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INTRODUCTION |

In recent years a number of researchers have investigateduseareh
processes in shorﬁ term memory ﬁsiné an experrmental paradlgm developed
by Sternberg (1966) The basic procedure is the followrng A subJect is
given & small number of items to remember (usually six or less) These
items will be referred to.as the "memor& set.ﬁ The itemslere most often
taken from some larger well-learned set, such as'digits"or letters. The
subject is then presemted with'a‘singie tesf item and must.deeide as”l'
guickly as posszble whether or ﬁot the test 1tem is a member of the
memory set. If he de01des the test item matches an item in the memory
set, he makes a p051t1ve .response; otherw1se .a negatlve response,'
The bas1e dependent Varlable in such studles is the latency of the Sub-
‘JECt'S response, the error rates generally belng qulte low. Sternberg
argues that by varying the size of the memory set whlle holdlng the
requlred response constant operatlons such as retrieval of 1tems from
memory and comparisom with the test item'ean bedseperated.from‘operefions
.imvolring encodimg of.the test item and seiecfiom”of's response;:essuming
that these.latter.operatiohs are independemt of:%helmemorj set sime;w

B The Sternberg psradigm for-memorp search suggesfs am.anaiogous'paraw
dlgm for the study of risudl search proeesses By.varfrmg the size of a
visual dlsplay whlle holdlng constant the number of items in memory,
visual search can be 1nvest1geted in the same manmer as memory ‘search.

It should be noted at this time that the term visual search as used here
.refers to processes taking plaee duriné e single fikation of the'eye

rather than %o those search processes explored by Neisser (1963). While




the two types of search no doubt have much in common, they cannot be .
considered identical.

A numbef of investigators (Sternberg, 1967 ; Nickeréég, 1966; Briggs
&.Blaha, 1969} have élabqrated on the basic Sternberg proéedure by vafy-
ing not oply the size of the positive set but alseo the number of tesf
items presenﬁéd on each ﬁriai. Howeyer, ali éf these experiments were
concerned prima#ily with meﬁory gearch; ccncliusions drawﬁ about visual
search were based upocn indirect_efiéenée éﬁdrwefe complicated by high
error rates in alnumber of the experimental conditions. Those investi-
gators who were interested primarily in visual search.ﬁsgd parédigms in
which some measure of ac;uracy was.the ﬁaiq dependent variable te.g.,
Sperling, 1960;_A§¢rbach & Coriéll, 1961: Estes & Taylor, 19643 _Erik.sonj
& Lappin, 1967), Whiie these_studies provided.yaluable.data concérning
fhe amount of informatioaravailable_to a subject in a single fixatioﬁ,
_any_gonclusions about the details of the search prﬁcess are tentative at
.best._ There érg a coﬁple'of reasons_for.this. One is that in arawiﬁg
conclusions from accﬁracy data, some assumptions muét be made concerning
guessing strétegiés used by subjects. This in turﬁ usualiy entails.

_ assumptiong about the.search process itself. Unfﬁrtunately, it is'offen
tpe case that these latter assumptions are not stated explicitly. Anoiher
reasons, as argued by Sternberg (1967), is that in'using accuracy measures,
what is essentially being 1§oked at is the expected number of itemslprb—
cessed in some Tixed time pericd. It can be shown that evén if one

éssumes that individgal items are scanned serially and that the processing
ﬁtimes for separate items ére independent, the expected number of items

processed depends not only on the mean processing time for each item but
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but- also o the form of the processing time distribution for ecach item.
Under the same- assumptions, the expected time to process a fixed number
of items depends only.on the means of the individual processing time
distributions. -

In attempting to draw conclusions about the processing of visual
information from response latency data in visual search tasks, it is
necessary to consider a number-of questions. First, can any general
statement be made &5 to the processes involved in such search tasks?

It is clear that in some way informatiom,must be extracted from the.
visual display and that this information, together with information con-
-tained in memory, must be used to determine selection of the.appropriate
xresponse Tor any given trial. Thus, wheh it is said that an‘item in the
vigual display is ”processed)" this may refer to some type of template
matching, to encoding of an item as a feature list, to comparison of an
encoded .item with an item in memory, cor toc some combination of such
Processes.

Given the large number of ways in which the visual display might be
processed, do existing.data allow one to eliminate any of the conceiv-

. eble schemes? It .is an almost universal finding in visual search tasks
~that the increase in response.latenqy with increasing display sizg-is
roughly linear {e.g., Sternberg, 1967; Nickerson, 1966; Atkinson, Holmgren
& Juola, 1969; Chase, 1965). This finding has been teken as evidence

that processing 1s serial rather than parallel, i.e., items.are.processed
~sequentially rather than simultaneously. However, Atkinson et al. {1969)
present a parallel model that predigﬁg the observed linearity. $he}rs

is one of a class of parallel models in which the rate of processing
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for individual items 1s a function of display size. Any parallel model
which is not a member of this class cannot predict linearity ‘and may
therefore be eliminated from consideration (Hartley & David, 195L).

A second finding common to & number of studies and most clearly
shown by Atkinson et al (1969), is that when the memory set contains
only one item, latencies for posi‘ti\fe and negative responses show the
same rate of increase with increasing display size. The simplest inter-

pretation of this result is that processing is "exhaustive,"

i.e., on
both positive and'negatiVe trials every item in the display is compared
to the memory item. Thig is in contrast to "self-terminating” process-
-ing, in'which on positive trials processing terminates as soon as a match
‘is detected between the memory item and an item in the display. In using
the terms "exhaustive" and "self-terminating" in the above sense, it is
ﬁeing assumed that the increase in respénse latency with increasing dis-
play size is due, at least in part, to-an increase in the duration of
a processing stage involving comparizons between the display items and
the item in memory (e.g., Sternberg, 1967; Chase, 1965). It is possible,
however, that the increase in latency is due tc an increase in the time
taken to extract information from the display, and not to an increase in
the duration of some suﬁsequent comparison procesg. The following study
iﬁdicates that processing does involve a .comparison operation and’ that
the duration of this operation is a function of the display size.

Using five-item displays and a éingle-item memory:set, Juola, Helmgren,
“and Atkinson (unpublished) varied the number of times an item was repeated
in & ‘display. Each display contained either five different consonants,

four consonants with one appearing twice, or three consonants with one
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appearing three times. The redundant item on & positive trial was.not
necessarily the memory item. They found that”oﬁ positive trials, response
latency decreased .markedly as the redundancy of the memory item increased,
but showed practically no decrease as redundancy incrgased in other items.
Also, on negative trials redundancy had comparatively littlg effect on
latencies. While a final interpretation of this experimept_is still
forthcoming, it.is almost certain that any account of the data must inrr
- clude the assumption that the search involves some type of self-terminating
comparisen process., The only difference between positive trials with the
memory item redundant and those with an egual amount of redundancy in
some other -item is that in the former case, the redundant item matches
the item in memory while in the latter it does not. . In all other respects
the two types of trials are .identical. It is therefore reasonable to as-
gume- that the observed differences in latencies on the two types of trials
are caused by differences in the times taken to detect a match between
the memory item. and an item in the display. TIn other words, by whatever
method display items are compared to the memory item, al;.displaylitems
_do not complete the comparison process simultanequsly. This strongly
suggests that the total comparison time is a function of displaywsizeo_
While exhaustive processing is a well established result when. the
memory set contains only one_item_aﬂd there are no redundant items in
the display, there is a good deal of evidence that positive and negative
Jlatency functions do not have the same slope when larger memory sets are
used. This regult is found in tasks whexe the subject 1s instructed to
‘give a positive response if any element in the display matches any element

-in memory (Sternberg, 1967; Nickerson, 1966; Briggs & Blaha, 1969).



Sternberg argues that this finding is the result of self-terminating pro-
cessing with respect to items in the visual dispilay, He believes that’
each display item, in turn, is compared with all of the items in memory.
‘On positive frials; a positive response is initiated following that
exhaustive scan of memory which produces a match. However, the evidence
in supb0rt'of Sternberg‘s'viéw of the process is not conclusive, partic-
ularly in view of the Atkinson et al (1969) results. These studies do
‘not rule out the possibility that when both memory and the dispiay contain
more than one item, processing is self—terminating'in'the memory - set.
rather than in the display. It should also be mentioned that Briggs &nd
Blaha (1969) aré of the opinion that the cbserved differences between
' ‘positive and negative slopes are caused by subjects repeating the com-
parison process on negative trials rather than self-terminating on
positive trials.

A fourth finding of interest, contained in a study by Chase (1965),
gdncerns the -effects of auditory and visual confusability on precessing
rates, His subjects were run in three types of tasgks: memory search
(the basic Sternberg task), visual search (the basic Atkinson et al task)
and what Chase called visual comparison. In the latter task, subjects
had to determine whether or not a letter which appeared at the fixation
point in a visual display matched any of the surrounding letters. In
all tasks, the set to bé searched contained one, two, or four letters.
For each of the tasks, the set of search letters and the test item were
all taken from one of three eight~-letter sets.  These latter sets con-

" sisted of letters which were visually confusable, acoustically confusable,

or neither. ‘Chase found that for memory and visual search, neither type
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of confusability sigrificantly slowed the rate of processing. The impli-
wcation of Chase's study is that, for both visuval and memory search, the
comparisons carried ocut between the test Item and items in the set to be
searched are based upon neither auditory information alone nor visual -
information alohe. Visual comparison, on the other hand, appears to be
dependent on visual characteristics of the display.

A study of Sternberg's (1967) lends support to Chase's conclusions.
In a memory search task, the test dtem was presented either alcone or
magked by wvisual anoise. When resgponse latencies were plotted as a. func-
tion of the size of the memory set, visual noise was found to have a
large effect on the intercept of the best-fitting iinear function, but

“only-a slight effect on the slope. Thils latter-effect disappeared.on
the second day of the iwo-day study.. As Sternberg argues,.if no encoding
~at all was done before the test item was compared - -to items in memory, .
then masking should not affect the intercept of the latency function,
“but probably would have some effect on the duration of the comparison
phase of processing. . At the other extremes if the test item was completely
identified and the name of the test item was compared to the names of the
memory items, then it would probably take longer to encode a masked item,
“but once encoded, comparison should proceed at .the same rate as for test
items which were not masked. .Thé fact that the results fell.between
these two extremes was taken by’ Sternberg to mean that some encoding was
done, but the test item was not completely identified.

Thus, on the bagsis of the small number of :studies that have employed
response latency measures in a visual search task, a few basic conclusions

can -be drawn. - The search process appears to involve at least two separate




~-operaticons. The first 1ls an enceding of items in the display-intb some
kind of abstracted representation, neither entirely auditory nor entirely
‘visual. The second is a comparison of the encoded items with items in
memory. In view of the linear trend. in response. latencies with Increasing
display size, there is little doubt that at least one of these twop oper-
ations is either a serial process or a member of the particular class of
-parallel processes mentioned:.earlier. Finally, processing is exhaustive
when either memory or the display contains one item and there is no re-
dundancy in the display, but otherwise it appears that subjects might
-employ some type of self-terminating scan.

. The above summary leaves a number of important questions unanswered.
'”Are both encoding and comparison & function of display-size?_ If so, then
~how do the two operations interact; are all items encoded before any com-

parisons take place, cor do- some ltems begin compariscn before dthers have
completed encoding?  How much.control do subjects exercise over-either

of- the operations involved in processing? How are encoding and comparison
‘affected by the decision required by subjects in different search tasks?
~The studies to be reported below help to answer these and other related
questions about visual search.

The four tasks to be described ﬁere chosen with two. purposes in mind.

First, it 'was hoped that some answers would be found to the above ques-
“tions.  Second, the studies provide a closer link with other methods. of
examining visual search. As mentioned earlier, most studies invelving
-vigual gearch differ from those discussed above in that they hawve used
some measure of response accuracy as the main dependent variable. They

~algo differ, howewver, in-the nature of the tasks: employed and in some
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of the questions they were designea to answer. Those search tasks in-
vestigating response latency have used the yes-no paradigm exclusively,
while to the best of this author's knowledge, the yes-no task has not
been used in visual search with the probability of a correect response as
the dependent wvariable. Accuracy measures have been used mainly with
the forced-choice detection paradigm (e.g., Bstes & Taylor, 1965; Townsend,
1966) or the report procedure (e.g., Sperling, 1960; Eriksor & Lappin, .
1967). In using these two technigues to draw inferences about underlying
ppocesses, ‘lavestigators had to make certain sssumpticns about the=séarch
process that were not directly testable. By examining response latency
dats in error-free versions of these tasks, ‘a new source of information
is made avalilable which allows testing of some of these assumptions.

o In the first study of ‘this geries, visual search is investigated
using a two-alternative forced-choice task, while in the second study,
‘a negative regponse is added as a third alternative. The third and
fourth studies emplcoy two variations of a yes-no task in which a vigual
cue is present in the display. The cue isg of the type used by Averbach
and Coriell (1961) with the report procedure and consists of a marker
above one of the items in the display. Subjects can obtain all of the
information necesgsary for a correct response by processing only the marked
letter.

+The basic guestion in the first two studies concerns the extent to
which the rate of procesgsing in these tasks will be lower than in the.
v gimple yes-no task. Subjects can convert the. forced-cholce. fask into a
-yes-no situation by searching for only one of the two alternative items.

If ‘they do not Tind. that item they need not search for the other item .
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since, by elimination, it must be in the display. Thus, if the rate of
proceseing in the forced-cholice task differs significantly from the yes-
no-casge, it can be concluded that the two tasks are not equivalent;
However, only-zn upper bound on the processing rate can be cbtained in
the forced-choice study. This is due to the fact that the study ofiers
"no ‘reliable way to determine whether subjects are employing some type
of self-terminating scan. The following study remedies this situation.
The second experiment, in which a negative response ig added toc the
“two alternatives of the forced-choice task, cannot be converted inte a
yes-no task, - Since it may be the case that neither of the twc possible
items is in the display, subjects must search for both of them. The
rate of proccessing can be-estimated by locking at negative responses as
a function of display size. By comparing lstencies of negative responses
to those for the two other responses, the amount of self-termination can
be determined. Finally, by comparing latencies of the two forced-choice
responses to those of the corresponding responses in the three-cheoice
task,IOne can determire whether or not there.is more self-terminaticn
in the first study than in the secocond.

The second pair of studies is, in & sense, the complement of the

" first pair. The basic question here concerns the extent to which the

rate of processing is higher than in the simple yes-noc case. As in the
forced-cheice study, subjects can treat the first of the two marker
studies like the basic yes-no task. To accomplish this, they need simply
ignore the marker altogether. The second marker study requires subjects
to attend to the marker. This is. due to the fact that information ob-

tained from the marked item may conflict with that obtained frcm other
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Jitems. If it is found that the marker has no effect in the first of the
two studies, the second experiment should show if this is because sub-
.jects.afé uﬁable fb use.the marker.efféctively, or becasuse they simply
are notltrying to'minimize.processing time; The second stﬁdy wili aiso

show to what exfént subjects process unmarked items,
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EXPERIMENT T

Eétes and Taylor {1964) used a tﬁo-alfernative fdrced—choice searéh
task to study the "span of apprehénsion" for a briefly presented visuél
digplay. TUsing é simple model, they were"able to esiiméte thg‘éverage
number of letters in the display that were pfocessed by subjects. Their
estimates of this number were much larger than those obtained through
the report procedure (e.g., Sperling, 1960). Estes and Taylor argued
that in the report procedure, memory places an upper limit on the number
of letters correctly reported. Thus, while a subject may have identified
a large number of items in a display and placed them 1in some type of
short-term memory, by the time the first few items have been reported,
the remzining items have been lost from the short-term store. The
forced-cholce procedure eliminates memory as a factor by reguiring the
gubject to report only which of two possible letters appeared in the
display. Estes and Taylor assumed thai in the forced-choice task each
letter was processed to the point of compleie identification, just as in
the report procedure. If, however, the degree of processing necessary
to identify an item is greater than that required to determine whether
it is one of twe pessible letters, then the number of letters processed
in the report and fowced-choice procedures could not be considered
equivalent.

In yes-no search tasks, latency data indicate that complete identi-
fication does not take place. Some of this evidence was presented above
in discussing the studies of Sternberg (1967) and Chase (1965). Also,

Neisser (1963) guotes subjects in his search task as reporting that the
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~item for which they are searching.'jumps out at them". and that the other
letters appear as only a blur. -While Neisser's research task-differs.in
-many ways from. the ‘yes-no procedure considered here, this author has . .
obtained similar reports from subjects in. the latter type of task.

If complete identification does take place in forced-cholce but not
dn yes-no.tasks, then the rate of information processing in the former
.should be 1ower than in the 1atter. By looking at response latencles in
the forced-chomce equlvalent of a. yes -no task, one can get somé 1dea of
the eomparablllty of proce581ng rateg in the two srtuatlons, It is not
pos31ble, however, to get a dlrect estlmate of the processing rate in a
foreed~ch01ce task On negatlve trlals in a yes-no task, subjects are.
requlred to comparerthe memory Ltem to all items in the dlsplay.- Thus ,
the process1ng tlme per item can. be obtalned from the slope of the func—
tlon relatlng negatlve response 1aten01es to dlsplay s1ze.' In a forced-
ch01ce task on nelther of the two types of trials . is a subgect requlred
to compare all 1tems in the dlsplay w1th all items in memory, therefore
.ln-order to estlmatelthe process1ng rate, 1t rs necessary'to know the '
expected number of oomparlsons per trlal Slnce this cannot be unequlr-
ocally determlned w1thout the use of negatlve trlals, 1t is necessary to
run a second study Wlth such trlals added in order to obtain an estlmate
of the process1ng rate in the forced—ch01ce task |

The forced chorce task to be reported here dlffers from that used
be Estes and Taylor in one fundamental way. The memory set remained
.constant throughout thelr experlment On every trial, subgects deter-
Zmlned Whether a BoranF appeared in the dlsplay | In thls study,

subgects are glven g new pair of memory letters on each trial. This
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was done in order to make the task more comparasble with the yes-no search
task investigated by Atkinson et’al (1969). 'If the Estes and Taylor
hypothesis is correct for a constant memory set, then it iz reagonable-
to assume that It will be correct when the set changes from trial to
trial.
'METHOD
.Sunjects. The subJects were flve fenale Stanford undergraduates
obtained through_the student emplo&ment bureau. They all had normal
(corrected) vision and none of them wore contact lenses. They each re-
ceived $1 75 for each of the nine sesslons in th1s study
Apparatus. Vlsual dlsplays were presented to subJects by means of

en gutomated two-fleld tachlstoscope built by Iconlx Inc. The dlsplay
termlnus of the apparatus was a wooden box 5 ft 7 1n. 1ong, h ft 1 1n..
_w1de and 1 ft h in. high, on four 8 1n. legs. The box rested on a 3Q
.1n. high table in a soundproofed alr—condltloned room; At eech of‘the
two endslof this box was a subgect statlon; only one of whrch was used
for this series of studles.. Thls subgect statlon con81sted of a dlsplay
._panel end a response panel. The dlsplay panel, 8 in. w1de and 1 ft

2- 1/h in, hlgh was recessed 10 in. 1nto the box. The sides, top and
bottom of the recess were palnted flat black At the nottom of the dis-
play panel were mounted two IEE B1nav1ew un1ts, each with a face 1 3/4 in.
wlde and 2- 1/h ln. hlgh on whlch could be presented any one of a full set
of alphanumerlc characters. Above these two unlts was mounted a ground-
glass rear- proaectlon SCreen. 8 in. wlde and 6- 3/h ir, hlgh Behind the

screen was a black metal plate bearlng six small colored lightis and a
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targe circular aperture, none of which were visible unless illuminated.
The response panel consiéted'oﬁ‘a 13—1/2;in!_bj 15 in. board on which were
ﬁounted three Johnson cc&e £§ansmittingrkéyé;: The keys were arranged in
.an arc extending from nine:p'clock to twelﬁé'o'clock. Wooden blocks
affixed to the four corner$ 9f-Fhe.:esponse panel raised it 1/2 in. above
the 30 in. high table on‘ﬁhichfit:restedf ‘Figure 1 shows the arrange-
ment of the display and resboﬁse panels.

Displays were projeéted ohto"thé.grounduglass sereen through the
large circular aperture, providing an. illuminated area 2-1/16 in. in
diameter. Stimuli were digplayed by means of a Spindler and Sauppe
model SIX-T750 random access siide projector modified for use with a
special light source (Sylvania glow modulator, #R1131C). The glow mod-
ulater had a 0.0S ms rise time and a 0.025 ms decay time. A second
projectoer, optic#lly identical to the_first but holding a single slide,
served to illumiﬁate the screen between sfi@ulﬁg exposures,

The control‘system of the apparatusuﬁés,lqcated in.a room visually
and acousticallyAisolated from the subject's room. On each trial of the
experiment, inforﬁation was read from punched paper tape into a program
storage buffer. This information consisted of the trial number, the
binaview letters and stimulus siide to be shown and the feéedback alter-
native. 4 Teletype BRPE high-speed mechanical reader was used for the
read-in. Completion of the read-in caused a master timer to be started.
This timer, throﬁgh‘ﬁfoper wiring of the system logic, controlled the
temporal seguenge of events fofléach tfial. The subject's response and
latency for each trial were stored temporarily in.a response buffer.

The components for timing, logic and information storage were bullt by
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Display Panel

Response Pqnet _

N Figure 1. Configurations of Display and Response Panels for
Experiment I, ' ; :
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Iconix, Ine. TFollowing the subject's résponse, the:information contained
in the program and response buffers was both punched on paper:tape and
printed out by a Teletype Model 33 unit.

Sﬁimuli.- The” stimulus materials: for this'study were 95 slides, each
consigting of a horizontal row of from one to five consonants plus two
dollar signg. ' The dollar signs were the first and last symbols in the
row and were included so that all letters in a display would be flanked
on -both sides by some symbol. Twenty slides wefe:prepared for each of
the five display sizes, Consonants’ appesaring in a display were selected
at random with the festrictions that no letter could ‘appear more than
“opnce in a display and at every display each consonant had to.appear ex-
actly once in every ‘possible display location.. Due to the limited
capacity of the slide projector, one slide had to be eliminated from
each of the five'display sizes. " The five slides were;pickedjrandomiy
with the restrictien that no. letter appeared more . than ‘once in the five
-eliminated slides.

In preparing the slides; the symbols were first typed in a single-
spaced row on 4 in. by 8'in. cards using an IBM Executive Registry
electricﬂtypewrifer,' The cards were then photographed and. the resulting
positive transparencies were sealed in 35 mm slide mounts. When pro-
jected, the displays weve 3/16 in. high and varied in:length from 3/8 in,
for single-letter displays to=7/8 in, for -five-letter displays. At a
viewing distance of about 2 ft, . this provided a visual angle of approxi-
mately 2.1 dgr, for five-letter displays, - °

Procedure.  Each of the 240 trials in ‘a session consisted of the

following seguéence of events: & .. -
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3.

- Exactly .5 sec. after the beginning of:the trial, a pair of con-

© sonants -appesared -on’ the two binaview. units for 2 sec.

Following the offset of the binaviews and while holding dewn.

" the center of the three keys, . the subject pressed & button held
~in her left hand. in order tec turn on a display,

Exactly »5 sec. after the subject pressed the button, a display

contairing from one to five consonants in the clrgular aperture

- appeared for 400 ms.  One and only one of the two binaview let-
ters appeared in the display. Simultaneous with the.onset of
‘the display, two-latency. counters were started.

ggThé subject was required to respond within 2 see. of the display
~onset. The subject was instructed to hit the lefi response key
'if the ‘Teft binaview letter was present in the display, or the
vright'response key if the right binaview letter was in the dis-

- play. " The release of the -cenfer key stopped one of the latency

counters, while hitting eithexr of the other keys stopped the

second counter. The center key  -was heid down and responses

" were made with the right ‘forefinger of the right hand.

Following the 2 sec. response interval, one of three feedback
lights came on.:. A green light indicated a correct response,

red indicated an error and white. indicated no response within

.the -allotted time. ° The three lights used were located 1n a

column directly above -the elrceular aperture., The feedback
light remained cn for 2 sec,j'following.whibh the next trial
began. The total duration of a trial was 7 sec.;plgs the time
from the offset of the blnaviews to:thenbutton,prgss by -the .-

subject.
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The projeétor.which.illuminated the screen between stimulus expo-
sures. contalned.a slide with four dots.arranged in a rectangle. When
projected, this rectangle measured 7/8 in. by 1/2 in. The display always
appeared.centered.within.this,rectangﬂe. The brightness_pf_the pyef_apd
post-exposure: field was 6.6 ftL as measured by a Macbeth illuminometer;
the display brightness was.7.4 ftL.

.- 0f the pair.cf consonants s@pwp_g?zthg bEgipning of each trizl, cne
was chosen randomly_ffom the set ofrlettgrs not appearing in the subse-
guent display; the other was chosen randomly from the set of displayed
congonants, subject to the restricfioﬁ that within each display size,
each seriaibpésifion was tested equaily bften during the session. The
binaview letter sppeering in the display was presented on the left or -
right bineview with equal probébility. The slide shown on'a trial was
" zelected aﬁébrding:tb a randbm schéaﬁle, with the restrictions that each
di%biay Size.waslﬁfésentéd eéually'often duriné each session, no slide
couid bélﬁfesentedftwice inzéucceSSion and each'slidGISEleCted was Mo
'ﬁarelfhan'five slidé:poéitioﬁs Béyond thé.previousiy shown slide. The
iraﬁdomizafion of slides and binaview letters was accomplished with &
PDP-1 computer Which”outpuf the iﬁformation for éé&h trial on punched
PéﬁEr‘féPe, EachféﬁggéEt‘rédeivéd & ‘new rendomizetion Tor eadh session
'of the experiménfg'

-Each session consisted of ten varmup trials followed by 2L0 ‘gata
triéls,:'Subjecfé ;ééeivéd a short break (about 3 min.) ﬁidﬁay through
the session. Bach subject ran for nine sessions, either one or tWwo:

sessions a day, with at least ore hour between consecutive sessions.
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" Instructions to the subject before the first session were given
verbally and consisted essentially of a description of the five trial
events described above. In addition, it was emphasized both during the
"initial instruction period and at the beglmming of each subsequent’ ses-

sion that subjects should respond as fast as possible while méking as
fgw errors as possible. Bubjects were told that efter the first session,
lﬁhich was a pfactioe_period intended to familiarize them with the task,
they should try to make fewer than twelve errors per session,
RESULTS.V

.. Before presenting the data, it is necessaryuto_intrpduce some ter-
minology. .The time from the onset of the displey to the release of the
center key by the subject will be ;gfgrreq‘to as the "release latenqy.f
The-time from the onset of the display to the_hitting of either response
key will be called the ”terminal latency." The binaview letter which
appears in the display on a given trial will be called the "eritical
letter” for that trial. Trials on which the letter on the left binaviéw
appears in the subsequent display ﬁill,be referred to as "1eft—cricitalf
trials; ﬁright—critigal” will refer to the remaining trials. |

- Figure 2_shows both releage and @erminal latencies for 1eft-critical

end right-critical trials as a function of display size. The data rép-
resent.the.average.of the individual subject means Tor pairs of successive
sqssions, excludipg ﬁhe pxactice session., These and all subzeguent
latency data include only those trials on which subjgcts responded cor-
rectly within the allotted time. As can be seen in Figure 2, there is

a relatively large decrease in mean latency from the first pair of
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segglons to the second, whereas the decrease i1s rather slight over the
remaining sessions. It appears that most of the decrease due to practice
took place during”the first three days of the study. On the basis of
this data, it was decided to restrict all fufther analyses to the last
six days of the éx?ériment.

it was emphasized in the initial instructions that subjects should
tr& to make fewer than 5 percent errors throughout the eight data sessiouns
of;fhe exﬁeriment. Error rates for left-critical . and right-criticél
trials at eécﬁ:of the five display sizes are given in Table 1 for eéch'
.of the five subjects. With the excePtidﬁ'of Subject 1 at the higher dis-
play sizes, error_?ates wefe:ﬁnder 5 percent.

Figure 3 shows release and terminal latencies as a function of'dis;'
play slze for each of the fiﬁe subjects.' The data &re grouped over Days
4 through 9, the number of observations per point averaging 1k1. The
variance associated with each point on the individual curves was averaged
over subjects and is presented. in Table 2, The sets of curves for in;
dividuals were averaged over all subjects and the‘average_curves are shown
in Figure 4. "Also shown in Figure b are.serial'position‘curves for left-
critical and rightméritiéal trials. These curves represent:response
times for each diépléy ?ize as.a functicn of the location ofrﬁhe critical

letter in the displey. Note that for right-critical trials, the serial

position curves have been alighed on the right rather than the left.

Using thé methed of leastnsquares,.;:bes£§fitting linear functicn
was found for.each of the curves in Fiéure 3. The slopes and intercepts
of thesé fits are given in Table 3; along with those for .the subject

averages, Also shown for each curve is the percentage of variance in
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The Average of the Individual Variances (in thousands)

for each Display Size and Type of Trial

Table 2

(Bxp. T)
_ rpisplay g;;e
1 2 3 4 5
left-critical 5.5 15.7 £3.9 31.9 59.8
terminal _ _ —_—
right-critical .| = 7.1 15.4 | 24,8 | 3b.4 | 3.6
| ieft-critical- | 4.1 8.3 | 15.0 | 2k.0 | k.2
release L e - -
right-critical | 3.9 | 10.2 | 16.7 | 23.2

30.3.
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Table 3

Slopes (s), Intercepts (i), and Percent of Variance (%)

Accounted for by Best-Fitting Iinear Functions

{Exp. I)
Terminal - Release
- left-. right- left- right- -
cri_tical critical critical eritical
s | 336 39.0 27.2 30.h |
“1 S o w8 312 315
2 R 99.4 %07 9.9
A s  50.5 57.0 31.0 35.1
2  i 187 ~ hos | %00 420
$1 99 | o3 9.1 %B.7
) s | e 78.8 83.8 7.
f&i E! 38k 433 318 384
1S X 9.7 9.7 8.1
s 65.5 58.6 6h5 | ST
Yo 496 581 405 | e |
4] w9 Gh.7 %9.2 5.6
5 49.0 7.6 21.6 189
5 4 166 513 393 368
% 96.7 92.2 " 97.0. 93.0
8 54,1 5h,1 - 45.8- 43.9
1 Averages - i Ls8 - 485 360 398
% 9.7 98.8 99.8 - 99-3
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the points accounted for by the linear function. C(learly, the curves
are well fit by & straight. llne. |
It is clear from Figure 3 and Table 3 that the latencies of all

subjects show the same general trend with increesing display size. La-
tencies of left-critical trials are generaliy faster than those of right-
Critical trialS; Lateﬁcies for both trial types.increase in a roughly
lineas manner-and the curves for the two trial.sypes'are-parallel. - With
the exception of Subject 5, there.appear to bé no susstantive differences
petween releass and terminal data. Waile subjects were instructed not
to release the centerlkey-until they had determined whish of the two’
memory letters was in the displa&, they were in no way penalized for |
ppematufe releases, TherefOre the 1arge.differesce between release and
terminal slopes for Sﬁbject 5 is prcbably the result of a failure to
obey this instruction. |

. or particular interest are the serial position curves in Figure k.
'Although they are somewhat erratic, it is clear that the curves for left.-
critical.trials show.a distinet ieft-to-right increase, while the right-
critical curves show a less marked right-to-left increase. The implications

of this finding will be discussed below.
DISCUSSION

Perhaps the most surpr1s1ng flndlng in this first study is the low
rate of processing 1nd1cated by the slopes of the response latency func-
.tions. This study was run under exactly the game condition, using the
same stimuli and apparatus as was the Atkinson, Holmgren and Juola study.

The only difference in the studies was that theirs was a yes-no task
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while this is forced-cholce.  Yet the slope of their average positive
terminal latency function.was less than 2k ms, while the two average
terminal curves here have slopes of ‘about 5S4 ms, A t-test shows. that
the difference between these slopes from the two studies is significant
at.the .001 level, |

The simplest way of explaining the large slopes found here is to
assume that on all trials both letters in memory are. compared with every
letter in the display. This would be twice. the number of comparisons
required by a yes-no task, thereby doubling the slopes of the latency
functions. The'problem then becomes explaining the serial position curves.
Under the assumption. that any trends. in the sérial position curves. are
caused by underlying trends in the duration of processing, exhaustive
processing. implies that all serial position curves sheould . be flat. If,
however, subjects were self-terminating in the display, and the order in
which items completed processihg was consistent from trial to trial, then
the serial position curves should reflect their processing order. The
very definite trend in the serial position curves obtained in this study,
_ particularly those for left-critical trials indicates thaf processing
mey be self-terminating, with a strong tendency to.proceed from left-to-
right when-the ﬁeft binaview letter is being compared to the display and
a weaker right-to-left tendency when the other alternative is compared.
However, the marked differences. hetween left-critical and right-critical
curves suggest the following alternative explanation of the data.

It is a well established finding that choice reaction time is a
function of the compatebility between a stimulus and its associated re-

sponse (Smith, 1968), Perhaps in this task it is compatability that is
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varying with serial position rather than processing time.  After .the sub-
ject has determined which of the two binaview. letters appeared.in. the
display, she must select the response associated with that letter. This
association in turn is determined by the binaview on which the.critical
.letter appeared, When the position of the critical letter in. the display
conflicts with its position cn the bhinaviews, this_may slow selection of
the response. Indeed, most subjects reported that such confliets éid .
make selection of the appropriate response more difficult. While such
stimalus-response incompatability would produce. the type of serial posi-
tion curve observed in-this study, it is not clear how the slope of the
function relating latency to display size would be affected. It is pos-
gible that the effect of-incompatability-on response selection cancels. .
out when averaged across serial position.

Even 1f the compatability hypothegis is correct and processing is
-exhaustive in the display, it still may be self-terminating with respect
to-the two items in memory. . Subjects need compare only cone of the two
letters with those in the display in:order to determine the correct
regponge.

Before any definite interpretaticns of this data can be made, it
is necessary to determine whether or not processing is sélf-terminating_
in either the display or the two-1ltem memory set, Evidence-cohcerning

this point is c¢btained in the next. study.
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EXPERIMENT TT °

By addlng a negatlve response to the tno responses‘of the prev1ous
study, a good estlmete of the processing rate can be obtalned If it is
agsumed that the aversge rate in this study 1s approxlmately equal to
that in the_foroed—ehoice task, it is then possible to derermine the
eegree of self-rerminarion in therfirst study. ifhis not necessary,
however,.to make this assumption in order'to drav concinsions abont the
forced-cholee data from this rhree-choice task. .Even if the rates of
processing are not the same in tne two studies, it i1s reasonable to as-
sume that the amount of self- termlnatlon will be equal to or less than
that irn the forced ch01ce task Therefore, this study prov1des a lower
allmlt_on the degree of self—termlnetion, which in turn establishes an
npper limit on rhe forced-choice processing rete. “ | |

if self termination is found in thls study, it should be pOSSlble
to determlne whether 1t is in the memory set or in the dlsplay Con-
silderation of a few simple models will imake this‘elear. Assume for the
moment that the conparison of memory itens with.tnose in the dispiayﬁis
theronly operetion whose duration is e funetion.of.disniay size. Let
c represent the expected comparison time per item,.and m the expected
duration of all-otner operations combined, sucn.as encoaing, response
selection, and response execution. Under this assumprion, éhé expected
latency on a negative trial for all models to be considered here eguals
2dc + m. The exnected latency on either left-critical or right—eritical
trials (hereafrer referred to joinrly as “nositive trials") depends on
tne particular assumption made coneerning self—ternination, Four dif~

ferent assumptions are examined below.
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If on positive trials items in the dieplay are guccessively compared
with the two memory items, with comparison termlnatlng after the critical
letter has been compared with the memory set, then the expected number
of comparisons per trlel is @+ 1. Therefore, the expected latency on
positive trialsrequals de + ¢ + m. Thus, when mean latency is plotted
‘as a functioﬁ of dis?lay size for positive and negatife trials, the two
positive functions.should have half the slope.of fhe.negetive curve.

This ie the model that Sternberg.(l967) felﬁ brovided the best explana-
fion of his data. . | | | |

| In the second model to be.considered, the comparison process 1s as-
sumed to be exhaustive in the display but self- termlnatlng in memory.

One of the two memory items 1s compared with all letters in the dlsplay,
after whlch the subgect responds if a metch was detected. If there was
no_match, then the same process is repeated with the second item. The
expected nﬁmber of comperisons for a given type of positive trial depends
cn the proportion of times the crifical letter is the first item compared
with those in the display, If; for instaece; subjecfs‘always g0 through
the comparison process with the left binaview letter befcre the right,
then the expected mumber of comparieons on 1eft—critical'triele equais_
.g, while fer right-critical trials it equais Eén. Therefore, letting
P equal the proportion of trials on which the left binaview letter ie
chosen first, the expected latency for left-critical trials.is. d(2-p)ec + m,
end fer righf-criticel trials is d(l+§)c + m. However, the averege'of
the expected latengies for the two types of.positive trials is indepeh—

dent of p and equals 1.5dc + m. Thus, this model predicts that the
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average of the slopes for the two positive curves should be three-fourths
the slope of the negstive curve.

Subjects may be gelf-terminating in both memcry and the display.
In this case,-the average of the expected latencies for the iwo positive
trial types is dc + .5c¢ + m. The proportion p -again is a factor in
-the expected latencies for each of the two types of positive trials, its
gffect depending on the ordér in which comparisons are made. If items
in the display are successively compared with those in the menmory set,
then left-critical latencies have an expected value of dec + (l-plc +m
and riéht—britical an expected value of de¢ + pc + m. TIf memory iteﬁs
are successively compared with the display, then the left-critical and
right-crifical expected latencies are (1.5-p)cd 4+ 5¢c 4+ m -and
:(.5+p)cd + .5¢ + m, respectively. These two variationé of the self-
terminating model are virtually indistinguishable from the firgt model
described above when p = .5. |

Exhaustive processing in both memcry -and the display is the finsal
aésumption to be considered. In this case, positive and negative trials
have the same expected latencies, 2cd + m. While this and the other
three models ﬁere formuléted as serial processés, identidal ﬁredictions
could be obtained from parallel models, In that elase, of course, .E'
-gﬁould not represent the mean processing time per item, buf some fﬁhction
of the rate parameter in the parallel model. |

All of fhe ébove models ére based on the éésumption that the dura-
tions_of:bofh encoding and res?onse.selection éfe indeﬁendent of display
gize, Two Ways‘of modifying this assumption with respect to encoding

will be considered here. First, let b represent the enccding time
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per item and assume that the display is serially encoded before any .com-
parisons are made. This assumptlon can be incorporated into the above
models simply by adding the quantity bd to all of the expected latencies.
An alternative medification is to assume that an item is not encoded
until the subject is ready %o compare it with a member of the memory set.
For instance, in the first model above, this would mean that each display
item in turn is enccded and then compared with both memory letters. For
the second model, the assumption implies that each letter is encoded and
compared with one of the memory items; then, if hecessary, the comparison
process (but not the encoding process) is repeated with the other memory
letter. For each of the four assumptions concerning comparisons, the
expected latencies under this and the other two encoding assumptions are
given -in Table 4. It can be seen in this table that models in groups
Band C.reduce to those in group A when b = 0. Moreover, in those cases
where compariscon ils assumed to be exhaustive in the display, encoding

‘assumptlons B and { generate the same models.

METHOD

.subjecté. Tﬁe subjects for this study were six feﬁale.Stanford
undergraduates. As in Experiment I, they all ﬁad normal (corrected)
vision, none wore contaét lenses, and they were eaéh paid $1.75 for each
.of the nine sessions.

Apparatus. The apparatus used here was the same as that used in
Experiment I, witb‘one modification. A fourth key waé added to the re-

sponse panel. The posgition of the new key is shown in Figure 5.
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- Table 4

Expected Negative and Average Positive Latencies

for RBach Combination of Encdding and Comparlson Assumptions

(upper entry in each pair is expected negative)

Comparison

1

Exhaustive in
mepory, self-
terminating in

2

Self-terminating

in memory,
exhaustive in

3

Self-terminating
in both memory
and display

L

Exhaustive in
both memory
and display

(b >0)

© A425%-+m)

display display
Duration Zed4m 2cd+m Zcd+m 2cd+m
independent . o
of display cd+(c+m) 1.5cd4m . cd+(.5c+m} 2cdam
size ' o ' '
& Completed (p+2c)é+m {b+2c)d+m (b+2c ) d+m . (b+2c)d+m
[ before any . o ‘
° comparisons (o+e)d+(c+m) {(b+1.5c)d+m (bte)d+({ ., Se4m) - (be2c}d+m
o begin (b > 0) : - -
Each item (b+2c)d+m (b+2c)d+m (b+2c)d+m 7 (p+2c)d+m
encoded when 2 ' '
ready for (.5b+e)d+(.5b+ctm) {b+l.5¢)d+m {-T5b+c)a+({ . 5¢ (b+2c)d+m
comparison ' :




Response Panel

Figure 5. Arrangement of Response Keys for Experiment IT.
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Procedure. TRach triél.in_this étudy édnsisted.of the same seguence
of events as in Expefiméﬁt_$;L.ﬁowevef;hiﬁ.£hié study,.each trial had
three possible outcoﬂéé;_ Oné%third_Qf.théf%riais were left-critical,
one-third were right-critical, and on the remaining third, neither bina-
view letter appeared in the‘display.~ These 1étter trials-wi;l be referred
to as “ﬁegative“‘trials. On negative tria;s, tﬁe'corréct fespoﬁse was
made by hlttlng the additional key on the response panel The displays
were the same ones used 1n Experiment I. N

Instead of turnlng ch a green llght for correct and .a red fOr error,
feedback was given by turnlng on a light in the upper 1eft of the display
panel for left- crltlcal one in the upper right for rlght-crltlcal and
one dlrectly above the c1rcular aperture for negative trlals. All three
of theégmlightslwere:green._ As In the previous study, the subject re-
ceived 'a white light if shﬁ didlpot respond within the Efség reéponsei?
intervél. As in. the previoué study, each session consisted of.tén warmup
trialsjfollowed by 240 data trials,- Subjects regeived & short bresk .
half way thfbugh. the session. Again it'was.emphas_iged at the beginning
of each session thé subjects should respond_as faét_as possible while

meking as few errors as possible.
- RESULTS

The data of basic intereét in this study are the.méén'correct'laten-
cies for'eagh of the:three responses as a function of display size. The
individual subject means were cocmputed for successive palrs of sessions,
excluding the praétice session. These means were then averaged across

subjects and are plotted in Figure 6. Tt was again decided that the
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last six sessions were relatively free of practice effects, so all further
analyses include ¢ﬂ1j those sessionéa

Curves for individual, subjects are shown in Figure 7 and averages
“over &ll subjects in Figure 8, along with serial position curves for pos-
itive trials. The'avefage over subjects of the variance assoclated with
each point in Figure fais given in Table 5. It is clear from Figure 7
-_thét for all subjects Eut No. 3, the two positive curves have about the
same slope, while the negative curve is steeper than either of the other
two. However, it is also clear that a number of the indiwvidual curves
‘are distinctl& nonlinear. The serial_position curves appearito be guite
similéf to those from the previous study.

The erréf rateg in this study were quite a bit higher than those in
the forced;choice task, A summary of the error data is given -in Table 6.
The most notable finding here ig that when‘subjects make an error on pos-
itive trials, they are much more likely td hit the negative key than the
other peositive. This is partigularly true for the larger display sizes.
- These "false negatives" suggeéﬁ that subjects may, on scme trials, make
& negative response before processing all items in the display. = This-
.éould aceount for the slight negative acceleration in the éurves pre-
sented above. | |

IEspita the depaxrtures from linearity in the data, bestefitting
linear fugctions were found for all curves in Figure 7 plus‘fhe sﬁbjeét
averages in Figure 8. TFor each curve, the slope,.intercepf, and percent-
age of varilance accounted for by linearity are given in Table 7. It can

be seen from these f£its that release slopes are consistently smaller than
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Table 5

The Average of the Individusl Variances (in thousands)
for Each.Display Size and Type of Trial

(Bxp. IT).

" Display Size
1 2 3 b 5 
left-critical 174 2749 47.9 53,7 Gl
terminal | right-critical '11.7 18.9 38.1 us.o. 60.7
‘negative 10.8 21,9 | 312 33.7 - | 36.3
B left-critical 9.4 13.9 | 21.2 2h.2 | 27.0
release | right-critical 5.5 | 10.2 | 20.6 | 20.0 | 311
negative 6.9 13.7 2L3 Coh.s | 27.6
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Table 6

Individual Proportions of Incorrect Resgponses
for Left-Critical {L), Right-Critical (R)
and Negative (N) Trigls

Trial : o
Subject Type Response Display Size
1 2 3 s 5
K B

: R - . 000 . 000 011 .021 031

L N 011 . 085 el 073 . 064

L .021 .032 .OU3 .021 .021

1 R N 021 .053 021 . 063 . 064
L . 000 . 022 . 000 .022 .15

N R 000 | .000 . 000 011 .031

: R .011 L0000 |- .023 |- .011 . 060

L - N 011 .043 . 034 .079 . 096

L .000 .011 011 .023 . 023

2 R N .022 011 056 | .069 .102
L . 000 . 000 .021 ,035 . 060

N R . 000 .000 .021 . .023 .108

- R .000 . 0G0 . 023 .02k .035

L N .012 .023 .011 . 07 QL7

L 011 . 034 . 000 . 045 . 035

3 R N 011 057 .079 ,112 .129
L .000 . 000 . 000 - .037 .01

N R .000 . 000 .000 - .012 . Q45

R . 000- .022 1. .000 L 011 .032

L i . 000 022 1 .031 .085 .151

L .000 . 000 . 000 .011 .032

L R N . 000 .052 |° .032 .095 . <138
L .000 .000 | .000 .021 . 021

N R . 000 . 000 . 000 - L0111 - . Ol2

R . 000 000 | . .01l .021 . 000

L N - 000 . 000 .032 . .085 . 168

L . 000 . 000 .010 | .02l . Ol2

5 R N .010 .010 . 000 .135 . 063
L .010 .000 . 000 .021 . 000

N R .000 000 | .c2l LOh2 .021

'R . 000 L011 .000... | .010 .021

L N L0111 .011 . 031 .031 LO7h

L . 000 .032 .010 L011 .01l

6 R i . 000 021 | .031 043 . 096
L . 000 . 000 . 000 .010 .011

N R . Q00 .011 .000 . 000 .021

: "R 002 .005 w011 .016 .029

L. N. .007 .031 . 034 L 067 . 102

L . 005 018 .013 . 022 . 027

Averages R N .011 .03k . 036 . 086 . 098
L .002 .00k . 00k . 024 .038

N R .000 . 002 . 007 .016 .043
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Slopes (s), Intercepts (i), and Percent of Variance (%)

Table 7

Accounted for by Best-Fitting Linear Functions

(Exp. II)
Terminal Release
left- right- left- right-
critical [eritical | negative critical |critical { negative | .
s s | 669 | a3t || 758 | 65.5 | 139.0
11§ 53 | hoB 517 168 43 b5l
% 93.5 ; 9.1 97.0 Ok b 9.0 7.7
s 71.3 £0.6 - 90.4 7.7 47.3. 65.8
2 1 677 769 686 501 513 Lol
% 96.h 92.8 | 97.7 96.0 1 96.0 %B.7
E k2.6 64.3 Th,2 30.8 W7 57.2
13 1 568 | 573 | 579 400 400 402
3 %1 o8.8 99.6 97.b oh.3 99.3 9.5
é? s | 83.7 82.0 160.8 41.3 ¥.0 | s2.3
i booi 560 576 578 377 361 400
% 9.8 %.6. 97.2 97.5 97.0 | 97.4
s 78.4 89.3 ‘-12873_'_ 9. 61.6 | 8h.7
5 i 657 . 607 577 483 470 L70 -
Pl 85.5 99.6 98.2 89.k 95.7 96.9
5 56.0 57.9 86.6 ; hs.9 45.1 ” 67.2
6 i 575 553 591. 420 402 426
o 8.8 93.3 100 $99-3 9.7 99.3
s 6?,8 - 70.2 113.1 L8.6 51.8 - 78.3
Averages 1 | 595 596 588 Ly 428 Lo
% %6.1 98.0 99.3 n 96.0 97.8 | 995
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the corresponding terminal slopess. Only for Subject 1 are release and
terminal slopes the same.,

DISCUSSION

The high error rates obtained in this study complicate the inter-
pretation of the data, but the problem can be circumvented to some extent.
It is only at the twc largest displey sizes that the error rates are too
high to warrant the assuﬁption that guessing dld not affect the mean la-
tencies. By basing the slope estimates on the three smallest display
gizes, perhaps a more accurate determination of the underlying processes
can be made. These revised sloperestimates are 121.8, 91.3, and 89.5 ms
for;negative, left-critical and right-critical terminal curves, respec-
tively. For release curves, the slopes are 78.4, 63.7, and 65.3 ms. A4s
gan be seen, eliminating the last two pointé on each curve effects little
'change in the negétive slopes, but results in substantial increases in
the positive slopes.

Five of the models in Table 4 predict that the average positive
slope will either equdl or be half of the negative slope. A one-tailed
t-test shows that the average positive slope 1s significantly less than
the negative slope (p < .05), while a second test shows it to be signif-
icantly greater than half the negative slope (p < .005). Of the five
‘models that can predict the observed slopes, two -of them can be eliminated
" on the basis of the estimated values of their parameters. Estimates for
b and ¢ were obtained from the negative and average pesitive slopes.
In the model which appears in cells B2 and C2 of Teble 4, the estimated

value of 'E'_is -3.8 ms, Setting b equal to gero reduces this model
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to: that given in A2.  For Model C3, the estimated value of ¢ . is vir-
tually zero (1.9 ms). As discussed eariier, evidence from other sources
strongly indicates that the total comparison time does show a substantial
inerease with display size. The models remaining in considgration are
A2, Bl and B3. For Model A2, the estimated value of c is 60.6 ms; for
both Bl and T3, b is estimated to be 59.0 ms and ¢ is 31.h.me.

Using the above parameter estimates, Models Bl and B3 both predict
that the average of the pogitive terminal intercepts should be.28 ms
greater than the negative intercept, while Model A2 predicts that the
negative intercept should equal the positive average. Based on the three
smallest display sizes, the pbserved intercepts are 571 for negative
trials, 552 for left-critical, and 559 for right-critical trials., Thesge
results tend to favor Model A2. It should be mentioned, however, that
all of the models incorporate the rather strong assumptioﬁs that m has
the same value for all curves. It is a fairly common finding in both
memory and visuél seaych data that the negative intercepts are higher
than positive (e.g., Sternberg, 1966; Atkinson, Holmgren, and Juola,
1969).

Another piece of evidence which discriminates among the models is
the divergence of the two positive curves for Subjecﬁ 3. _Since exhaus-
tive prccessing in memory 1s assumed in Model BL, it predicts no difference
. between the two positive siopes. The version of Model B3 in which display
items are successively compared with the memory set can predict only a
difference in the intercepts of the two positive curves. Models A2 and
+the remsining version cf B3 can predict a difference in the two positive

slopes. In Model B3 the maximum possible value of the right-critical
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glope is l.5c, while for A2 the maximum value is 2c¢, the same as the
glope of the negative curve.. Based on the three lowest display sizes,
the right-critical slope for Subject 3 is actually greater than the nega-
tive glope, the values belng T1.9 ms for right-criticai, and 57.2 ms for
negative. This lends additional support to Mcdel A2. Again, however,
this support 1s quaiified in that only one of six subjects showed any
appreciable difference between the two positive slopes. Of course, there
is no particular reascn why the twe slopes should differ in this study.
The two types of trials were equally likely, so there was no advantage

to be gained by having a value of p other than .5.

If it is assumed that the values of b and ¢ in this study are
the same as in the forced-choice task, the average slope of the two
forced-choice curves provides information about the way in which infer-
mation was processed in that tagk. The average terminal slope was 5b4.1
ms, which is less than half the 121.8 ms slope of the negative curve in
this study. In the forced-choice task, subjects always have enocugh
information to respond correctly after comparing one of the memory items
with the display. Under the assumption that subjects always respond
after comparing the first memory item with the display, the average
expected iatency in the forced-checice task is c¢d + m for Model AZ,
while it is (b+.50)d + .5¢c +m Tfor both Bl and B3. Using the above
parameter estimates, the predicted forced-choice slopes are 60.6 ms for
Model A2, and T4.7 ms for Bl and B3. Again, Model A2 gives the best
prediction.

The gerial position curves in this study provide the greatest prob-

‘lem for Model A2, The left-critical curves show an even more distinet
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left-to-right increase than in the previous study. Yet since the model
assumes exhaustive processing in the displiay, the curves are predicted "g

to be flat. While the compatability hypothesis discussed above can be

used to explain the serial position curves, the assumption of self-
termination in the display seems a much more straightforward explanaticn.
However, can this assumption alone account for the observed curves?
Mocdel Bl assumes that processing is seli-terminating in the display, but
i1t also assumes that when one member of the memory set is compared with
a display item; the other member is compared with that same item immed-
ilately afterwards. Therefore, the model predicts that both sets cof
serial position curves should show the same trend., In order to handle
the observed data using this model, the compatability hypothesis would
again have to Ee invoked. Iikewise, while Mode] B3 can account for the
general trends in the observed curves, the predicted slope of the left-
critical curves can be at most ¢ ms. Since the observed average siope
is 87.5 ms while the estimated value of ¢ 1s 31.4 ms, this model too
:requires use of the compatabllity hypothesis. Indeed, it can be shown
that none of the models in Table 4 will fit the serial position curves
without some assumption similar to the compatability hypothesis.
Assuming the comﬁatability hypothesis 1s twxne, then the duration of
response'selection might be a function of display size for positive trials
but should be independent of display size on negative trials. Thus the
slope of the latency functicn for negative trials still provides a good
estimate of the processing rate. However, the possiple effect of com-
patability on positive slopes qualifies any inferences concerning self-

termination that.are drawn from the relation between negative and positive 0
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slopes. In the models considered above, the average of the pogitive
slcpes can be no less than half the slope of the neg;a‘tive curve. This

is algo true of the average forced-choice slope if one assumes that the
processing ratesg are the same in both studies. The minimum value can be
obtained only if compatzbility is not éausing an increase in the average
glope. Since it was found that the aversge forced-cholce glope is about
half the slope of the negative curve in this study, there is some indica-
tion that compatability is not a factor in the aversge slopes.

The above discussion has been based solely on terminal response data.
While the frends in release data generally match those in terminal curves,
the slopes of the functicns are lower, It is felt here that the terminal
slopes provide the more accurste estimate of the underlying processing
rates, The likelihcod of premature releases on some proporticn cof the
frials casts doubt on the validity of release slopes as measures of pro-
cegging rates., One could argue that the releage gata is preferable since
it should show less contamination from compatability effects. However,
if the differences between reiease and terminal slopes were caused by
compatablility effects rather than premature releases, the ratioc of the
average positive slope to.the negative slope should be greater for
terminal data. than for release data. The prediction is reversed if pre-
mature releases are the cause of the differences. The observed ratios
are .74 for terminal and .81 for release, suggesting again that compata-
bility is not a factor in the positive slopes.

In summary, the fit of Model A2 to the data iﬁ these first two
studies lends suppeort to the following set of conclusions:

1.  Encoding time is independent of display size.
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2., Comparisons have an average duration of about 60 ms per item.

3. In the three-cholce task, one of the two memory items is com-
pared exhaustively with those in the display, the second letder
being compared only if the first did not msteh a display. item.

k. -Only one memory letter is compared with the display in the
forced-choice task.

If these conclusions are accepted as fact, there remains a basic guestion:
Why does the forced-choice task produce an average comparison rate twice
that of the yes-no task? Even though subjects appear to compare only

one memory item with the display, it must be that the other item is not
completely ignored. If it were, then there would be no distinction be-
tween yes-no and forced-choice, hence the comparison rates éhould be
equivalent.

In informal interviews at the completion of the first study, some

of the subjects reported that they would lock for cne of the memory items
in the display, then "doublecheck" to assure themselves that the other
item was present if no match was cbtained with the first. Yet since
éubjects were instructed tc respond as fast as possible, it is likely
‘that after some experience with this procedure, they woulid begin respond-
‘ing before dcublechecking. The point of these observations is that.
although subjects may have been respording after comparing only one
memoyy . item with the display, they were still making use of the other
item. The basic guestion then bhecomes: Why do iwo searches through a
display slow the rate at which either search is made?

One possible answer to ihe above question is that the output of the

encoding process may depend on the. information-in memory. For instance,
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assume that each memory item 1s stored as a feature list and that the
comparigon process involves the testing of the features in these lists.
against features extracted from the items in the display. Now let the -
enctbding mechanism act as a filter, cutputting only those features in -
digsplay items which are members of at least one of the memory item fea-
ture lists. It would then be the case that the average number of features
extracted by the encoding process from each display item would increase
as the number of items in memory increased. Whether or not this increase
in the length of the display feature lists would cause an increase 1in the
comparison time per item depends on the way in which the memory and dis-
play feature 1is£s are compared. In general, if the feaiure lists are
unordered, then some sort of search process is required to determine
whether a particulsr feature of a memory item is c¢ontained in the feature
list extracted from a given display item. Thus, just as the total pro-
cessing time increases as the number of letters in the displey is in-
creased, so will the comparison time per item increase as each of the
display feature lists become longer.

If the encoding process is characteriged in the above way, it is
necessary to asgume that no consonant has a feature list that i1s a sub-
set of the feature list for some other consonant. An example shoulid
‘show why this assumptiocn is regquired. If the feature list for the
letter P were a subset of the list for R, then when the memory item was
P, the output of the encoding process when applied tc an R in the display
would be the same as the output for a P. Thus error-free performance

is possible only when no feature list is a subset of any other.
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It is possibie to derive specific models of the visual search pro-
cess from the ideas discussed here, but this regquires setting forth. . :
assumptions both abcut the way display feature lists are searched . and
about the expected number of features any twc conscnants have in common.
Even without making any of these assumptions, the above characterization
- .of the encbding and comparison processes results in some strong predic-
tions about.memory search data. When response latency is plotted as a
function of the sigze of.the memory set, the resulting curve should show
a distinct departure from linearity due to the increasing comparison
time with increasing size of the memory set. Tt has often beeﬁ found .
in memory search studies (at least for positive responses) that the
first point on the 1aténcy function falls well below the best~fiﬁtigg
iine (e.g,, Sternberg, 1966; Chase, 1965). The points beyond the fivst,
howeﬁer, generally show fairly good linearity, indicating in terms of
the above disgcussion that for iwo or more memory items, the feature
lists extracfed from the Gisplay have about the same length. This leads
to the prediction that the comparison rate found in the tasks reported
here should be about the same as the rate cobtained in memory search
tagks employing letters as stimuli. Chase (1965) ran a memory search
study using letters and found a mean comparison time of 53 ms per item.
This is quite close to the 61 ms comparison time estimated in the three-
choice study.-

One of the purposes of these first two studies was to test the
asgumption of Estes and Taylor that items in a forced-choice search task
are processed to the point of complete identification. The two studies

reported here strongly indicate that more processing of display items
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is done in the forced-choice task than in the yes-no task. Thus, while
not demonstrating that complete identification takes place, these find-
ings appear to lend support to the Estes and Taylor assumption.  However,
there are at least two reasons why this support is more apparent than
real, First, as mentiocned earlier, a basic difference between the first -
experiment in this paper and the forced-choice task used by Estes .and
Taylor is that they used the same two letters for their memory set .
throughout the experiment, while the memory set was changed on every
trial in the studies reported here. One possible consegquence of not
changing the memory set may be that subjects adopt 2 more efficient fil-
ter for thelr encoding mechanism. Thatl is, the compiete feature list
for an item may contain more information than is necessary io uniquely
identify the item. After a number of trials with the same two memory
"items, subjects may learn to check the display letters for only that
subset of memory letter features necessary for detection of a match.

A second and more important reason for doubting the complete iden-
tification hypothesis is that subjects may well be treating the Estes
and Taylor forced-cholce procedure as if it were a yes-no task. This
would allow subjects to preocess items much more rapidly, thereby raising
the probabiliiy of their finding the critical element. The use of a yes-
no strategy would be obéervable in forced-cholce data only if a subject
tended to look for the same memory item on every trial. In this csase,
the subject would probably show a distinct bias for guessing the other
member of the memory set.

It could be argued, of course, that subjects are no more likely to

adopt a yes-no strategy in the Estes and Taylor tesk than they are in
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the forced-choice task used here. One counter-argument is that the yes-
no strategy was not used by subjects here because -they were reluctant to
- respond without having seen the critical element in the display. Tn the
Esteg and Taylor task, since the exposure time is kept low enough to in-
‘sure errors, subjects must often respond without detecting a critical

element regardless of which. search strategy they.use, Since the -yes-no
strategy yields the larger proportion of detections, it seems reasonabie

that this is the strategy they would choose.
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EXPERIMENT TTT

Studies by Sperling (1960) énd Averbach and Coriell (1961) have
shown that auditpry and viéual cueg presented dufing or shortly after
the exposure of é diéplay can incfease the probability of correctly.re;
pprting certaiﬁ subsets of items in thé diéplay° In the Sperling.taék,
the pitch qf a tone told fhe.éubject which rﬁw of the aisplay was to be
reported. The Averbach and.Coriell procedure employed & visual mérker
above one pf the letters in a linear arréy, The subject was required.to
;eport only the marked letter. Both iechniques have been used to study
shoft—term viéuai_storage, the decline in accurécy ﬁith increaéing éué
delay beiﬁg an indicanf of the deéay rate of the short-term store. |

Sperling (1960) was sble to show that the effect ofﬁﬁis auditory
cue oﬁ the order.in which items weré reportea.could not by itself.account
for the effect of the cue.on écéuracya Apparently,-thE'major effect of
the cue was to cause the subjéct to reétriét prqceésing to the.cuea row
éf thg visual di5p1ay, 'Hoﬁever, there are obﬁious.differences between
ﬁhe report procedure and a search task where tﬁe subject is locking for
at most 8 sméll numpber of items. .Can cues suqh as those used with the
report pfocedure reduée fhe amount of processing that must be carried
out in.visual search tasks? | | -

In Experiment IIT, response latencies are measured in a yes-no task
similar to that used by Atkinson, Holmgren, and Juola (1969). The one
difference iz that on half of the trisls the display contains a marker
above one of the letters. The marker is a vertical line such as that

used by Averbach and Coriell (1961). Subjects are informed at the
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beginning of each trial whether or not a marker will appear in the dis-
play. At the beginning of the study, subjects are told that if a displey
contains a marker, con pdsitive.trials it will appeér above the critical
letter; Thus, a subject can'obtain all.of the infdrmation necessafy'to
réspond correctly by simﬁiy noting whether of not thé.marked letter
matches the singie item in memory. Althéugh subjécts are instructed to
use the ﬁarker to.reduce their responsé fimes,lthere is nothing to.préa
vent them from ignoriﬁé.the marker éltogether.while still maintaihing a
low error rate. If the effect of the marker reduces the amdunt of
ﬁfocessing_carried ouf on the display, then a_plof of meah latency agéinst
display sige should have a smaller slope for triails with.é.marker than
for thqse ﬁithout. . | |

| The extreme rééuits would be for mean latencies oﬁ marker trials to
show no inﬁrease with @isplay size, guggesting that subjecté are ablé.to
completeiy SUppress thé comparison of unmarked items with thé.memory
letter. Any othef result, however, ié moré amblguous as an indicant'bf
the underlying mode of proéessihg, This 1is beéausé.éubjects ﬁéy not al-
ﬁays tfy to use the marker in a display. Only When'tﬁé fesﬁlts bf this
study.are combined with thoée of Experiment IV, in.which subjects must
use ﬁhe ﬁarker to avoid errcrs, is it possible to draw definite.conclu;

gions about the nature of the search processes subjects'empioy.
METHOD

Subjects. The subjects feor this sfudy were six females obtained.
- through an ad in the campus paper. Al} had ncrmal vision and were paid

'$l.75-for'each‘session of the experiment.
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Apparatus. The appsratus was the game as that used in the previous
two studies. The response panel was the one used in Experiment I, while
the display panel was slightly modified. Instead of two binaviews, the
panel contained only one unit centered at the bottom of the panel.

Stimuli. A total of 192 slides were prepared for this study. These
were divided intc two equal-sized categories referred to as "marked" and
"unmarked" slides. The set of 96 unmarked slides consisted of the four
display sizes two through five. There were 24 unmarked slides at each
display size. ZFach of the unmarked slides was of the same type as those
used in the first two experiments, i.e., a set of consonants flanked by
doilar signs. The consonants used for each slide were selected randomly
with the restriction that at each display size, each congonant appeared
at.least cnce.in every sgerial position.

The 96 merked slides were prepafed in the same manner as the un-
marked slides. However, each slide in this set had a ﬁarker above one
of the consonants.. This marker, when projected, appeared as a black
vertical line 1/4 in. long directly above one of the letters. There was
a gap of 1/8 in. between the botiom of the line and the top of the letter.
-With the exception of five-letter displays; all serial positions of each
display size were marked equally often. For display size five, the
middle position was marked cn four instead of Tive of the slides.

Procedure. Each trial in this study consisted of the following
series of events:

.. 1. 2 sec after the start of the trial, a ccnsonant appeared for

2.5 sec on the binaview. During this initial 4.5 sec pericd,
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an orange light was present directly above the circular aper-

‘ture if the subseguent display was to contain a marker.
. Following the offset of the binaview, and while heclding down

" the center key, the gubject initiated the display presentation

by pressing the button held in her left hand,

© Exactly .5 sec after pressing the button, the display appeared

for 400 ms and the two latency counters began ccunting.
flalf of the subjects responded by hitting the left response key

if the binaview letter appeared in the display (positive re-

sponse), and the right key if it did not (regative response).

For the other half of the subjects, the response assignments:

" were reversed.

1.6 sec after the onset of the display, one of three feedback
lights came on for 2 sec. These were the same lights used in

Experiment T.

The sequence of marker and non-marker triels was random with the re-
striction that each sessicn contained equal numbers of the two types.

Bach of the ten sessions consisted of eight warmup trials plus 288
data trials. As in the previcus experiments, subjects were given & short
break half way through the session. Subjects were instructed at the be-
ginning of each session to respond as fast as bossible, make as few
errdrs as pbssible, and to always notice whether or not a display was
going to contain a marker.

During the last two sessions for each subject, the procédure-was
changed slightly. At the beginning of each marker trial, no cue was

given informing the gubject that the display would contain a marker.

58



Tnis was done in order to determine the extent to which subjects' per-
formance was & functiqn.of prior.knowledge concerning ‘the type of display
to be presented on each trial. |

The slide to bé_shown on each trial was selected randomly with the
restriction that in_a#y.bne sessionwpositive and.négative trials occurred
egually often and aﬁ egéh diéplay size;-for'positive.nonumarker trials,
the critical letter appéared.équa11§ often in eﬁef&‘serial position.
The removal of the restrictlon on the number of slide pdsitions to be
searched necessitated the increase in the interval from'the start of the

trial to the offset of the binaview.
RESULTS

The functions of basic interest in this study ére the mean latencies
of positive and negative corregt responses fbr both marker and no-marker
trials at each display size. These curves are shown in Figure 9 for both
.release and terminél responses. The dats iz aversged over subjects and
shown Tor each successive pair of days. Recall that for Sessions 9 and
10, no cue informed subjects as to which trial would contain a marker.
A5 has been found in the previcus two studies, there is a relatively
substantial drop in the overall 1eve1 of the curves between the first
and sgecond pair of sessions; therefore, the first pair of sessions was
eliminated from all further analyses.

For each subject, the relevant data.were grouped over SBessions 3
through 8, and are presented in Figure 10. There is an average of 107
observatiors per point on this figure. For the first three subjgcts in

the figure, the positive résponse key was on the right. With the
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possible exceptioﬁ of Sﬁbject b, all'suﬁjects shﬁw some evidence of hav-
ing made use.of fhe mafker-information,.i;e., the no—marker_curves rise
more rapidly than the marke_ar curves, While the individual curves show
some gross deparﬁures from linearity, for no subject to these departures
‘appear tc be Systematic.-

Figure 11 giveg averages over the §ix éubjects_and Table 8 the aver-
age of the individual‘Variances. It is clear‘from Figure 11 that the
relation between positive and ﬁegafive mean latencies for_no—markér trials
changes in going from release to terminal déta,..For release data, the
two curves are virtually parallel, while the negative terminal curve is
distinctly noniinear and shows a greater increage with display éize than
dbes_the posiﬁive férminal curve.

Alsc shown in Figﬁfe 11 are three sets.of serial position curves.
For'positive.trials—gpoth marker and no;marker;—the average response
latency is ﬁibtted fof éach display size at each of the five possible
serial positions. For hegative marker trials, latency.is giﬁen as a
function of the location of the marker for each display size. While
none of thérsets‘of curves shows any definite trend, it is evident that
there is much less variability in the set of curves for negative trials
than in either of those for pdsitive trials. .ALSO, comparable curves in
the sets for marker and no-marker positive trials appear to be quite
similar in shapef 'Thé ihterpretation of these results will be discussed
later.

The error data for each subject were broken down by display size
and type of trial. Thé set of resulting error percentages is givennin

Table 9. The error rates were quite low throughout all conditions, so
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The Average of the Individual Variances (in thousands)

Table 8

fOr Each Display Size and Type of Trial

{Bxp. III)
Display BSize
2 3 L 5
pOS 9.8 11.0 12.8 | 11.8
marker . +-
neg. 16.0 15.1 | 16.3 22.h
“terminal - - — .
B DOS. 11.5 12.0 | . 14.5 19.6
no-marker
S neg. 13.6 13.5 20.4 22.2
pos. .6;h | 6.8 | 7.0 6.8
marker — — :
_ neg. 8.5 10.5 | 10.2 | 12.0
relesse’
: DOS . 5.3 6.4 8.0 12.6
no-marker. — - . —
3 ' neg. 8.4 9.6 14.3 15.5
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Table 9

Individuzl BError Rates as a Function of
Display Size for all Trial Types

(Bxp. TII)
Display Size
2 3 L 5
pOS. .036 .083 .018 .011
marker | neg. .ok7 C037 .0kB .016
1 '
: no- pOS. 037 .083 .029 .05
marker | neg. .026 . 056 .009 . 105
_ pos. .010 010 041 .028
- marker | neg. .018 .035 L0433 .018
2
no- PO&. . 035 C Lol . 034 .051
marker | neg. .009 .030 . 020 . 040
pOS . . Q00 .009 .055 | .010
marker | neg. .010 009 .019 .009
3 . -
o no- pos. .019 .009 .028 .019
+ marker | neg. . 009 . 000 . 009 011
. 1] . .
%f pos. . 009 .009 .028 049
n marker | neg. . 048 .018 . 009 . 000
i
no- -pos. . 000 .018 . 000 .000
marker | neg. .009 .009 037 .053
, pOS. .06 . 050 021 028
marker | neg. . .06 . 027 LOh2 . 009
5 .
no- POS. . 053 . 045 - ,033 .08L
narker | neg. . 019 . 040 .01 .010
DOS. .000 .018 .019 . 000
marker | neg. - 020 .019 . 009 L052
6 : ,
no- - | pos. . 010 .019 L073 . 104
marker | neg. . 017 .0LS .038 076
pos. .021 .030 .030 .021
marker | neg. .031 .02} .028 . Q17
Averages — - .
no- pos. .026 .032 .033 . 050
marker | neg. .015 .030 L0271 049
[ | [l Al 3
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it is safe to assume that guessing had no effect on the observed trends
in the latencies, Marker trials show slightly lower error rates than no-
‘marker trials, suggesting again that the markers were not completely
“ignored.
Begt-fitting linear functions were found for the curves in Figures

10 and.ll. The slopes, intercepts and percent: of variance accounted
:for by each of the functions are presented in Tabie 10. The obtained
:slopes pear out the above observations concerning Figure 10. With only
.one exception, each of the slopes for marker curves is less than the
.cérresponding no-marker slope; The one reversal occurs with the release
ipositive trial data from Subject 4. The average negative marker slope
is significantly less than the average negative no-marker slope {(t = 6.34,
 p < ,01); the same result holds for the comparison between the positive
marker slope and the slope cf the positive no—markef:cufﬁe (t = 2.91,
p <.05). For the marker curves, positive and negative slopes are not
_éignificantly different (t = 1.36, p > .20). However, the average no-
 marker-negative slope 1s significantly greater than the nc-marker positive
-:slope (t = 2.79, p < .05). All of the above t-tests were based on the
slopes of the ferminal gurves., . |

ot shown in Table 10 are the slopes for the no-cue days. The
. slopes of the average terminal curves for the last two days of the study
. ére 9.9 .and 24,4 for positive .and negative marker curves, respectively,
“and 19.5 and 25.4 for positive and negative no-marker cusESv Neither
- the positive nor negative marker slope is significantly different from-

the corresponding no-marker slope (t = 1.89, t = 0.09).
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Tabile 10

Slopes (s), Intercepts (i), and Percent of Variance (%)
Accounted for by Best-Fitting Linear Functions

(Bxp, III)

Terminal Reiease
marker no-marker marker no-marker
g pos. neg. POS. neg. pos. neg. pPos. neg.
| L = 7 ek ?ﬁ—— T
‘ w 8 5.0 17.6 8.4 53.2 -0.6 6.1 12.1 27.9
1 i 504 53k 528 438 329 334 307 297
% 46.5 87.8 56.8 95.2 4.2 73.0 { 96.5 98.3
8 13.7 21.6 18.7 37.8 10.7 16.3 17.5 26.0
2 i 586 643 581 575 Loo hoi 386 Lol
% 88.1 53.5 90.0 93.9 92.5 81.9 93.8 99.8
s | 12.8 ) 15.2 | 26.9 | 33.8 || 9.8 | 1%.3 | 2u.3 | 35.0
3.1 578 567 550 532 Wb ke Lk Loz
% % 1 83.6 99.1 97. 4 98. L 61.7 98.2 99.7 98. 4
u') .
%g s 22.6 16.9 ok, 3 41.9 2.7 6.8 9.6 13.3
! L3 506 569 504 L85 357 395 365 378
% 92.9 95.1 92.8 85.8 81.7 87.3 92,2 85.4
s | 17.6 | 1.0 | 4.3 | 39.2 || 16.8 | 19.2 | 37.6 | b1.2
5 i Lh&o 537 hes 489 387 hko 356 397
% 97.5 62.2 95.6 7.1 97.9 89.0 90.6 8ok
s | 257 | 8.3 | 39.5 | é4.9 || 16.5 | 26.2 | 30.4 | 31.7
6 1] Lk 516 469 467 296 | 319 27k 319
% %.6 97.1 97.7 98.7 61.0 | 88.9 97.0 95,7
s 16.3. 22.4 26,4 .9 11.0 14.9 20,2 29.1
Averages 1 | 517 | 561 509 Lg9 369 392 349 366
% 100 96,1 98.5 95.7 9.2 97.4 96.9 95.9
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DISCUSSION

There are two somevhat contradictdfy findings in this gtudy. On
the one hand, the fact that marker slopes are significantly less than
no-narker slopes indicates that subjects made at least some use of the
marker in order to increase their rates of processing. On the other
hand, 1f the marker 1s not being ignored, one would expect more similar-
ity between the'posifive marker and.negative marker.serial position
curves than between those for positive marker and posifive no-marker
trials. Yet the latter two sets of curwves show a striking similarity,
while the negétive marker serial position curves are virtually flat. In
addition, the trends in the positive serial position curves.are quite
close to those found in the Atkinson et al study (1969)=.
| The poinf conéerning the serial position curves should bhe elabor-'

ated a bit. There are basically two ways in which.subjects could use
the merker to increase their processing rates. First, they could search
the display fér the mérker, comparing only the marked item with the item
in memory. The slope of the latency fungfion for marker trials wouid
‘then depend only on the expected {time taken to find the marker and not
upon the time necessary to compare the marked item with tﬁat in memory.
In‘this vase, the marker serial pousition curves for both positive and
negative trials should reflect trends in the search for the marker,
.while the positive_no-markef curves should reflect trends in the search
for the criticzl item. Thus the two sets of marker serial position
curves should be similar, while neither set would bear any necessary

relation to the no-marker curves.
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As an slternative mcde of processing, subjects could search the dis-
play for both the critical letter and the marker simultanecusly, using
the marker as a signal to terminate processing. In other words, the
marker would serve simply as an ald to self-termination. Of course,
since the marker is present on both_positi?e and negative trials, self-
termination could take place cn every marker trial. This processiné
scheme also leads to the expectation that the two sets of marker serial
position curves should be similar, since both sets should reflect the.
operation of a self-terminating process. |

" If subjects were not using the marker, bhut rather were processing
:merker and no-merker displays in the same manner, then the observed sets
of serial posifion cufves would be precisely what one .would expect. For
rnegative marker trials, there would be no trend in latencies as a func-
tion of the location of the marker since the marker is ignored. For
positive marker trials . any trends Would.be the result sclely of the
logation of the critical letfer, thus the curves should have the seme
shape as thosge for no-marker ftrials. Thus, while the average trends in
latencies with increasing display size indicate that subjects used the
marker, the serial position curves suggest that the marker was largely
ignored. .There are a number of possible explanations fqr this apparent
contradicetion, but further discussion of the problem will be postponed
-until the results of the next study have been presented,

While the significant difference between the two terminal no-marker
slopes could be. taken as evidence for self-terminating processing, there
are a number of reasons for not adcpting this interpretation of the no-

marker data. First, the difference between the .two release no-marker -
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slopes is not significant. The lack of significance could be attributed
to a greater number of premsture relesses on negative than on positive
ﬁo-marker trials. There is, however, ho compelling reason why this
should occur. Second, in the Atkinson et al study, where the displays
were identical to the no-marker displays used here, no such slope dif-
ference was found. Third, the distinet non-linearity of the negative.
no-marker curve suggests that at the large display sizes subjects may be
"doublechecking" before pressing the sppropriate key.- Finally, this
large slope difference is not observed in the next study.

' If doublechecking is the cause of the largeé slope for the terminal
no-marker negative curve, then why is the corresponding marker curve not
éffected in the same way? Inspection of Figure 11 -shows tThat there is
=) slight upturn in the terminal marker negative curve. The obvious ex-
planation for the lack of a larger doublechecking effect is that on
marker trials subjects simply reprocess the marked item rather than
doublechecking the whole display.

An examination cof the intercepts in Table 10 reveals that with few
exﬁeptions, the intercepts associated with marker curves ave greater
than those for no-marker curves. This is not a surprising finding if
one assumes;that the éffect of the marker is to alter the comparison .
process without affecting the other components of the response latency.
For instance, let us examire the two alternative waysg of using the marker
mentioned aboVe; First, consider the case where subjects sgarch for the
'marker, then compare the marked item with the memory item. Let ¢  be
the expected time for a comparison of a display item’with the memory

letter, let ‘¢' represent the expected time necessary to determine
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whether or not a marker occurs above a digplay item and let m be:the
expected duration. of all other processes (e.g., encoding, responge exe-
cuting). TFor a display of size @&, the expected latency on marker trials
will then be e'd '+ ¢ + m (assuming serial processing and an exhaustive
‘gearch for the marker). No-marker trials will: have an expected latency
of ¢d + m, assguning en exhasustive comparison process. The marker inter-
cept will then be ‘¢ + m, compared to m for no-marker trials, While
~the data -indicate that the value of n - depends on.whether frials are
negative cor positive, it is assumed that m is independent of the
presence or absence of the marker.

If it ig assumed that the marker simply induces self-terminating
.processing} then. the expected latency is- .5(c¢'+c)d + .5(c'+c) + m on
marker trials and cd +'m -on no-marker trials. The assumption here is
that on marker trials,.subjects check each item for both the critiecal
letter and the marker, 'and that. this may take longer than checking for
the 'critical,letter alcne.’ Again; the marker intercept is larger than
-the corrésponding nc-marker intercept. Note that both this and the pre-
yieus ‘model predict that: the marker curves will be linear. - The data
clearly bear out this predietion.. 0f course, there are & number of
possibie variatiocns upon these two simple models, but they are all -
similar in their predictioens for this study.

- Although subjects were instructed to attempt to use the marker, there
was nothing in the design of this study that compeliled them to do so. It
is possible that the marker was ignored on some proportion of the marker
trials. For this reascon, the data in this study are not sufficient to

discriminate among the varicus possible hypotheses concerning the exact
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effect of the marker on the mode of processing. In Experiment IV, the .
task used here is modified in order to insure that subjects use the
“marker information on every marker trial.

As noted earlier, on the last two days of this study, when subjects
were not told which displays contained markers, there were no significant
“differences between marker and no-marker slopes. . -Although these results
are not based upon enough data to be conclusive, they suggest that sub-
Jects require prior knowledge that a marker will be in a display in order
to use the marker efficiently. In other words, if subjects are not
actively searching for the marker, the marker does not automatically-
“"draw attention" to the marked item. Thus, the only way subjects could
take advantage of the marker without being told when it wi)l be present
would be to sgearch for it on every irisl. However, on.no-marker triais
this strategy would require subjects to cheeck every item both for thé
marker &nd the critical item, The alternative strategy would be to
-treat every trial as if it were a no-marker trial. Then on each trial,
subjects would search only for the criticail item. Of course; the former
strategy would be preferred if one could search for both the marker and
the critical item as fast as for the critical item alone. However, the
lack oif significant differences between marker and no-marker slopes
suggests that subjects chose the latter strategy and that therefore the
“search rate for critical item plus marker is higher than that for criti-

cal item alone,
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EXPERTMENT TV -

Iin thls study, one ellght revisicn is made 1n the task used for Ex-
perlment III On half of the negative marker trlale; the crltlcal letter
appears among the unmarked items. Thus on marker trlale, the correct re-

~sponse is determined not by the presence cor absence of the critical letter
in the display, but by Whether or not the marked ltem is the critical
letterr |

Besides requiring subjeets to attendlto the marker, this task also
servee to determine whether unmarked items are cempared.with the 1etter
in memory. If the comparison process-is earried out en only the marked
item, then latencies on negative marker trials shoulc'i not dépend on
whether there was a critical letter in the dispilay. Differences between
latencies on those negative marker trials with a critical letter and
latencies cn:those:without could be caused only by the recegnition of

the critical letter when it appears in the display.
METHOD

Subjects. The subjects were six Stanford undergraduates obtained
through an advertieement in the.eanpns paper. As in the previous studies,
they all hadlnormal {corrected) vision ana_were paid $1.75 per session.
| Procedure, The apparatus; stimuli, and sequence of trial events
weye identieal to those used in Experiment IiI; 'Thé instructions were
altered in tnat sutjects were teld that'on marker trials their task Was
to deternine Whether or not the marked eonsenant was the eritical letter,
whlle on no-marker trials they were to determine whether or not the

Crltlcal letter appeared anywhere in the display. The selection of the
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~eritical letter for each trial was changed so that on half cf the nega-
" tive marker trials the critical letter would appear in the display but
fhe marker would éppear o%ei somé otherHletter. Thé crificai letter in
lfhis cése was chosen iandomlj ffom thé set of unmarkéd displaf'itémé,
.Subjecfs were infofﬁed'that.each éeséion woﬁld containrfriéié'bf this
f&Peg L _ . o - ,

.As in thé previous study, éach Bf_the fen sessioné consistEd of
eight warmup trials and 288 dats trials, with a short break halfway
fhrough the session° However, the light indicating a marker frial was

not eliminated during the last two sessions of this study.
RESULTS

The data from this study has been divided into fiwve basic types. of
triale. These are: positive and negative no-marker trials, positive
marker trials, and two types of negative marker trials, referred to as
conflict and no-conflict. A conflict negative trial is one in which
the eritical item appears in the display but the marker appears over
socme other letter. For no-conilict trials, there is a marker in the
disPIay but.no.cfitical.lettero Latencieé of correct responses for
these five trial types are plotﬁed in.FigureILQIaé a funciion of display
éizeq The.data éfe gfoupéd over subjects and pairs of éonsecutive days.
The ﬁsuél drop in lstencles is obsefved between the.first'tﬁo palrs of
days, éo sﬁbsequent ahalyses were done on the lasf éight séésions,
| Tﬁe déta for.individual subjects.is piotted in Figure 13 and the

“average over all subjects in Figufe lﬁ; The positiﬁe marker and the

no-marker curves in Figure 13 each average 138 observations per point,
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Figulre' 12 Mean Latencies as a Function of Displa;y" S8ize for Successive
: - Palrs of Experimental Sessions (Exp. IV).
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Figure 13. Mesan Latencies over Sessions 3 through 8 as a Function
of Display Size for Individual Subjects (Exp. IV).
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while the conflict arnd no-conflict negative marker curves each average
67 observations per point. The first three subjects are those for whom
the positive response was on the right. Table 11 gives the average over
subjects of the variances associéted %ith each. of ﬁhe points in Figure 13.
Nete that for every subject, terminal latencies for ccnflict negatives
are slower than thoée.for no¥confliéf ﬁegativésa It is also the case
fhat for every subgect,'fhis difference is smaller for release latencies.
As in the previous.sﬁudies, the best;fifting liﬁear function was
found for.éach of the curves in Figure 12. The slopes énd iﬁteréepts of
these functions are given in Table 12, aiong with the perceat: of vari-
“ance in each of the curves accounted for by linear trend. The.gstimated
slope of the terminal positive marker curve in Figure 12 was found to be
"significantly less than.fhe slope of the corresponding no-marker curve
(t = 3.55, p < .05); the same result Was.obtaihed when the estimated.
slope of the terminal no-conflict negative marker curve was compared
with the terminai:negative no-marker curve (t = 3.44, p < .05). For
neither marker nor no—ﬁarker terminal curves was the positivé slope éig—
nificantly different from the matching'(nq-confliét) negative slope |

(t = 0.31, ¢ = 1.70, respectively). Finally, the terminal conflict
negative marker glope was not significanfly different from the no-conflict
slope (t = 0.98).

A number of serial positicn curves are presented in Figure 15. Be-
sides showing mean latencies_as a function of the lecation of the marker
for conflict negative trials, they are also given as a function cof the
location of the critical letter and the distance between.the critical

letter and the marker. In none cof the curves for pegative trials are
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Table 11

The Average of the Tndividual Varisnces (in thousands)
for Each Display Size and Type of Trial

(Exp. IV)
Display Size
2 3 4 2
pos. 13.6 12.8 12.5 - 13.0
'confiict o
- neg. 10.9 15.3 15.9 15.9
marker . .
: ~no-conflict
terminal neg. 15.0 12.5 1.6 | 17.0
: pos. 1.7 1.1 1&.5' 4.9
- no- : ‘
.marker neg. 13.6 13.3 15,1 21.9
pOS. 6.0 -5 6.3 6.8
conflict
neg. 6.9 8.5 7.5 7.4
marker ' T
: : ' ne-conflict i '
release neg. 8.0 8.5 8.6 12,2
POS. T.2 7.7 8.7 8.5
no- .
marker neg. 9.2 7.7 9.7 11.9
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Slopes (s), Intercepts (i), and Percent of Variance (%)

Table 12

Accounted for by RBest-Fitting Linear Functions

(Exp. IV)
Terminal Release
noe- . nNo=-
marker marker marker marker
COIl. ne-cotl. . con, no-con.

pos. | neg. neg. pes. | neg. POsS. | heg. neg. pes. | neg.

sl 19.7]25.5[ 15.3 | o2 w7l 15.6] 19.7] 21.0 | 21.6] 29.8

1i¢ 488 | 561 546 Loe | be7 325 | 346 379 330 | 334

%t 97.9| 79.8 [ 81.9 4.9 95.94 97.4| 82.3| 83.4 9.0 | 97.6

s 19.20 14.31 27.7 35.8 | 48.6 || 17.9§ 15.1| 27.5 32.9] 43.7

2 i§ k61 | 598 502 hoo b LTh 368 | 462 Loo 331 | 380

% 76.5| 61.61 70.8 99,8 | 93.4 4 77.3] 90.1| 85.1 99.61 92.0

s 16.6| 10.7{ 12.7 23.2{ 25.1] 12.1] 6.6 | 6.3 19.5[ 18.7

3 i 442 | 528 hoh 46 | 450 341 | 396 399 341 | 365
% %l ot.2| 93.7| 81.2 98.2197.8| 96.2] 87.1| 28.7 99.8] 95.1

Q

g s| 11.h] 10.3] 8.6 19.5 | 9.8 2.6 | 5.2 6.1 13.2{ 0.2
A Li) 506 | 553 538 487 | 541 375 | 37 377 350 | kol
%1 84.0] 96.3! 80.7 97.8 | 67.6|| 36.0( 50.8| 30.7 . | 81.7{ 00.3
sl 13.0( 7.3 -2.7 | 21.0|25.1|| 10.4] 20.0| 6.6 18.9| 21.2

5 i) 585 | 667 696 577 | 602 |1 414 | Lot 461 397 | 416
%” 86.3| 58.2| 2.k 8.9!86.1 95.7| 88.5| 26.0 | 99.6] 99.2
sl 4.3 | 25.8| 1h.1 5.7 | 22.34 7.7 | 20.61 19.5 9.9 | 23.1

& il 853 | 859 883 914 | 854 620 | 628 618 660 | 603

%) 23.8} 95.2{ 58.2 20.61 82.51 67.8| 95.4] 64.3 60.0] 91.7

s|| 1&.2) 17.4] 13.0 21,71 29.4f 11.1) 14.6] 13.1 19.4| 22.8
Averages 1| 555 | 628 609 556 | 566 4ot | 439 138 Loz | 416
sl 92.8| 90.0] 91.3 99.4 { 92.0|] 9k.7| 96.5{ 96.6 99.8] 95.5
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Figure 15. Serial Position Curves (Exp. IV).
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there anyMQistinct trends, with the possible exception of a decrease in
the terminal latency on conflict negétive-trials with increasing separa-
tion of the marker and criticsl letter. The séts of curves for positive
trials are similar to those in the previous study.

The error data for.this study are given in Table 13. The marker
positive and nc-conflict negative error rates are consistently lower
than those for no-marker trials, while the conflict negative rates are
higher than any others at all but the largest display size. However,
al} error rate proportions are under .05, justifyiﬁg the assumption that

guessing is not a significant factor in the observed meen latencies.
DISCUSSION

dn the basis of the curves shown in Figure 1L, if appears that com-
pelling subjects to use the marker resulted in no substantial changes in
the processging of either marker or no-marker displays. As shown by the
tests of significance, the‘relationships among‘the élopes found here
duplicate those for correspondihg curves in the previcus experiment,
with the exception that the terminal ne-marker slopes are nct signifi-
cantly different in this study. There is, however, a distinct upturn
at the right end of the terminal negative no-marker curve, The upturn
is much less pronounced on the corresponding release curve. This is
again. taken as an indication of some degree of doublechecking at the
largesf display size. Excépﬁ for the tefminal neggtive curves,. the
.absolute magnitudes of the élopes in the two studies are also gquite
similar. In addition, the slopes for no-marker curves found here are

very cleose to those found by Atkinson et al (1969). Their slopes were
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Table 13

"o Individual EBrror Rates as a Function of
Dispiey Size for all Trial Types

(Exp. IV) g :
Digsplay Size
2 3 L 5

poOS. .015 .04 .01k . 008

1 marker con. neg. . 000 . 050 2015 -]~ 2015

1 no-con. neg. - 000 -019 . 000 . 000

" o- DOS . . 007 .008 ,016- . 066

marker neg. . 000 - 015 . 00T aO3ll

DOS ., .015 .021 .026 021

marker con. neg. 2081 | .02h .06l 015

5 no-con. neg. .053 019 .018 .015

| no- pos. | .033 .030 L050° " | .033
marker neg. 007 .01k .051 | .030

POS . .000 .021 .015 .016

marker con. neg. | .016 029 - .058 .025

3 no-con. Neg. . Q00 -000 - 000 000

n no- ' POSs. S .032 .036 037 .04
9 markezr neg. . 007 . 000 .f015 025
%f pOS. .01k .034 .015 .030
G marker . con. neg. . .059 .07 . 116 L 105
L no-con. neg. | 016 017 . 000 . 087

no- 3 pos. 015 .025 .05k .07k

marker neg. 035 L0411 059 . 120

pos. .0k . 000 021 .027

marker con. neg.’ L0641 L0266 .012 .012

5 ' no-gcon. neg. .000 017 .032 021

 no- poe. .007 .015 | .000 .025

marker neg. . 020 021 . 022 .015

DOS . . 007 .022 . 022 .026

marker con. neg. .015 - . 040 . 000 .Ok2

6- _ no-con. neg. 013 . 000 . 000 019

no- | DOS ., o2l . 028 .021 .035

marker neg. .015 .022 .01k 1,035 |
i

pos. .01l .019 019 .021

marker con. neg. +,039 .036 . Ol .035

Averages no-con. neg. 014 012 . 008 .023
no- pOS. .019 024 .030 | .obT

marker neg. .01 .019 .028 .0h3
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23.8 ms and 26.2 ms for terminal positive and negative trials, respec-
tively, &8 compared fo slopés of 21.4 @s ahd 29.4 ms found in this study.
Tor release data, their slopes were 18.3 ms and 19.9 ms, while here the
.corresponding slopes are 19.4 ms and 22.8 ms.
The'serigl position date in Experiment IIT provided little support

;fgi the'assumption that the marker had an effect upon the processing of
fmarker'aisplayé. Do the sériéi position cﬁrves in this study follicw the
fsame pattern as these in the previous one? If one locks at those three
;éets of curves in Figure 15 that correspond to the three given in Figure
Ell, it appears that the sets of curves found here are quite gimilar to
oné'another. This is in contrast to the previous study where the set
- of curves for negative marker trials showed much less variability than
lthe cther tﬁo sets. Without trying to read too much into this pattern
. of results, ﬁhe serial position data in the present study give no indi-
:cation that the marker was being ignored. More direct evidence support-
:ing the same conclusioﬁ is prévided by the errcr rates on confliet
fnegative marker trialis., Since each failure to process the marker would
lead to an error on ope of these trizls, the fact that the mean error
_rétes'were all under.5% clearly shows that the marker was rarely ignored.

. One poiﬁt should be clafified with respect to the no-marker serial
. position curves. If processing is exheustive, as indicated by the lack
o of éignificént differences between the slopes of positive and negative
: curveé, why should thé serial position curves be anything but flat? |
Both in the studies reported here and in the Atkinson et al study, while
the slopes may not have been significantly @ifferent, the mean negative

. slopes have always been found to be slightly larger than the positive.
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This slight difference could be accounted for by the doublechecking hy-
pothesis, but it is also likely that subjects are not st;ictly‘exhaustive
in their -processing. The observed serial position curves may well b¢ )
the result of.a.slight tendency towards ﬁelfétermination, most evident
when the critical item is in the first position on the left.
TmammmﬁmmxmwimwmmﬁﬂnpﬂwﬂmdbthﬁshﬂygmMﬂnslmah
cies on ccnflict negative trials. It is cleaf,from Figure 14 that while
the slopes of the coﬁflict negative and no-confliict negative curves are
comparable, mean terminsl respopsesiare slower at every displiay size for
confliet negatives than for no-conflict negatives, It therefore must
be the case that on. at least some proportion of the marker trials, sub-
Jects compare ltems other than the marked letter with the-item.in memory .
Moreover, a comparison of release and terminal data shows that the effect

of carrying out these compariscns on unmarked ltems is largely to in-

. crease the time between the release and terminal response. The difference

between the cverall mean confiict latency and the corresponding no-conflict
mean iz 35 me for the terminal response,'compared to only 7 mg for the re-
lease response.

‘The setg of curves for conflict negative marker trials shown in
Figure 15 shed additional light upon the nature of the search process.
It was noted earlier that mean latencies for conflict negatives show
1ittle change either ag a function of the position of the marker or the
position cf the critical letter. It is only when plotted as a Tunction
| of the distance between;the_two'that there_is any trend_in the latencies.,
On those trials where the marker and critical letter vecupy adjacent

positions in the display, terminal latencies are substantially slower .
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than with greater separation. WNote that since the critical letter was
 chosen randomly from the set of unmarked displey items, the number of
trials on which a given Separation'occurs'decreases with inereasing
séparation. Therefore a substantial portion of the difference between
terminal conflict and no-conflict negatives is due to those trials on
" which the marker and critical letter were adjacent to one another. For
‘each of the three largest display sizes, one can obtain the mean latency
for those conflict negative trials on which the marker and critical let-
‘ter were not adjacent. The difference between the average of these means
and the average of the no-conflict means for the three largest display
sizes is 23 ms. This compares to a difference of 41 ms when all conflict
:negative trials are included in the means for the same three display
" sizes. Thus the difference between termina} conflict and no-conflict
curves is-cut nearly in helf by eliminating those conflict negative trials
on which the critical element is adjacent to the marker.

As mentioned earller, there are two basic ways in which subjects
might alter their mode of processing in order to take advantage of the
marker. They may search for the marker, then compare the marked item
wifh the letter in memory, or they may compare each display item with
the memory item and at the same time determine whether the item isg
marked, terminating processing upon detection of the marker. Let us
examine these two alternative search processes in the light of the data
preSEnted above,

The conflict negative data clearly show that the strategy involving
a search for the marker is not being used in the way described above.

While'Sﬂbjeéts may search for the marker before carrylng out aqy'
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-comparisons, they do not limit their compariscns to the marked item.

What ihey may be doing, however, is limiting their comparisons to those

- items in the wicinity of the marker. Under this hypothesis, the trends

in the terminel separation curves (i.e., those curves showing mean latency
-as .a function of the distance between the marker and ecritical letter) are
easily explained. ©Since the critical letter is most often detected when
it is in the -vicinity of the marker, terminal latencies should show the
greatest increase for small separations;

The alternative way in which the search process may be medified is
through.use of the marker as a cile to terminate processing. Unlike the
other marker seaxch piocess, this one implies that marker slopes can be
no iess than half the no-marker slopes, thus strong evidence to the con-
trary would allow the immediate. conclusion that this is not the process
being used by subjects. A few of the marker slopes for individuals  are
slightly less than half the correspondiﬁg no-marker slopes, but the
evidence'ié net compelling.

In order to expiain how this self-terminating process could give
rise to the observed terminal separation curves, it is necessary to make
some sort of ad hoc assumption; for instance, subjects may have difficulty
determining precisely where in the display the marker occurred. That is,
even though they detect the marker, they may not always be able to ac-
curately determine above which: item it appeared. . Perhaps they are only
able to localize the marker within a small vicinity about its true
lécation, If the critical item were also in that vieinity, the response

latency would be slowed.
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~If the detection of a eritical letter in the vicinity of the marker
results in longer terriinal latencies, why are release latencies not simi-
larly affected? The first answer that comes to mind is thai subjects
" begin to make a positive response upon detecting both the marker and
‘eritical letter. Only after releasing the center key do they determine
that thé criticel letter is not under the marker. The'ﬁecessity ol ceas-
ing execution of the positive response and making a negative resp@nse
~instead results in a lenger terminal latency. However, if this explana-
tion were correct, then the conflict negative release latencies would be
very close to the release latencies for positive marker trials, the reason
being that both types of release would represent the beginning of a
positive response. Put it is the no-conflict negative réthér than the
positive marker release_latencies that are close to the conflict nega- -
tives. This finding suggests that the conflict negative release repre-
sents the beginning of a negative, not a positive response., If this is
the case, thepr the critical letter must not be compared with the memory
item until after the marked letter has been compared.

‘Looking again at the two élternative ways in which subjects could
utilize the marker, the release latencies for marker trials are consis-
tent with the hypothesis that subjects first locate the marker, then
compare the marked letter with the memory letter. By assuming that sub-
jects initiate their response fellowing this comparison, but also continue
processing other items in the wvicinity of the marker, the pattern of
results in Experiments III and IV can be aécounted for., On the other
hand, the hypothesis that the marker serves simply as a cue to terminate

processing affords no clear way of explaining the marker release latencies.
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If this hypothesis were correct, thgn on half of the comfiict negative-
trials subjects would detect the critical element before detecting the
marker. - It is hard to see how one can get arcund the prediction that on
at least & portion of those trials, subjects would begin to make a posi-
tive response. Since positive release latencies are faster than negative
releages, the mean release latencies fér-conflict negative triais should
be lower than the nc-confliict means. Yet for none of the conflict nega-
tive means shown in Figures 14 and 15 is this true.

-Little has been said up to this point concerning the exact way in
which terminal latencies are affected cn conflict negative trials. It
is apparent from Figure 14 that the difference between conflict and no-
conflict negative latencies Is not constant acroés display sizes.. One
-possible reason for this.is that when subjects detect the critical item
on éonflict negative trials; they reprocess at 1eaét a portion of the
display. The extent to which. such reprocessing would ingrease the mean
terminal latency at a givern display size would depend upon both the number
of elements reprbcesse& and the proportion of conflict negative trisls on
which the critical item is detected. The number of items reprocessed
would most likely increase with display size, while the number of times
the critical item is detected would probably decrease with increasing
display size. Withput developing this idea in any detail, it should be
clear that this reprocessing hypothesis can account for the observed
trends in the conflict negative data.

-ITh summary, the data in Experiments III and IV are most easily ex-
“plained by assumiﬁg-that-subjects search for the marker at a Taster rate

~than when searching for the. critical letter. . Upon locating the marker,

89



they compare the marked letter with the memory letter. Depending on the
outcome‘gf this comparison, they then initiate .either a positive or nega-
tive response. Meanwhile, the compariscn process is continued with other
letters in the vicinity of the marker. If a negative fesponse_has been
initiated and the critical letter is detected in one of these subsequent
comparisons, the negative response is delayed until.a portion of the
¢igplay has been reprocessed.

One might argue that 1f the above processging assumptions are correct,
the fact that the marked item is compared with the memory letter before
any other display items provides clear evidence that the comparison pro-
cess is serial.  However, these assumptions can be easily incorporated
into a parallel prpceSSing model Such as that outlined by Atkinson et al
(1969). 1In their model, it is assumed that subjects have a fixed pro-
cesging rate and thai any number of items mey be undergoing processing
at the same time, subject cnly to the restriction that the rates of
procegsing for individual items must sum to the fixed total rate., Apply-
ing this medel to the marker experimentg, after the marker has been
located, the "processing energy" is distributed over those letters in
the vicinity of the marker in such a way that the marked item is processed
very rapidly in comparison to other items. Because of this difference
in processing rates, the marked item will usually complete processing
.before.any of the cother letters. .Thére is, however, a small probability
that one of the other items will complete processging first. The slight
difference that dces exist beiween the conflict and no-conflict release
-eurves could be interpreted as being due to that small number of conflict
negative trials on which the critical letter completes processing before

the marked letter.
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CONCLUSIONW

While the four studies reported here have already been giscussed in
some detail, there are a few remaining points worth mentioning. 'In con-~
gldering alternative medes of processing for these search tésks, for the
saké of clarity arguments were 6ften given'in termé of serial médéls,
Tt éhould again be emphasized that parallei‘models éould have been used
Just as well. The fact that the ébserved response latency éﬁrves were
generzally linear indicates nqﬁ that précessing ié serial but ﬁerely thét
items are not procgsséd independently. Fixed-rate paréllei models of
tﬁe type discuséed gbove can matcﬁ the predictions of any of the serial
ﬁodels discussed in this paper,. The pf0cessing assumptions used to ex-
”pléin thé resulté of these studies are in noc way de?éndéﬁt upoﬁ whether
procegsing is serial or parallel. | |

No reference has been made to attention in ény éf the discussions
iﬁ-this paper. Thefe is a defiﬁite reaéon for this. Théofieé of atten-
. tion (e.g,y Brodadben‘t, 1959;..Tréisman, 1964) are generaily formulated in
terms of the processing of sensory infofmation, while scme of the prob-
1éms éonsidered here could have'béen stéfed aé questions concefning
attentién, tﬁe more direct apﬁf;éch was td fraﬁe them immediately in
terms of the underlying processing ﬁechanisﬁé, There are, however, ob-
vious siﬁilaritiéé betweén somé.of the hypofheses consildered hefe and
concepts appeafiﬁg in theorieé of:attention. For instance, fhe idea
that the éncédingiproqesé might.éét as.a filter is cleérly derived from
the-ﬁork of Broédbent (1959). This is not to“say thaﬁ thé questioﬁs

considered here are exactly those asked by investigafors of selective
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attention, only that the two sets of questions refer to the same problem--
ﬁhe way in which irncoming information is processed.

Central to fhe processing Schemés used to ex?lain the four stﬁdies
in fhis paper is the assumption that processing continues after selection
éf a response. This brings up an obvious but rarely stated peint, Dif-
ferences in the slopes.of latency-funcfions for.poéitive and hegative
résponses should not be taken as an indiéation of differences in the
amount of pfocessing.carried cut for the twoc types of trials. To éay
éﬁat siope differenées are evidence of self—ferminating procesging is to
meke the implicif assumption.fhat the pfocessing cf items in the displsy
ends at the instant the critical létter is detected.. All that can acfuélly
~ be éoncluded from_suchﬂslope differeﬁées is that respoﬁse selection begins
updn deteétion of tﬁe critiéai‘item. Thus, the use @f the tefm "self-

' is somewhat misleading.

terminating'
bne criticiem that can be levied against these studies in that sub-
rjects were not sufficlently motivated-to reépond rapidly. Eerhaps if
payéffs had been given for fast res?onding, subjects woﬁld have used
gquite different search Strategiés, The problem in using ﬁayoffs is.that
there is a trade—off between the error rate and the processing rate
(Smith, 1968). A payoff scheme must be chosen that somehow minimizes
the séarch fate while keeping the error rate low. If the penslfy for
errors is.too high, suﬁjects will ﬁot maximize their processing rate;
if it is too low, théy will make too many errofsn In addiﬁioﬁ, a péyoff
écheme.that has the desired effect on one subject’s performance will not

necessarily work with other subjects.
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A more direct answer to the above criticism is that for most of the
arguments preserited in this paper it does not really matter if subjects
-are using the optimal search strategy. It 1s important only that they
have the same levels of motivation across tasks that are compared with
one another. For instance, one of the more interesting conclusions con-
cerning Experiments I and IT 1s that subjects were processing items at
gpproximately hall the rate found in the Atkinson et al yes-no task.
While the foreced-cholice gearch rate would have been higher 1If subjects
had always ignored cne of the memory items, the important point is that
failing to ignore a memory letter cut the search rate in half., It may
be the case that with sufficient payoff subjects would have learned to
use the better strategy, but that is largely beside the point,

The studies reported here have produced & number of interesting
findings. A forced-choice task produces much slower processing than a
yes-no task, despite the fact that subjects could convert the forced-
cholce into a yes-no decision by ignoring one of the memory letters.
When the memory set contalns two letters, subjects appear to process the
visual display exhaustively, but to respond before comparing the second
memory item with ithe display letters if a mstch was found with the first
memory item. The introduction of a marker into the display enables sub-
jects to increase their rate of processing, yet the comparison process
is not restricted tc the marked letter. Subjects dc use the marker even
when they could ignore it and stiil be able tc respond accuraﬁely and
almost as rapidly. The effect of the marker is eliminated when subjects

are nct told before a trial is initiated whether or not it will appear
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in a displiay. In addition to these findings, the data have suggested
some rather specific conclusions concerning the nature of the search
processes utilized by subjects. It can not be argued that all of these

conclugions have been firmly established, but they do provide a direc-.

tion for subsequent research.
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