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ABSTRACT

A study was performed to determine the nature of the representations
that are compared during the comparison stege in a character classification
task. In such a task, S is required at the beginning of each trial to
memorize a small set of items called the positive set. A probe item is
then presented and S is required to make one of two responses indicating
whether or not the probe item is a member of the positive sct. Reaction
time (RT) is the dependent variable.

Previous research has shown that RT is an increasing linear function
of the size of the positive set for both positive and negative responses.
From this fact it has been inferred that part of the RT is occupied by a
serial comparison process during which some representaticn of the probe
item is compared with similar representations of the positive set items,
one After another. The slope of the linear function relating RT to
positive set size is the time from the beginning of one comparison to the
beginning of the next.

The present study was designed to determine whether the representations
compared during the comparison stage are visual images (based only on
sensory information) or verbal labels (based on the learned identity of
the items involved). In one experimental condition (lame Identity), the
positive set was defined by the names of the letters it included and both
upper and lower cases of each letter were presented when the positive set
was displayed. The probe le.ter was either upper or lower case, but its
case was irrelevant to S's response. In the other experimental condition
(Physical Identity), each l:tter of the positive set was represented in
upper or lover case, but nct both. The pusitive sets contained equal rumbers
of upper and lower case let'ters. as nearly as possible. The positive response
was appropriate if and onl if the probe letter was physically identical
with some character in the positive set (i.e., matched in both name and
case). In the Control Cordition, the positive set and prcbe letters were
all of the same case.

If comparisons we.'e based ~n visual images, it was expected tha: for
3 given set size twice as many comparisons would be necesnary in the Name
Identity Condition as in the Control Condition, since separate comparisonz
would be required for the upper and lower case characters of each letter in
the positive set. Thus the slope for the lame Identity Condition should
be twice as great as the slope of the Control Condition. The sloupe of
the Physical ldentity Condition should be the same as for the Control Con-
dition, since uniformity of case should be irrelevant for the comparison
of visual images.

If, on the other hand, the comparison process were lLased on verbal
labels, the Name Identity Condition should be the same as the Contrcl Condition,



since in both conditions the name of the probe character, regardless

of its case, would be abstracted before the comparison process began.

In the Physical Identity Condition, however, each comparison should require
more time, since more complex names (that discriminated between the upper
and lower case characters) would have to be compared. Thus the slope of
the Physical Tdentity Condition should be greater than the slope of the
Control Condition.

The results revealed that performance in the Name :dentity Condition
was similar to performance in the Control Condition, and that the slope of
the RT function was much greater on negative trials in the Physical Identity
Condition when the probe item differed only in case from some character
in the positive set than when the probe did not have the same name as any
positive set character. It was concluded that the representations used
for the comparisons stage are verbal labels.

viii



CHAPTER 1
N THE COMPARISON STAGE IN

CHARACTER CLASGIFICATION

A substantial body of research in recent years has been directed
at the isolation and study of stages of information processing. Examples
can be found in the areas of short-term visual memory (Sperling, 1967),
selective attention (Egeth, 1967), and the psychological relractory
period (Smith, 1967). These studies have frequently employed reaction
time (RT) as a dependent variable, since it provides a unique insight
into the temporal course of informatior processing. The use of RT to
study processing stages is not new, however; it goes back to the
earliest days of scientific psychology, when Donders (1868) attempted
to measure stage duration by measuring RT for two tasks which differed
only by the presumed presence of a particular stage in one task and its
absence in the other. The revival of methods similar to Donders' was
highlighted by a recent conference (see Koster, 1969) held exactly one
century after the publication of Donders' main work on RT.

Donders' method fell into disuse becaute adequate tests were not
available for two of the assumptions of the method. Donders assuned
the existence of a succession ol stages which did not overlap in time,
so that their durations were additive components of RT. 1In addition,
he assumed that stages could be added or deleted withou: affecting the
durations of other stages. In an important theoretical paper, Sternberg
(1969b) has proposed a method, the additivc-factor method, which provides

an explicit test of the first assumption and largely does away with the



need for the second. A full description of the method would be in-
appropriate here. Briefly, it involves the inference of the existence

of stages from the pattern of interactions and non-interactions in
tactorial experiments. The properties of a stage so isolated are studied
by manipulating its duration, rather than adding or deleting the entire
stage.

The Character Classification Task

The focus of this paper is on the properties of one particular stage
isolated by means of the additive-factor method. Sternberg (1969b) used
the discovery and study of this stage to illustrate the application of
his method.

The stage in question is the comparison stage in a character classi-
fication task. This task, used by Sternberg (1966) to study memory
search, is quite simple. On each trial (or before a block of trials),

S memorizes a small set of characters, usually digits in Sternberg's work.

A test character is then presented and S makes one of two responses de-
pendirg on whether or not that character is one of the memorized set.

The Ss are encouraged to respond quickly, but emphasis is put on a low
errror rate. Sternberg (1966) found RT, the time between onset of the
nrobe and the response, to be a linear function of the size of the memorized
(positive) set. This relationship held whether a new set was memorized on
each trial (the varied-set design), or only before each block of trials

(the fixnrd-set design). In the fixed-set experiment, with set size (s)
taking the values one, two, and four, stimulv- and response entropy were

equated across set size, and possible differences among individual digits



were controlled. In the varied-set experiment, s took on all values from
one to six. The RT functions for both negative and positive responses
proved to be linear and parallel. The slope of the overall function was
the same in both experiments.

From these data, Sternberg (1966) inferred the existence of a serial
comparison stage, in which an internal representation of the test digit
is compared sequentially with representations of the memorized digits.
The comparison process must be exhaustive, with all possible comparisons
made whether or not a match has been found; otherwise, the functions for
negative and positive responses would not be parallel. If S stopped
making comparisons as soon as a match occurred (a self-terminating
search), he would, on the average, need to make only (s + 1)/2 comparisons
on positive trials, and the slope of the negative response function would
be twice as great as the slope of the function for positive responses.

In addition, exhaustive scanning implies flat serial position functions.
That is, if RT for positive responses is plotted as a function of the
serial position of the matching character in the positive set, the re-
sulting function should be linear with zero slope for each set size
separately. This is because all possible comparisons are made on every
trial; hence the order of the comparisons cannot affect RT, even if it
is the same on every trial. A self-terminating strategy would also
produce flat serial position functions if scanning began at a random
location in the list from trial to trial. Hence flat serial position

functions are a necessary, but not sufficient, condition for exhaustive



scanning. Sternberg's own studies have consistently yielded flat serial
position functions (see Sternberg, 1969%a).

Using similar paradigms, several investigators (Corballis, 1967;
Morin, DeRosa, & Stultz, 1967; Morin, DeRosa, & Ulm, 1967) have found a
recency effect in the serial position function, a result that is not

onsistent with exhaustive scanning. In contrast tc Sternberg's procedure,
these studies have employed rapid presentation of the memorized set and a
very brief delay or no delay before presentation of the probe. Since
Corballis (1967) found an increasingly strong recency effect with faster
presentation, these differences probably account for the discrepency.

The same explanation will not account for the results of a similar
experiment by DeRosa & Morin (1970). In their Exp. I, the positive set
was constant for blocks of 112 trials, and always contained four digits.
For positive trials, the serial position function was U-shaped, with the
fastest RT's at the two center positions rather than the last position
as in the other studies. However, the positive set digits were always
consecutive and presented in increasing order (e.g., 3, 4, 5, 6). RT
for negative responses was a decreasing function of the numerical distance
of the probe digit from the positive set. The Ss may have learned, over
a long block of trials, to base their responses on an intuitive numerical
calculation rather than a scanning process. In a second experiment
(DeRosa & Morin, 1970, Exp. II) using positive sets of four randomly

elected digits, no serial position effects were obtained.

xhaustive scanning seems to be an inefficient process. Why should

S continue to make comparisons after a match has been found? Sternberg (1969a)



has confronted this question by suggesting a mechanism for which an ex-
haustive scan would be more efficient than a self-terminating one. Suppose
a "comparator'" makes the comparisons and senls a signal to a "match
register'" if and only if a match occurs. A central processor or
"homunculus" controls the process and can either operate the comparator
or examine the match register, but not both at once. If substantial time
is necessary to examine the match register it could be more efficient
to examine the register only once after an exhaustive scan than after
each comparison of a self-terminating scan. This is, of course, only
one example of a class of possible mechanisms for which exhaustive
scanning would be more efficient that self-terminating scanning.

The average slope of the RT functions in both of Sternberg's (1966)
experiments, about 3¢ ms per character, yields a comparison rate of
about 26 characters per second This rate is much faster than the maxi-
mum rate of subvocal rehearsal, estimated to be between 3 and 7 items
per second (Landauer, 1962). The Ss, then, must not be subvocalizing
the positive set after the probe appears but before respanding. They do,
however, report rehearsing the positive set before the appearance of the
probe. Rehearsal may serve only to keep the positive set fresh in memory.

the Comparison Stage

Subvocalization is much too slow to serve as the comparison process.
This fact does not, of course, rule out the name of the character as &
possibility for the kind of represertation that is used; names might be
compared, but by a much faster mechanism. What, then, Is the nature of

the comparison procezs? Sternberg has reported several experiments relevant



to this question. In the first (Sternberg, 1967), he attempted to determine
the nature of the representations that are compared. Sternberg's experiment
was again simple, but elegant. Degrading the test digit, he reasoned,
should lengthen RT. But if the function relating RT to set size remained
linear, degradation might increase either the slope or the intercept (or
both) of the function. An increase in the slope would imply that the

noise added to the stimulus was still present in the comparison stage,
reducing the comparison rate; hence that representation must have had

a strong sensory component and might have been a raw or r«fined image,

a template, a physical feature list, etc. (Representations of this type
will subsequently be referred to as images.)

Factors affecting stages other than the comparison stage should be
reflected by changes in the intercept of the function; hence, an increase
in the intercept would imply that some additional time was required to
form the representation of the stimulus, which might then be free or
nearly free of the degrading noise. Such a representation could be a
highly processed visual image from which the noise had been removed by a
fi{l-ering operation. It might, however, be an acoustic or articulatory
anccding of the name of the character, some other verbal label, or an
imageless concept of the character. (Representations of this :ype will
be referred to hereafter as names or verbal ladbels.) Identifying the
stimulus, which would be required for a name representation of it to be
formed, should require more time for a degraded than an intsct stimulus,
account ing for the Increased intercept of the function. Stated in terms

of the additive-factor method, the Gquestion is wvhether the effect of



stimulus quality will interact wi-h or add to the effect of set size. An
interaction would imply that thzse factors affect the same stage, the com-
per ison stage; additivity would suggest that they affect different stages.

Unfortunately, the results of the experiment were not as conclusive
as one would hope. The Ss were run for two sessions, and a clear increase
in the intercept was found on both sessions. But an intercept increase
is ambiguous; it could result if the representation were either a highly
processed visual image or a verbal label. On the first session only,
there was & small but significant increase in the slope of the function.
Sternberg argued that any evidence of noise in the representation, such
as the small slope change on the first sesulon, precluded any sort of
name representation; he concluded that the representation was & highly
processed visual image.

Investigating the generslity of the high-speed scanning process,
Sternberg (1969s, Lx;. u) provided another, but less direct, test of the
kind of representation. ¥ith A, ¥. Triesman, he performed a4 character
classification experiment using, instesd of digits, a set of nonsense
forms in one condition end & set of photographs of faces {n another.

The set size varied from one to four, and in both conditicons the fumction
relating X7 to set size wvas linear. The comparison rates, about 22 end
1€ items per second for forms and faces, respectively. were somevhat
slover than the usua) rete for digits, but the results were othervise
similar. In addition %o being limesr, 1he functions for megative and
positive respinses were equal In slope for doth contitions, Indlceating

extaustive scomming. The stimull (n this experiment differed in several



important respects from digits. They were not familiar to the Ss, they
were unordered and were not symbolic. The similarity of the RT functions
in light of these differences suggests that the comparison stage is an
{mportant, common process. That these stimuli did not have well-learned
names adds support for the conclusion that the represcntation wsed for
the comparison process in the digit experiments was not thz name of the
digit.

In an experiment that may have forced { to scan through a list of
digit names, Sternberg (1969a, Exp. 6) found a quite different scannirg
rate. In this study, Ss were required to locate a digit in the list
rather than simply to determine whether or not it was present (hence
the name "context-recall” for the paradigm). On each trial, S memorized
2 new list of three to seven digits. Then a probe digit, selected randoumly
from all the dipnits in the list except the last, was presented. The
correct response was the spoken name of the digit which had folloved the
prove in the list. Thus the tagk 4id not {nvolve clessification, but it
sust have invoived sceanning, since RT wis an {ncreasing linear function
of the length of the list. Analysis of the serial position functions {n-
dicated that Ss scanned seria ly through the list in the order presented,
tended to istart the scan at the beginning of the list, and stopped scanning
when the test digit was located. Thus *he search process wasg self-
terminating, 90 the slope of the function relating BT to length of the
iis2 Is half the time for one comparison. The obtained slopes {n this
esper (nent and 8 subseguent replication (Steraderg, 1960, Cap. 7) wetre

17 and 11) ma per &lgit, or 22¢ to %8 #s per comparison, ylelding »



search rate of about 4 to 4.5 characters per second. This rate is well

within the range for subvocsl rehearsal, and the hypothesis that Ss sub-
vocalize the digit names cannot be discarded. If this rather slow,
self-terminating process is characteristic of searching through & list
of nases, the context-recall experiment provides more evidence that the
scanning process in the usual classification experimant nvolves zome
other representation.

One possible flaw in this argument {s that the experiment Iinvoived
as many responses as pocsible stimull, rether vhean only two as {n the
previous character classification studies. To look {nto this, Sternberg
(1969a, Exp. 8) devised a new task he called context-recognition. On
each trial & nes list of digits vas memorized, ac before, but the test
stimulus was & pair of digits rather than a single digit. The two test
digits alwey. had appedred consecutively in the memorized list, but at
the time o1 the test they could be efther in the seme ordar ez thelr
original presentation or the reverse order. The S1 indicated wdich by
pulling one of twvo levers. £s in the context recall experizent, the seriasl
position curves indiratid o self-terninating scan, and the function relating
T to set size was linesr. Tne slope of this fumction, llv =2 per digle,
agreed very well with the slope foumd (n the context recall exjerinent.
Pesponse uncertainty seemed to Mave very little effwect on the comparisor
rate.

Remory for the Positive Set

Another isportant question fc the rature of the menory cystenm that hoids

the positive set. There are 2t leset tiree poOssidilitles. fperliimg (1960, [9¢7)
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and others hive studied a4 very short-term visual memory system which seems
well suited to hold viscal Images of the positive set ftems., Several I[nves-
tigators have studied the properties of an [ntermediate (short-term) semory
(referred to here 45 STM, e.g.. Waugh £ Norman, 1965; Bower, 1967,
Atkingson L Shiffrin, 1968); it has been considered primarily as o store
for verbal materfal. Permanent or long-term memory (LTM) s enother
possibility. Although usually studied with verbal materfals, ST must hold
whatever forms of [nformation ve are adle to retain over extended periods,
including musical tunes, photographs, smells, etc.; hence [t could serve
a3 the store for images of the positive gset [tems.

The very short-term visusl store can probadbly be ruled out immediately
43 & s°ore for the positive set. Its duration, et most about 0.9 tec, ls
00 brief to serve even for nperiments using the variei-get design. In
fined-set experiments, 5S¢ Decome thoroughly femilier vith the positive set
over 4 period of seveidl ninutes, and [t surely enters LT, [t may also
te nainteined in STM, however, Ly the relesrsal process mentioned earlier.
it s questionable vhether there [s sufficient tinme In the veried-set
deaign for the positive set to enter LIN. The sinllarity of the resuits
with the finel: and varled:-set procedures suggests that the sene fenOry
aechanion e wed for both. By elindnstion, that sechanien lc prodably STW,

Steralerg (19%%, Lap. $) perforned an esperiment t0 test *hiy Myiw-
thesis., A% the Degisming of each bloch of triais. & positive got coe-
ciating of 2igits was memorised., At the Deagioming of eseh trial, o 1ot
f neven letlers was jresentel segquentisily. 3t 8 fate ¢f two lallers per

second., Of come irials, the llst wee followd Ly s signal "o redall e
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letters. On the remaining trials, & probe digit was presented, and S per-
formed the Lsual classification task. [: was [ntended that the lis: of
letters would occupy STM to the exclusion of the pusitive set. The S
would then be forced either to perform the search In LTY or trensfer the
positive set {tems to STM before scanning them. The results revealed o
serfal, exhaustive search process, but the seaich ra%e was only about half
the ususl rate, and the {ntercept wacs incressed. The [ntercept ncresse
20y have been caused by S's uncertalnty, until the prote vec presented,
about vhather the triel would be a letter-recall triel or a diglt-
classification trial. These data [ndfcate that the usual scanning process
is not perforned on items in LIN; hence [* probably involves STX. The
source of the reduction in scenning rate in this experiment cannot le
deduced from aveilable deta. Sternberg (19€% ) has favored an explaration
based on & separate serial transfer of [tems [nto STM.

The resulte described to this point lead 20 & rather uneGected con-
clusion. Lvidence Pas Deen put forvard thit the nemorized [tew of 2%
potitive set are Meld (n STX, perdaps through suldvoca. relwarsal of thelr
nahes, uatil the prode [tem |9 jresented amd the cOMparicon process Seglns.
A visuel [sage of the prode is employed for tnw comparissns. Lagleslly,
thet, the representations of he posit ve get [teme mus? Do visusl [miges,
othetvive, corporisons would de ingossible. The uneajected cotciution
is that visusl (mages sre Meld feor s comsideralie *fne [n IV, (& contrast
to the weusl notion of STM ac o stere for werlal taterfais. Also swrprising
ie e inplication that these [nages are nalntalned (o 7N by rehesreal

of thelr tanes. Simte this conclusion reits on 2% Finding A% %he



12

ospar{son stage Involves a visual {mage of the prodbe, it {s perhaps
approjriete 20 exanine additfonal evidence on that point.

lla‘es or lames? More Data

The most dlrect evidence evailadble s an attespt by Bracey (1969) to
replicate Sternterg’s (1967) experiment or the effect of stimulus quality.
ternberg used the same nolse pattern to degrade the stimul!l throughout

the experinent, end Bracey reasoned thet Ss might become proficient at
flitering out that particuler noise pattern during preprocessing. Con-
seguently, he compared performance with Intect and degraded stimull for
o groups, one with fixed noise (the same throughout the experiment),
and the other with four diiferent noise patterns. Neither group showed
any difference between the slopes of the functions for (ntact and degraded
stimall, although degradetion did cause an [ntercept increase for bdoth
groupe. PBrucey’s fallure to replicate Sternderg's intercept effect s
not as conclusive 43 one might wish, however. Lach function eppeared

‘o be negatively sccelerated, although the deviations from lLineer trends
were not statistically significent. In any case, fallure to find an
Increase [n the slope when the stimulus s degreded does not rule cut a
viswsl Image representation. Even with varied nolse, Ss may be «dle to
rencve the nolse from the (nage before the comparison stage begins.

Two esperiments sinller to Steraderg’s experiment with forms and
faces (Sternderg, 196%, Cap. &) have beon reported by Briggs end his
Slleagues (Prigge ¢ Rlans, 1969, Swanson € Briggs, 1989). in such experi-
nerty, *he ides is that If § uses a viswal Image of tre stimulus for the

ongar feon process, the comparison rate should be sinilar vhether or not
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the stimuli have well-lnarned names. Otherwise, the rate might be radically
different or a different process altogether might be used. 1In the first
experiment (Briggs ¢ Blaha, 1969), both the size of the memorized set and
the number of probe items presented on a trial were varied, and Ss were
given extensive practice. The items were nonsense geometrical forms. For
trials with only one probe the task was the same as Sternberg's, and
the results were very similar. The functions relating RT to size of the
semorized set were linear for both positive and negative responses.
Equality of the slopes of the positive and negative functions indicated
serial, exhaustive scanning. The slope, about 35 ms per item early in
prectice, agreed well with Sternberg's (1966) results for digits. The
resulting comparison rate, about 29 items per second, was faster than
Sternberg found for nonsense forms (22 items per second), but this differ-
ence m~y be accounted for by differences in the populations from which
forms were selected for the two experiments, and by the extra practice
in the Briggs ¢ Blaha (1969) study. Briggs & Blaha (1969) found a decline
in the slope of the function (hence an increase in the comparison rate)
with practice.

In a very similar experiment, however, Swanson £ Briggs (1969) found
a logarithmic, rathker than linear, increase in RT with the number of items
in the positive set. The same sor: of random forms were used, and the
positive set varied in sjze from one to eight. Only a single test item
wvas presented on each trial. The experiment was designed to examine the
effect of accuracy criterion, which was varied between groups. The low

accuracy group produced faster RT's and more errors (9% versus 0.5%), but
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no interaction was found between the effects of set size and accuracy
criterion. Separate functions for positive and negative responses were
not reported. A simple serial comparison process will not account for

the results of this experiment, as it will for the other two (Briggs &
Blaha, 1969; Sternberg, 1969a, Exp. 4); hence the results of these experi-
ments are equivocal with respect to the kind of representation used dur .g
the comparison stage.

Another way to investigate the code used for comparison is to select
items for the stimulus set which are similar on some dimensfon that is sus-
pected to be relevant, and see if that similarity causes interference, thereby
slowing the comparison rate. Chase & Posner (1965) have reported one rele-
vant experiment. Letters were used as stimuli, and one of their three
conditions was a character classification task. The letters used were
chosen to be either visually confusable, acoustically confusable, or neither
(neutral). Visually similar stimuli should result in slower scanning if
visual images were used; acoustically similar stimuli should cause slower
scanning if names or verbal labels were used. The latter assumption was
based on the familiar finding (see Conrad, 196u; Wickelgren, 1969) that
items in STM are primarily encoded as acoustic or articulatory represen-
tations of their spoken names. They found no difference between the groups
with acoustically similar and neutral stimulus sets, but the scanning
rate was significantly slower for the group with visually similar stimuli.
Thus the results supported the hypothesis that the representations compared
were visual in nature.

In a similar experiment, Chase £ Calfee (1969) varied modality of

the positive set (visual or auditory) and modality of the test item (visual



15

or auditory) as well as the type of material (letters which were visually
similar, acoustically similar, or neutral). Two experiments were performed,
one a within-Ss design, the other between-Ss; the varied-set procedure was
used for both experiments. HNo effect of similarity was found in either
experiment, in contrast to Chase & Posner (1965) who found an effect of
visual similarity. However, scanning rates tended to be faster when the
positive set and test items were presented in the same modality than
when the modalities were different. The authers concluded that " . . .
specific sensory information may reside in STM for a period of a few
seconds and facilitate recognition of verbal materials (Chase £ Calfee,
1969, p. 513)." Their conclusion is somewhat weakened, however, by the
absence of any effect of similarity. If visual or auditory information
were present, one should expe~t an effect of visual or auditory similarity.
This experiment raises an interesting possibility. Suppose Ss are
capable of using either a sensory image or a verbal label. Wnen modalities
of presentation and test match, sensory images are utilized, saving the
extra encoding time necessary to produce a verbal label cor name. One
would then expect an increased in.crcept when the modalities did not
match, accompanied bv a changed slope (since there is no reason to believe
a priori that the comparison rate for names would be exactly the same
as for sensory images). The data of Chase & Calfee agree with the slope
prediction, but the intercept differences tend to be in the opposite

direction.
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S5TY as a4 Store for !nases

hile [t 5 not conclusive, the available evidence seeas to indicate
tnat 4 visual [mage of the probe is indeed used for the comparison stage.
‘s the implication remains that visual images of the positive set {teasg
T tored In STH. Independent evidence that this is possible would be
fesirable, osner (1969) and his colleagues have reported a series of
experiments that seem to support the {dea. In several studies (Posner
sevle, 1907, Posner, Boies, CLichelman, &£ Taylor, 1968) two letters
w“ere presented visually, separated by an interval of zero to two seconds.
he Ss were required to press one of two keys, indicating whether or not
the two letters hav the same name. The letters could be physically
identical, they could have the same name but be d{fferent in case, or
be different letters. The difference in RT for the "same' responses be-
tween pajrs which were physically identical and those which were the
ame in name only declined from about 90 ms to almost zero over the
two second interval. Posner (1969) has argued that physical identity
matches produce faster RT's because the matches occur on a more primitive
level and involve only coded sensory information. Matches based on name
identity, when case differs, necessarily accur at a higher level and are
based on verbal labels. Proceeding to the higher level requires the extra
time . :flected by the RT difference.
The conditions of presentation of the visual stimuli were varied
substantially among several studies (see Posner, 1969). Variation of
the luminance of the display and the exposure duratior, and the presence

of a visual noise field in the interval between the letters had no effect
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on the RT difference, although the absolute value of B! wvaried. These
results make [t doudiful that the genupry-level conperisies are basel
on an {mage in the very shart-term visusl store (Speriimg, (947). I onm
particular experiment (Posner, e% el., 199) the (sterval Letweea letlers
(held constant &t 0.5 sec) wvas elther Lismh, contalned wlaynl molce, or
contained o pair of digits. 'n trisle vhen Siglte were jresentad, I win
required to add them and report the sum, after respomiing 10 The seddnd
lotter in the utuel way. BPoth vieual nolse ant the adlition tash yleldeld
greater R7's than the bDlank fleid, but only th sddition tash elimicated
the difference botwest KT for physical [deatty and same [dentiny.

These results are conslstent with the hypothesis 1ha? the setcony

{nformation is held [n STH. The [aformation [sx wmaffectead by varisdhles

that should interfere with inages In the very short-tern yieusl evere,
but s affected by & task (edding dlglts) thet distrects atvtention.

It {e widely accepted that atvtention (s reguirwd 10 malntaie (aformetion
in ST (Posner { Possmen, 1965, Crewler, (1967).

The problen remsins, hovever, 1 4t 1he (etadry infermsilon dses 2401
last very long. 1t has elther disappraved o Jecome iselfwilive sfter
about two secomnds. Srtorage of that duretier wauld 1t sffite for
character classificetion tasks, even with the varled-sel procedure. The
fined .set procedure wouid require sessary sisrage istting severs) disuwtes,

A possible escape fron tals dilemma fo jrovided By o Furider ceries
of experivents by Posner (fosner, ot al., 1969). Undsr sone ~oniitions,
evidence has been found that Ss may be cajpabls of gemerating & vicwsl

code for comparison with an enpected letter. The evifence comes from
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4 vord, 0o vowels were used. The ten consonants employed (B, D, G, H, J,
M, 8, Q, R, and T) were selected for maximun dissinilarity of thelr upper
and lower case representations. These letters were specially prograsmed
10 resemble Metro Thin lio. 2 type face, which was chosen for Its simplicity

and for the normative appearance of its letters (for examples, see Fig. 1).

N [d] [h] m [8]

Fig. 1. The stimulus display on & typical trial In the Physical ldentity
Condition. The stimulus events ectually occurred sequentially,
as described In the text.

Upper case letters were 2.0 on (0.9% in.) high. Lover case letters varied

from 1.6 on (e.g., 8) to 2.6 om (§) high (0.%5 to 1.0 fn.).
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The exyerizent was run in blocks of 44 trials. The size of the
pasitive set varied randosly from one through five acrors trials; each
block of trials consisted of four warm-up trials followed by forty experi-
zental trigdis, including eight with each positive set size. A positive
responze was apprupridte on half of the trjals with each set s.:ce.

There were two experimental and two control conditions in the experiment.
In one control condition the letters in the positive set and the probe
letter were all upper case. The other cot.trol condition was the same,
except all of the letters were lower case. In one experimental condition
(Physical Identity), half of the letters in each positive set were upper

ase and half were lower case as nearly as possible. With set gize one,
three, and five, each case predominated in the positive set on half of the
trials within each block. The probe letter was upper (lower) case on half
of the trials for each set :ize within a block. In this condition, S was
required to give the positive response (by pressing the right-hand key)

{f and only if the probe letter physically matched some character in the
positive set ({.e., w»> the same name and the same case). Consequently
there were two kind. of negative (left key) responses. On half of the
negative trials with each set gize the probe letter had the same name

but was different {n case frca some letter in the positive set. These
will be referred to as case-mismatch (CM) negative trials. On the re-
mainder of the regative trials, the probe did not have tne came name as
any letter in the positive sot (pure negative trials). In the second
axper imental condition (Neme Identity), the positive set was defined by

the nasec of the letters it contained. ¥hen the positive set was presented
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to S at the beginning of each trial, both the upper ana lower case repre-
sentations of each letter were displayed, simultaneously, with the lower
case appearing immediately below the upper case on the screen. The probe
letter was upper (lower) case on half of the trials, but its case was
irrelevant. The S gave the positive response if its name was the saze as
the name of some letter in the positive set and the negative response otherwise.

Each S served in three conditions, one of the control conditions and
both e:perimental conditions. The Ss were run Iindlvidually for two sessions
of one and one-half hours, about one week apart. A sessior consisted of
sev.on blocks of trials, a practice block followed by two blocks under
each of the three conditions. The control condition in which the § did
not serve was used for the practice block. All six possible orders of
administration of the three conditions were used. To accomplish this, Ss
were divided into eight groups of three Ss each, four groups under each
control condition. The order of administration of conditions for the
upper case control groups was counterbalanced with cne latin square. The
orthogonal latin square was used to counterbalance the groups having the
lower case control condition. Each S received the conditions in the same
order in both sessions. A rest of about 30 sec was alliwed between the
blocks of each condition, with a five minute rest between conuitions.

Figure 1 fllustrates the display on a typical trial. Each trial be-
gan with sequential presentation of the positive set. Each letter was
surrounded by a rectangle 3.1 cm high und 2.2 cm wide (1.2 by 0.87 in.)
and was displayed for 1.2 sec. The area enclosed by the rectangle was

then made solid white for 0.5 sec to mask the trace of the letter left on



28

the screen by the slow-decay phosphor (P7) used for this display. The
wxt letter in the positive set appedred immediately on termination of the
mizh 0! the previous letter. The letters were presented in a row across
the upper par? of the screen, always beginning at the exteme left side.
felav of 2.0 3ec intervened between the last letter in the positive set

in! the warning signal, which was the appearance of the rectangle in the
enter 0f the screen. One second later the probe letter appeared in the
rectangle; both the rectangle and the letter remained on the screen until
- made her response. Immediately following the response, the word "correct”
or "error' appeared in the lower left corner of the screen for 2.0 sec in-
forming 5 about the dccuracy of her response. Between termination of
the feedback and the beginning of the next trial there was a delay of

ec. The spatial position in the positive set of the letter which
matched the probe on positive trials was varied randomly, under the con-
straint that each serial position was sampled equally often as nearly as
possible. In the Physical Identity Condition the spatial distribution of
upper and lower case letters in the positive set was varied unsystematically.
The probe letter for each trial was chosen randomly from the appropriate
set (the positive set or its compliment).

At the beginning of the first session, § was given a general des-
cription of the task; before the first block of each condition, she was
given additional instructions pertaining to that specific condition

(verbatim instructions are given in the Appendix). The S was instructed

regarding accuracy as follows:



As you can see, the tash is easy and you should Lo able
to respond correctly on almost every trial. It {s {aporiant
that you do 50. [ want you to respond &s quickly &s you can
while maintaining & Ligh level of accuracy. Try to be fast,

but don't try so hard that you ®make unnecessary erTors.

The S was reminded of the general instructions &t the beginning of the secont
sessfon, and the specific instructions were repeatred before each conditien.
Any S who made more than 18 errors in the 264 trials of the six axperimentel
blocks on either session was discarded. Tne Ss were not informed of this
criterion in advance. TFive of the original 2u Ss were excluded by the

error criterion; new Ss were run to replace them.
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soperinental dlane, and 4Ll of e WD [(Aierrect Pesjenaes were &letanded

r =3 o 3 Regd atd 2 Rellsn vere Calouiated for e rensinicg resgonces
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res;onse. The follovimg amalysis is dmsed on the sesulting meanc, Pre-
iininary analysis wolng medlans revesiel 20 essential ¢ifferemces, although
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Nean reasction time (s plotted os o furction of set slze for each com-
dirion separetely in Pig. 2. The fumctions for the Upper and Lower Case
Contrels and Name [dentity Conditions eppesr 10 De well descrided by
straight lines. The loast-squares criterion was used 20 fit the lines
shown, and they account for 99.6%, 99.6% and 99.2% of the varisnce in the
Upper Case Control, Lover Cose Control, and liame [dentity Conditions, res-
pectively.

The five points for the FPhysical ldentity Condition are not so essily
described. The last four (s & 2-5) ere well fit by a straight line,
but the point ot 8 * 1 is well below the line through the uthers. Several
considerations make it seem reasonable to ignore this point {n the data
anslysis. First, a primery goal of the study was to measure the rate of
search through memory under that experimental condition, and it secms clear
that the slope of the best fitting straight line through the other four

rointe {s a better estimate of the search rate than would be the slope of a
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rig. 2. Mean RT ac o function of set size for each condition, averaged over
subjects, sessions, and responses. [quation: of the straight lines,
fitted Dy the least-squared method, are given., For the Physical
ldentity Condition, the line is baced only on the points for 5 ® 2-5;
the omission of the point at & = 1 is discussed in the text.

line through all five points. GSecond, there wa: unsvoldable confounding
in the data for s = 1 in this condition. Since the positive set contained
only one letter, only one case (upper or lower) nould be represented in it.
Consequently, a failure of the case of the probe letter to match the case

of the positive set was sufficient [nformation for a negative response,
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e "%t refogeiie 9 The nanes: of e lotters avaived. e stinsies se-
¥ s {m 8 oudition were Sesighed 30 1hat e Segetive trisls Inelubed
= ade uMlet s 0F WYUor ahl Lower (S jrodes snd eges nunlers of case
feT e anl B enetc ws, 48 wil 8 eguel numbers of 1he twd types of Bege-
ve °vie (o addition, ot & + I, here wre agual sumbers of wper and
Lower Caw jos tive sete. As & resait of these restrictions, " cese of "he
3o tive et slwiye Malcted the case of the prode o pare segetive trials,
$ud sk W segative trials (nveived & case mismatch. If § cowid made @
irelininary test for cese, one would then enpect ¢ reduction (n resction
time for (W negative responses st s ¢ 1. This presiction (s conflirmed by
Fig. ¥ in wAlch the (N negative, pure negative, and positive resposse
funct lons are plotted separetely for the Miysical Identity Conditionm.
Lupete then that L found the case of the prode matched the case of the
jositive set. On two thirds of such trials the positive response was
corvect; the remalning trials were pure negative trials. The imdalance
should have the effect of reducing somewhat the mesn positive reaction
time ond [ncreasing the sean pure negative reaction time, if § could take
alvantage of the redundancy. Agein, Fig. I confirms the prediction. This
argument casts some doudt on the rellability end hence the usefulness of the
data at that point. For these reasons, the date ot s * 1 In the Physicel
Identity Condition were excluded from further analysis.
A straight line function relating reaction tinu to set size was cal-
culated by the least-sguares method for each combination of sudbject, con-
i*ion, session, and response. Subsequent tests were performed on the

resulting slopes eand intercepts.
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Fig. 3. Nean RT as & function of set siaze for positive, CM negative and
pure negative responses of the Ihysical Idemtity Condition,
over subjects and responses. The atraight lines shown
vere fitted by the lesct-oquires method to the pointa for
g}; 2-% only. Omission of the points at s ¢ 1 ls discussed In
the text.

Since two-talled t tests revealed no significant difference between
the two control conditions, either in slope, t(6) = 1.608, p > 0.1, or
intercept, t(6) = 0.378, p > (.3, they were combined and treated subsequently
as & single condition (Control). These and all other t tests were performed

on the values obtained by averaging across the three Ss in each of the
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& @ray temeld far e jerpeve of coumterBalasging the epber of adnis-
t 2 comiltiems (ies Chaptee $0).
o snalysls of wawistes pertormed oa he slopes srevoalnd o sighificant
aln w0fect of Comditioms FUZ.W6) @ Je.THi, p » 0.000, amd & signifinasy
e cwiay onteraitlen of Comditiens » Sessleas & Bespomses, [(J.48) ¢ J.4ie,
i “he The male effectc of Seisions o.d Fespomaes s0d all Three Twd-wby
tera.t loms failed to rewh sigalficente, A& Nevmit-teuls tesl Feresied
that the Thgalcal [Semtity Condition was significantly Siffervat frum the
setrel snd Seme (Sentity Comiitien, vlich were mot &{fferest from sach
(g
The three-way intarection resulted froe & ¢ifference anong comditions
the change In the relationship betveen mean slopes for positive and
tnegat ive responses It & function of practice. The Control Condition showed
4 mall byt significsnt difterence, 2(7) » 2,038, g « 0.05, botvesn the
slopee for potitive and negetive responses on the flrst session, but neo
Sifference o the recond session, snd no differente for the combined sesalons,
The liame [dentity Condition showved no difference o the first cession, tut
a cubstantial difference, 2(7) = 5,089, p <« 0.01, on the cecond session
and 2 significant overall differente, t(7) * 2,446, p « 0.05. In those
caces where the differences between the slopes for positive and nepgative
responices were significant, the positive response slcpes were smaller.
The Thysical ldentity Condition showed no difference on elither session be-
tuween the positive function and the combined negative functions. The slope
of the CM negative function did not differ significently from the slope of

*he rure negative function on either session.



s araipales of varlesce gerfomed on tThe (tfercegts revealed significenr
nais effests of Conditionm, FU2.6) ¢ 13,009, § +» §.000, fessiome, FUL,09) 2
A%, g 0.0., it Recgentes, [4,20) ¢+ 20.9%, ¢ ¢ .00, T #e
aignificn Isterections. £ Yeowman-fouls Teat agaln [2dicatsd 1hst N
sie effect of Comtizions wvua Sue eetirely %0 s itpalcal ideatity Condition,
viieh wee gredater 1haa elller of 2o ¢fthers. (2 s Poysicel Jdemtitly Coe-
diztlon, s [ntercept of the CN pepgetive funttion was sigailicantiy greatet
thas the [ntercept of olther the pure cagstive fumction, 1(7) s J.¢87, § ¢ €. 08
or the potitive feaction, 1(?) ¢ 3,77, g ¢ C.0%. The Sifferente Sotumen
the pure cegative and pos{itive fumetions was ot significens,

The percentage of lecorrect reupenses 48 o fenctfon of cet cloe [o

shtwn for the three conditicas in Tedle 1. The overall error rates were

TARL |}
TIOK OF INCOMRLCT PLSPONSES BY SET SI2C
TOR CACH CONDITION AXD PLSTONSE TYIL

Condition and Response Type 't Size
i 2 3 “ $

Control

Positive 0.023 0.013 0.018 0.0 0,02

degative 0.021 0.021 0.01¢ 0.0292 0.021
Xeme Identity

Positive 0.010 0.03 0.03¢ 0.023 0.0%2

Yiegative 0.018 0.023 0.016 0.023 0.070

Physical ldentity
Positive 0.026 0.03« (..086 0.086 0.10«
CM legative 0.042 0.069 0.078 0.09« 0.lw]
Pure Negative 0.021 0.000 0.00%5 0.005 0.0%7




Jovl, 2.0h, and €.\ for the Comtrol, Same SSestity end Fagsleal Séemtiny
contitlons, rewectively, The erver rate [acressed nosotonically vtk cet
slos In 20w Phpslcel ldeatity Contition, nt 416 20t chenge systematically

vith s o eltrer 2o Comtrol or the Yeme ldentity Comé(tloms.



carTee 1V
DISCUSS I0n

The eaperinent reporied here included o Control Coméition that shouid
serve 43 & replication of esrlier clarscter classification experin-ats. The
resuits of the Comtrol Comtition will be discussed In that light. Since the
present reswits have implications that conflict with come tentative con-
clusions dravam from previous resesrch, that resesrch sust be re-ensnined.
But the sain reascn for performing the enperiment was 10 ¢lscover the
rature of the regresentation used during the comparisen stage. Hence

the Cdlscussion will begin with that question.

Evidence for & Sans Code

Thtee aspects of the date clearly (nlicate thit ¢ nine or verlel label

representetion, not & visusl [sage, is used during the comparicon stage.
They vill be discussed seporately.
Searching for Xeme ldentity

The Name [dentity Comdition vas designes to provide one tast of the
rind of representetions wsed. Using rame representations rat*er than [mages
shoulé fecllitate scanning in this contition. [or emanple, suppose tHhat the
pesitive set on o particuler trisl vas “bee, geo, tee.” On the dleplay, §

vould see:

Suppose also that the prode was “T." If S used name representations, she

would first [dentify "T" ond find (te nmame, “tee.” Three comparisons womld

n
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teo pecessary, “tee” with “Dee,” "gee,” and “tee.” If, on the other hand,
a visual [mage of "T" were compered with the positive set, six comparisons
#wr3ld Yo necessary. Separate tests with the upper case ard lower case
haracters would be required for each letter in the pocitive set. Conse-
quently, the slope of the function releting RT to get size in this condition
{3 %ho time for either one nane comperison or tvo image comparisons. In
contrast, the slope of the RT function {n the Control Condition {s the time
for elther ane nane conparison or one image comparison. [lor example,
suppore that in the Upper Case Control Comdition on o typicel trisl the
jesitive set was (6, G, T) and the prode was “T." Then three comperisons
voald be necossdry whether S used neme representations or (mages. So if
use! nane representations (n doth the Control and Name ldentity conditions,
the slopes of the KT functions should be equal. 1f S used image represen-
tations in doth comditions, the slope of the RT function for the Mane
tdentity (ontltion ah =uld be tuice the sloje for the Control Condition.
The obtained slopes, avereged ocross positive and negative responses,
vere equal, inplying that § used nane representstions In both conditions.
However, a consideradle difference (28.% ns per letter) was found be-
tueen, the slojes of the positive and negative response funct.ons on the
second session for the Seme [den ity Condition. This difference was
cioarly significant, and profuced o significant ¢ifference for the tvo
secafons combined, despite the adsence of ony Cifference on the first session.
he 2ifference On he second session s large enough to suggest a self-
terninating ecearch process, simce the glope of the negative function was

Almos’ twice as great as the clape of the positive function. Closer
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examination of the data does not support this [nterpretation, however. Most
of the difference is accounted for by six Ss, whose positive response functions
were nearly flat (zero slope) on the second session. Several atte=pts were
zade to discover the source of this unusual finding, but all of thea fafled.
The overall level of the RT's of those six Ss was not unusually long, and
they performed normally in the Control Condition on the second session.
The order in which those Ss received the cond: tions gave no hint of any
sequential effect. Thus no explanation could be found for this anomaly
in the daza.

Two comparisons can be made between the !laszse Identity Condition and
the Control Condition that are not confounded by the difference in slopes
for the lName ldentity Condition. First, the two conditlons can bYe compared
on Sescion One, vhen there vas no difference between regative and positive
slopes for the Name ldentity Condition. The difference cf 16.7 ms per [tem
wvas marginally significant (2(7) = 2,463, p < C.05) oy & two-taliled tast.
Secondly, the negative response functions combined across sessions cen
be compared, since the slope of the negative function gives the time per
comparison even for a self-terminating srocess. The difference of 15.0 ms
per item just feiled to reach significence (t(7) » 2,2u5, p > 0.0%).
Thus there is at least sone evidence of a difference between the scanning
rates {n these conditions.

In light of this difference, the overall similarity of the results
of these conditions must be interpreted with ceution. It cannot be argued
that perforsance in the lName Identity Condition was identical to performance

in the Control Condition. In the context of the results of the Physical
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lenvity Condition, however, it seems reasonable to conclude that the
representations used for cemparison in the lName Identity Condition were
not visual Images and must have been names.

arching for Physical Identity

an independent test of the nature of the representation was embodied
in the Physical Identity Condition. Use of image rather than name repre-
»ntations should facilitate RT in this condition. Retlurning to the
'xample, suppose cn a particular trial the positive set was {b, G, t} and
the probe was "T." The S could make either three image comparisons or
three name comparisons. Making image comparisons should cause no difficulty,
but suppose S used names for the comparisons. If the probe "T" were iden-
tified and named only '"tee," an error would result. The S would compare
"teo" with "bee," "gee," and "tee," find a match, and make the positive
recconse, The response would be an error, of course, since '"t" and "T"
do not match physically. To avoid such errors, S would be forced to use
more complex names, such as ''big tee'" for the probe, that included an in-
dication of the cases of the letters. It seens reasonable to suppose that
comparing these more complex names should require more time than comparing
impler names. So the slope of the RT function in the Physical Identity
ndition represents the average time for either one image comparison or
one comparison of complex names. Turning again to the Control Condition,
the slope 1s the time for either one image comparison or one comparison of
imrle names., Thus if S used image representations in both conditions,
the slores should be equal. If names were used the slope of the Physical

Identi*y Condition function should be greater than the slope of the Control
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Condition function. 1In fact, the latter was the case, again indicating that
names were used for the comparison process.

CM Hegative Responses

The final aspect of the 2ata favoring name representations over images
also comes from the Physical Identity Condition. In that condition <here
were two kinds of negative trials. CM negative trials were those triais
in which the name of the probe was the same as one of the letters in the
positive set, but the cases were opposite. In pure negative trials, no
letter in the positive set had the same name as the probe. If images were
compared, this difference should cause no difficulty, since the letters used
in the experiment were selected on the basis of the visual dissimilarity
of their upper and lower case representations. If names were comparec,
on the other hand, one might expect some interference. If Ss used the
usual names of the letters plus some indication of case, the representations
for the upper and lower case versions of the same letter would be identical
in many respects. The resulting interference should affect only the inter-
cept of the RT function, since it occurs only once on each CM negative
trial, regardless of set size. Thus the predictions are that CM negative
and pure negative RT functions should not be different if images are used;
the CM negative function should have a greater intercept than the pure
negative functi. If names are used. The data agree with the latter

prediction, again implying that the representations used are names.

Other Evidence Regarding Scanning

The Control Condition was intended as a replication of the original

studies of Sternberg (1966) as well as the experimental baseline for the



present study. On the whole, the results agreed with Sternberg's (1966)
rindings. he slope of the overall RT function, 48.6 ms per item, wes
omewhat greater than Sternberg found. The difference is probably accounted
tor by the difference in the stimulus set; digits were employed in Stern-
crg's experiments, and letters were employed in the present study.
etters Wwere also used in the Chase & Calfz2e (1969) study, and with
visual presentation and test, slopes of 47.6 and 4l1.1 ms per item were
fourd, in close agreement with the present results.
ne aspect of the present data is in conflict with previous results,

‘here was a significant difference between the slopes of the negative
and positive response functions on the first session in the Control Con-
dition. Inequality of the slopes of these functions is evidence against
exhaustive scanning. The difference was small, however, and for both
sessions combined, there was no significant difference between the slopes
of the two functions. Consequently, it is doubtful that this result is
sufficiently strong to represent a challenge to previous studies in which
the slopes have been found to be equal (see Sternberg, 1969a).

Analysis of the intercepts of the RT functions revealed main effects
of Conditions, Sessions, and Responses (positive versus negative), and no
interactions. All three main effects were expected. The significant
reduction in the intercepts with practice (the main effect of Sessions)
was also found by Sternberg (1967). The main effect of Conditions was
found to be entirely due to the Physical Identity Condition. The main

effect of Responses was also expected, since all of the Ss were right-handed
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and the positive response was always made with the right hand. kaspornse
times are typically somewhat shorter with the dominant hand.

The analysis of variance of the intercepts did not reveal all of the
important aspects of those data, however. To perform the analysis of
variance it was necessary to pool the pure negative and C!M negative res-
porsec in the Physical Identity Condition. Hence the analysis could
not reve.l the relationships among the intercepts of the pure negative, CM
negative, and positive response functions. It has been pointed out
(see Fig. 3) that the intercept of the CM negative function was substan-
tially greater than the other two. And while there was no significant
difference beiwveen the intercepts of the pure negative and positive
functions, the intercept of the positive function was numerically larger.
If the CM negative responses alone suffered from the interference dis-
cussed previously, resulting from a partial match of verbal labels, thLen
one might expect the intercepts of the pure negative and positive
functions to stand in the same relationship as the intercepts of the
negative and positive functions in the Control Condition. In that con-
dition, the intercept of the positive function was less than the intercept
of the negative function. Hence one would expect the intercept of the
positive function in the Physical Identity Condition to be less than,
instead of greater than, the intercept of the pure negative function.
Either the intercept of the positive function was unexpectedly high or
the intercept of the pure negative functions was unexpectedly low.

Which of these possibilities was the case can be determined by com-

paring these intercepts with their counterparts in the Control Condition.
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e intercepts of the positive functions were 497 =s and 575 ms in the
utrol and Physical I[dentity conditions, respectively. The intercept of

the negative function in the Control Condition ''as 561 ms as compared to

.

m; for the pure negative function ir the Physical ldentity Condition.
+arly, then, the negative functions agreed and the intercept of the
itive function was unexpectedly high in the Physical Identity Condition.
This finding suggests that the positive responses in the Physical
[lentity Condition also suffered from some interference. The CM negative
ind positive trials in this condition had one thing in common; the usual
ame (ignoring case) of the probe matched the usual name of some letter
in the positive set. Such a match was always sufficient for a positive
response in the other conditions of the experiment in which S served, and
was sufficient for a positive response two-thirds of the time in this
ondition. It can be argued that the tendency to make the positive res-
ponse on such trials was the source of the increase in RT on CM negative
trials; under the circumstances it was more difficult than in the Control
Condition to inhibit the positive response. The same effect may have
been responsible for the increase in RT for the positive responses. Al-
though Ss were accustomed to making the positive response when a match
t »tween usual names was found, in this condition a negative response was
sometimes required. Hence it may have been more difficult on positive
trials to inhibit the negative response. (For a more general discussion
of response inhibition as a fact or in RT, see Martin, 1967.) Inhibition
of inappropriate responses should occur at some stage following the

comparison stage; hence factors such as this affecting response inhibition
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should not, according to the additive-factor method, irteract with the
effect of set size. MNo such interaction was found; the finctions for pu—s
negative, CM negative, and positive responses in the :hysical Identity
condition were parallel.

A Second Look at Previcus Resul:

In the study reported here there were three tests of the kind of
representations used for the comparison stage. Two of them clearly in-
dicated that the representations are names, and the third pointed in that
direction., In light of these results, what can be said about those studies
that indicated images are used?

Mcst of the previous evidence was relatively indirect. For example,
interpretation of the experiments showing similar scanning processes for
material without well-learred names (e.g., Sternberg, 1969a, Exp. u;
Briggs ¢ Blaha, 1969) was based on the assumption that Ss did not have
names or verbal labels to use for such materials. But it is a uniquely
human ability to assign names to things, so the assumption may be faulty.
In fact, Briggs (1970) has reported that his Ss voluntarily mentioned
verbal labels they had assigned to some ¢f the figures in his experiment.
Finally, a logarithmic, rather than linear, relationship between RT and
set size was found in one such experiment (Swanson £ Briggs, 1969),
suggesting that an altogether different search process was uscc. Thur
the evidence from this line of research is equivocal at best.

Attempts to determine the nature of the representations by finding
effects of visual or acoustic similarity have been frustrated b con-

flicting results. Chase & Posner (1965) found an effect of visual
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Slarity, but _tase § Calfee (1969), using a sore powerful experizental
o talled to 2ind such an effect. leither of those ~*udl found an
i arous? i imilarity. The present results inc icate that names
v vertal labels are used, so effects of acoustic (or articulatory)
var ity mipght ke expected. However, since subvocal rehearsal can be
t=led out us 4 factor in the scanning process, one perhaps should not be
urprised 3t not finding such effects. The trace in STM might be an
abstract verdbal representation which {s neither purely auditory nor
articulatory. This possibility has been discussed by Wickelgren (1969).
Perhaps the most difficult finding to reconcile with the present
results is Sternbeg's (1967) finding of an effect of stimulus quality on
*he comparison rate. If the scanning process involves the name of the
probe, noise added to degrade i{ts visual Image should affect only the
encoding time. Perhaps the possibility of a Type I error in that experiment
should be considered. A careful examination of Sternberg's data reveals
that the slope of the control (intact) function increased from 35.6 to
37.2 ms per item from the first session to the second. In the previous
experiments (Sternberg, 1966), slopes of 37.9 and 38.3 ms per digit
were found. Hence the slope of the control function on the first session
was somewhat lower than usual. Use of the iverage of the other slopes
given above might be a better estimate of the true value, and would reduce
the value of t used for the t test. In addizion, the standard error of
che difference between the intact and degraded slopes on the first session
(that is, the denominator of the t test) was somewhat smaller for the

firss session (¢ 2.4 ms) than for the second session (+ 3.8 ms). That
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factor might also have contributed to producing a spurlously large value
of t. A replication of this study, comducted as carefully az tne ariginal
experiment, would be valuable.

Conclusions

The present results clearly indicate the: the representations used
in the comparison stage are no: visual in nature, at least when the dela
between the positive set and the probe is long enough o rule out ~hysical
matches like those reported by Posner (19€%). In attempting to recorncile
this conclusion with previous results, one might suppose that the actual
representation is a complex one including both visual and non-visual infor-
mation. This possibility is apparently ruled ou:, however, by the results
of the Physical Identity Conditfon. If visual information couid be used,
it should have been used in that condition to facilitate scanning. The
slow scanning rate obtained suggests *hat visual [nformation was not used.
The same condition provides evidence of the presence of non-visual [nfor-
mation in the representation; the increase in KT for C! negative trials
must have been caused by the name shared by the upper and lower case
versions of a particular letter. Thus the present results seem -c imply
that the probe is recognized (its identity is determnined), and [ts sensory
representation is lost, before the comparison stage begins.

The conclusion that the representations are not visual leaves a large
class of poussibilities. The terms 'name" and "verbal label™ have been
used in the foregoing to refer to these possible representations only
for convenience of exposition, and they are toc restrictive. Almost any

kind of representation based on S's previous experience with the stizulus



Naracter zight be wsed. I course, thege terms could be descriptive of
‘e altud. representation, for example, one redsonable possidility {s an
arelcglazory encoding 9! the spoken name of the character. Eut the repre-

entation could lnatead Ve a non-verbdal ahstraction or congept. The
cre ent da%s require only that the representations of upper and lover case
verilons 0f the same letter be sufficlently similar to sccount for the
interterence found in the Physical ldentity Condition.

The distinction Letween visuasl and non-visual representations s an
I=portant one. If scanning were based on truly visual representations,
then he comparison stage could be considered as ¢ mechinism for pattern
recognition. 5ince Ss reported rehearsing the namses of the positive set
items, the use of visual representations for comparison would imply that
visual representations of the positive get [tems were held along with
thelr names In STM. A match between a visual representation of the probe
4nd a corregponding representation of some member of the pocitive set could
then result In activation of [ts assoclated name, and recognition (or
Identitication) of the prodbe would be achieved. But the present results
indicate that recognition of the probe is achieved before the comparison
ivrocess begins. Hence the high-speed scanning process smust be viewed as
a mechanism for the oxamination of recoded (verbal or conceptual) infor-

mation in STM.



APFEEDIX

INGTMUCT IONS TO SURIECTS

Leteral lnstrectlces

This experinent {5 designed to test 3 thesry about nemery. | will
enplain more about {t 4fter you lave served 45 a 3ubhfect (! yOos are ,0-
terested, but for mow pledse just ileten carelully o tte rections.

Your task [s very sisple. On each trial 3 shert 102 of letters wiil
Yo Clsplayed on the upper part of the coreen !n fromt of you. The llst
wiy conlain only one letter, or 43 nany s five. Ihe firs: one will be
displayed on the left side 0f the screen, e seccnd ofw %0 the right of
the first one, and g0 on. After the complete 1ist has Seen dlicnlayed,
there will be & short delay, and a rectangle will ajpear !n the center
of the screen. About one second later, a test letter will appear [n the
rectangle. Your task i3 sisply toc indicate whether that letter was one
of the letters in the list presented at the beginning of the trial. Iif
the letter xas in the list, respond "yes™ by precsing the right rey (n
front of you “ith your right forefinger. If the letter was not in the
list, respond "no™ by pressing the left key with your left forefinger.
Between trials please keep your forefingers resting lightly on the keys
0 you can respond as quickly as possible.

As you can see, the task {s easy and you should e able 0 respond
correctly or. almost every trial. It is important tha: you do so. 1
want you to respond as quickly as you can while maintaining a high level
of accuracy. Try to be fast, but don't try so hard that you make

unnecessary errors.

u9



Ly 2% ¢ <t ca bt *rlal, ater your resgpomie, the word “correst” or
Tett t7 eli. i et e Lower lef? cutmer 0f the scteen, [mtlcatieg
. ] . (e )i -y Tl ,

- Bl b onder tu grecent o [rom Beling Lletrected by
o Pale (et | watt you 10 wedl these earyhotes. [0 TRem so
wiild ar 3 2312 Niasing soumd WA ich R o3ld cover up sty Slstractiing eolses,
ot os2ficlon, | o [nterrept hw Bissaleg sound and tald 0 you Through them
1o *he malt Pogt il you went o say somethisg %0 ®me, YOu can &0 5O by

.

300 rerning your hesd and spestiog Sirectiy at this [atercom,

PN 3 -
t Care Cootrol Group 'ubjects Only

i dee

Nia firse block of triale s for wvarn-up and practice. ALl of the
et ters pue dee will Ye lower case. Iry to de qulck but without maning
ertuts. Aty queations?

wer Cage Control Group Sublects Only

ihis first Llock of trials s for warm-up and practice. All of the
letters yod see will b~ upper case. Try %0 de quick but without mating
crrors. Any questions?

Before pier Case Control Conditfon Elocks

Ffor the nex® two dlocke of trials, ell of the letters you see will
be upser case. Flease be accurate, but be quick,

Betore Lower Case Control Condition Blocks

For the next two biocks of trials, all of the letters you see will
te lower Lase. [lease be accurate, but be quick.

Bofore hysical Z;i_c!v_’.i'.'.' Condition Blocks

Far the nex: 2wo blocks of trials, some of the letters {n the 1list

«iil e upper case and some lower case. The case s isrortant. You are
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to recpond “yes” oaly If the test letter i{c exactly the sazme as a& letter In

the llst, [or example, {{ an upper cese "A™ {3 {n the lis:, and the test
letter [s a lover case "a%, the correct response (s "no™, the left hey.
{s that clear?

befare Name Idemtity Condition Blochks

Tor the next tvo blocks of trials, conditions will change & little.
¥hen the List s presented, both the upper end lover case of each letter
in the list will appesr. The lower case will be right belov the upper case,
ant both will come on 4t the sstie time. The test letter may be either
ufper or lower case, dut it doesn’: matter. The case of the test letter
is irrelevant. You are to respond "yes” 1f that lelter was {n the list,

Is that clear?



REFERENCES

Atkinson, R. C., & Shiffrin, R. M. Human memory: A proposed system and

its control processes. In K. W. Spence and J. T. Spence (Eds.),

The psychology of learning and motivation: Advances in research

and theory. Vol. 2. New York: Academic Press, 1968.
Bower, G. H. Notes on a descriptive theory of memory. In D. P. Kimble

(Ed.), Learning, remembering, and forgetting. Vol. II. New York:

New York Academy of Sciences, 1967.
Bracey, G. W. Two operations in character recognition: A partial replication.

Perception and Psychophysics, 1969, 6, 357-360.

Briggs, G. E. Personal communication, 1970.
Briggs, G. E., § Blaha, J. Memory retrieval and central comparison times

in information processing. Journal of Experimental Psychology, 1969,

79, 395-402.
Chase, W. G., & Calfee, R. C. Modality and similarity effects in short-

term recognition memory. Journal of Experimental Psychology, 1969,

81, 510-51k4.

Chase, W. G., & Posner, M. I. The effect of auditory and visual confus-
ability on visual and memory search tasks. Paper read at Midwestern
Psychological Association, Chicago, May, 1965.

Conrad, R. Acoustic confusions in immediate memory. British Journal of

Pszchologx, l9e4, 55, 75-84.

Corballis, M. C. Serial order in recognition and recall. Journal of

Psychology, 1967, 74, 99-10S5.

52



53

Crowder, R. G. Short-term memory for words with a perceptual-motor

interpolated activity. Journal of Verbal Learning and Verbal Behavior,

1967, 6, 753-7¢1.
DeRosa, D. V., & Morin, R. E. Recognition reaction time for digits in

consecutive and nonconsecutive memorized sets. Journal of Experimental

Psychology, 1970, 83, 472-479.

Donders, F. C. Over de snelheid van psychische processen. Onderzoekingen
gedaan in het Physiologisch Laboratorium der Utrechtsche Hoogeschool,
1868-1869, Tweede reeks, II, 92-120. Transl. by W. G. Koster in

W. G. Koster (Ed.), Attention and performance II. Amsterdam:

North-Holland, 1969,

Egeth, H. Selective attention. Psychological Bulletin, 1967, 67, 41-57.

Koster, W. G. (Ed.) Attention and performance II. Amsterdam: North-

Holland, 1969.

Landauer, T. K. Rate of implicit speech. Perceptual and Motor Skills,

1962, 15, 646.
Martin, E. Formation of concepts. In B. Kleinmuntz (Ed.), Concept

attainment and the structure of memory. New York: Wiley, 1967.

Morin, R. E., DeRosa, D. V., § Stultz, V. Recognition memory and reaction

time. In A. F. Sanders (Ed.), Attention and performance. Amsterdam:

North-Holland, 1967.
Morin, R. E., DeRosa, D. V., § Ulm, R. Short-term recognition memory for

spatially isolated items. Psychonomic Science, 1967, 9, 617-618.




Sy

Posner, M. I. Abstraction and the process of recognition. In J. T. Spence

& G. H. Bower (Eds.), Advances iﬂ learning and motivation. New York:

Academic Press, 1969.
Posner, M. I., Boies, S. J., Eichelman, W. H., & Taylor, R. L. Retention

of visuzl and name codes of single letters. Journal of Experimental

Psychology Monograph, 1969, 79 (No. 1, Part 2).

Posner, M. I., & Keele, S. W. Decay of visual information from a single
letter. Science, 1967, 158, 137-139.
Posner, M. I., & Rossman, E. Effect of size and location of informational

transforms upon short-term retention. Journal of Experimental Psychology,

1965, 70, 496-505.
Posner, M. I., & Taylor, R, L. The subtractive method applied to separation
of visual and name components in multi-letter arrays. In W. G. Koster

(Ed.), Attention and performance II. Amsterdam: North-Holland, 1969.

Smith, M. Theories of the psychological refractory period. Psychological

Bulletin, 1967, 67, 202-213.

Sperling, G. The information available in brief visual presentations.

Psychological Monographs, 1960, 74, (11, Whole No. u498).
Sperling, G. Successive approximations to a model for short-term memory.

In A. F. Sanders (Ed.), Attention and performance. Amsterdam: North-

Holland, 1967.
Sternberg, S. High-speed scanning in human memory. Science, 1966, 153,

652-654.,



SS

Sternberg, S. Two operations in character-recognition: Some evidence

from reaction-time measurements. Perception and Psychophysics, 1967,

2, 45-53.
Sternberg, S. Memory-scanning: Mental processes revealed by reaction-

time experiments. American Scientist, 1969, 57, 421-457. (a)

Sternberg, S. The discovery of processing stages: Extensions of Donders'

method. In W. G. Koster (Ed.), Attention and performance II.

Amsterdam: North-Holland, 1969. (b)
Swanson, J. M., & Briggs, G. E. Information processing as a function of

speed versus accuracy. Journal of Experimental Psychology, 1962, 81,

223-2249.
Taylor, R. L. Comparison of short-term memory and visual sensory analysis

as sources of information. Journal of Experimental Psychology, 1969,

81, 515-522.
Tversky, B. Pictorial and verbal encoding in a short-term memory task.

Perception and Psychophysics, 1969, 6, 225-233.

Waugh, N. C., & Norman, D. A. Primary memory. Psychological Review, 1965,

72, 89-104.
Wickelgren, W. A. Auditory or articulatory coding in verbal short-term

memory. Psycholgoical Review, 1969, 76, 232-235,




— 1osi lod
L) A R ‘ W W A  —— e - La . N o o
UCCUMENT CORTREOL CAVA-RGLD . : ';
L & L __;}-..-“,—’: &lo= 0 08 00°%h & Iy (-l- ferfe g ard andsang wenotaticn raust Lo entered when s et report Bs el oo ifiefy g
) SRE U0 otliE B0 404 @ o @0 goo o W - JooTRE Gt SF QUL 1T CLASIFICs 11D
Vnivescity of Michigee, Hunan Fevformance Center l UNCLASSIFIED
Bepevioont of Peyehology Fa.enoup o T
t Ann AL hoy . #micpicosn . !

]

S, 1

PR OGRTY 1T

THE REPRUSINTANLON Q@ THY STYMULUS TN CHARACTIR CLASSIFICATION

A DY eCEOTe L wRTEL(Type ol poport ardd jeclusive drtes)

Scientific Interin

S AU THOHES oot pame, .mu.‘dlr-.r‘vri':} V-I..u?l-n-':m»)

Blake L. Vattewbarger

Auhu t 1970 55 plus viii 35

!

1O IS IRIE l“,'!-"1I‘T RN

C. REBRORT DAYTE ]7!'. TOTAL NO. CF PAGES 7h. NG. OF REFS
t
'

Fe TONTRACT o7 cRANT RO ATLG(G38)I 736 (ARTA ) 197 CRGINA (OR'S RGPORT NUMBERIE)
Lot kosecT na. 461 —’m

«. £§1101D CF. OTHLK REPORT NOIS) (Any other tmbers (hit may oo foslgred
this repost)
nT 9 . - 3 -
a. 631313 o 'AEOSI-'\' 3 1_!_- n e

1. This document has been approved for public release and sale; ite distiibutiog
ic unlimiced.

4

U1 R LIT RN AR HOTES TAEST5 12, 3HGORORING L1 ARY ACTINITY - 1
University of Michigan, Duman Perforrance | Air lorece Office of Scientific Research
Center, Dzpartment of Psychology, Ann Arbo:, 1400 Wilscn Doulevard (NL)
Michigan . Arlington, Virginia 22209

- ———

13, ACSTRACT

*In the characieor classification task, the S is required to press one of two
re songe keys to indicate whether or not the stimulus character iz a member of &
previocusly memorized set of characters. Reaction time (RT) in thic task has heen
found to bt a linear incrcasing function of the number of characters in the
memorized set. It has been inferred from this result that part of the RT is
ozcupied by a serial comparison stage in which an internal representation of the
stimulus is compared with similar representations of the memorized characters.

The present study was designed to determine the nature of the representations
that are compared. Upper and lower case letters were-.used as stimuli. Tn the
‘Prhiwsical '”;wtztg Cendition, § was required to respand on the bawie af physical
identity of the stimalus with a member of the momorwznd set; i.e., 5 gave the
regativeoresponse unless the stimulus matched in both name and case “with a member
of the wemeavized set, Tn the Name Tdentity Canditien, S's reszponse uas based
o name ideniity only; cace was irrelevant. Jn the Control Cunjlt¢on all of the
letters vore Lhe same ciage

Performancs in the !amn Idontlty Condition was essentially the same as in the
Control Ccendition. In the Phys JCdl Identity Condition, the rate of the s “iaJ
search was substantially slower. These results indicate that Ss (vpically use a
recoded represeriation of the stimulus (a namc, verbal label, or cther abstruction)
rather than a puarely sensory image for ihe coemparison stage.
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Character classification
Memory search

Encoding in wemory
Physical identity match
Name identity match
Visual image
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