brightness and duration difference between the 

suppressed and othar letters was greater in the coo-look than in 

ti»e recycled displays.

Several of the experiments gave results suggesting that the nb,4 

and nbr,2 positions resemble positicfis 2 ai;U 4 of bl and blr displays. 

Chapter ;> could, of course, five no evidence of the capacity of letters 

in these position to coutrol a si p±« or choice reap--. ^lace they do 

not appear ia the first temporal position in the nb and nbr vor

showed that targets in these positions are
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frequently as * seed target* when j>'s criterion is strict. Experl- 

»*Bt X s 5 the properties of ite& errors at these positions which 

ware acoustic confusions Is also high. The results for the ^tchinr

task of rx-eri-ient sin also suggested thatthe jab, 4 ar*d nbr,2 

positions. WtWVM^^ Finally, although letters 

in tho nb,4 and nb_r,2 positions are not described as apparently 

missing from the displays* there was sov.ie evidence in the results 

of Experiment XIV that these letters are judged as appearing less 

bright and of shorter duration than others. They arc followed on 

one side by a letter presented SO ?asec later, so it is plausible 

that they aiay suffer soiae suppression.

1O.2 The results considered together.

Considering only optics and the fact that suppressed letters appear 

first in ti&e in the bl and blr displays , it is clear that a visual 

image of the letters arrives at the retina and starts on the way up 

the visual system. It is also clear fron the results and froia 

descriptions of the displays that usual full perception of the shape 

of the letters is not achieved. So we have remaining to us the task of 

analysing the nature and the tUie-cGurse of the loss. The loss is 

clearly primarily visual in nature. The a ,3x2 a ranee of the displays 

•UggftSts that it is at least a visual loss ana umbers < aiui o 

provided evidence that it is specifically a visual loss. It is also 

in keeping with the experimental and theoretical work ia the whole field 

of visual masking discussed in Chapter 2 that the interactions 

among stimuli are considered peripheral in the sense that they depend 

cm sha * rather than names or roeanin^ and that it is visual information 

that is removed. It is more difficult to take the arguiaent further
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the icon, or of th* v^.. .... ...... .J by his associates.

This point will be considered later.

Turning to the tine course of the loss, it is clear that sufficient 

analysis is accomplished to control a choice response before the loss 

occurs. This is the case even WJUGG s* uust euscri..u.iju*te letters from 

dibits and when accuracy is stressed. It might be argued that the dis­ 

cussion should be in terms of a slight partial loss occurring very early* 

rather than a more complete loss later in tiate. But this assussj* that 

the letter-uij,ii, uiscrisiutttiori, which is a>ccofflju,a.aae<t efficiently, is 

considerably less complex than letter recognition, which is found very 

difficult; this is net clearly so. It would also be expected that if 

the di£it-letter discrimination were aade on degraded input then so:..e 

increase in the auount o£ error or in the release tioe would follow, yet 

none at all was found in the quite sensitive ex.x ' ^f 

The final difficulty for the couatcr-ar^a.-.ar.t is the point 

the preceding parags|)h: we know that the suppressed letters aaakc nor-Jil 

progress through the very early stages of the visual sysicr; &i,:pj.y ,1 : 

they appear alone on the screen before any other letters are presented.

Assuming now that ^ctacoatraat suppression is pm-^-riiy a a 

of visual infor..mtion soii^e ti e after input, what are the implications 

for doe;wr recodln,? processes? The obvious first point is that since 

input is only visual any deeper coding must follow later in tine arid mast 

be directly or indirectly a receding of visual information. Deficiencies 

of other types of iiifur oatioa jjiay be observed but *z&y only ref ••«•»* r-»e 

underlying visual degradation. Taking a iiiore positive approach, if
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receding of the visual inforuiativu uan be achieved sufficiently quickly 

a letter might be able to survive its impending suppression even if not 

in visual foru. Tue uai.iug of a 8-u v .j «>r choice motor response to a 

suppressed character raay be considered in this way: the relevant in­ 

formation about the letter escup&a suppression because at . critical 

tine it is stored as, perhaps, a set of muscle ""^inands about to be 

executed. In the letter identification experiments of Chapter 7 scene 

suppressed letters were reported correctly aaci so presumably had been 

nar«d and reiaeiaeorea saiisxactoriiy. But the result mat more item 

eaors were acoustic confusions for suppressed than for other letters 

•Mphasises that even though visual information was removed some receding 

into a osjst form had been accomplished sufficiently early for sooe naate 

itiforriation about the letter to be available to guide the response.

In these terms the perceptual analysis required in the visual search 

task of Chapter o couxu uu carried out suiiicx^ucij ^uicuxy ior nearly as 

many suppressed as other targets to be detected. At least, this was the 

case when £>'s criterion for a target was lax. If S adopted a strict

criterion raanyjmore suppressed targets were missed and this udght indicate\
that a slower, more detailed analysis was uaeu in this case. It a^ht 

equally well mean that S required not only sor« indication that a target 

was present from the early, fast analysis of all the letters in the 

display, but also that some indication was still present a little later 

when a response choice was being raade. Th**e two forum probably 

not really distinct and are much the sarae as saying that S undertook sorae 

rechecking for a target when the criterion was strict. In each case visual 

information had to be present for longer and so more suppressjtd targets



failed the lengthened teat and were missed. The result in Experiment VI, 

that 8s giving shorter target detection KTs were actually aore efficient 

at detecting suppressed targets leads to a similar interpretation, once 

again supporting the theory that visual information is available for re- 

coding, for a short tiae, and then is lost.

10.3 The Relationship with Mayznor*s ideas 

The nature of perception

If letters can be saved from suppression by fast, early receding, 

then can they be 'soon 1 if the appropriate analysis is applied early 

enough? Bruiitu- (1957) discussed early ideas about perception and in 

particular the debate about whether pure perception can be separated 

frosa perception depending on saeraory traces and past experience, or 

indeed whether pure perception exists at all. He argued forcefully that 

'all perceptual ex,>«rieaco is necessarily the end product of a categor­ 

isation process 1 and that 'if perceptual experience is ever had row, i.e. 

free of categorical identity, it is c .-;&& to be a ^em serene, locked in 

the silence ox private experience', ow »«* J»MOU.&U expect categorisation 

to precede perception. It is only a ssaall further step to postulate 

that if aii iivut can be categorised it is pe-rueivecl. U* the operational 

definition that perception has occurred when an appropriate response 

G&& lie made, the suppressed it •,»,-..; *•& AU t**c classiiicatioa tasks ^-^ 

Chapter J were not only eategorx^cu i>ut perceived, since S nearly al- 

w&ys pressed tUe correct key. But can taaae letters -^ perceived in 

that £ reports, '1 see itV
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Some evidence that this can happen was provided by Expert 8»nt XIV. 

So:ae Ss, in the recycling condition when prolonged inspection and 

•elective fixation were encouraged, did rate suppressed letters as being 

Similar in appearance to otncr metiers. A further .relevant enervation 

was &ade as the expert mental work proceeded but has not yet been reported. 

(It has not, however , been reported by Hayaner and his colleagues although 

they have been studying i^tacontrast phenomena for several years.) It 

is siaply tiaat the subjective suppression effect is reduced by long 

practice and familiarity. The writer, after two years* wor). with the 

displays , lings the effect no longer compelling, there is still a 

definite apparent brightness difference, Uut all letters can usually 

be iiaueci 1'airiy easily, aud so suppressed letters would never be des­ 

cribed as 'not seen*. This change with long practice was not observed 

in the experii&ants because in no case did an 8 participate in an ex­ 

periment lor ..iore Uian iour sessions, the aiw had been to fiud a few 

reliable methods of gteaaurlng suppression and then to run a Sfaall number 

of Ssfbr -^-> xvt>&±^ua each, iMvuiuy; for changes in suppression over 

sessions, but the work did not progress sufficiently quickly to allow

this, ^cdloja (Ii^t)) reported a large decrease in threshe.d for TS
! detectiottjover sessio.is in a visual eiasking task and showed that it

aot auu^y pxuaucyu uy selective attentio? - ti e, since the improvement 

still occurred with randouised f oreperiods . Infnr ,ni reservations of 

displays at u^ipradic table ti;ses extend this result to the raetacontraat 

suppression of letters being investigated here. Tie 1 -nroveraent pre- 

suiuab^y s»suits fro^ leai I , crcc. .^i-aLegy which allows a 

suppressed letter to be categorised sufficiently quickly and well to be 

narsed confidently. Having been uaned it will hardly be described as
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•not Men', even if bri&btn*** ratings would still show evidence of

suppression.

term storae

For our operational definition in terms of the 'I see it* response 

we auet require that a letter is not only categorised , but reaembereti 

for a second or two. In other words £ am t not only see the letter 

tout aust remember that he saw it for long enough to say so. The 

response 'I sou it* is, presumably, usually rsade when visual inxor-tsUion 

is avaiiaiut.' 'east a certain minimum ti ««. As postulated in 

the preceding paragraph it might also be mad® if a suppressed letter 

is categorised sufficiently confidently and the categorisation is 

remembered. This type of *I see it* response would thus be ii/.^t a 

target detection in the visual search task, with a strict criterion. 

That the criterion is strict is plausible since a would be saying 

'I see it* without the usual abundance ol t visual ir.fur. nation 

and his re £ht seeo to hi 3 to be 'I diuu't *e« apytaius and 

it was a G f . (This ^ay b© contrasted with the situation discussed 

in Section 2.7 which ^ives opposite results: & reports that letters 

in an array follov;ed by a visual noi so-field appear relatively clear 

awl bright and of high contrast, but still only very few of the letters 

can be naoed.)



Perceptual organisation

the second situation leading to the 'I see it* 

response it is relevant to recall the discussion in terms of organisation 

given in Section 2.5 when metacontrast was being considered. Toch

) observed that if in the classic three-squares metacontrast display 

a second square was added one square's width to the left of the square 

which was TS, the new TS was not suppressed but toe perception of the 

whole display was orgosdMKi as that of a pair of squares moving from 

left to ri£ht. In Chapter &, in connection with the matching experi­ 

ments, a discussion of the metacontrast suppression of letters was 

sketched in similar terias. How Maysuter's observations suggested that 

suppression did not occur very strongly in displays in which the letters 

In the otherwise suppressed positions were sufficiently different in 

shape from tine other letters, but that it did occur in displays 

consist ing of random letters. So ABABA would she/., i«t*s suppression 

than ALXCP. Hofflogeaeoug displays (AAAAA) were also described as 

showing more suppression than displays consist!a,, of randon letters 

(AIJCCP). Butt as noted in Chapter 3, U&yttner's theory that suppression 

arises fro:: interactions among analysers that are very soape specific 

does not explain why suppression in AUCGP is stronger than that inABABA, 

or even why it occurs at all.An interpretation in terus of organisation 

can, however, handle all the observations simply ty nu^^usiug that 

only in the case of ABABA are the letter* lu ^osicions '~ aaa 4 sufficiently 

distinct to be not only categorised uut alsu rcvje»u>erca. Random letters 

should probably be considered mor« <u«u»i^y lai>eiieU iiidivirtually tlian 

letters in a hojoogeneous display, so it is reasonable that suppression



is somewhat stronger in homogeneous displays. Our theory that suppressed 

lot tars can elicit the 'I see it* response if first they are categorised 

and then the categorisation is preserved fits well with this discussion 

in teruui of organisation. The argument suggests that if we are inter­ 

ested primarily in the degradation of visual information produced by 

nstacon&rast then brightness ratings are a more appropriate inaasure 

than f l see it 1 reports. For c;,a ^..c, .^wfiMvat XIV found only slia, 

indirect evidence taat suppression ae aaasured by differences in bright** 

ness ratings was any greater in pure than in -.a.-wed displays.

If the 'I see it* response can follow from a sufficiently confident 

categorisation oven in the presence of a brightness reduction, then the 

use of this response in tho study of rsietacontrast has two interesting 

implications. First, the categorisation used by 8 can be changed by 

changing the response required, or even by 18 sioply adopting; a different 

set or strategy, bo y»tacontrast measured in this way should change 

accordingly. Second. v:e have areried that the perceptual organisation 

given to a display can affect the categorisation iiade and, in particular, 

the success with which the categorisation of a suppressed letter can be 

retained. Apparent uovcjaent is a compelling form of organisation for the 

elerjents in a display, if they are arranged appropriately. i>o it is 

reasonable that netacontrast and apparent raotion should often appear 

related and that some displays giving good apparent motion should not 

show metacontrast suppression.
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Subject.1 ye. visual experience«

The 'I see It* response has been assuiaod to follow either if sufficient 

visual information is available, or if a sufficiently confident categor­ 

isation can be made and retained. If this is the case the introduction 

of SVE (subjective visual experience i.e. consciousness) is misleading 

since either it corresponds only to the firat of these two situations, 

in which case a letter uight not have reached -^VE yet still be reported 

as seen, or it corr ^xnds exactly to the *I see it' response and so 

aakes no distinction between these two situations leading to this single 

r*Si>on»e. Mayzner chose the seeuuu of these co^rsts and 100^. u.c> SVE 

concept tu correspond to the 'I see it* response. This saay or way not 

hn useful it' the ai..-; is to satisfy in t respect ions about consciousness, 

but appears less useful for the study of aetacontrast suppression si ace 

the priuary enect, viic coan$@ in apparent Lxi 0 , .,.;,,.>; , ^.-: . -luscd with 

secondary information (processing implications of this change. In other 

words, the division of situations into those in wiiich letters r«ach 3V£ 

elicit the *I see it' response and thoae in which they do not groups

i&tters which are seen brigiitiy and those wiiich suffer sap/.-iH4saion 

but which are categorised sufficiently well to be remembered. It does

not place the dividing line tietween letters whicn suffer soaae brightness 

reduction and those which do not, but rather between those which are 

categorised sufficiently coaiideiitly to lead to tiic 'I see it' response 

and Uiusu wnich are cate^uiiti&u j.vti» wwiilid©ati>, wui «hicn Gtill can 

elicit, for example, a uorwAi choice ;u>tor
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A theory of inetacontrast suppression aimed at explaining when 

aad how subjective brightness is decreased by taetacoafcrast probably 

should invoke otiiy fairly peripheral processes, such as were considered 

J.M the review 04. ^s.ai^i a^iu iawi**cuatra4Tu ^ivea iu uuapter 2. however, 

in choosing to builii *. ...^w. lor tine f l see it 1 response, instead of 

bri, u»s reduction, and yet still invok® only such peripheral inter­ 

actions , Mayiuier aay have an impossible task. The ciiificulties for 

toe uixiei are juat V..V.BC described in Cba -or 3 auu they arise when a 

suppressed letter can be categorised quickly and w@il f such as when it 

is part of a 4% »*ecl word. It mi^ht well ie^d to the 'I see it* 

» but it ie auch taore in keeping with current id^as about

processing in visual perception to supppse timt visual 

inforuatJLon is available for a short ti e before suppression occurs 

rather than to require that weaning controls the operation of the peri­ 

pheral interactions asou-.^d to underlie ,">eti- -ast. Word recognition 

in displays in . ©very letter of the word is in a suppressed 

position is probably the aost promise - f :se *M the ueatt ex- 

iierlnenta ai cd at confirming the intcriaretation of atetacontrast 

eu. -

Brightness

Brightness suppression undoubtedly does occur, however, and we should 

consider what it is and how it night occur. KxperiiaentXJV su^jests 

directly that the loss of visual infor^mtion raay be seen or interpreted 

as a reduction in apparent brightness or apparent duration, but not as a 

of reduction in clarity. Experiment XI found that visual con-
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fusibility was dlsru>tin^ for matches to suppressed test letters made 

about 40O msec after test letter presentation, but not for matches 

ftade about 19OO nsec after test letter presentation. This result 

suggest that a visual code, of the type investigated by Posner, was still 

available after 4OO msec. Even BO, this visual code bad a shorter life 

for suppressed than for other letters and so it is not possible to 

decide whether suppression acts by degrading this visual code or the 

icon relative ^ re. Both of thos« types of visual storage are fonaed 

very quickly after input and certainly before suppression takes place* 

so presusaably both are degraded, but we cannot tell whether either is 

ailected sitore, or sooner than the other.

Considering the nature of the Interaction there are three points 

we can make. First., the argument of this section implies that in con­ 

sidering the brightness reduction we neec* *•"••* consider nasain^ or Ewaningt 

and so the discussion of Section 2*5 applies equally to the uetacontrast 

observed in displays of letters. We are no nearer to understanding why 

or hor it occurs, Mayzner's postulated interactions between excitation 

and inhibition in shape analysers seem a reasonable guess for the 

nwncmt, but frvr the reasons discussed above Ms restriction to inter­ 

actions 0acn£ very form-specific analysers should be weakened.

Th*» fcrnnrt v»ir«t is that the tvD@ of H»t. . r*«t being studied here

consists of interact! ,14 letters close together in tizae and space

and so it is a riat© to recall the discussion of of form by

and confusion theory and the read-out and erasure theory. The conclusion
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was that tae cuuiusion tiicc-ry .aust y« weaiieaeu to eulcw some readout 

of the first form before the second is presented, that the erasure 

theory cannot a^ly unless the second fora is iauch stronger than the 

first, and that then the tw* apparently quite different theories 

uniun xaueeu ue incustin^uishable. The interaction ^iiich reduces 

the brightness of one letter when adjacent letters are presented 

later in ti;.;» is certainly nothing like the integration and confusion 

of the letters, but flight be considered a partial erasure of one by 

the ethers, where erasure is taken tc be a reduction in brightness 

but riot in perceived clarity. Simply saying so is hardly explanatory, 

but it encourages us aot to abandon entirely the erasure formulation 

of Backing of an array by a noise-field and it suggests that the 

theoretical explanations of the two phenonsena raight need to ue related.

Third, by studying displays of letters and using several different 

information processing tasks we have found evidence that notacontrast 

suppression occurs only after the analysis of the letters concerned 

has been proceeding for a short time. Considering also the first 

point above, this conclusion must apply to the usual raetacoritrast 

Situations, which are discussed in Section 2.5. Except for the triggering 

of a simple i*otor response to display onset, as studied by Fehrer and Raab 

(1962), perceptual analyses are not usually available in these situations 

to demonstrate that TS is available for processing for a short tine 

ias»diately after presentation. If appropriate task* could be devised, 

hovever, we would expect that they would show evidence of the availability 

of TS for a short tine before suppression.
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Thin conclusion 10 probably the main contribution this whole 

investigation can zmke to the general study of r.Tctacontrast. It 

implies that a couplex analysis may be applied to TS if toe analysis 

is very fast, and so it disagrees with for e-jcamrjie the interpretation 

of Rumelhart (1970) (see Section 2.4j p.43). auiaclhart supposed that 

features e*e read-out serially from the icon of TS and that a criterion 

ttuatber (C) of features aust oe reaU-cut uefore any particular tasn 

nay be acconpli&..^ . The value of C depends on the nature of the tarn 

and is larger for tas^s requiring more coraplex perceptual analyses. 

•0 simple analyses, such as that required to trigger a simple iaotcr 

response» have a low C and laay ix* carried out on masked stimuli, 

whereas insufficient features can be read-out to ui.ow a complex 

analysis of a saasked stimulus to be ;aacte. Our theory, on the other 

hand, says that in setaeoutrast displays a large • of features 

siigiit bo available at first, out U^H* Icflt unless coded and stored so 

as to escape suppression.

10 •4 Succaary aiid i§

The ejtperincntjg reportsd in this thesis irave two raaln findings. 

First, the observation that »u,.. , . i letters are hard to see was 

confirmed by several experiiaentc which used a variety of tas s and 

B howed that tiieso l«tiers are inii^eu uimcaiv u, proc..>, . - .-. .,
\*s

situations. T^*e difficulty was found to be cau&ed w> - ioss of 

specifically visual iuIor^iaUon and tiic- suppressed letters were judged 

less bright and of shorter duration but oi the s^* clarity as other 

letters* The second Aiding was that suppression of a letter only occurs
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after it ha« been available for analysis for a short tiae. If S can apply 

a suitable perceptual analysis to the letter sufficiently quickly then 

s ome inforoation about the letter may be preserved and an appropriate 

»aponse given, or S taay even say 'I see it', although brightness 

ratings would still reveal an effect of suppression.

The conclusion that suppressed letters can elicit the 'I see it*

response if they are coded sufficiently confidently suggested that 

Mayzner'a thco,.^ .....itred on SVE confounded seeing because of abundant 

information with seeing; because of confident categorisation. It would 

be taore a riate to study the brightness change, which is the 

primary result produced by fcafcaeoatrastsuppression, directly by using 

Urightoess ratings. Theories may then be sought in terms of fairly 

wwrloheral interactions in the visual system, just as they are for 

ttacontrast _ i.

Finally, the finding that items are available for analysis for a 

short time immediately after input, before suffering 'ssion, illus­ 

trates the value of using conplox stimuli, i.e. letters, and infonaatictt 

pr -in^ tasks investigated in other areas of psychology in the study 

of visual EiasVinr? and rsetacontrast. The result also applies to th© 

usual aetacontrast displays and ira, ins that TS is available for a short 

time before roased, even if there are usually no analyses, 

except that for display orujet as rehi-tu- u.ua i t «iab (19G2) di 

which can take advantage of its availaMMtv th
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