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The category effect in visual
detection and partial report
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The category effect refers to the more efficient processing of a multi-item array that can occur
when some of the items are known to be from an irrelevant category, such as letters instead of
digits. Previous research has found category effects in visual search, visual detection, and partial
report tasks. The present experiments investigated the category effect in a task that combined
elements of both visual detection and partial report. Experiment 1 found a strong category effect
when there was only one item in the relevant category; Experiment 2 found no effect at all when
there were three items in the relevant category. The results are discussed in terms of two com
mon accounts of the category effect: partial analysis and parallel categorization.

A multi-item visual display can often be processed more
efficiently when some of the items are known to belong
to an irrelevant category, such as letters instead of digits.
This "category effect" has been found in visual search
(Egeth, Jonides, & Wall, 1972), in visual detection (Dun
can, 1980; Schneider & Shiffrin, 1977), and in partial
report (Duncan, 1983; Merikle, 1980; von Wright, 1972).
At least two kinds of explanations of the category effect
have been proposed: the partial analysis model and the
parallel-categorization model. The present work inves
tigates these explanations with a new paradigm developed
by Di Lollo and Moscovitch (1983) which combines as
pects of visual detection and partial report. The results
pose some additional constraints on how these accounts
might operate.

In visual search tasks, subjects are timed while they
search for a target in an array of items. Usually, response
time increases linearly with the number of nontarget, or
distractor, items (e.g., Nickerson, 1966). A common in
terpretation is that subjects serially consider each item in
the array to decide whether it is a target item, and that
each additional distractor item in the array adds to the total
response time (cf. Atkinson, Holmgren, & Juola, 1969).
However, Egethet al. (1972) reported that, after prac
tice, the time to find a digit in an array of letters was un
affected by the number of letters. Although a small ef
fect of the number of distractors has been found in other
studies, there is little doubt that the search for a digit is
faster among letters than it is among other digits (e.g.,
Brand, 1971; Egeth, Atkinson, Gilmore, & Marcus, 1973;
Gleitman & Jonides, 1978; Taylor, 1978). Moreover, the
effect has been found even when target and distractors
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are matched for similarity in visual features (Ingling,
1972; Jonides & Gleitman, 1972; but see Krueger, 1984).

A similar finding occurs in visual detection tasks. In
this case, subjects are asked to detect the presence of a
target item in a briefly presented array of items. The usual
finding is that accuracy decreases as the number of dis
tractor items in the display increases (e.g., Estes & Tay
lor, 1966). (This result is limited to the case in which the
distractor items are visually confusable with the targets;
for instance, very little difference is found when the tar
gets are letters and the distractors are solid rectangles;
Estes, 1972.) A category effect in visual detection analo
gous to that in visual search has been demonstrated by
Schneider and Shiffrin (1977), Duncan (1980), and others.
When subjects were asked to detect the presence or ab
sence of a digit in a display of letters, relatively little ef
fect of the number of items presented is found.

This result does not seem to depend on the use oflet
ters and digits. For instance, Shiffrin and Schneider (1977)
divided a set of letters into a target set and a distractor
set. After a great deal of practice with the items, a kind
of category effect emerged: Subjects could easily detect
a target regardless of the number of distractors present.
This suggests that the category effect is not limited to digit
and letter categories, but can occur whenever the targets
and the distractors come from distinct, well-learned cate
gories.

The third domain in which a category effect has been
found is the partial-report task developed by Sperling
(1960). In this task, subjects view a brief display, and must
report several items identified by a subsequent cue. Per
formance is typically compared with that in a whole-report
condition in which all of the items in the array are to be
reported. When the cue specifies the items to be reported
in terms of their location or color, partial report has a
considerable advantage over whole report. A category ef
fect in this task would consist of a similar partial-report
advantage when the cue indicated that only digits or let
ters were to be reported. It would show that more infor-
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mation was retained when only one category was relevant.
Although early research failed to find this category ef
fect (Sperling, 1960; von Wright, 1968), later research
did find some advantage for category cues (Dick, 1969;
Duncan, 1983; Merikle, 1980; von Wright, 1972).

A number of reasons have been suggested for the failure
to find a category effect in the earlier partial-report ex
periments. These include the form of the visual display
(Merikle, 1980), uncertainty about the nature of the cues
(Dick, 1971), and the number of cued items (Duncan,
1983). Perhaps the most important variable is whether
subjects know the relevant category prior to display onset.
For instance, von Wright (1972) apparently found a small
category effect when the cue preceded the display, but
none when the cue followed the display. Moreover, a
similar result is found in visual search. In that task as
well, a category effect is found only when subjects have
prior knowledge of the relevant category (Gleitman &
Jonides, 1978; Taylor, 1978). It appears that subjects re
quire a certain amount of time to get ready, or prepare,
for a particular category, and that without it they cannot
take advantage of the category distinction (cf. Brown,
1960).

At least two kinds of explanations have been proposed
for the category effect. The first might be called a "par
tial analysis" explanation (Gleitman & Jonides, 1976).
It proposes that the category of an item can be easily dis
tinguished on the basis of some collection of visual fea
tures, and that a partial analysis can isolate the relevant
category items before any further processing is required.
Thus, when all of the targets are in one category and the
distractors in another, subsequent processing can be de
voted solely to those items in the target category. The
category effect occurs because the distractor items gener
ally do not have to be fully processed.

A number of researchers have found a category effect
even after controlling for the more obvious feature differ
ences between targets and distractors (Ingling, 1972; Jo
nides & Gleitman, 1972; Shiffrin & Schneider, 1977).
With such control, categorization must be based not on
only one or two features, but on a collection of features.
The partial-analysis explanation assumes that even if sev
eral features must be used to categorize an item, the pro
cess would still be faster than a complete analysis of the
item. The assumption is that it would be more efficient
to categorize an item first, and then to complete the iden
tification only if it is in the relevant category, than it would
be to identify all of the items regardless of category.

The second explanation can be called the "parallel
categorization" account. It assumes that all items in a dis
play are identified and categorized in parallel without the
use of any processing capacity (Duncan, 1980; Gardner,
1973). Subsequent operations, such as memory rehearsal
or item comparisons, would require processing capacity
and would normally limit performance. But when target
and distractor items belong to different categories, these
limitations could be avoided by selectively attending only
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to items in the relevant category. That is, since items are
categorized in parallel prior to any capacity-limited pro
cessing, information about category can be used to direct
subsequent processing. When all targets belong to the
same category, the irrelevant category items can be ef
fectively ignored. Thus, search time and detection ac
curacy should be unaffected by the number of items in
the irrelevant category.

The present work provides some additional constraints
on these two classes of explanations. Although the data
do not conclusively rule out either one, both of the simple
versions outlined above have to be modified to accom
modate the results from the present task. Subjects were
shown two brief displays separated by a variable stimulus
onset asynchrony (SOA). One display was the stimulus
array, and the other was the target item. The subjects'
task was to decide whether the target item was one of the
items in the stimulus array. The stimulus-onsetasynchrony
between the array and the target could be (1) negative,
in which case the target preceded the array, (2) positive,
in which case the target followed the array, or (3) zero,
in which case the target and array were simultaneous.
Similar tasks have been used by Di Lollo and his col
leagues (Di Lollo, Lowe, & Scott, 1974; Di Lollo &
Moscovitch, 1983) and by Townsend (1973).

When the target follows the array, the task is essen
tially a partial-report task in which subjects report on the
basis of item identity. On the other hand, when the target
precedes the array, the task becomes a visual detection
task in which subjects look for a particular item in the
array. A category effect in this task would be demon
strated if performance improved when some of the dis
tractors were from an irrelevant category. In Experi
ment 1, a condition in which both the target and the array
were digits was compared with one in which all but one
of the array items were letters. As indicated above, a crit
ical factor in whether a category effect is found seems
to be whether subjects know the relevant category before
seeing the display. Accordingly, the subjects were told
that the targets in both conditions would be digits.

EXPERIMENT 1

Method
Each trial consisted of two brief displays separated by a variable

stimulus-onset asynchrony (SOA). One display was the stimulus
array, which consisted of a row of seven alphanumeric characters.
The other display was the target item. The subject's task was to
decide whether the target character matched one of the seven charac
ters in the array, and to press either a "present" or "absent"
response button. SOA varied from -600 rnsec to +700 msec. By
convention, a negative SOA indicates a trial in which the target
preceded the stimulus array and a positive SOA indicates a trial
in which the target followed the array. At 0 SOA, the two displays
were shown simultaneously. Experiment I had two conditions. In
the digits-only condition, the stimulus array consistedof seven differ
ent digits excluding 0 and I. In the digit-plus-letters condition, the
array consisted of only one digit and six different capital consonants
excluding Nand W. In both conditions, the target item was always
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Figure 1. A' for the two conditions in Experiment 1 as a function
of stimulus-onset asynchrony.
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Discussion
The two important findings of Experiment 1 were a

category effect at both positive and negative SOAs, and
a much larger category effect with positive SOAs. These
two results are discussed in tum.

The first finding replicates the category effect found in
visual detection and partial-report experiments. In the

the two [F(7,49) = 5.19, P < .001]. In addition, the ef
fect of SOA interacted with "present" versus "absent"
trials [F(7,49) ::= 3.84, p < .005]. As can be seen in Fig
ure 2, the principal cause of the interaction was that the
number of correct "absent" responses decreased sharply
at SOAs of 100 and 200 msec before recovering at longer
SOAs, especially in the digits-only condition. In other
words, at short positive SOAs, there were many false
alarms in which subjects incorrectly reported the target
as being in the array.

Serial position effects were assessed on "present"
trials. Table 1 shows a W-shaped serial position curve
in which performance was best at the ends and in the mid
dle. The difference across serial positions was significant
[F(6,42) = 3.18, P < .05], as was a contrast comparing
the middle and end positions with the other four [F(1,7) =
17.83, P < .001]. However, there was no interaction
with condition or with SOA.

Results
A' measures at each SOA and for each condition are

shown in Figure 1. The digit-plus-letters condition had
significantly better performance than the digits-only con
dition [F(I,7) = 69.92, P < .001]. There was also a sig
nificant effect of SOA, such that performance was worse
with positive SOAs than with negative, and worst of all
at +100 msec [F(7,49) = 16.46, P < .001]. The effect
of condition was much larger with positive SOAs (target
following the array) than with negative SOAs [target pre
ceding the array, F(7,49) = 4.85, P < .005].

Figure 2 shows the percent correct for "present" trials
(in which the target was in the array) and "absent" trials
(in which the target was not in the array). In general, the
results mirrored the A' analysis: There was an effect of
condition [F(I,7) = 79.57,p < .001], an effect of SOA
[F(7,49) = 17.76, P < .001], and an interaction between

a digit; on "present" trials, it matched an item in the array and
on "absent" trials it did not.

The procedure on each trial was as follows. When the computer
was ready to start a trial, it displayed a fixation pattern consisting
of four dots at the corners of an imaginary rectangle. The subjects
initiated each trial by pressing the two response buttons simulta
neously. After 500 msec, the first display was shown; the second
display followed at the appropriate SOA. The fixation pattern re
mained on the screen until 250 msec after the second display. Be
tween trials, the screen was blank for a variable interval ranging
from 200 to 500 msec. No feedback was given.

The stimuli were shown on a 30-cm black-and-white video mon
itor at a distance of about 70 ern. At that distance, characters sub
tended 0.4 0 of horizontal visual angle. The array was centered on
the screen, and the target item was 0.9 0 above it. The four dots
in the fixation pattern surrounded the target and array positions.
Subjects were run in a semi-illuminated room with a space-average
luminance of about 9 cd/m" The monitor was adjusted so that
the characters were displayed at near-maximum contrast against a
dark background [100 x (Lmax-Lmin)/(Lmax+Lmin) = 95%
contrast]. The space-average luminance of the characters was about
40 cd/m", Both the target and the array were shown for a single
video raster scan (i.e., they were presented for a nominal duration
of 16.7 msec). The displays were controlled by an Apple II micro
computer system, which also recorded subjects' responses. The
characters were presented in the standard font generated by the
Apple's video driver.

Both SOA and condition were blocked. Half of the subjects had
10 digits-only blocks followed by 10 digit-plus-letters blocks, and
the other half had the reverse order. Each condition began with two
blocks of practice, one at SOQ-msec SOAand the other at -400-rnsec
SOA, followed by eight blocks with SOAs of -600, -200, -100,
0, 100, 200, 300, and 700. The order of these eight blocks was
balanced across subjects. Each block began with 10 practice trials
followed by 50 test trials divided equally between "present" and
"absent" trials. A session lasted about 100 min. The subjects were
8 undergraduates at the University of Alberta fulfilling course re
quirements.

The principal analysis was conducted on a nonparametric mea
sure of sensitivity, A' , calculated for each subject, condition, and
SOA (Grier, 1971; Pollack & Norman, 1964). A' can be interpreted
as the area under the receiver operating characteristic, and is equiva
lent to the proportion correct that would result in a two-alternative
forced-choice paradigm (Green & Swets, 1966). However, it might
be argued that the assumptions of the theory of signal detection are
not valid in this task. Consequently, subsidiary analyses were also
conducted using the raw response probabilities.
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Serial Position Percent Accuracy

one's memory for other items in the display (Dick, 1971).
In Experiment 1, this problem is eliminated by requiring
subjects to make only a single yes/no response. Output
interference in the more traditional partial-report task was
also addressed by Duncan (1983). He used a mask to de
crease accuracy to one or two items. The reasoning was
that if only one or two items were reported, little output
interference could occur. However, it is possible that in
terference was still present; the number of items reported
may have been low because of the combined effects of
output interference and the degradation caused by the
mask. Thus, output interference might have been present
even when only one or two items were reported.

A second advantage is that the two conditions are un
ambiguously comparable. In the traditional partial-report
task (e.g., Sperling, 1960), different cues are used on
different trials in the partial-report condition, but no cues
are used in the whole-report condition. Because of this
difference, subjects may use different strategies in the two
conditions. Dick (1971) ensured that subjects used the
same strategy in both conditions by mixing partial- and
whole-report trials within a block of trials. However, von
Wright (1972) argues that this biases subjects against using
a strategy that would lead to a partial-report advantage.
In the present task, the target functions as a type of partial
report cue, since it indicates which item should be reported
(ct. Townsend, 1973). However, the nature of this "cue"
was precisely the same in the digit-plus-letters and digits
only conditions. In addition, the qualitative similarity in
the results for the two conditions suggests that there were
no strategic differences between them. Thus, the two con
ditions are clearly comparable.

The second major finding of Experiment 1 was that the
category effect for partial report was much larger than
that for visual detection. The two kinds of effects are
directly comparable in the present task, because the same
kind of response was required; only the temporal param
eters of the display were changed. It might be argued that
the smaller category effect found with negative SOAs was
due to a ceiling effect: Because sensitivity was fairly high
with negative SOAs even in the digits-only condition,
there may not have been much room for improvement.
However, a close inspection of Figure 1 fails to support
such an interpretation. A' dropped considerably from
-600-msec SOA to -100-msec SOA, but the size of the
category effect was almost precisely the same at -600
and -100 msec. If a ceiling effect were involved, one
would expect the size of the effect to increase as sensi
tivity dropped further from the ceiling. In addition, the
increase in the category effect from 0 to 700 msec was
entirely due to an increase in A' for the digit-plus-letters
condition. Again, this would not be expected if the digit
plus-letters condition were subject to a ceiling effect. In
sum, the interaction between the category effect and SOA
does not seem to be due to any simple scaling artifacts.

Both the partial-analysis hypothesis and the parallel
categorization hypothesis can be elaborated to account for
this interaction without too much difficulty. The partial-
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Figure 2. Percent accuracy for "present" and "absent" trials in
Experiment 1 as a function of stimulus-onset asynchrony.

80

negative SOA portion of the curve, where the target item
precedes the array, the results demonstrate the same kind
of effect found by Duncan (1980), Schneider and Shiffrin
(1977), and others. That is, people have less difficulty
detecting a particular digit among letters than among other
digits. On positive-SOA trials, where the target follows
the array, the results show dramatically that a category
effect does occur in partial-report tasks. Although this
result has been obtained previously (e.g., Duncan, 1983;
Merikle, 1980; von Wright, 1972), the present demon
stration offers two advantages over at least some of the
earlier experiments.

The first is that the present paradigm minimizes output
interference. One limit on performance in partial-report
tasks is that reporting the first few items interferes with
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analysis account of the category effect might suggest that
the perceptual processing required to detect a particular
target is more limited than that required to identify and
remember items in an array. In detection, each distractor
item in the array must be analyzed only up to the point
at which a mismatch with the target is found; for instance,
only a single disconfirmatory feature may be required.
However, when the array items have to be remembered,
each item must be fully processed so that the identity of
the item can be found and rehearsed in memory.

This difference in processing would lead to the obtained
interaction. In the digit-plus-letters condition, the target
item is distinguished by a particular category. Thus, when
the target precedes the array, distractors can be dismissed
either when they do not match the target or when they
are found to be in the irrelevant category, whichever is
detected first. Presumably, this takes less time than de
tecting only target mismatches (as would be the case in
the digits-only condition). However, because the process
ing of each distractor item is already minimal, the advan
tage may not be great.

A larger advantage would occur when the target fol
lows the array. In the digit-plus-letters condition, only one
of the items has to be completely processed, and the rest
can be rejected as irrelevant after only a partial analysis.
But in the digits-only condition, all of the items must be
fully processed and remembered. Assuming the partial
analysis is substantially faster than this complete identity
analysis, a large category effect would be found. In other
words, the category effect may be much larger when the
target follows the array because more savings can be had
by rejecting irrelevant items.

The parallel-eategorization explanation also explains the
interaction by appealing to differences in processing with
positive and negative SOAs. However, there is less direct
interaction with the category effect mechanism. In both
halves of the curve, the items are categorized in parallel,
and in the digit-plus-letters condition, only a single item
is selected for further processing. On the negative SOA
trials, the category effect occurs because comparing a sin
gle item with the target item is easier than comparing
seven items with the target. The difference in accuracy
is due to the extra processing needed to compare six ad
ditional items in the digits-only condition. On positive
SOA trials, the category effect occurs because remem
bering one item is easier than remembering seven. Thus,
the category effect for positive SOAs is due to remem
bering six additional items, whereas the effect for nega
tive SOAs is due to comparing six additional items. If it
is assumed that the memory processes used on positive
SOA trials are more difficult than the comparison opera
tions used on negative SOA trials, the obtained interaction
is predicted.

A striking feature of the results is the dip in sensitivity
at an SOA of 100. Similar effects were also found by
Dixon (in press-a, in press-b) and Di Lollo and
Moscovitch (1983). Di Lollo and Moscovitch argued that
the dip in accuracy was probably not due to visual mask-

ing of the array by the target, since the effect occurred
with larger temporal and spatial separations than has
usually been found in masking studies. Instead, they pro
posed an explanation in terms of processing interference:
When the target item is presented at a critical point dur
ing the processing of the array, the target and the array
may compete for processing resources and interference
may occur. This account is analogous to interference the
ories of visual masking (e.g., Turvey, 1973), except that
the interference is presumed to occur at a higher level.
In any event, the interference seems to be independent
of the category effect, in that both conditions show a simi
lar dip in sensitivity.

Another possible account of the dip in sensitivity at short
SOAs is that the array masks or interferes with the target
item, and that subjects sometimes fail to identify the tar
get correctly. This hypothesis does not conform to sub
jects' introspections; they generally report that the target
is almost always clear and easily perceived. However, to
check this possibility, three additional subjects were run
in the digits-only condition. These subjects were instructed
to write down the target digit after they had made their
"present"I "absent" response. The pattern of A' results
(shown in Table 2) was similar to the patterns obtained
in Experiment 1. Nevertheless, when identifying the tar
get, none of the three subjects made more than a single
error. Thus, the errors shown in Table 2 occurred be
cause subjects could not decide whether the target was
in the array, not because they failed to identify the target
in the first place.

EXPERIMENT 2

It is puzzling that a category effect of the magnitude
found in the present task was not evident in the early work
on the partial-report task. As pointed out above, problems
with output interference and comparability of the partial
and whole-report conditions may have reduced the cate
gory effect. However, another possibility has been sug
gested by several researchers: The failure to find a cate
gory effect may be related to the number of items in the
relevant category. For instance, Duncan (1980, 1983)pro
posed that items must pass through a limited-capacity
system after being identified, and that this system can ef
fectively deal with only one item at a time. Thus, perfor
mance in a partial-report condition will decline when there
is more than one relevant item. In the same spirit is the

Table 2
A' in Target Report Experiment

Stimulus-Onset
Asynchrony (msec) A'

-600 .937
-200 .838
-100 .886

o .817
100 .~6

200 .711
300 .781
700 .811



suggestion made by Shiffrin and Schneider (1977) that
attentionwould be drawn to items in the relevant category,
but that with many items the demands on attention would
conflictand cancel each other out. Experiment 2 attempted
to test the hypothesis that the category effect depends on
the number of items in the relevant category.

Francolini and Egeth (1979) investigated this hypothe
sis in a visual search task. They required subjects to search
an array for a particular digit, and measured response time
as a function of the number of letter distractors in the
array. They compared three conditions in which there
were one, two, or three digits in the array in addition to
the letter distractors. They found no differences among
these conditions, apparently disconfirming the hypothe
sis that it is the number of items in the target's category
that determines whether a category effect occurs. How
ever, this result is difficult to interpret, because Francolini
and Egeth did not find a category effect in any of the con
ditions. In visual search, the category effect is the find
ing that the number of distractors has a much smaller ef
fect when the target and distractors come from different
categories. Francolini and Egeth found the same small ef
fect of the number of letter distractors with digit targets
and letter targets, and failed to find a category effect even
when there was only a single array item from the rele
vant category. Thus, the hypothesis was not tested under
conditions that produce a clear category effect.

Duncan (1983) tested the hypothesis by varying the
number of relevant items in a partial-report task. In one
condition, the array consisted of one digit and five let
ters; in another condition, it consisted of three digits and
three letters. Performance in a partial-report condition (in
which subjects reported only digits) was compared with
that in a whole-report condition (in which all items were
reported). Consistent with the hypothesis that the num
ber of relevant items is critical, Duncan found a substan
tial partial-report advantage with one relevant item, but
a much smaller advantage with three relevant items.

Experiment 2 attempted to replicate this result using the
target-array task from Experiment 1. The effects of num
ber of relevant items could then be considered in both par
tial report and visual detection. Experiment 2 used the
same task and stimuli as Experiment 1, but there were
three items in the relevant category instead of one. If the
category effect is unrelated to the number of relevant
items, the category effect should be obtained here just as
in Experiment 1. On the other hand, if it depends criti
cally on there being only a single relevant item, no cate
gory effect should be obtained.

A very similar experiment was performed by Di Lollo
and Moscovitch (1983). Their stimulus array contained
six items, and in one condition half of the items were
letters and half were digits. Subjects knew in advance
whether the target was to be a letter or a digit. They found
a consistent advantage for the letter/digit arrays relative
to arrays of all letters or all digits. However, their ex
periment may not have been a fair test of the category
effect, because the items in a particular category were
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always grouped together (e.g., "XMT435"). Thus, after
identifying one item, the subjects would have been able
to decide whether the left or right side of the display con
tained the target and to attend to that side alone. In a sense,
the advantage for mixed letter and digit arrays found by
Di Lollo and Moscovitch may have been due to selective
attention to location rather than category. In the present
task, the items in the two categories were randomly inter
mixed to avoid this possibility.

Method
The apparatus and procedure were identical to those in Experi

ment 1. There were two stimulus conditions: letters only and let
ters plus digits. The letters-only condition was similar to the digits
only condition of Experiment 1; the stimulus array contained seven
different letters from the set of consonants excluding N and W. The
letters-plus-digits condition had stimulus arrays containing three let
ters and four digits in a random order. The digits were chosen from
the digits 2-9, as in Experiment 1. The target item was a letter in
both conditions.

Because of difficulty in scheduling subjects for a single long ses
sion, the subjects were run in two 50-min sessions on successive
days. Each session contained eight blocks of trials, one each using
the SOAs -600, -200, -100, 0, 100, 200, 300, and 700 msec.
Blocks of letters-only trials alternated with blocks of letters-plus
digits trials. The order in which the SOAs were run was random
in the first session. The second session used the same order of SOAs,
but began with the opposite condition, so that each SOA was run
in both conditions. Each block consisted of 10 practice trials fol
lowed by 50 test trials divided equally between "present" and "ab
sent" trials. The subjects were 8 undergraduates at the University
of Alberta fulfilling course requirements.

Results
The A' results are shown in Figure 3. As in Experi

ment 1, there was a significant effect of SOA caused by
poorer performance at positive SOAs, especially at 100
and 200 msec [F(7,49) = 28.32, P < .001]. However,
there was no difference between conditions [F(1,7) < 1]
and no interaction between condition and SOA [F(7,49)
< 1]. A 95% confidence interval for the category effect
in this experiment was estimated to be -0.026 to +0.016.
In comparison, the overall size of the category effect in
Experiment 1 was 0.134. Thus, if a category effect oc
curred in the present experiment, it is unlikely to have
been much more than l/lOth the size of that in Experi
ment 1.

Figure 4 shows the accuracies for "present" and "ab
sent" trials. There was a significant effect of SOA
[F(7,49) = 40.36, P < .00II and an interaction between
type of trial and SOA [F(7,49) = 2.22, P < .05]. As in
Experiment 1, the dip in overall accuracy at 100-200 msec
was almost entirely due to performance on "absent"
trials. However, as with the A' analysis, there was no
effect or interaction involving condition.

Discussion
The results showed no evidence of a category effect

when there were three items in the array from the rele
vant category. In conjunction with the results from Ex
periment 1, these results suggest that a category effect
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occurs only when there is a single relevant item. The
results support the hypotheses advanced by Duncan (1980,
1983) and Shiffrin and Schneider (1977) that some pro
cessing component in the task can effectively deal with
only a single item at a time.

A number of objections might be made to this conclu
sion. One is that the relevant category here was letters,
whereas the relevant category in Experiment 1 was digits.
Thus, the two experiments may not be directly compa
rable. Second, a linear array of items was used, whereas
a circular array was used in several experiments that found
a partial-report advantage (e.g., Duncan, 1983; Merikle,
1980). Thus, the null result found here may be related
in some way to the use of a linear array. In order to coun
ter these objections, Experiment 2 was replicated with a
circular array and with digits as the relevant category.
The array consisted of three digits and four letters ar
ranged at equal intervals around the perimeter of a
1.1 0 -diam circle. The target was always a digit and ap
peared in the center of the circle. Mean A' measures for
11 subjects are shown in Table 3. The pattern of results
was quite similar to that of Experiment 2. In particular,
neither the effect of condition nor the interaction of con
dition and SOA was significant. Thus, the results of Ex
periment 2 do not seem to depend on the use of letters
as a relevant category or on the use of a linear array.
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Figure 3. A' for the two conditions in Experiment 2 as a function
of stimulus-onset asynchrony.
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Figure 4. Percent accuracy for "present" and "absent" trials in
Experiment 2 as a function of stimulus-onset asynchrony.

Another possible objection is that the blocking of trials
was not carried out in the same way in Experiments 1
and 2. In the first experiment, all of the blocks for a given
condition were grouped together, whereas in the second
experiment, the two conditions alternated from block to
block. Thus, subjects in the first experiment may have
had more opportunity to practice the preparations or
strategies necessary to produce the category effect. To
counter this objection, Experiment 1 was replicated with
trials from both the digits-only and digit-plus-letters con
ditions mixed together in a block. Because subjects could
not anticipate the nature of each trial, they would be un
likely to adopt a strategy appropriate for one particular
condition. As in the previous replication, the array was
presented around the perimeter of a circle with the target
appearing at the center.

The A' results from 16 subjects are shown in Table 4.
Although the size of the category effect is somewhat
smaller thanin Experiment 1, the pattern of results is quite
similar. There was an overall difference between the
digits-only and the digit-plus-lettersconditions [F(l, 15) =
27.64, P < .001], and the effect was larger with positive
SOAs than with negative SOAs [F(7, 105) = 4.95, P <
.001]. The overall effect of SOA was also significant
[F(7,105) = 38.15, P < .001]. These results are con
sistent with those of a visual search experiment conducted
by Gleitman and Jonides (1978). They found a category



Table 3
A' in Experiment 2 Replication

Table 4
A' in Experiment 1 Replication

effect on an unexpected mixed-category trial that subjects
could not have prepared for at all. Thus, it seems unlikely
that any special strategy for mixed-category trials is
needed to produce the effect.

Neither the partial-analysis explanation nor the parallel
categorization explanation can account for the results of
Experiment 2 in the simple form described above. In the
partial-analysis explanation it was assumed that an effi
cient mechanism could consider features of each item and
dismiss most of them because they were not in the rele
vant category. Such a mechanism should be able to oper
ate regardless of the number of relevant items. When there
are three items instead of one, fewer can be dismissed
as part of the irrelevant category, and the category effect
should be smaller. But even if the effect is a great deal
smaller than that found in Experiment I, it should still
have been observable. A similar argument can be made
for the parallel-categorization explanation. If the categori
zation were perfect and the selection of the relevant items
automatic, performance with three relevant items should
be the same as with an array of only three items. This
would be considerably easier than an array of seven items
at all SOAs (Di Lollo & Moscovitch, 1983). Even if cate
gorization were not perfect, performance should still have
been better with three relevant and four irrelevant items
than with seven relevant items.

Both accounts can be modified to fit these results by
assuming that selecting the relevant items for further pro
cessing requires some effort. Thus, using category infor
mation to select only the relevant items would have a cost
as well as a benefit. When there is only one item in the
relevant category, the cost of attending to that item alone
would be small relative to the advantage of not having
to process all of the items. On the other hand, when three
of seven items are in the relevant category, the cost in
selecting and attending to all three would be correspond-
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ingly greater, but the number of items that could be ig
nored would be much smaller. Thus, the strategy of at
tending only to items in the relevant category would be
much more efficient in Experiment I than in Experi
ment 2. In the second experiment, the cost of selecting
and attending to the three relevant items may have been
so great that it was easier simply to try to operate on as
much of the array as possible, without considering item
category. In other words, the cost of selecting the items
in one category would have outweighed the advantages,
leading subjects to abandon that strategy.

The results of Experiment 2, then, suggest that both
the parallel-categorizationand the partial-analysis explana
tions of the category effect require something akin to a
selective-attention mechanism to decide which items
should be processed further. In both cases, the decision
is based on item-category information that is acquired with
a minimum of processing effort. Furthermore, although
this mechanism can operate effectively when there is only
one item to be selected, it functions much less effectively
when there are three relevants items to be selected. In fact,
the results suggest that there is no category effect at all
with three relevant items. The only difference between
the two accounts at this point is the way in which infor
mation about item category is obtained. In the partial
analysis account, it is obtained by minimal analysis of
visual features; in the parallel-categorization account, it
is obtained after items have been automatically cate
gorized.

This account suggests an alternative interpretation of
the results of Di Lollo and Moscovitch (1983). In their
Experiment 3, arrays consisting of three letters and three
digits led to much higher accuracies than did arrays of
six letters or six digits. The most important difference be
tween their study and the present one was that items in
each category were grouped together (e.g., "XMT435").
This may have allowed subjects to select out a group of
items for further processing, as found by Treisman (1982)
in visual search. Thus, even though subjects find it dif
ficult to attend separately to three different items, they
may be able to attend to a single group containing three
items.

Besides the grouping, the only other substantive differ
ence between the Di Lollo and Moscovitch (1983) dis
plays and those used here was that their characters were
about twice as large, and were displayed for 2 msec in
stead of 16.7 msec. In addition, Di Lollo and Mosco
vitch's subjects were somewhat more practiced and re
ceived more feedback. However, the category effect found
in this task is extremely robust; for example, all of the
subjects in Experiment I showed the effect. Thus, it is
unlikely that these minor differences were responsible for
the failure to find a category effect in Experiment 2.

GENERAL DISCUSSION

The experiments reported here replicated the category
effect in visual detection and partial report, and demon
strated two additional results: When other aspects of the
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tasks are equated, the category effect is larger with par
tial report than with visual detection, and when there are
three relevant items instead of one, the category effect
seems to disappear. Although both the partial-analysis ex
planation and the parallel-categorization explanation can
provide plausible accounts of these results, they both may
require the addition of an effortful selective-attention
mechanism to explain why no category effect was found
with three relevant items.

Two other explanations of the category effect should
also be discussed. The first is the "final transfer" theory
described by Duncan (1980, 1983). He divided the pro
cessing of letters and digits into a preattentive analysis
and a limited-capacity system. Items were assumed to be
fully identified at the preattentive level, but were required
to pass through the limited-capacity system one item at
a time before they became available for comparison or
report. In this model, the category effect arises because
information about item category can be used to select items
for the limited-capacity system, and so items from the ir
relevant category do not compete for the limited-capacity
system. However, the effect may be small, because cate
gory information is derived slowly or inaccurately and
is not completely effective at guiding the selection.

The principal difference between the final-transfer
theory and the parallel-categorization model is in how the
number of items in the relevant category affects perfor
mance. Duncan (1983) suggested that the category effect
should decrease as the number of relevant items increases
because more items are competing for access to the
limited-capacity system. However, there is no reason to
suspect that the category effect should disappear entirely
with several relevant items. The parallel-categorization
account developed here hypothesizes that, with three rele
vant items, subjects may make a strategic choice not to
attend to the relevant category. They presumably find a
strategy of attending to all of the items in the display more
efficient. (This leaves open the possibility that under some
circumstances subjects may find it more efficient to at
tend to the three relevant items; the choice of strategy may
depend on the discriminability of the items, the number
of distractors, and the level of practice.) In the present
results, a choice between the two models rests on the ques
tion of whether the data in Figure 3 actually represent no
category effect, or whether there was a small difference
that could not be detected statistically. A definitive an
swer to this question must await further research.

Another explanation of the category effect was sug
gested by Deutsch (1977) and elaborated by Taylor (1978)
and Kahneman and Treisman (1983). The proposal is that
when subjects expect a target in a particular category, de
tectors in the relevant category are primed or facilitated,
and those in the irrelevant category are inhibited. Thus,
when-a target is presented in the context of irrelevant
category distractors, the target item will be identified
much more quickly than the distractors. There would be

no advantage when the distractors were also in the rele
vant category, since they would be subject to the same
priming as the target.

One interpretation of this account is that priming a par
ticular category simply changes the bias to make a re
sponse to items in that category. On this interpretation,
priming should lead to an increase in false alarms to dis
tractors in the same category. This result was found by
Gleitman and Jonides (1976) in a visual search task, but
Duncan (1980) showed that a change in bias could not
account for the category effect in visual detection. Nor
is there evidence in Experiment 1 of the present report
that the category effect is accompanied by an increase in
false alarms. Thus, a simple form of the priming explana
tion does not seem to account for these results.

Neither the partial-analysis nor the parallel-categori
zation accounts predict the large number of false alarms
that were found at short positive SOAs (see Figures 2
and 4). Di Lollo and Moscovitch (1983) proposed an in
terference explanation that can be applied to this result:
Presenting the target shortly after the array may interfere
with the array processing, leaving the observer with only
incomplete or distorted information about the items. One
might speculate that observers have a bias to respond
"present" when faced with such a large amount of in
complete array information. This would account for the
large number of false alarms at SOAs of 100-200 msec.
However, in the digit-plus-letters condition of Experi
ment 1, the number of false alarms at short SOAs was
much less. Thus, the bias for "present" responses may
not operate when category information limits the num
ber of relevant items to one.

This kind of interference explanation may be more com
patible with partial analysis than with parallel categori
zation. In the partial-analysis account, category informa
tion might be extracted prior to any interfering effects of
the probe. Thus, the item in the relevant category could
be isolated even if the probe presentation disrupted fur
ther processing of the array items. On the other hand, it
is more difficult to see how the interference explanation
fits with the parallel-categorization account. For instance,
in some parallel-categorization theories, item category is
determined only after the item is identified. Thus, any
thing that interferes with the processing of items should
also interfere with the processing of category informa
tion (cf. Taylor, 1978). And without the category infor
mation, there should still be a large number of false alarms
in the digit-plus-letters condition.

In sum, both the partial-analysis and parallel-categori
zation explanations can be expanded to handle the main
results of Experiments 1 and 2. However, the large num
ber of false alarms observed in this task at short positive
SOAs poses an additional constraint. The interference ex
planation for this result suggested by Di Lollo and Mos
covitch (1983) seems more compatible with the partial
analysis account.
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