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Automatic attraction of attention to former targets
in visual displays of letters
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Shiffrin and Schneider (1977, Experiment 4d) reported that after consistent training in search for par-
ticular alphanumeric characters, presentation of one of these characters (former targets) as a distrac-
tor impeded detection of simultaneously presented current targets. Even if presented in an irrelevant
display location, the former target appeared to attract attention. Here, we analyze weaknesses in the
design of Experiment 4d and report four follow-up experiments ranging from a fairly close replication
of the original multiframe experiment to a rather conventional single-frame search study. In each ex-
periment, presentation of former targets consistently impeded detection of simultaneously presented
current targets. The results suggestthat automatic attention attractionto individual alphanumeric char-
acters develops not only in the special experimental paradigm used by Shiffrin and Schneider, but also
in standard visual search tasks. The fact that attention appeared to be attracted by shapes as complex
asindividual letters supports the assumption that simultaneously presented visual stimuli can be com-
pared in parallel against memory representations of alphanumeric characters.

In a classical experiment, Shiffrin and Schneider (1977,
Experiment 4d) investigated how prolonged and consis-
tent training in visual search for particular alphanumeric
characters (digits among letters) affected performance
after a change in the search criterion. After training, the
participants were told to search a particular diagonal of
a 2 X 2 matrix of characters for particular members of
the set of characters (letters) that had been used as dis-
tractors during the training. Characters on the other di-
agonal should be ignored. The results showed that when
digits (former targets) appeared on the diagonal to be ig-
nored, detection of simultaneous letter targets on the di-
agonal to be attended was impeded. Apparently, the former
targets ( foils) captured attention automatically, contrary
to the will of the participants.

A theoretical account of the effects of training described
by Shiffrin and Schneider (1977) was outlined by Shiff-
rin and Dumais (1981) and Shiffrin, Dumais, and Schnei-
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der (1981). In this account, attentional weights of targets
and distractors diverge during training, because stimuli
gain in weight when they are used as targets and lose in
weight when used as distractors. Quantitative formulations
were later developed by Bundesen (1990) and Shiffrin
and Czerwinski (1988). In Bundesen’s (1990, 1998) the-
ory of visual attention (TVA), every stimulus is assigned
an attentional weight, which determines the likelihood
that the subject will attend the stimulus. The attentional
weight, w, of stimulus x is defined as

w,= > n(x, )7T;,

JER

ey

where R is the set of all perceptual categories, 1(x,j) is
the strength of the sensory evidence that x belongs to cat-
egory j, and 7; is the pertinence (priority) value of cate-
gory j. In the present context, the set of perceptual cate-
gories includes all types of alphanumeric characters, the
sensory evidence could be the likelihood of a particular
stimulus’ being a particular letter or digit (e.g., that the
stimulus is an H), and the pertinence values of digits
would be higher than the pertinence values of letters if
subjects were to look for digits while ignoring letters. The
learning effect seen in Shiffrin and Schneider’s experi-
ments is explained by gradual increments and decrements
of the pertinence values for types of stimuli used as tar-
gets and distractors, respectively. When the former target
is presented as a distractor, subjects cannot eliminate the
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high pertinence value the item has acquired during the
training. This results in the former target’s being assigned
a high attentional weight (see Equation 1), thus giving
rise to the breakthrough effect found by Shiffrin and
Schneider (also see Czerwinski, Lightfoot, & Shiffrin,
1992; W. Schneider, 1985; W. Schneider, Dumais, & Shiff-
rin, 1984; W. Schneider & Fisk, 1982; W. Schneider &
Shiffrin, 1977).

The results found by Shiffrin and Schneider (1977) have
had a strong impact on the development of general the-
ories of attention (see, e.g., Bundesen, 1990, 1998; Dun-
can, 1980; Duncan & Humphreys, 1989; W. X. Schneider,
1995, 1999; van der Heijden, 1992). Proponents of late-
selection theories of attention (e.g., Shiffrin & Schneider,
1977) have argued that if a particular type of stimuli au-
tomatically attracts attention, recognition of this type of
stimuli must be possible preattentively and in parallel
across the visual field. A weaker and safer claim is that if
a particular type of stimuli automatically attracts atten-
tion, retrieval of evidence that stimuli belong to the type
in question must be possible preattentively and in paral-
lel across the visual field. Thus, the results of Shiffrin and
Schneider suggest that simultaneously presented visual
stimuli can be compared in parallel against memory rep-
resentations of alphanumeric characters. In terms of Bun-
desen’s (1990) TVA, the results support the assumption
that parameters of the form 1(x, j) are computed preat-
tentively and in parallel across objects (x) in the visual
field for perceptual categories (j) such as types of letters
and digits.

However, objections may be raised against the exper-
imental method used by Shiffrin and Schneider (1977).
First, Treisman and Gelade (1980) and Cheng (1985)
conjectured that the target and distractor sets used by
Shiffrin and Schneider may have been distinguished by
differences in simple features, in addition to differences
in character shapes (conjunctions of simple features).
Thus, the search for digits among letters (or vice versa)
in Experiment 4d might have been done by “using cate-
gorically distinguishing physical information directly,
without first having to identify the individual items”
(Cheng, 1985, p. 415). W. Schneider and Shiffrin (1985)
called this conjecture the visual feature hypothesis. By the
visual feature hypothesis, the results of Experiment 4d
may have been caused by automatic attention attraction
to particular simple features, rather than to particular
character shapes. In Experiment 1 of this article, we at-
tempted a replication of Experiment 4d with a stimulus
material for which it seemed impossible to determine
whether a stimulus character was a target or a distractor by
testing for a particular simple feature or a particular dis-
junction of simple features.

Second, the representativeness of the results of Shiff-
rin and Schneider (1977) may be doubted because their
training and test procedures were special and complex.
Their experimental procedure was a rapid serial visual
presentation (RSVP) paradigm with large target and
memory sets of nine and four characters, respectively.
During the 6,000 trials of training, stimuli and responses

were related by a consistent mapping; if a stimulus was a
target on one trial, it never appeared as a distractor. Dur-
ing the test phase, both the targets and the distractors that
appeared in relevant display positions were drawn from
the stimulus set that had been used as the distractor set
during the training phase. In this phase, stimuli and re-
sponses were related by a mapping that was varied; stim-
uli that were targets on some trials appeared as distrac-
tors on other trials. In Experiments 2—4 of this article, we
explored the generality of the findings of Shiffrin and
Schneider by changing and simplifying the experimental
paradigm in various ways.

Third, on closer analysis, there are subtle ways in which
the procedure used by Shiffrin and Schneider (1977) may
have encouraged subjects not to ignore the former targets
when they appeared as distractors. In Experiment 4d, the
appearance of a former target in a certain stimulus frame
implied that if a current target was present on the same
trial, it was located in the same frame as the former tar-
get or in a frame immediately before or after the frame
of the former target. This aspect of the design may have
induced participants to try to use the temporal location
of a former target as a cue to the location of any current
target. Furthermore, the probability that a current target
was presented on a trial was higher when a former target
was present than when former targets were absent (the
probabilities were .75 and .50, respectively). Both aspects
of the design of Experiment 4d may have counteracted
incentives to ignore the former targets. In Experiment 1
of this article, we closely replicated the procedure of Shiff-
rin and Schneider, but in Experiments 2—4, we used pro-
cedures by which the participants had no incentives for
attending to the former targets.

EXPERIMENT 1

The design of Experiment 1 was closely similar to that
of Shiffrin and Schneider (1977, Experiment 4d). How-
ever, instead of using targets drawn from one alphanu-
meric category (letters vs. digits) and distractors drawn
from the other one, we used two arbitrary stimulus sets
(each consisting of nine consonants) as target and dis-
tractor sets during the training phase of the experiment.
The letters in the two sets were chosen so that it seemed
impossible to determine whether a stimulus character was
a target or a distractor by testing whether the character
had a particular simple feature or testing whether the char-
acter had at least one out of a particular set of simple fea-
tures (i.e., testing for a disjunction of simple features).

Method

Participants. Four students (2 females and 2 males) from the
Ludwig-Maximilians-Univer sity participated in the experiment.
Each participant was paid DM 150 (US $95). The ages of the par-
ticipants ranged between 21 and 41 years. All the participants had
normal or corrected-to-normal visual acuity.

Stimuli. Two stimulus sets, each consisting of nine consonants,
were used as target and distractor sets. Stimulus Set 1 consisted of
R,D, H,Z N, T B, G, and C. Stimulus Set 2 consisted of B, Q, F L,
X, M, S, K, and V. There was no obvious way of discriminating mem-
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bers of Set 1 from members of Set 2 on the basis of simple physical
features (see Figure 1). The letters were constructed by use of a
small set of line segments, and a mask was formed by including all
of the possible line segments in the same pattern.

Each stimulus frame contained four possible stimulus positions,
one at each corner of an imaginary square centered at a small (3 X
3 mm) white (50.3 cd/m?2) fixation cross in the middle of the display
screen. The distance from the fixation cross to each corner of the
square was 106 mm (5.1°). The stimulus characters (letters and masks)
were centered at the corners. The stimuli were white (50.3 cd/m?)
on ablack (0.72 cd/m?) background. The width and height of a stim-
ulus character were 11 mm (0.5°) and 15 mm (0.7 °), respectively.

General procedure. The experiments were run on a CRT con-
trolled by an IBM-compatible PC. The participants were seated
1.2 m from the screen in a semidarkened room. Responses were
recorded from the computer keyboard placed on a table in front of
the participants. Two of the participants responded present by press-
ing a key with their right index finger and absent by pressing a key
with their left index finger; the other two used the opposite response
assignment.

Training. The mapping of stimuli to responses was perfectly
consistent during the training phase. Participants 1 and 4 used Stim-
ulus Set 1 as the target set and Stimulus Set 2 as the distractor set;
Participants 2 and 3 used the opposite assignment.

Each trial began by presentation of a memory set consisting of
four different letters drawn at random from the target set (see Fig-
ure 2). After having memorized the four letters, the participant trig-
gered the stimulus presentation by pressing the space bar. With a la-
tency of 1,000 msec after the barpress, the fixation cross appeared,
and the cross remained on the screen during the rest of the trial.
With a delay of 500 msec after the appearance of the fixation cross,
the sequential presentation of 20 stimulus frames was begun. Each
frame was exposed for 185 msec, and successive frames were sep-
arated by an interval of 15 msec, which yielded a stimulus onset
asynchrony (SOA) of 200 msec. After the presentation of the 20
frames, the participant indicated whether any of the four target let-
ters in the memory set had appeared in any of the 20 stimulus frames.
The participant should respond either present or absent (forced
choice), but no time pressure was imposed. If the response was in
error, the participant was given a short tone as feedback.

For each trial, the 20 stimulus frames were constructed as fol-
lows. First, five different letters were drawn at random from the dis-
tractor set. Only these five letters were used as distractors in the trial.
For each of the 20 frames, then, two randomly chosen positions
among the four possible stimulus positions were filled with pattern
masks. To fill the remaining two positions, two different letters
were drawn at random from the set of five distractor letters, with the
constraint that no letter could appear in the same position in two
successive frames. Finally, in half the trials, a randomly chosen dis-
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Figure 1. The stimulus material used in Experiment 1.

tractor within Frames 4—18 was replaced by a randomly chosen tar-
get letter from the memory set.

A block of trials consisted of 20 trials, half of which contained a
target letter. The ordering of the trials was random. Each session
consisted of 15 blocks (300 trials) and lasted about 1 h. Eight ses-
sions were run during 4 successive days, two sessions per day, with
a short break between the sessions. Thus, each participant received
a total of 2,400 trials of training.

Test. The mapping of stimuli to responses varied from trial to
trial during the test phase. On each trial, a memory set of two let-
ters was selected at random from the stimulus set that had been used
as distractor set during the training phase (the set of former dis-
tractors). Among the remaining seven former distractors, a subset
of five was selected at random. Only these five letters were used as
distractors in the trial. For each of the 20 stimulus frames in the
trial, the four stimulus positions were filled with four different let-
ters that were drawn at random from the subset of five distractor
letters, with the constraint that no letter could appear in the same
position in two successive frames.

The relevant diagonal in a frame was defined as the upper left
and the lower right stimulus positions, and the irrelevant diagonal
was defined as the upper right and the lower left positions. Now,
with a probability of .67, a randomly chosen distractor on the rele-
vant diagonal in one of Frames 5-17 was replaced by a randomly
chosen target letter from the memory set. Furthermore, with a prob-
ability of .67, a randomly chosen distractor on the irrelevant diag-
onal in one of Frames 4-18 was replaced by a randomly chosen
member of the stimulus set that had been used as target set during
the training phase (the set of former targets). If a target letter from the
memory set appeared in the same trial, the former target was placed,
with equal probabilities, in the frame before, the same frame, or the
frame after the frame containing the target letter. If no target letter
from the memory set appeared in the trial, the former target was
placed in a frame chosen at random among Frames 4—18. The six dif-
ferent types of trials that are listed in Table 1 were equally frequent.

A block of trials consisted of 60 trials, half of which contained a
target letter. The ordering of the trials was random. Each session
consisted of five blocks (300 trials) and took about 1 h. Two ses-
sions were run during the 5th day following the 4 days of training.

Results

The error rates were analyzed by use of signal-detection
theory (Green & Swets, 1966) to disentangle variations
in sensitivity (measured by parameter d”) from variations
in response bias (measured by the natural logarithm of
parameter ). Learning curves for each participant are
shown with respect to both sensitivity (Figure 3A) and
bias (Figure 3B). A linear regression analysis across the
4 participants showed a significant increase in sensitiv-
ity during the training period [F(1,3) = 19.42, p < .05].
The rate of increase in d” averaged 0.22 units per session.
The linear trend in log 8 as a function of number of ses-
sion also reached significance [F(1,3) = 25.00,p < .05].!

The effects of former targets on sensitivity and bias
are illustrated in Figure 4. As can be seen in Figure 4A,
sensitivity was lower when a former target was present
than when former targets were absent. The effect of the
former target was significant whether the former target
was presented in the frame before the current target
[£(3) = 9.22,p < .005], the same frame as the current tar-
get [1(3) = 4.39, p < .05], or the frame after the current
target [£(3) = 3.32,p < .05). The decrements in d “for the
three cases were 0.50, 0.43, and 0.34 units, respectively.
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Training procedure
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Figure 2. Training and test procedures in Experiment 1. For each procedure,
the sequence of events during a typical trial is illustrated together with a time
scale thatindicates delays and exposure durations. Pattern masks are shown as

hash marks (#).

Presentation of a former target had no consistent ef-
fect onresponse bias (see Figure 4B). The null effect was
obtained whether the former target was presented in the
frame before the current target [#(3) = 0.54,p = .31], the
same frame as the current target [#(3) = 0.54,p = .31],0r
the frame after the current target [#(3) = 0.60, p = .29].

Discussion

The decrement in sensitivity caused by presentation of
a former target replicated the breakthrough effect found
by Shiffrin and Schneider (1977, Experiment 4d). The
decrement we found in d “when a former target was pre-
sented in the frame before a current target (0.50) was
greater than the corresponding decrement seen in the

data of Shiffrin and Schneider (which was about 0.08).
The decrements we found in d” when the former target
appeared in the same frame (0.43) or in the frame after a
current target (0.34) were comparable in magnitude with
the corresponding decrements evidenced by Shiffrin and
Schneider (about 0.69 and 0.26, respectively). The null
effect on response bias also replicated the results of
Shiffrin and Schneider.

Experiment 1 showed that the breakthrough effect of
Shiffrin and Schneider (1977) can be obtained in condi-
tions in which it seems impossible to determine whether
a stimulus character is a target or a distractor by testing
whether the character has a particular simple feature or
testing whether the character has at least one out of a par-
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Table 1
Different Types of Trials in Experiment 1

Type Current Target Former Target
1 present absent
2 absent absent
3 present present in frame before
4 present present in same frame
5 present present in frame after
6 absent present

ticular set of simple features (i.e., testing for a disjunction
of simple features; see Treisman & Gelade, 1980). The
results suggest that attention can be attracted by shapes
as complex as individual alphanumeric characters.

EXPERIMENT 2

Experiment 2 was similar to Experiment 1, except that
(1) the number of stimulus frames per trial was reduced
from 20 to just 1 and (2) the probability that a current tar-
get appeared on a trial was independent of whether a for-
mer target appeared on the same trial. The experiment
was conducted to investigate (1) whether the RSVP pro-
cedure used in Experiment 1 was critical for the break-
through effect to occur and (2) whether the effect was
due to aspects of the experimental design that could have
induced participants not to ignore the former targets when
they appeared as distractors—that is, the fact that the
temporal location of a former target could be used as a
cue to the location of any current target and the fact that
the probability that a current target appeared on a trial
was higher when a former target was present than when
former targets were absent (see Table 1).

Method

Participants. Four students (2 females and 2 males) from the
Ludwig-Maximilians-U niversity participated in the experiment.
None of the students had participated in Experiment 1. Each par-
ticipant was paid DM 150. The ages of the participants ranged be-
tween 21 and 23 years. All the participants had normal or corrected-
to-normal visual acuity.

Stimuli. The stimulus material and display conditions were the
same as those in Experiment 1.

General procedure. On each trial, the procedure was the same
as that in Experiment 1, except that the participant was presented
with only one stimulus frame, which was followed by four pattern
masks (see Figure 5). The SOA between the stimulus and the mask-
ing frame was 72 msec for Participants 1 and 2 in Sessions 1 and 2.
In later sessions with Participants 1 and 2 and all sessions with Par-
ticipants 3 and 4, the SOA was 43 msec.

Training. To specify a training trial, a memory set of four dif-
ferent letters was selected at random from the target set. Two ran-
domly chosen positions among the four positions in the stimulus
frame were filled with pattern masks. On half the trials, the remain-
ing two positions were filled with two different letters drawn at ran-
dom from the distractor set. On the remaining trials, one of the two
positions was filled with a letter chosen at random from the set of dis-
tractors, and the other position was filled with a letter chosen at ran-
dom from the memory set.

A training session consisted of 1,000 trials (50 blocks of 20 tri-
als each) and took about 1 h. The ordering of the trials was random.
As in Experiment 1, eight sessions were run during 4 successive
days, two sessions per day.

Test. To specify a test trial, a memory set of two letters was se-
lected at random from the set of former distractors (the stimulus set
that had been used as distractor set during the training phase).
Among the remaining seven former distractors, four different let-
ters were chosen at random, one for each of the four positions in the
stimulus frame. With a probability of .5, a randomly chosen dis-
tractor on the relevant diagonal was replaced by a randomly chosen
target letter from the memory set. Independently, with a probabil-
ity of .5, a randomly chosen distractor on the irrelevant diagonal
was replaced by a randomly chosen former target (a member of the
stimulus set that had been used as target set during the training phase).
Two sessions of 1,000 (randomly ordered) test trials each were run
on the 5th day of the experiment, after the 4 days of training.

Results

Figure 6 shows the learning curves for each of the 4 par-
ticipants with respect to sensitivity (panel A) and bias
(panel B). Effects of training on sensitivity were strong
[F(1,3) = 82.82,p < .005]. The rate of increase in d " av-
eraged 0.27 units per session. Effects of training on bias
were not significant (F < 1).

d'
N

log(B)

Session

Figure 3. Results from the training phase of Experiment 1. Each
graph depicts the data, session by session, for one participant.
Panel A shows variations in sensitivity (d”), and panel B shows
variations in bias (log[3). As can be seen from the graphs for Par-
ticipant 1, the data from Session 3 were lost for this participant.
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Figure 4. Results from the test phase of Experiment 1. The data
are separately shown for trials in which former targets were ab-
sent (FTA) and trials in which a former target was presented in
the frame before a current target (FTP —1), in the same frame as
a current target (FTP 0), and in the frame following a current
target (FTP +1). Results are shown both for each individual par-
ticipant and averaged across participants. Panel A shows varia-
tions in sensitivity (d’), and panel B shows variations in bias

(log3).

The effects of former targets on sensitivity and bias
are depicted in Figure 7. As is illustrated in panel A, sen-
sitivity was lower when a former target was present than
when former targets were absent [#(3) = 3.65, p < .05].
The decrement in d “averaged 0.13 units. As is illustrated
in panel B, the presentation of a former target had no
consistent effect on response bias [#(3) = 1.40, p = .13].

Discussion

Experiment 2 showed that the breakthrough effect of
Shiffrin and Schneider (1977, Experiment 4d) can be
replicated not only in RSVP studies, but also in single-
frame conditions. The experiment also showed that the
effect can be seen in conditions in which presentation of
current targets is statistically independent of presenta-

tion of former targets (i.e., conditions in which the pre-
sentation of a former target provides no more informa-
tion about current targets than does the presentation of
another distractor).

As in Experiment 1, the breakthrough effect appeared
as a decrement in the sensitivity (d”) for current targets
on trials in which a former target was presented. The
decrement in d” was smaller in the single-frame condi-
tions used in Experiment 2 (0.13 units) than in the mul-
tiframe conditions used in Experiment 1 (0.43 units), but
the decrement was significant in both experiments, and
it was found in the data of each individual participant.

EXPERIMENT 3

The experimental procedures used for demonstrating
the breakthrough effect in Experiments 1 and 2 were
rather special. Experiment 3 was conducted to determine
whether comparable effects of automatic attention at-
traction to a former target would be found in a conven-
tional single-frame search paradigm. On each trial, the
participant searched through a circular array of 12 let-
ters. Both targets and distractors, including former targets,
could appear at any of the 12 display locations.

Method

Participants. Four students (2 females and 2 males) from the
University of Copenhagen participated in the experiment. Each par-
ticipant was paid 700 DKK (US $105). The ages of the participants
ranged between 26 and 35 years. All the participants had normal or
corrected-to-normal visual acuity.

Stimuli. The target and distractor sets were the same as those in
Experiments 1 and 2. Each stimulus frame showed a circular array
of 12 letters (one at position 1 o’clock, one at2 o’clock, ..., and one
at 12 o’clock) centered on fixation. The distance from the center of
a letter to the small white fixation cross at the center of the screen
was 105 mm (7.5°). The width and height of the letters were 21 mm
(1.5°) and 32 mm (2.2°), respectively. All the stimuli were presented
in white on a black background at a viewing distance of 0.8 m.

General procedure. Each trial began with the presentation of
the memory set (see Figure 8). When the participant pressed a key,
the memory set disappeared from view, and with a latency of
1,000 msec, the stimulus frame was exposed for 210 msec. The
stimulus frame was immediately succeeded by a 500-msec expo-
sure of a frame with 12 masks, 1 for each of the stimulus letters. The
participant’s task was to indicate whether any of the letters in the
memory set appeared in the display. The response procedures were
similar to the ones used in the prior experiments.

Training. During the training phase, each trial was generated as
follows. A memory set of four different letters was selected from
the target set of nine letters. Twelve distractor letters were drawn at
random, with replacement, from the distractor set and distributed
among the 12 possible positions. If the trial should contain a target
letter, one of the distractors, chosen at random, was replaced by a
randomly chosen letter from the memory set.

A block of trials consisted of 20 trials, half of which contained a
target letter. The ordering of the trials was random. Each session
consisted of 15 blocks (300 trials) and took about 1 h. Eight sessions
were run during 4 successive days, again two sessions a day.

Test. The mapping of stimuli to responses varied from trial to
trial during the test phase. On each trial, a memory set of two differ-
ent letters was selected from the set of former distractors (the stim-
ulus set that had been used as distractor set during the training
phase). Then the 12 positions in the stimulus frame were filled by
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Training procedure

[
I
[ s #
' P #
i #
RZDB # Dv\ 500 ms
43-72 ms
1000 ms
Keypress Target
Test procedure
[
I
| # o #
' K R _
. \# ,
’ X
QF F\ 500 ms
43 ms
1000 ms
Keypress Target Former Target

Figure 5. Procedure used in Experiment 2 during the training phase (top)
and the test phase (bottom). Pattern masks are shown as hash marks (#).

drawing 12 times at random, with replacement, from the set of the
seven remaining former distractors. In half of the trials, one of the
distractors, chosen at random, was replaced by a randomly chosen
letter from the memory set (a current target). Furthermore, in half
of the trials with and half of the trials without a target letter, another
randomly chosen distractor was replaced by a randomly chosen for-
mer target (a member of the stimulus set that had been used as tar-
get set during the training phase). The test phase comprised two ses-
sions of 400 (randomly ordered) test trials each. The sessions were
run on the 5th day of the experiment, after the 4 days of training.

Results

The effects of training failed to reach significance [for
sensitivity, F(1,3) = 2.77, p = .20; for bias, F(1,3) =
1.09,p = .37; see Figure 9]. However, as in Experiments
1 and 2, presentation of a former target significantly im-
peded detection of current targets during the test phase
[2(3) = 2.98,p < .05; see Figure 10A]. The decrement in
d’ averaged 0.21 units. Again, as in the previous experi-
ments, the presentation of a former target had no consis-
tenteffect on response bias [1(3) = 1.72,p = .09; see Fig-
ure 10B].

Discussion

Experiment 3 was a conventional single-frame search
paradigm in which targets and distractors (including for-
mer targets) could appear at any possible stimulus loca-
tion in the display. As in Experiments 1 and 2, presenta-
tion of former targets impeded detection of simultaneously
presented current targets. The decrementin d” (0.21 units)
was slightly greater than the decrement found in Exper-

iment 2 (0.13 units), but the decrements were the same in
order of magnitude. Apparently, the effects of automatic
attention attraction to former targets were comparable in
Experiments 2 and 3.

EXPERIMENT 4

In Experiments 1-3, (1) the participants searched for
multiple targets during both the training and the test
phases, and (2) mappings of stimuli to responses were
consistent during training phases but varied during test
phases. Both constraints were lifted in Experiment 4. To
reduce uncertainty concerning the identity of the search
targets to a minimum, we used a simple single-frame
search paradigm with one particular letter as the target
throughoutthe training phase and another particular let-
ter as the target throughout the test phase. As in Experi-
ment 3, the target and distractors could appear at any of
the possible stimulus locations in a display.

Method

Participants. Five students (3 females and 2 males) from the
Ludwig-Maximilians-University and the University of Copenhagen
participated in the experiment. None of the students had partici-
pated in any of the previous experiments. Each participant was paid
DM 150 or 700 DKK. The ages of the participants ranged between
20 and 35 years. All the participants had normal or corrected-to-
normal visual acuity.

Stimuli. Six letters (H, L, N, T, X, and Z) were used as stimuli.
The stimulus letters were selected so that each type of line segment
(horizontal, vertical, ascending oblique, and descending oblique)
was used in at least two letters. Each stimulus frame contained eight
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Figure 6. Results from the training phase of Experiment 2.
Each graph depicts the data, session by session, for one partici-
pant. Panel A shows variations in sensitivity (d"), and panel B
shows variationsin bias (log[3 ). The breaks in the graphs for Par-
ticipants 1 and 2 indicate a change in exposure duration from 72
to 43 msec between Sessions 2 and 3.

possible stimulus positions (N, NE, E, SE, S, SW, W, and NW) on
the circumference of an imaginary circle centered on fixation.
Three, five, or all of the eight positions were occupied by letters.
The distance from the center of a letter to the small white fixation
cross at the center of the screen was 46 mm (2.2°). The width and
height of the letters were 11 mm (0.5°) and 15 mm (0.7°). All the
stimuli were presented in white on a black background at a viewing
distance of 1.2 m.

General procedure. Each trial was started by the participant’s
pressing a key, which released a brief exposure of the stimulus
frame with a latency of 1,000 msec. The stimulus frame was im-
mediately succeeded by a 430-msec exposure of a frame with eight
masks, one at each of the eight possible stimulus positions (see Fig-
ure 11). The participant’s task was to indicate whether a predesig-
nated target appeared in the stimulus frame. The response proce-
dures were similar to the ones used in the previous experiments.

The duration of the stimulus exposure was varied to prevent ceil-
ing or floor effects. Participants 2, 4, and 5 ran all sessions at 43 msec.
Participant 1 ran Sessions 1 and 2 at 43 msec and the remaining ses-
sions at 57 msec. Participant 3 ran Sessions 1 and 2 at 43 msec and
the remaining ones at 29 msec.

Training. For each participant, one of the six stimulus letters
served as the target throughout the training phase, whereas the other
five letters served as distractors. On each trial, the target appeared
in the display with a probability of .5, regardless of the display set
size (three, five, or eight letters).

One session consisted of 1,000 trials (50 blocks of 20 trials each)
and took about 1 h. In the first 6 blocks of each session, the display
set size (three, five, or eight letters) varied randomly from trial to
trial, and the distractors were randomly drawn with replacement
from the set of five distractor letters. Throughout the remaining 44
blocks, the display set size was kept constant at a value of three let-
ters, and the distractors were randomly drawn without replacement
from the set of five distractor letters. The spatial distribution of the
display items across the eight possible stimulus positions was ran-
dom. As in the previous experiments, eight training sessions were
run during 4 successive days, two sessions per day.

Test. On the 5th day of the experiment, the target and distractor
sets were redefined. One of the five letters that had been used as
distractors during the training was selected to be the new target. The
new distractor set consisted of the four remaining former distractors
plus the former target. Two test sessions were run with the new tar-
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Figure 7. Results from the test phase of Experiment 2. The data
are separately shown for trials in which former targets were ab-
sent (FTA) and trials in which a former target was present (FTP).
Panel A shows variations in sensitivity (d”), and panel B shows
variations in bias (log[3 ).
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Figure 8. The procedure used during both the training and the test phases of
Experiment 3. Note that the memory set contained four letters during the train-
ing phase but only two letters during the test phase. Pattern masks are shown

as hash marks (#).

get and distractor sets. The former target appeared (once per dis-
play) in one half of the stimulus displays, regardless of display size.
Except as noted, the procedure during the test phase was the same
as that during the training. Thus, in those 44 blocks of each session
in which display size was kept constant at a value of three letters, the
probability that the former target appeared in a stimulus display was
exactly the same as the probability that any other particular member
of the new distractor set appeared in the display.

Results

The data from the six blocks of each session with vary-
ing display set size were subjected to a two-way (display
set size X session) repeated measures analysis of vari-
ance. The analysis showed no significant effects of ei-
ther display set size [F(1,4) =5.77, p = .07] or training
[F(1,4) = 3.40, p = .14] and no significant interaction
between the two (F < 1).

The main analyses were based on those 44 blocks of
each session in which the display set size was kept con-
stant at a value of three letters. By linear regression, sen-
sitivity measured by d’ increased by 0.18 units per ses-
sion (see Figure 12A). The effect was not significant by
an Ftest[F(1,4) = 2.41,p = .20], but it was found in all
of the 5 participants, which is significant by a sign test
(p = .03). Similar analyses for effects of training on re-
sponse bias (see Figure 12B) showed no significant ef-
fects [F(1,4) = 5.57,p = .08].

During the test phase, the presentation of a former tar-
get caused a decrement in d” averaging 0.15 units (see
Figure 13A). The effect bordered on significance by a ¢
test [#(4) = 2.03, p = .056] and reached significance at
the .05 level by asign test (N = 5,x = 5). Similar analyses
for effects of former targets on response bias showed no
significant effects [#(4) = 1.25,p = .15; see Figure 13B].

Discussion
In Experiment 4, uncertainty concerning the identity
of the search targets was reduced to a minimum by using

a simple single-frame search paradigm, with one partic-
ular letter as the target throughout the training phase and
another particular letter as the target throughout the test
phase. The target and distractors could appear at any of
the possible stimulus locationsin a display. As in the prior
experiments, presentation of a former target impeded de-
tection of a simultaneously presented current target. The
decrement in d” (0.15 units) was smaller than the corre-
sponding decrement found in the multiframe conditions
used in Experiment 1 (0.43 units) but comparable in mag-
nitude with the decrements found in the single-frame
conditions used in Experiments 2 and 3 (0.13 and 0.21,
respectively).

GENERAL DISCUSSION

Experiment 1 replicated the breakthrough effect of
Shiffrin and Schneider (1977, Experiment 4d) with sets
of stimulus letters that were constructed so that it seemed
impossible to determine whether a letter was a target or
a distractor by testing for a particular simple feature or a
particular disjunction of simple features. The replication
of the breakthrough effect in such conditions suggests
that attention was attracted by shapes as complex as in-
dividual alphanumeric characters.

Experiment 2 showed that the breakthrough effect oc-
curs not only in RSVP studies, but also in single-frame
paradigms. The experiment also showed that the effect is
found in conditionsin which the presentation of a former
target provides no more information about current targets
than does the presentation of any other distractor. Thus,
the experiment met the objection that the procedure used
by Shiffrin and Schneider (1977) may have encouraged
subjects not to ignore the former targets when they ap-
peared as distractors.

Experiments 3 and 4 were conventional single-frame
search paradigms in which targets and distractors (in-
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Figure 9. Results from the training phase of Experiment 3.
Each graph depicts the data, session by session, for one partici-
pant. Panel A shows variations in sensitivity (d"), and panel B
shows variations in bias (log[3).

cluding former targets) could appear at any possible
stimulus location in the display. In Experiment 4, uncer-
tainty concerning the identity of the search targets was
reduced to a minimum by using just one particular letter
as the target throughout the training phase and another
particular letter as the target throughout the test phase.
Measured by the resulting decrements in the value of d’
for detection of simultaneous current targets, the effects
of presentation of former targets in Experiments 3 and 4
were comparable with the effects in Experiment 2.
Measured by the decrements in d’ for detection of si-
multaneous current targets, presentation of former tar-
gets had a stronger effect in the multiframe conditions
that were used in Experiment 1 than in the single-frame
conditions used in Experiments 2—4. It is possible that
the stronger effect in Experiment 1 was due to the use of
RSVP during the training phase, the use of RSVP during
the test phase, or the use of RSVP during both the train-
ing and the test phases. It is also possible that the stronger
effect in Experiment 1 was due to aspects of the design of

the experiment that counteracted incentives to ignore the
former targets: (1) the fact that the temporal location of
a former target could be used as a cue to the location of
any current target and (2) the fact that the probability that
a current target was presented on a trial was higher when
a former target was present than when former targets
were absent.

Although the strength of the effect of presentation of
former targets varied between experiments, the effect was
highly reliable. For each participant in each of the four
experiments, detection of current targets was impaired dur-
ing presentation of former targets. The results confirm
that automatic attention attraction develops not only in
the special experimental paradigm used by Shiffrin and
Schneider (1977), but also in standard visual search tasks.

Evidence for Parallel Processing
As was argued by Shiffrin and Schneider (1977), the
breakthrough effect they found in their Experiment 4d
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Figure 10. Results from the test phase of Experiment 3. The
data are separately shown for trials in which former targets were
absent (FTA) and trials in which a former target was present
(FTP). Panel A shows variations in sensitivity (d’), and panel B
shows variations in bias (log[3 ).
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Figure 11. The procedure used during both the training and the test phases
of Experiment 4. Pattern masks are shown as hash marks (#).

suggests that simultaneously presented visual stimuli
were compared in parallel against memory representa-
tions of alphanumeric characters. Experiments 1 and 2 of
the present article strengthened the evidence that partic-
ipants were unable to prevent comparisons between vi-
sual stimuli in irrelevant display positions and memory
representations of alphanumeric characters. In principle,
this result might be explained by assuming a serial rec-
ognition mechanism directed to one letter at a time (see,
e.g., Treisman, 1988, 1993; Wolfe, 1994; Wolfe, Cave, &
Franzel, 1989) if the mechanism were assumed to be di-
rected not only to letters in relevant display positions, but
(with a certain probability)also to letters in irrelevant dis-
play positions. However, assuming automatic comparisons
in parallel of simultaneously presented stimuli against
memory representations of alphanumeric characters yields
a more straightforward explanation for the results.
Separately considered, the results of Experiments 3
and 4 might be explained equally well by assuming ser-
ial recognition of stimulus letters, one by one in a random
order, as by assuming parallel comparisons of stimulus
letters against letter representations in memory. (Similar
considerations apply to related studies in which former
targets could appear at all the possible stimulus locations
in the displays; see, e.g., W. Schneider & Fisk, 1982; see
also Fisk, Lee, & Rogers, 1991; Fisk & Rogers, 1988.)
However, the results of Experiments 1 and 2 suggest par-
allel, rather than serial, processing of the stimulus letters,
and our finding that the order of magnitude of the effect
of a former target (measured by decrementind”) was the
same in Experiment 2 as in Experiments 3 and 4 lends
further support to the assumption of parallel processing.
Thus, if the interference from a former target were as-
sumed to occur when the former target was sampled by
a serial recognitionmechanism, one would expect a much
larger effect of former targets in Experiments 3 and 4 than
in Experiment 2. In Experiments 3 and 4, former targets

appeared in relevant display positions, so the probability
that a former target would be scanned before the current
target in a display containing both of them should be rel-
atively high. In Experiment 2, former targets only ap-
peared in irrelevant display positions, so the probability
that a former target would be scanned before the current
target in a display containing both of them should be
quite low.

Related Findings

Attention attraction by salient features and abrupt
onsets. During the past 15 years, research on attentional
capture has blossomed (for reviews, see Theeuwes, 1996;
Yantis, 1996, 1998). Most investigations have concerned
the propensity of salient, preattentively processed fea-
ture discontinuities or abrupt onsets to attract attention.
Theeuwes (1992, 1994,1995) provided evidence that when
the target of search is a featural singleton (e.g., a single
red item among green ones), attention will be captured
by the most salient singleton in the display, regardless of
whether this singleton is relevant to the participant’s
task. Bacon and Egeth (1994) argued that when partici-
pants are looking for a featural singleton in a given di-
mension, they adopt a strategy (singleton-detectionmode)
of directing attention to the locations with the highest fea-
ture contrast, regardless of the dimension in which the
contrast is found. Thus, attention should be guided by
the output of a general feature-contrast detector.

Yantis has argued that when the participant’s task does
not require a deliberate attentional set for a featural sin-
gleton, an abruptly onset visual stimulus will capture at-
tention (Jonides, 1981; Jonides & Yantis, 1988; Reming-
ton, Johnston, & Yantis, 1992; Yantis & Hillstrom, 1994;
Yantis & Jonides, 1984), but other types of stimuli will
not (Hillstrom & Yantis, 1994; Jonides & Yantis, 1988).
However, even capture by abrupt onsets seems not com-
pletely automatic. Yantis and Jonides (1990) reported
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Figure 12. Results from the training phase of Experiment 4.
Each graph depicts the data, session by session, for one participant.
Panel A shows variations in sensitivity (d”), and panel B shows
variations in bias (log[3). The breaks in the graphs for Partici-
pants 1 and 3 between Sessions 2 and 3 indicate a change in ex-
posure duration from 43 to 57 msec for Participant1 and a change
from 43 to 29 msec for Participant 3.

that when participants had focused attention on a spatial
location, no stimuli appearing elsewhere captured atten-
tion. Folk, Remington, and Johnston (1992) and Folk,
Remington, and Wright (1994) argued that all cases of
attentional capture are contingent on attentional control
settings: Abrupt-onset stimuli may capture attention
when participants are looking for abrupt-onsettargets but
not when looking for color targets, and vice versa (for
further discussion, see Folk, Remington, & Johnston,
1993; Yantis, 1993; but see also Theeuwes, 1994).

In the theoretical framework of TVA, the development
of automatic attention attraction to particular classes of
stimuli in Experiments 1—4 should consistin learning per-
ceptual priorities (7 values; see Bundesen, 1990, pp. 5401f).
As was noted by Folk et al. (1992, p. 1042), the atten-
tional mechanisms of TVA may also be used for setting
attentional controls for salient features and abrupt onsets.

For example, if a general feature-contrast detector is avail-
able, attention can be guided by the output (7] values) of
the general feature-contrast detector by letting the per-
ceptual priority (7 value) of feature contrast be high and
letting perceptual priorities of other properties be low.
When TVA is configured in this mode (singleton-detection
mode), the attentional weight of an item primarily depends
on the feature contrast of the item. Similarly, if separate
detectors are available for static versus dynamic discon-
tinuities (see Folk et al., 1992; Folk et al., 1994), attention
can be guided by the output (7] values) of the detector for
static discontinuities (e.g., color and shape singletons)
by letting the perceptual priority (7 value) of static dis-
continuity be high, and attention can be guided by the
output (7] values) of the detector for dynamic discontinui-
ties (e.g., onset and motion singletons) by letting the per-
ceptual priority (7 value) of dynamic discontinuity be high.

Attention attraction by words? Experiments 1-4
suggest that visual attention can be attracted by shapes as
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Figure 13. Results from the test phase of Experiment 4. The
data are separately shown for trials in which former targets were
absent (FTA) and trials in which a former target was present
(FTP). Panel A shows variations in sensitivity (d’), and panel B
shows variations in bias (log[3).
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complex as individual alphanumeric characters. Other
evidence seems to suggest that the initial allocation of
attention to items in a visual display is insensitive to
words. Bundesen, Kyllingsb&k, Houmann, and Jensen
(1997) presented participants with briefly exposed visual
displays of words, which were short, common first names.
Each display consisted of four words: two names shown
in red and two shown in white. The participants’ task was
to report the red names (targets) but ignore the white ones
(distractors). On some trials, a participant’s own name
appeared as a display item (target or distractor). Presen-
tation of the participant’s own name as a distractor caused
no more interference with report of targets than did pre-
sentation of other names as distractors. Apparently, visual
attention was not automatically attracted by the partici-
pant’s own name.

If priority learning could occur for visual words, so
that a visual word could attract attention automatically,
one would expect a participant’s attention to be attracted
automatically by his or her own name (see Moray, 1959).
As was suggested by Bundesen et al. (1997), the contrast
between findings with single letters and digits and find-
ings with multiletter words may be explained by assum-
ing that visual attention can be attracted by individualaal-
phanumeric characters, but not by shapes as complex as
multiletter words. This assumption could be tested by at-
tempting a replication of Experiment 2, with visual words
substituted for the letters.
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NOTE

1. All the reported statistics concerning response bias were calcu-
lated on the basis of logf. Statistical tests based on values of 3 gave
similar results.
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