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When do letter features migrate?
A boundary condition for
feature-integration theory
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Feature-integration theory postulates that a lapse of attention will allow letter features to change
position and to recombine as illusory conjunctions (Treisman & Paterson, 1984). To study such
errors, we used a set of uppercase letters known to yield illusory conjunctions in each of three
tasks. The first, a bar-probe task, showed whole-character mislocations but not errors based on
feature migration and recombination. The second, a two-alternative forced-choice detection task,
allowed subjects to focus on the presence or absence of sub letter features and showed illusory
conjunctions based on feature migration and recombination. The third was also a two-alternative
forced-choicedetection task, but we manipulated the subjects' knowledge ofthe shape ofthe stimuli:
In the case-certain condition, the stimuli were always in uppercase, but in the case-uncertain
condition, the stimuli could appear in either upper- or lowercase. Subjects in the case-certain con
dition produced illusory conjunctions based on feature recombination, whereas subjects in the
case-uncertain condition did not. The results suggest that when subjects can view the stimuli
as feature groups, letter features regroup as illusory conjunctions; when subjects encode the stimuli
as letters, whole items may be mislocated, but subletter features are not. Thus, illusory conjunc
tions reflect the subject's processing strategy, rather than the architecture of the visual system.

When visual displays are presented briefly, subjects may
perceive parts of the stimulus in the wrong positions as
the result of spatial migration of characters or of compo
nents of characters. Such errors have figured prominently
in recent analyses of early visual processing (e.g., Treis
man & Paterson, 1984), iconic memory (e.g., Mewhort,
Campbell, Marchetti, & Campbell, 1981), word recog
nition (e.g., Prinzmetal, Treiman, & Rho, 1986), and
lateral masking (e.g., Butler & Currie, 1986). The present
study concerns misperception arising from spatial migra
tion of component features of letters and is based on
feature-integration theory as proposed by Treisman and
her colleagues (e.g., Treisman & Gelade, 1980; Treis
man, Sykes, & Gelade, 1977).

According to feature-integration theory, features of a
scene are identified preattentively-that is, in parallel, with
no capacity limits. When the object to be identified is de
fined by a conjunction of features, the visual system must
first combine the separate features into an integrated unit
at a particular position. The operator responsible for fea
ture integration is a lirnited-eapacity spatially serial proces-
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sor, named attention. In Treisman and Gelade's (1980)
terms, "focal attention provides the 'glue' which inte
grates the initially separable features into unitary objects"
(p. 98). If attention fails, features may be mismatched
across objects, with the result that subjects may perceive
a stimulus combination that was not actually shown. In
Treisman and Paterson's (1984) words, "when attention
is diverted or overloaded, simple features should be 'free
floating' with respect to one another and should there
fore at times be wrongly recombined to form 'illusory con
junctions'" (p. 14).

Search experiments provide one line of support for
feature-integration theory. In a typical search task, sub
jects must indicate, as rapidly as possible, whether or not
a target is present in a display of nontarget items (foils).
The target can be defined either by an individual feature
or by the conjunction of several features. In the single
feature case, feature-integration theory predicts parallel
search for the target because features can be identified
in parallel. For targets defined by feature conjunctions,
the theory predicts serial search, whenever the foils also
contain some of the target's features, because focal at
tention is required to fix the conjunction of features for
each object.

Predictions for search tasks have been confirmed with
the use of features from different dimensions and from
the same dimension. Using a target defined by either color
or shape, for example, Treisman, et al. (1977) found that
search time was independent of the number of foils. When
the target was defined by a conjunction of color and shape,
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however, they found that search time increased linearly
with the number of foils (cf. Egeth, Virzi, & Garbart,
1984). The same pattern of results was found when the
target was a letter distinguished by a single feature (e.g. ,
R among P and B foils), rather than by a conjunction of
features (e.g., R among P and Q; see Treisman & Gelade,
1980).

A second line of evidence is provided by a series of
ordered-report tasks, in which Treisman and Schmidt
(1982) displayed rows of colored letters tachistoscopically;
each row was flanked by digits, and the subjects were
asked to report the digits before reporting each letter and
its color. The subjects frequently mismatched the letters
and colors. Treisman and Schmidt argued that, because
the flanking digits had been reported first, attention was
diverted away from the colored letters. As a result, the
subjects were unable to integrate the features at particu
lar locations, and features from one position migrated to
another position to form illusory conjunctions. Curiously,
Treisman and Schmidt did not test the simple corollary
that such errors would be reduced by shifting attention
to the letters.

Treisman and Paterson (1984) have argued that the evi
dence for feature-integration is sufficiently strong that the
procedures used to test the theory can now be used to dis
cover' 'the nature of the elementary units into which the
sensory world is initially analyzed" (p. 12). They assume
that such features can be identified by testing whether or
not the features permit parallel search through a set of
foils and by testing whether or not the features recom
bine to form illusory conjunctions (see also Treisman &
Gormican, 1988). Similar arguments about perceptual
units in reading have been offered by Prinzmetal and
Millis-Wright (1984) and by Prinzmetal et al. (1986).

Feature-integration theory can identify elementary fea
tures only to the extent that such features remain stable
across a wide range of stimuli and tasks-in Pylyshyn's
(1984) terms, to the extent that they form part of the ar
chitecture of the visual system.

There are good grounds, however, to question the logic
of an analysis of elementary units based on spatial migra
tion errors. Using letter stimuli, Treisman and Gelade
(1980) found that overloading attention produced spatial
migration of subletter units, a result which suggests that
subletter features are potential perceptual units. In con
trast, Treisman and Souther (1986) found that overload
ing attention produced whole-character migrations within
words, a result which suggests that letters are potential
perceptual units. If spatial migrations are taken to define
elementary units, we are lead to the contradictory con
clusion that both letters and subletter units are equally
elementary features. Virzi and Egeth (1984) obtained even
more direct evidence that spatial migration may not be
limited to elementary units. Virzi and Egeth asked sub
jects to report words printed in various ink colors; they
found incorrect conjunctions of words and ink colors but
also found that words that named colors were often
reported, in error, as ink colors themselves. If we follow

Treisman and Paterson's (1984) reasoning, these results
force us to conclude that word meaning is an elementary
visual feature.

EXPERIMENT 1

Although errors reflecting migration of subletter units
are easy to find in some tasks, we have not found them
in the bar-probe partial-report experiment pioneered by
Averbach and Coriell (1961). In that task, subjects are
shown a multiitem display tachistoscopically and are cued
to report one item from the display. illusory conjunctions
of letter features should generate errors on the basis of
the similarity of the resulting feature ensemble to charac
ters in the experiment's alphabet. If the display is small
relative to the experiment's alphabet, a conjunction er
ror is more likely to resemble a character not shown in
the display than one that was shown; with, for example,
a display of 8 letters selected at random from 26, any con
fusion over the identity of the target should result in the
subject's reporting I of the 18 letters that were not shown,
rather than I of the 7 others that were shown. Quite
simply, feature-integration theory predicts that extra-array
errors should be more frequent-2.6 times more common
in the example cited-than intra-array errors. In contrast,
Butler (1980b, 1981), Mewhort and Campbell (1978), and
Mewhort et al. (1981) all reported that intra-array errors
outnumber extra-array errors, often by a factor of 3 to
I (see also Mewhort, Marchetti, Gurnsey, & Campbell,
1984). Contrary to feature-integration theory, the majority
of errors in a bar-probe task are whole-character mislo
cations, not errors based on misplaced letter fragments.

Why have studies with the bar-probe partial-report task
yielded whole-character mislocations instead of evidence
for illusory conjunctions of subletter features? One pos
sibility, as Treisman and Souther (1986, p. 12) suggest,
is the choice of stimuli; perhaps the experiments conducted
to date have not been done with stimuli that encourage
such errors. The first experiment, therefore, was designed
to determine whether or not conjunctions of subletter fea
tures will emerge in a bar-probe task when we use stimuli
known to demonstrate illusory conjunctions.

We selected our stimuli on the basis of an experiment
by Treisman and Gelade (1980). They argued that focused
attention is required to search for an R among foils com
posed of P and Q because the cross stroke in the R may
shift so that subjects perceive P and Q instead of R and
O. The same argument applies to the letters X and Y
(when a Y is printed as an X with the lower right bar omit
ted). Following Treisman and Gelade's analysis, then, the
six letters R, P, Q, 0, X, and Y should provide suitable
material for studying feature migration. Neill and Wall
ing (1981, Experiments 3 and 4) used the letters R, P,
Q, 0 in a similar manner to test whether or not the com
ponents of a mask are confused with the features of a
target.

Our task was a standard bar-probe task modified to in
corporate the attention manipulation used by Treisman and



Schmidt (1982). We presented three letters in a row
flanked by a digit at each end of the row, and we manipu
lated attention by requiring half the subjects to attend to
the flanking digits and to report them before reporting the
target letters; the remaining subjects were told to ignore
the digits and to report only the target letter.

The row of letters and digits was presented tachistoscop
ically and was followed by a mask covering all three let
ters and by a cue marking one letter for report (the tar
get). The target was either a bar character (R, Q, and
X)-so named because it contained a lower oblique line
or a no-bar character (P, 0, and Y). Displays with a no
bar target contained zero, one, or two nontarget bar
characters. If P was the target, for example, the display
could contain Y and 0 (no bar characters), Q and Y or
X and 0 (one bar character), or X and Q (two bar charac
ters). Likewise, displays with a bar-eharacter target con
tained either zero, one, or two bar characters in addition
to the target.

According to feature-integration theory, when the tar
get is a no-bar character and the subject's attention has
been diverted to the digits, extra bars in the nontarget po
sitions should permit the subject to form an illusory con
junction and, therefore, should encourage the subject to
report the character complementary to the target. As a
result, accuracy for no-bar targets should decrease as the
number ofbar-eharacter foils increases. Although the bar
in a bar-eharacter target may drift, there is no reason to
suppose that the probability of that event is related to the
presence of no-bar nontarget characters in the display.
Consequently, if feature-integration theory is correct, the
experiment should yield a three-factor interaction involv
ing the attention manipulation, the type of target, and the
number of bar-eharacter nontargets.

Method
Subjects. Twenty undergraduate students participated to fulfill

a course requirement in introductory psychology at Queen's Univer
sity. All had normal or corrected-to-normal vision.

Materials. A total of216 stimuli were prepared, using the bar
letters R, Q, and X, the complementary no-bar letters P, 0, and
Y, and the digits 1-9. The form of Y used in the study matched
the form for X except for the lower right oblique bar; also, the bar
on the Q was exaggerated to match the bar on the R and the X.

Each stimulus consisted of a row of five items, one digit followed
by three letters and then a finaldigit. No items were repeated within
a row.

Each letter was designated as the target for 36 trials and appeared
equally often at each letter position. The remaining two letters were
selected so that the target was presented along with zero, one, or
two bar characters. The target's complement did not appear in the
display. The positions of the additional bar items were selected at
random.

The stimuli were presented on a Tektronix point-plot display mon
itor (Model 604) equipped with P4 phosphor and controlled by a
PDP-ll/23 computer. The display algorithm was based on an al
gorithm described by Mewhort (1978). Each letter appeared in up
percase, and all characters were formed by brightening the appropri
ate dots in a 13 x 25 matrix. A row of five characters subtended
about 503' of visual angle when viewed by the subject at a dis
tance of 88 em. The mask character was created by brightening
all dots in the matrix; the probe was a short arrow that appeared
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8' above the target. The probe was constructed with all the dots
in the "arrowhead" brightened, so that the arrow appeared as a
solid triangle at the end of a straight line. Thus, neither the mask
nor the probe contained the oblique bar feature that differentiated
X, Q, and R from Y, 0, and P, respectively.

Procedure. At the start of each trial, a fixation dot appeared at
the center of the display monitor. The subject continued the trial
by pushing a button. The stimulus appeared for 50 msec and was
followed immediately by a mask covering all three letters and by
the bar probe; the interstimulus interval was thus 0 msec. The mask
and bar probe were shown for 75 msec. The displays were shown
with a luminance of approximately 7.7 cd/m' in a small room with
an ambient illumination of approximately 3.5 lux.

The subjects were told that each stimulus display would contain
three letters flanked by two digits and that an arrow would indicate
the letter to be reported. Subjects in the focused-attention condi
tion were asked to ignore the digits, to report the letter indicated
by the cue, and to guess if they were uncertain. Subjects in the
divided-attention condition were asked to report the two digits be
fore reporting the letter indicated by the cue and, again, to guess
if they were uncertain.

Design. Each subject received 216 trials representing 12 repli
cations for the factorialcombinationof threevariables: (1) bar versus
no-bar target, (2) position (1-3) in the row, and (3) number of bar
characters (0-2) among the nontarget letters. Ten subjects were as
signed to the focused-attention condition, and 10 were assigned to
the divided-attention condition.

Results and Discussion
For letter report, each response was classed (I) as a

correct response, if it matched the target, (2) as an intra
array error, if it matched a nontarget letter from the dis
play, or (3) as an extra-array error. Extra-array errors
were subclassified as complement errors or as intrusions.
A complement error was defined as an item matching the
target except for the presence or absence of the bar fea
ture (i.e., X for Y, R for P, Q for 0, or vice versa); an
intrusion was defined as either of the other two items that
had not appeared on the particular trial.

The probability ofeach type of response was calculated
for each subject and condition, and the scores were sub
mitted to analyses of variance. Although display position
was included as a variable in the analyses, it did not yield
effects relevant to the present issues, and the data were
collapsed across position. The results are summarized in
Table 1.

To test feature-integration theory, we require an effec
tive manipulation of attention. Recall that the subjects in
the divided-attention condition were required to report the
digits first. They reported 96% of the digits correctly,
and 48 % of the target letters correctly. The subjects in
the focused-attention condition, by contrast, ignored the
digits, and they reported 88 % of the target letters cor
rectly, which was almost twice as many as the divided
attention subjects reported [F(1,18) = 43.54,p < .0001].
In short, the manipulation of attention was highly ef
fective.

Feature-integration theory predicts a three-factor inter
action of attention with target type and number of non
target bar characters: When attention has been diverted,
nontarget bar characters should interfere with the report
of a no-bar target more than a bar-character target. As



94 BUTLER, MEWHORT, AND BROWSE

Table 1
Probability of Each Response Type as a Function

of Target Type, the Number of Bar-Character
Nontargets, and Attention in Experiment 1

Bar Targets No-Bar Targets
(R. Q. X) (P. O. Y)

Attention Number of Bar Nontargets Number of Bar Nontargets

Condition 0 I 2 0 I 2

Correct Responses

Focused .91 .89 .89 .85 .90 .83
Divided .52 .49 .49 .47 .47 .42

Intra-array Errors

Focused .04 .04 .05 .03 .02 .06
Divided .28 .35 .32 .28 .29 .33

Complements

Focused .02 .04 .04 .10 .07 .10
Divided .06 .07 .09 .12 .14 .14

Intrusions

Focused .03 .03 .02 .02 .01 .01
Divided .15 .09 .11 .13 .10 .11

Table I shows, however, the three-factor interaction did
not appear (F < 1.0).

Overall, accuracy for no-bar targets (66 %) was lower
than for bar targets (70%) [F(1,18) = 3.81, .05 <
p < .10] . Averaging across both target types, accuracy
decreased as the number of nontarget bar-characters in
creased [F(2,36) = 2.99, .05 < P < .1OJ, a trend ac
counted for by a relatively large difference in accuracy
with one versus two nontarget bar characters [F(1, 18) =
8.91, p < .01].

lllusory conjunctions based on feature migration should
be evident in the pattern of complement errors. In partic
ular, if feature-integration theory is correct, complement
errors should increase for no-bar targets as the number
of bar-character nontargets increases, and the rate of in
crease should be larger when attention has been diverted.
Instead, subjects were more likely to report the comple
ment for a no-bar target than for a bar-character target,
0.11 compared to 0.05, respectively [F(1,18) = 7.67,
P < 0.01]. However, there was no evidence of interac
tion between target type and number of bar-character non
targets [F(2,36) < 1.0]. Moreover, although diverting at
tention yielded a marginal increase in complement
responses [F(1,18) = 3.62, .05 < P < .10], there was
no evidence for an interaction of attention with target type
[F(1,18) < 1.0] or with the number of bar-character non
targets [F(2,36) < 1.0]. Finally, there was no evidence
for the three-way interaction [F(2,36) = 1.69, P > .10].
In short, neither accuracy nor the complement errors
showed the pattern of results predicted from feature
integration theory.

The main consequence of dividing attention was to in
crease the number of whole-character mislocations. As
Table I shows, dividing attention increased the probabil
ity of an intra-array error from 0.04 to 0.31 [F(1,18) =
30.43, p < .0001]. The probability of an intrusion also
increased from 0.02 to 0.11 [F(1,18) = 12.44, P < .01],

but the increase was much smaller than the increase in
intra-array errors.

The effects of focused- versus divided-attention became
more apparent when we examined each type of error as
a proportion of all errors in each condition. The propor
tion of complement errors-that is, responses which most
resemble the actual target-dropped from 48 % of all er
rors in the focused-attention condition to 19% in the
divided-attention condition. The proportion of intrusion
errors remained constant at about 20 % oferrors for each
condition. Intra-array errors accounted for 33 % of all er
rors in the focused-attention condition and 59% in the
divided-attention condition .

Analysis of the proportion of errors suggests that, in
the focused-attention condition, performance was limited
because the subjects were unsure about what the target
was; hence, they often had to guess, and this produced
a high proportion of complement responses. In the
divided-attention condition, however, the balance shifted
so that intra-array responses predominated and the propor
tion of complement errors decreased. It appears that the
burden imposed by divided attention involves informa
tion about where the target is, rather than information
about the target identity. Butler (1980b, 1981) has noted
the same shift in the proportion of intra- and extra-array
errors as a function of the distribution of attention.

In short, dividing attention affects location information
more than identity information. Although Treisman and
Schmidt (1982) agree that divided attention reduces lo
cation information, they locate the loss at the feature level,
where it should have a direct effect on identification (by
producing illusory conjunctions). The present results, by
contrast, provide evidence for whole-character misloca
tions without concomitant feature migration.

The divided-attention condition required subjects both
to attend to the digits and to report them first. Whenever
letter report is delayed, as it was in this experiment or
in the Treisman and Schmidt (1982) study, Tsal (1989,
p. 396) has suggested that errors may reflect confusions
in short-term memory rather than perceptual confusions.

We agree that Tsal (1989) has identified a potential
difficulty, but we do not think that errors reflect memory
confusion in our experiment. In a prior variation on the
experiment, we asked subjects to pay attention to the digits
and required half of the subjects to report the digits first
and half to report the letters first. Reporting the letters
first reduced the accuracy for digits from 96 % to 88%
but had no effect on accuracy for letters (even when we
analyzed only those trials on which the digits were
reported correctly). Both accuracy and the pattern of er
rors for letters were virtually identical to the results
reported above for the divided-attention group. Hence,
delaying letter report by reporting the digits first does not
yield a new pattern of errors.

EXPERIMENT 2

Experiment 1 provided no evidence that divided atten
tion results in feature migration and recombination, even



though we used stimuli based on those used by Treisman
and Gelade (1980). Treisman and Gelade, however, used
a letter detection task, whereas Experiment I was a bar
probe partial-report task. Perhaps feature migration de
pends on the task. To consider that possibility, a second
experiment was conducted; the same displays as those in
Experiment I were used, but the task was changed to a
two-alternative forced-choice detection task.

Again, subjects were instructed either to report or to
ignore the flanking digits. In addition, half of the sub
jects were instructed to report or to ignore the position
of the target letter. Digit report was used, as before, to
manipulate attention; the position report was added to de
termine whether or not attention to position affects letter
detection. Both the feature-integration theory and Butler's
(I 980b, 1981) localization hypothesis suggest that
knowledge of target position is provided automatically
by paying attention to the target. Hence, the require
ment to report position should not reduce accuracy for
target report.

Method
, Subjects. Four groups of six subjects each participated to fulfill

a requirement in introductory psychology at Queen's University,
All had normal or corrected-to-normal vision.

Materials and Apparatus. The stimuli were the same as those
in Experiment 1, with the exception that the bar probe was omit
ted from the masking display. The apparatus was also the same,
The presentation conditions were based on those in the probe task,
except that the stimulus was displayed for 30 msec. After an inter
stimulus interval of 100 msec, the mask was presented for
1,000 msec. Thus, the stimulus onset asynchrony between target
and mask was 130 msec. The luminance of the display and the il
lumination of the room were the same as before.

Procedure. Each subject received 216 trials presented in three
blocks of 72 trials. For each block, two response alternatives were
specified; the alternatives differed by one feature-the bar feature,
as in P and R, 0 and Q, and Y and X. Each display contained only
one alternative from one of the three pairs, and both alternatives
were used on half of the 72 trials in the block. The order in which
the three pairs were tested was counterbalanced by blocks across
subgroups of subjects.

On each trial, subjects were asked to report which of the two
alternatives hadappeared. In addition, half of the subjects were asked
to report the flanking digits before reporting the target (the divided
attention condition), whereas the other half were instructed to ig
nore the digits (the focused-attention condition). Within each at
tention condition, half the subjects were asked to report the loca
tion of the target letter (left, middle, right), whereas half were asked
to ignore position.

Design. Each subject received 12 replications for the factorial
combination of three variables: bar versus no-bar target, position
in the row (left, middle, or right), and number of bar nontarget
letters (0-2). The 24 subjects were divided into four groups: report
letters only; report letter then position; report digits then letter; and
report digits then letter then letter position.

Results and Discussion
The probability of reporting the digits correctly was uni

formly high, about 0.98, and was not affected by report
of the position of the target[F(I,IO) < 1.0]. No further
analyses of digit report were undertaken.
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Letter report. The probability of reporting the target
correctly was calculated for each condition and subject.
The data, collapsed across letter position, are summarized
in Table 2.

As shown in Table 2, the interactions obtained are pre
cisely those predicted by feature-integration theory. Ac
curacy was greater for bar-character targets than for
no-bar targets [F(I,20) = 6.49, p < .02), and it
decreased as the number of bar-character nontargets in
creased [F(2,40) = 5.68, p < .01]. The decrease was
larger for no-bar targets than for bar targets [F(2,4O) =
10.48, p < .01]. Moreover, dividing attention exagger
ated the interaction of target type with number of bar non
targets, yielding a three-way interaction of target type,
number of bar characters, and attention [F(2, 40) = 3.39,
p < .05]. In short, as predicted from feature-integration
theory, subjects misperceived P, 0, and Y (as R, Q, and
X, respectively) when those targets appeared among other
bar characters and attention was divided.

As Table 2 shows, letter accuracy was not affected by
the requirement to report the target's position
[F(I,20) < 1.0], although it was reduced substantially
by reporting the digits first[F(I,20) = 12.87, p < .01].
Position information appears to be an automatic conse
quence of attention to the target.

Position report. The probability of correct position
report was calculated for each condition and subject. The
data, collapsed across position, are summarized in
Table 3.

Like letter accuracy, position accuracy decreased (from
99 % in the focused-attention condition to 77% in the
divided-attentioncondition [F(I, 10) = 22.02, p < .001].
Unlike letter accuracy, position accuracy was higher for
no-bar targets than for bar-character targets [F(l, 10) =
11.34, P < .01], and declined as the number of bar non
targets increased [F(2,20) = 5.32, p < .02]. The
decrease was greater for the bar-eharacter targets than for
the no-bar targets [F(2,20) = 4.99, P < .02]. In contrast
to the pattern in the bar-probe task, then, position accuracy
was poorest when a bar-character target appeared among
items that shared the bar as a common feature.

Table 2
Probability of Correct Letter Detection as a Function of TBJ"Kd Type,

the Number of Bar-eharacter Nontargets, Attention,
and Location Report in Experiment 2

Bar Targets No-Bar Targets
(R, Q, X) (P, 0, Y)

Attention Number of Bar Nontargets Number of Bar Nontargets
Condition 0 1 2 0 1 2

No Location Report

Focused ,97 .98 .94 ,95 ,94 ,92
Divided ,87 .86 ,87 .88 ,85 ,79

Location Report

Focused ,95 ,91 ,95 ,94 .94 ,89
Divided .86 .85 .90 ,85 ,85 ,75
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EXPERIMENT 3

Table 3
Probability of Correct Report of Target Position as a Function

of Target Type, the Number of Bar-Character Nontargets,
and Attention in Experiment 2

In summary, focusing attention decreased the number
of illusory conjunctions and increased position accuracy.
Tsal (1989) has suggested that a direct link between these
two responses can be established by calculatingconditional
probabilities; "with such a paradigm the theory predicts
that correctly conjoined features will also be correctly
localized, whereas incorrectly conjoined features will
largely be mislocalized" (p. 396). In principle, we could
extend the present analysis and examine no-bar targets
with one bar character in the display to discover whether
illusory conjunctions involve mislocating the main charac
ter, the bar feature, or both; in practice, however, the
probability of guessing is too high and the number of trials
too few to produce a meaningful analysis with the present
data set.

According to feature-integration theory, illusory con
junctions occur when an elementary feature shifts posi
tion and amalgamates, precategorically, with an adjacent
object. The probability of an illusory conjunction is
thought to depend on how attention is focused.

In the first two studies, the same stimuli (and hence the
same elementary features), the same attention manipula
tion, and the same criterion for scoring feature migrations
were used. Nevertheless, the studies yielded quite differ
ent results. When attention was diverted, the bar-probe
task produced evidence for whole-character mislocations
but no evidence for feature migration; the detection task,
by contrast, yielded illusory conjunctions exactly as
predicted from feature-integration theory.

lllusory conjunctions must, therefore, depend on a fac
tor not anticipated by feature-integration theory. One pos
sibility concerns the nature of the information required
in the task. The bar-probe task stresses the use of both
position and identity information, whereas the detection
task stresses identity only. Perhaps, the difference in stress
on position information can explain the difference in
results for the two tasks. The question remains open, but
we think that the difference in stress is not an adequate
answer. Recall that half the subjects in Experiment 2 were
asked to report position information. If the difference in
stress on position information were responsible for the
difference in results across the two experiments, the sub
jects who were required to report the target's position

should have shown an error pattern more similar to that
in Experiment I.

Another possibility is that the two tasks encouraged
different encoding strategies and that feature migration
depends on the strategy used. In Experiment I, the tar
get could be anyone of six items, and the pattern of er
rors suggested that subjects treated the stimuli as whole
letters. In Experiment 2, by contrast, the target was al
ways one of two letters that differed in terms of only one
feature; if the choices were P or R, the subjects knew that
P had to be present so they had only to determine whether
the bar was present and, if so, whether it was joined to
the P. The pattern oferrors suggests that subjects encoded
the stimuli as feature sets rather than whole letters.

Recognition accuracy is usually enhanced by reducing
the number of response alternatives (Gamer, 1962). With
backward masking, however, providing response alter
natives before the stimulus often reduces accuracy (Smith,
Haviland, Reder, Brownell, & Adams, 1976). Smith et aI.
suggest that presenting two choices allows subjects to
adopt a strategy of looking for specific features; once they
have adopted this strategy, they are unable to determine
whether or not the features occurred in the target or in
the mask. Neill and Walling (1981) extended the idea by
showing that such disruption occurs only when the alter
natives are highly similar to each other (they used P-R,
O-Q ) and when the mask contains the distinguishing fea
ture. Neill (1985, p. 482) concluded that presenting the
alternatives before the display encourages subjects to en
code the stimulus at a physical level, whereas presenting
the alternatives after the display encourages subjects to
encode at a name level.

Neill (1985) provided further evidence to support the
encoding argument, by showing that the disruption effect
depends on the subject's being able to predict the shape
of the targets. Disruption occurred with letters when all
targets were uppercase, so that the two alternatives (P and
R) reliably defined a critical physical feature, but did not
occur when the targets could be either upper- or lower
case, so that the physical shape was not predictable.

Experiment 3 was designed to determine whether fea
ture migration depends on the subject's encoding strategy.
A manipulation similar to that of Neill's (1985) was used;
that is, the letter detection task was repeated under two
uncertainty conditions. The task was the same as the
divided-attention, no location-report condition in Experi
ment 2. For one group of subjects, the stimuli were
presented in uppercase, and the shape of the alternatives
was predictable, the case-certain condition. A second
group, the case-uncertain condition, received precisely
the same stimuli and the same instructions, but the stimuli
were mixed randomly with an equal number of lower
case stimuli. The case-uncertain subjects were aware that
a specific pair of letters-P or R, for example-formed
the targets for a block of trials, but they could not predict
whether the target would appear in upper- or lowercase.

If our analysis is correct, subjects in the case-certain
condition should encode the stimuli as feature groups

No-Bar Targets
(P, 0, Y)

.98 1.00 .97

.81 .82 .80

Number of Bar Nontargets

o I 2

Bar Targets
(R, Q, X)

.99 .99 .99

.81 .71 .68

Number of Bar Nontargets

o I 2

Focused
Divided

Attention
Condition



rather than letters; their strategy would be to look for the
critical bar feature. Uncertainty about the case of the let
ters should force the case-uncertain subjects to encode the
stimuli as letters, rather than feature groups. Conse
quently, subjects in the case-eertain condition should show
an increased error rate for no-bar targets surrounded by
bar-character nontargets, whereas subjects in the case
uncertain condition should not.

Method
Subjects. Eighteen subjects participated to fulfill a requirement

for a second-year psychology course at Queen's University sum
mer session. All had normal or corrected-to-normal vision. Twelve
were assigned to the case-certain condition, and 6 were assigned
to the case-uncertain condition; only 6 were included in the latter
condition because of the difficulty of obtaining subjects in the late
summer.

Materials and Apparatus. As in Experiment 2, the 216 stimuli
consisted of three letter sequences based on P, R, 0, Q, Y, and
X, with a flanking digit at each end of the letter row. In the case
certain condition, all 216 stimuli were in uppercase characters; in
the case-uncertain condition, the stimuli on half of the trials were
presented in uppercase letters and on half the trials in lowercase
letters. The apparatus and presentation conditions were the same
as in Experiment 2.

Procedure. Each subject received 216 trials presented in three
blocks of 72 trials each. For each block, two response alternatives
were specified and, as in Experiment 2, the alternatives were P and
R, 0 and Q, or Y and X. For the subjects in the case-uncertain
condition, upper- and lowercase stimuli appeared equally often
within each block, but the order of presentation was randomized
so that subjects could not predict the character's case for a given
trial. Again, the order of blocks was counterbalanced across sub
groups of subjects. On each trial, the subjects were required to report
the two flanking digits before reporting which of the two alterna
tives had been presented.

Design. Each subject in the case-certain condition received 12
replications for the factorial combination of three variables: bar
versus no-bar target; position in the row (left, middle, or right);
number of bar nontargets (0-2). Each subject in the case-uncertain
condition received 6 replications for the factorial combination of
each of the variables just mentioned, plus upper- versus lowercase.

Results and Discussion
The probability of reporting the digits correctly was

0.98 for the case-certain condition and 0.96 for the case
uncertain condition. We present the results only for trials
on which the digits were reported correctly-that is, for
the trials on which we know the subjects divided their at
tention. For subjects in the case-uncertain condition, the
primary data concern only trials with uppercase stimuli,
inasmuch as the variables of interest are relevant only for
those trials. The data concerning the lowercase letters
were analyzed separately.

Table 4 shows the probability of detecting the correct
letter as a function of the type of target, number of non
target bar characters, and case uncertainty. As in the
preceding studies, the data have been collapsed across tar
get position.

The case-certain condition yielded the interaction
predicted by feature-integration theory, whereas the case
uncertain condition did not. Overall, the no-bar targets
were more difficult to detect than the bar-character tar-
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Table 4
Probability of a Correct Letter Detection as a Function of
Target Type, the Number of Bar-Character Nontargets,

and Case Certainty in Experiment 3

Bar Targets No-Bar Targets
~,~~ (~O.n

Number of Bar Nontargets Number of Bar Nontargets

Case 0 1 2 0 1 2

Certain .84 .84 .85 .81 .76 .65
Uncertain .91 .91 .93 .84 .73 .79

Note-Data are for uppercase stimuli only and only for those trials on
which the accompanying digits were reported correctly.

gets [F(I,15) = 49.52,p < .001], and accuracy for both
targets decreased as the number of bar-character nontar
gets increased [F(2,30) = 10.22, p < .001]. The
decrease associated with an increased number of bar non
targets was greater for the no-bar targets than for the bar
character targets [F(2,30) = 11.03, P < .001]. The in
teraction between type of target and number of bar non
targets was greater for the case-eertain condition than for
the case-uncertain condition [F(2,30) = 5.37,p < .04].
The predictability of target shape in the case-certain con
dition made the subjects more sensitive to illusory con
junctions.

The three-way interaction was confirmed by separate
analyses for the two groups of subjects. An analysis of
variance for the case-eertain condition showed a substan
tial two-factor interaction between type of target and the
number of barnontargets [F(2,22) = 11.79,p < .001].
A similar analysis for the case-uncertain condition showed
no effect of number of bar nontargets [F(2,1O) = 1.55],
nor any evidence of an interaction of type of target with
number of bar nontargets [F(2,1O) = 1.6]. Paying atten
tion to the digits, therefore, increases the likelihood of
feature regrouping, but only when the task encourages
the subjects to treat the displays as collections of features
rather than whole items.

The present results are quite similar to those reported
by Neill (1985), who used the same letter pairs. Both his
study and ours support the claim of Posner, Boies, Eichel
man, and Taylor (1969), that "whether or not, under a
particular condition, Ss choose to attend to the visual fea
tures seems to be something that E can manipulate by in
centive or by varying the task conditions" (p. 16).

CONCLUSIONS

In these experiments, a prediction derived from feature
integration theory was examined-namely, that the fre
quency of illusory conjunctions increases when attention
is diverted or overloaded (Treisman & Paterson, 1984).
To test the hypothesis, we used stimuli known to yield
illusory conjunctions in each of three tasks, a bar-probe
task and two two-alternative forced-ehoice detection tasks.
The bar-probe task yielded whole-character localization
errors, not errors based on feature migration and recom
bination. The detection tasks yielded mislocalizations
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based on feature migrations, but only when subjects were
permitted to treat the stimuli as feature groups rather than
as postcategorical objects.

The same stimuli can yield both feature and character
migrations. The unit of migration depends on the subject's
encoding and selection strategy. If the subjects encode the
stimuli as aggregates of features and select precategori
cally, feature migrations will occur. If the subjects en
code the stimuli as whole characters and select postcate
gorically, whole-character mislocalizations will occur.

Because feature-integration theory does not specify how
subjects choose their encoding and selection strategy, our
results suggest that it is incomplete. For the same rea
son, our results argue that Treisman and Paterson (1984)
were incorrect in the claim that feature-integration the
ory can use illusory conjunctions to derive the percep
tual units' 'into which the sensory world is initially ana
lyzed" (p. 12). Their claim assumes, in Pylyshyn's (1984,
p. xvi) terms, that illusory conjunctions reflect a property
of the architecture of the visual system and, hence, are
stable across tasks. Our results argue the contrary: Illu
sory conjunctions do not reflect the system's architecture;
they depend on the subjects' encoding and selection
strategy. In short, illusory conjunctions reflect the charac
teristics of the task as much as the architecture of the visual
system. If stimuli are always analyzed in terms of the same
elementary units, as Treisman and Paterson (1984) im
ply, and if those units can be trapped into revealing them
selves via spatial migration errors, we still do not know
how to set the subjects' strategy and, hence, how to choose
a task that can focus on the correct unit. Thus, our results
offer little support for the idea that feature-integration the
ory can drive the discovery of perceptual units.

The data pose two other puzzles for feature-integration
theory. Given that letters are composed of elementary fea
tures, feature-integration theory assumes that focal atten
tion will be needed to integrate the features into letters.
As a result, the features will be glued together at one lo
cation. Once features have been glued together at a loca
tion, it follows that all spatial migrations-especially the
kind of whole-character migrations we found in Experi
ment I-should be rare. Second, if features become un
glued, we would expect both feature-based and whole
character mislocations, but not one without the other;
feature-integration theory offers no way of binding fea
tures without tying them to a location.

A final point about selection deserves comment; a num
ber of studies have shown that conceptual category (let
ters vs. digits) can be an effective cue for partial report
(Butler, 1980a; Dick, 1970; Duncan, 1983b; Merikle,
1980; see also Mewhort & Butler, 1983). Jonides and
Gleitman (1972) demonstrated selection by category in
a detection task, but others, also using a two-alternative
forced-choice procedure, have failed to replicate their
results (Corcoran & Jackson, 1977; Duncan, 1983a; Krue
ger, 1984). The latter studies may have encouraged sub
jects to encode the targets as sets of features rather than
whole characters; if a degree of shape uncertainty were

introduced, as it was in Experiment 3, the same tasks
might well show selection by category.
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