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Abstract

The human visual system can actively prioritize task-relevant features to search for a target. Recent studies have reported cases in
which the system may suppress irrelevant features by using a template for rejection. However, in those studies, the templates used
for rejection were limited to the color domain, and they have yielded mixed results. Our literature review identified three
differences among studies that may be responsible for such mixed results: differences in the spatial segmentation of items
(i.e., segregated or intermixed across the display), differences in how features are defined and reported (i.e., combined or
separate), and differences in cue lead times (short or long). Participants searched for a target-line segment in a shape and identified
its orientation from among non-target line-shaped compound shapes that were preceded by one of three cue displays. Positive
cues indicated that the target segment would appear in a shape, and negative cues that it would not appear in a shape. Neutral cues
indicated that a particular shape would not appear in the current search display. The results demonstrated that reaction times were
faster under the negative-cue condition than the neutral-cue condition, reflecting the effect of a shape-based template for rejection
(Experiment 1). Experiment 2 replicated the absence of the effect in the shape domain. Experiment 3 indicated that the template-
for-rejection effect occurred only when the cue lead time was relatively long, suggesting that time is required (approximately
2,400 ms or longer) for the visual system to form rejection templates. Experiment 4 excluded the possibility that a confound in the
target-defining/reporting feature was involved. These results indicated that apparent inconsistencies in research on the template-
for-rejection effect can be explained in terms of the time required for templates to be configured.
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Introduction involves a subtype of feature-based attentional bias, known

as a visual search template-for-rejection, which is based on

We are subjected to a deluge of information in daily life. Due
to limitations in our capacity for cognitive processing, visual
attention plays a critical role in selecting a few target objects
and prioritizing them over irrelevant nontargets (Lleras,
Levinthal, & Kawahara, 2009; Watson & Humphreys, 1997,
Wolfe, 2014). For example, consider searching for a room key
of a particular color (e.g., blue) among many other keys of
different colors. In this context, it would be advantageous to
know the color of the target key, or of keys that would never
be targets. The former situation involves top-down, feature-
based visual searches in which attention is biased toward the
positive features that are consistent with the current behavioral
goal (Most & Astur, 2007; Olivers, Meijer, & Theeuwes,
2006; Vickery, King, & Jiang, 2005). The latter situation
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the suppression of a specific feature. The advantage of the
template-for-rejection attentional bias, as exemplified by the
shorter reaction times of participants who were aware of the
target feature that did not match the feature maintained in
working memory, was identified by Woodman and Luck
(2007) and Arita, Carlisle, and Woodman (2012). Since their
initial research, several lines of evidence, reviewed below,
have indicated that a cued nontarget feature can support the
template-for-rejection effect. At the same time, however, there
have been inconsistencies among studies, where some did not
observe template-for-rejection effects. Therefore, we focused
on identifying the boundary conditions for a template-for-
rejection effect in the present study.

Extant studies have demonstrated a template-for-rejection
effect based on a color cue presented prior to a search array,
when the cue predicted the color of a target or of nontargets
(Arita et al., 2012; Reeder, Olivers, & Pollmann, 2017). For
example, participants in the study by Arita et al. (2012)
viewed items presented on an imaginary clock-face array to
search for a Landort-C-like target containing a gap on the top
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or bottom, and were asked to identify the gap location among
distractors containing a gap on the left or right. A positive cue
indicated that a cued color matched the target color. A nega-
tive cue indicated that a cued color matched the distractor
color. A neutral cue indicated that a cued color would never
appear in the current search array. Reaction times under the
positive-cue condition were the fastest among the three cueing
conditions, and those under the neutral-cue condition were the
slowest. The effect of the template for rejection was exempli-
fied by the faster reaction times under the negative-cue con-
dition relative to under the neutral-cue condition.

Although the procedural definition of a template for rejec-
tion is clear, the results of research performed after Arita et al.
(2012) have been less conclusive; one study replicated the
template-for-rejection effect (Reeder et al., 2017), whereas
others failed to find any such effect (Beck & Hollingworth,
2015; Becker, Hemsteger, & Peltier, 2016). There are at least
two major potential reasons for this inconsistency. First, the
use of color and spatial grouping as cues may have had a
confounding effect. Specifically, the search arrays in Arita
et al. (2012) were configured so that a group of the same-
color items was located in the same hemifield (e.g., red items
on the left and blue items on the right side of the display).
Therefore, participants might have converted a color cue into a
spatial cue. This possibility was tested by Beck and
Hollingworth (2015), who intermixed two colored items
across both hemifields and found no template-for-rejection
effects. Becker et al. (2016) reported similar results.
However, Reeder et al. (2017) found a template-for-rejection
effect even under a condition wherein two colored items were
intermixed across both hemifields. Therefore, extant findings
are inconclusive with regard to whether spatial grouping is
critical. Thus, it is reasonable to assume that other factors
may determine the effect of a template for rejection.

Finally, cue lead times and/or cue durations varied sub-
stantially among previous studies reporting differences in
the template-for-rejection effect. For example, one group
of studies used relatively long durations and found an
effect, whereas another group used a brief cue, 100 ms,
and therefore a shorter cue lead time (e.g., 1,000 or 600
ms); their results showed no template-for-rejection effect
(Beck & Hollingworth, 2015; Becker et al., 2016).
Therefore, these results imply that a relatively longer
cue lead time may be a prerequisite for the template-for-
rejection effect. This view seems reasonable in that a large
number of studies have shown that top-down attentional
modulation requires time (e.g., Monsell, 2003; Spence &
Driver, 1994; Theeuwes & Van der Burg, 2011). The ben-
efits of negative cues by top-down attentional modulation
have been observed later in time (Kawashima &
Matsumoto, 2018; Moher & Egeth, 2012). Thus, a longer
cue lead time may be a critical factor in the template-for-
rejection effect.

Additionally, we question the generalizability of the find-
ings of a template-for-rejection effect, because the preceding
studies on templates for rejection used only color cues (Arita
et al., 2012; Beck & Hollingworth, 2015; Becker et al., 2016;
Reeder et al., 2017). Therefore, it is unclear whether the
template-for-rejection effect would occur when other features
were used as a cue. Given that shapes as well as colors have
been used as features for restricting visual searches to improve
performance (Becker, Harris, Venini, & Retell, 2014; Soto,
Heinke, Humphreys, & Blanco, 2005; Treisman &
Gormican, 1988), we assumed that these features could be
used to prioritize access to working memory (Griffin &
Nobre, 2003; Gilchrist, Duarte, & Verhaeghen, 2016; Li &
Saiki, 2015), it is reasonable to assume that a shape cue should
be able to elicit the template-for-rejection effect. We argue that
it is premature to conclude that a feature-based template for
rejection elicits a general effect only when the specific feature
of color is used as the cue. Indeed, we tested whether the
template-for-rejection effect could be elicited in shape-based
searches.

Thus, we designed a set of experiments to address these
issues. First, we examined whether participants could create a
template for rejection based on the dimension of shape, and
thereby sought to replicate a basic finding in this domain
(Experiment 1). We also replicated the finding by Beck and
Hollingworth (2015), who reported the absence of a template-
for-rejection effect (Experiment 2). Second, we examined
whether cue lead time is a prerequisite for a successful tem-
plate for rejection (Experiments 3 and 4). It was hypothesized
that cue lead time is a critical factor in determining the pres-
ence or absence of the template-for-rejection effect.

In summary, our initial goal was to determine whether the
template-for-rejection effect reported in relation to color-based
cues may be generalizable to shape-based cues. To this end,
we performed two experiments that were replications of the
original study (Arita et al., 2012) reporting the existence of a
template for rejection (Experiment 1) and a study that failed to
find such an effect (Beck & Hollingworth, 2015) when stimuli
were spatially interleaved (Experiment 2). We replicated both
outcomes with shape stimuli and then attempted to determine
the factor responsible for the opposite effects between these
two experiments. Where the obvious difference was whether
the cued stimuli were spatially distinct from un-cued stimuli,
we noted that others (Reeder et al., 2017) have found evidence
of a template for rejection even when stimuli are spatially
interleaved. After examining the methodological differences
across studies, we posited that the critical factor determining
whether one finds, or fails to find, evidence for a template for
rejection may be the cue lead time (i.e., the temporal lag be-
tween the cue and search display). To investigate this, we
conducted a third study that increased the cue-to-search dis-
play duration but used spatially interleaved stimuli similar to
those in our Experiment 2. This experiment produced
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evidence of a template for rejection, supporting our theory that
the cue-to-search display durations may be critical.

Experiment 1

The purpose of Experiment 1 was to examine whether partic-
ipants could create a template for rejection based on the shape
dimension, and to replicate a basic finding of template-for-
rejection research. If templates for rejection improve the effi-
ciency of visual searches, the identification of targets would
be facilitated under positive and negative cue conditions rela-
tive to the control condition, under which no shape-related
cues are provided.

Method

Participants Thirty-five undergraduate and graduate students
participated in this experiment (16 males and 19 females;
mean age = 20.9 years, SD = 5.1). All participants in this
and the subsequent experiments had normal or corrected-to-
normal visual acuity and normal color vision. The experi-
ments were all approved by the Human Research Ethics
Committee of Hokkaido University. All participants provided
written informed consent prior to the experiment and were
awarded a monetary honorarium or course credit.

Apparatus and stimuli Stimuli were displayed on an LCD
monitor (100 Hz refresh rate, 1,920 x 1,080 pixels,
XL2411T; BenQ) controlled by custom Matlab software using
Psychophysics Toolbox extensions (Brainard, 1997; Kleiner,
Brainard, & Pelli, 2007; Pelli, 1997). The viewing distance
was approximately 57 cm.

The search array consisted of three types of outline shapes
(circle, square, and diamond, each subtended 0.8° x 0.8°)
arranged on an imaginary circle with a 5° radius and displayed
on a gray background accompanied by a black central fixation
cross (0.2° x 0.2°). The six items in the search array consisted
of two of the three types of shape. These were randomly se-
lected on every trial so that all items within a hemifield were of
the same shape. Each search item contained a short line seg-
ment (1.5°), the orientation of which was randomly deter-
mined with the constraint that the target segment was either
vertical or horizontal; the nontargets were tilted clockwise or
anti-clockwise at 22.5° from the vertical or horizontal direc-
tion. One of the 12 items contained the target segment, and the
other contained the nontarget segments. The type of shape
containing the target segment was selected randomly on each
trial.

Procedure As shown in Fig. 1, each trial began with the pre-

sentation of a fixation cross for 500 ms, followed by the pre-
sentation of a shape cue for 100 ms. After the shape cue
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Fig. 1 Schematic diagram of the stimulus sequence in Experiment 1. At
the beginning of a block, participants were informed of the type of a cue
(e.g., negative cue). They viewed a cue display for 100 ms and were
required to identify a target line segment (vertical in this example)

disappeared, a fixation cross was presented for 900 ms follow-
ed by a search array that remained until participants
responded, or until 5,000 ms from the onset of the array had
elapsed. One of three types of cue was randomly selected on
each trial and presented at the center of the screen. Participants
searched for, and indicated the orientation of, the target seg-
ment by pressing a designated key on the keyboard (the down
and left arrow keys for vertical and horizontal targets, respec-
tively) as quickly and accurately as possible.

We treated cue type as a within-subject factor with three
potential values: positive, negative, or neutral. A positive cue
indicated that a target segment would appear within the cued
shape. The negative cue indicated that a target segment would
never appear within the cued shape. The neutral cue indicated
that the cued shape would never appear in the current search
array. Under the positive and negative cue conditions, the cued
shape and one of the uncued shapes appeared as search items.
Under the neutral cue condition, the cued shape did not appear
in the search array. The cues were presented according to a
block design. Each condition consisted of 144 trials, and the
order of conditions was counterbalanced across participants.
Each block began with the instructions for the relevant condi-
tion and 12 practice trials.

Results

Data from one participant were excluded from the analysis
due to an accuracy rate of less than 75% under one condition.
Trials with reaction times 3 SD above or below the mean
(1.6% of all data), and those with errors (4.8% of all data),
were excluded from analyses. Figure 2 shows the mean reac-
tion times across the three cue types in Experiment 1. Analysis
of variance (ANOVA) of mean reaction times, treating cue
type as a within-subject variable, indicated a significant main
effect of cue type (F(2, 66) = 46.43, p < .001, > = .58). In
this and the following analyses, we used the Holm method for



Atten Percept Psychophys (2019) 81:1880-1889

1883

2000}
Positive

’g 1800} — D Neutral
~— i 7 N
g 1600l Negative
.': 7 75 17747
S 1400} ==
% N
& 1200} \

1000 &

Cue Condition

Fig. 2 Mean reaction times as a function of cue type from Experiment 1.
Error bars represent within-subject 95% confidence intervals

multiple comparisons. Reaction times were shortest under the
positive cue condition (positive vs. neutral, #(33) = 9.50, p <
.001, » = .86; positive vs. negative, #33) = 5.40, p < .001, r =
.69). Reaction times under the negative cue condition were
shorter than those under the neutral cue condition (negative
vs. neutral, #33) = 4.30, p < .001, r = .60). An ANOVA of
accuracy rates, treating cue type as a within-subject variable,
found no significant main effect of cue type (F(2, 66)=0.19, p
= .83, np° = .005).

Discussion

In Experiment 1, both the positive and the negative cues had
beneficial effects on reaction times relative to the neutral cue.
This pattern of mean reaction times replicated the findings of
Arita et al. (2012), in that participants could exclude negative-
ly cued features from searches and the template-for-rejection
effect could be extended to the shape domain. Experiment 1
successfully replicated the findings of Arita et al. (2012).
However, the presence of a template-for-rejection effect is
not unequivocal. Specifically, Beck and Hollingworth
(2015) failed to find the effect when the items were spatially
intermixed in a search array. Thus, we replicated their find-
ings using a similar paradigm in Experiment 2.

Experiment 2

The present experiment replicated Experiment 1 under a
condition in which two groups of shapes were intermixed
and distributed on both sides of the display. This stimulus
configuration avoided location-based grouping of items,
which could interfere with the effect of negative cues. We
predicted no template-for-rejection effect, consistent with
Beck and Hollingworth’s (2015) finding.

Method

Participants Forty-two undergraduate and graduate students
participated in this experiment (27 males and 15 females;
mean age = 20.0 years, SD = 1.4).

Apparatus and stimuli Except for the search arrays, which
were spatially intermixed and consisted of three versions
of each of two types of shape, which were randomly se-
lected on each trial so that two types of items appeared
within each hemifield, the apparatus and stimuli were
identical to those used in Experiment 1. The items were
placed in two imaginary rectangular regions. The distance
between the edge of the rectangular region nearest to the
other region and the fixation cross was 5.5°, and that
between items was 2.5°. Each item had a randomly deter-
mined (0—1°) spatial jitter.

Procedure As shown in Fig. 3, the procedure was identi-
cal to that used in Experiment 1. Cue lead time was
1,000 ms (cue duration: 100 ms; blank time after cue
offset: 900 ms). The order of presentation of the condi-
tions was counterbalanced across participants. Each
block began with instructions about the conditions and
12 practice trials.

Results

Data from two participants were excluded from the anal-
ysis due to an accuracy rate of less than 75% under one
condition. Trials with reaction times 3 SD above or below
the mean (1.1% of all data), and those with errors (4.5%
of all data), were excluded from the analyses. These ex-
clusions did not alter the pattern of results. Figure 4
shows the mean reaction times for Experiment 2 as a
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Fig. 3 Schematic diagram of the stimulus sequence in Experiment 2. At
the beginning of a block, participants were informed of the type of a cue
(e.g., negative cue). They viewed a cue display for 100 ms and were
required to identify a target line segment (vertical in this example)
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Fig. 4 Mean reaction times as a function of cue type from Experiment 2.
Error bars represent within-subject 95% confidence intervals

function of cue type. An ANOVA on mean reaction time,
treating cue type as a within-subject factor, indicated a
significant main effect of cue type (F(2, 78) = 28.69, p
< .001, np”> = .42). The reaction times under the positive
cue condition were the shortest (positive vs. neutral, #39)
= 6.45, p < .001, r = .72; positive vs. negative, #39) =
7.42, p < .001, r = .77). The difference between the neg-
ative and neutral cue conditions was not significant (#39)
= 1.23, p = .225, r = .19). An ANOVA on accuracy,
treating cue type as a within-subject variable, identified
no significant main effect of cue type (F(2, 78) = 2.09, p
=131, np* = .05).

Discussion

In Experiment 2, only the positive shape cues produced ben-
eficial effects on reaction times relative to the neutral cue. This
pattern of mean reaction times replicated and extended the
results reported by Beck and Hollingworth (2015). These find-
ings are identical to those of previous studies showing that the
template-for-rejection effect occurred only when the search
items were spatially grouped (Beck & Hollingworth, 2015;
Becker et al., 2016), even in the shape domain. Experiments

1 and 2 indicated that the template-for-rejection effect gener-
alizes to the shape domain.

Experiment 3

As reviewed in the Introduction, studies on templates for re-
jection have yielded mixed results. To recapitulate, one set of
studies found evidence of template-for-rejection effects (Arita
et al., 2012; Reeder et al., 2017), whereas others reported
negative findings (Beck & Hollingworth, 2015; Becker
et al., 2016; see also Table 1 for summary). We argue that a
critical factor underlies this inconsistency among studies.
Specifically, cue lead time might play a critical role in the
presence or absence of the template-for-rejection effect; i.e.,
one set of studies with shorter cue lead times reported no
template-for-rejection effect. Beck and Hollingworth (2015)
used a 100-ms cue followed by a 900-ms blank period, and
Becker et al. (2016) used a 100-ms cue followed by a 500-ms
blank period. In contrast, the other set of studies used much
longer cue lead times (1,000-2,000-ms cue followed by a
2,000-6,000-ms blank period; Reeder et al., 2017) and report-
ed the presence of the template-for-rejection effect. Given that
top-down cues require time to be effective (e.g., Monsell,
2003; Spence & Driver, 1994; Theeuwes & Van der Burg,
2011), the participants in the study by Reeder et al. (2017)
had sufficient time to receive the benefit of the cues, as the
cue lead time in their experiment was long.

Experiment 3 examined whether a template-for-rejection
effect would be obtained under a condition in which the cue
lead time was long (2,400 ms) relative to a procedure that, as
in Experiment 2, had a short cue lead time (1,000 ms). If the
negative cue was found to be advantageous, then a long cue
lead time would be a prerequisite for the template-for-
rejection effect.

In contrast to Experiments 1 and 2, in which the cue
conditions were blocked and which were conducted to
replicate the findings of Arita et al. (2012) and Beck
and Hollingworth (2015) with respect to the shape dimen-
sion, in the following two experiments, the cue conditions
were not blocked, and the condition was randomly

Table 1  Studies on templates for rejection

Arita et al. (2012) Beck and Hollingworth ~ Becker et al. Reeder et al.  Present study

Expt. 1A (2015) Expt. 2 (2016) Expt. 3 (2017)

Expt.2  Expt. 3 Expt. 4

Cue duration (ms) 100 100 100 1,000-2,000 100 1,500 1,500
Cue lead time (ms) 1,100 1,000 600 3,000-8,000 1,000 2,400 2,400
Defining and reporting feature ~ Combined Combined Combined Separated Separated Separated Combined
Presence/absence of Present Absent Absent Present Absent  Present  Present

template-for-rejection effect
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selected in each trial to replicate the finding of Reeder
et al. (2017).

Method

Participants Forty undergraduate and graduate students partic-
ipated in this experiment (21 males and 19 females; mean age
=20.2 years, SD = 1.6).

Apparatus and stimuli Except for the presentation of cues, the
apparatus and stimuli were identical to those of Experiment 2.
Cues contained one of three types of Japanese Kanji charac-
ters (“[A)”, “#5”, and “fih””) to inform participants of the present
condition.

Procedure The procedure was identical to that of
Experiment 2, except for the way in which the cues were
presented. In Experiment 3, the cue condition was not
blocked, and the order of presentation of the cue condi-
tions was random for each trial. A shape cue was presented
for 1,500 ms. We used three Japanese Kanji characters
(“lq”, “%5”, and “f”) to indicate positive, negative, and
neutral cue conditions, respectively. One of these letters
was presented within a shape frame as a cue on every trial.
As shown in Fig. 5, for example, the character “7”
surrounded by a circle represented a negative cue, indicat-
ing that the target segment would never appear in the cir-
cles in the search array of the following trial. A given
shape appeared with the same frequency across trials un-
der the positive, neutral, and negative cue conditions. We
performed 720 trials, and each cueing condition was used
in 240 trials. The experiment began with an instruction
display, followed by 12 practice trials. Participants were
prompted to take a break after every 72 trials.
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Fig. 5 Schematic diagram of the stimulus sequence in Experiment 3.
Participants viewed a cue display for 1,500 ms and they were informed
of the type of a cue (e.g., negative cue). They were required to identify a
target line segment (vertical in this example)

Results

Trails with reaction times 3 SD above or below the mean
(1.1% of all data), and those with errors (4.3% of all data),
were excluded from the analyses. Figure 6 shows the mean
reaction times for Experiment 3 as a function of cue type. An
ANOVA of mean reaction times, treating cue type as a within-
subject variable, indicated a significant main effect of cue type
(F(2,78) =76.07, p < .001, n5* = .66). Multiple comparisons
revealed that the differences between all combinations of the
three conditions were significant. The reaction times were
shortest under the positive cue condition (positive vs. neutral,
#(39) = 10.34, p < .001, r = .86; positive vs. negative, #(39) =
9.05, p <.001, r = .82). The reaction times under the negative
cue condition were shorter than those under the neutral cue
condition (#39) = 3.44, p = .001, r = .48). An ANOVA of
accuracy, treating cue type as a within-subject variable,
showed that the main effect of cue type approached signifi-
cance (F(2,78)=2.9, p =.061, T]pz =.07). Multiple compar-
isons showed that accuracy was significantly higher under the
negative cue condition than under the neutral cue condition
(#(39) = 2.7, p = .031, r = .40), and that the effects for other
combinations were not significant (positive vs. neutral, #(39) =
1.80, p = .16, r = .28; positive vs. negative, #39) = 0.21, p =
.832, r=.04).

Discussion

Experiment 3 examined whether a template-for-rejection ef-
fect would be obtained when a relatively long cue lead time
was used. The presence of the effect in this experiment, in
conjunction with the null results using a relatively short cue
lead time (Experiment 2), revealed that the template-for-
rejection effect depended on the cue lead time. The results
also clearly showed that the effect was obtained when the
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Fig. 6 Mean reaction times as a function of cue type from Experiment 3.
Error bars represent within-subject 95% confidence intervals
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items of search arrays were spatially intermixed, as examined
by Beck and Hollingworth (2015), indicating that the spatial
grouping of items was not a prerequisite for the effect.

However, it might be premature to conclude that long cue
lead time is a prerequisite for the template-for-rejection effect.
Indeed, cue lead time and separating the defining from the
reporting feature may have confounded our results. In previ-
ous studies that have found no template-for-rejection effect
(Beck & Hollingworth, 2015; Becker et al., 2017), the cue
lead time was relatively short and the defining and reporting
features were combined. However, in the study that found the
rejection effect (Reeder et al., 2017; Experiment 3), the cue
lead time was relatively long and the defining and reporting
features were separated. Therefore, we designed Experiment 4
to overcome this potential confounding. Although we assume
that the impact of the defining feature factor on the presence or
absence of the template-for-rejection effect would be negligi-
ble, we conducted Experiment 4 to examine this factor and
achieve a definitive conclusion as to whether the cue lead
time, rather than the defining/reporting feature, is critical for
the emergence of the template-for-rejection effect. In
Experiment 4, we attempted to replicate the template-for-
rejection effect by using a long cue lead time and combining
the defining and reporting features.

Experiment 4

In Experiment 4, we tested whether combining/separating the
defining and reporting features determined the occurrence of a
template-for-rejection effect. Template-for-rejection effects
were observed in studies using procedures ensuring that the
defining and reporting features were separated (Reeder et al.,
2017). In the present experiment, we manipulated the items in
a search array so that participants identified the target in terms
of the cued shape and reported the location of a gap (top or
bottom) in the shape. If the template-for-rejection effect oc-
curred only when the defining and reporting features were
separated, no effect would be obtained in the present experi-
ment. If the issue of defining and reporting features was irrel-
evant, the template-for-rejection effect would be obtained be-
cause we maintained a longer cue lead time (2,400 ms), as in
Experiment 3.

Method

Participants Forty undergraduate and graduate students partic-
ipated in this experiment (25 males and 15 females; mean age
=21.1 years, SD = 1.7).

Apparatus, stimuli, and procedure Except for the following

changes, the apparatus, stimuli, and procedure were identical
to those used in Experiment 3. As shown in Fig. 7, the items
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Fig. 7 Schematic diagram of the stimulus sequence in Experiment 4.
Participants viewed a cue display for 1,500 ms and they were informed
of the type of a cue (e.g., negative cue). They were required to identify a
target gap location (top in this example)

did not contain a segment; however, similar to the Landort-C,
they had a gap (0.5° long) on one side. The target had a gap at
the top or bottom, and the distractors had a gap to the left or
right. The line thickness was 0.2°. Participants searched for a
target gap and indicated the location of the gap by pressing a
designated key on the keyboard (the “B” and “N” key for top
and bottom gaps, respectively) as quickly and accurately as
possible.

Results

Trails with reaction times 3 SD above or below the mean
(1.8% of all data), and those with errors (2.9% of all data),
were excluded from the analyses. Figure 8 shows the mean
reaction times for Experiment 4 as a function of cue type. An
ANOVA on the mean reaction time, treating cue type as a
within-subject variable, indicated a significant main effect of
cue type (F(2, 78) = 91.57, p < .001, n* = .70). Multiple
comparisons revealed that the differences between all
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Fig. 8 Mean reaction times as a function of cue type from Experiment 4.
Error bars represent within-subject 95% confidence intervals
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combinations of the three cue conditions were significant. The
reaction times were shortest under the positive cue condition
(positive vs. neutral, #(39) = 11.79, p < .001, r = .88; positive
vs. negative, #(39)=9.30, p < .001, r=.83). The reaction times
were shorter under the negative cue condition than the neutral-
cue condition (#39) = 3.26, p = .002, r = .46). An ANOVA of
accuracy, treating cue type as a within-subject variable, iden-
tified no significant main effect of cue type (F(2, 78) = 0.56, p
=.574, 1" = .01).

Discussion

In Experiment 4, a template-for-rejection effect occurred
when the defining and reporting features were combined.
This indicated that the template-for-rejection effect did not
depend on whether the definition and reporting features were
combined or separated. Experiment 4 overcame the confound-
ing of the defining and reporting features and the cue lead time
and clearly showed that a long cue lead time is critical for the
rejection effect.

General discussion

The purpose of the present study was to determine the
conditions under which the template-for-rejection effect
can be obtained. Three main findings emerged from four
experiments. First, we found a shape-based template-for-
rejection effect. Experiment 1 replicated the basic finding
of a shape-based template-for-rejection effect. Second, the
template-for-rejection effect occurred even when the items
were not spatially grouped. Experiment 3 clarified the con-
founding effects of shape and space that remained unclear
in Experiment 1. Third, and most importantly, we found
that one of the prerequisites for the template-for-rejection
effect was a long cue lead time (Experiment 2 vs.
Experiments 3 and 4). In Experiment 4, we also showed
that the minor differences in the previous studies regarding
the defining and reporting features were irrelevant to the
presence or absence of the template-for-rejection effect,
because we obtained the effect with a combined procedure.
The results of Experiment 4 were consistent with our pri-
mary finding that a relatively longer cue lead time is re-
quired for successful rejection of cued features.

Previous knowledge about the presence or absence of
the template-for-rejection effect was mixed. Based on our
literature review, we identified two factors, i.e., the disso-
ciation between the target-defining and target-reporting
features and the cue lead time, as potential contributors to
such mixed results. We examined whether the cue lead
time was critical by shortening its duration and found that
the template-for-rejection effect disappeared. This finding
indicated that a relatively long cue lead time, i.e., more

than 2,400 ms, is required for the template-for-rejection
effect. This is unsurprising given that the operation of
top-down feature-based attention requires time (e.g.,
Theeuwes & Van der Burg, 2011; van Zoest & Donk,
2008), especially when irrelevant features have to be ig-
nored (Moher & Egeth, 2012). If the dissociation between
the defining and reporting features were critical, no
template-for-rejection effect should have been obtained.
However, the results of Experiment 4 indicated the pres-
ence of the effect even when the defining and reporting
features were combined. Therefore, the apparent inconsis-
tency regarding the presence or absence of a template-for-
rejection effect in the literature can be explained by differ-
ences in the cue lead times used by different studies. The
finding that positive cueing effects occurred in every ex-
periment suggests that a template for acceptance can be
built much faster than a template for rejection.

It is intriguing to explore the correlation in cue benefits
between positive and negative cues, as Beck and
Hollingworth (2015) and Becker et al. (2016) have report-
ed. The present results also showed, as demonstrated in
these previous studies, a strong correlation in cue benefits
between positive and negative cues, with participants who
showed a large positive cue benefit also showing a nega-
tive cue benefit (» = .75, p < .001). Specifically, a partici-
pant whose positive cue benefit was 826 ms showed a
negative cue benefit of 396 ms. On the other hand, a par-
ticipant whose positive cue benefit was only 217 ms
showed a negative cue cost (-134 ms). These results indi-
cated that the template-for-rejection effect depends on in-
dividual cueing effects. These results were consistent with
the findings of Beck and Hollingworth (2015) and Becker
et al. (2016).

Note that the reaction times under the negative cue con-
dition were longer than those under the positive cue con-
dition whenever the template-for-rejection effect was ob-
tained (Experiments 1, 3, and 4). This pattern of results is
consistent with the literature (Arita et al., 2012; Reeder
et al., 2017). The delayed reactions cannot be attributed
to an indirect cueing effect produced by the creation of a
positive template for an uncued shape. Because the present
search arrays consisted of two types of shape on every
frame, it was theoretically possible that participants created
a positive template for the uncued shapes. A recent study
by Reeder, Olivers, Hanke, and Pollmann (2018) suggests
a skeptical view of the idea of a template for rejection by
arguing that there is no neural evidence for the rejection
effect in functional magnetic resonance imaging (fMRI)
BOLD signals, even though behavioral reaction times un-
der the negative cue condition were shorter than those un-
der the neutral cue condition. Nonetheless, the cause of the
delay remains unclear. Future studies should examine
whether the effect of the template for rejection was weaker
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than that of the template for selection or whether partici-
pants created a template for selection for uncued shapes.

In summary, the main contribution of the present study
is its explanation of the apparent inconsistencies in the
previous studies of the template-for-rejection effect in
terms of differences in cue lead time. Its secondary con-
tribution is its demonstration that the template-for-
rejection effect reported in the literature generalizes to
shape stimuli. Finally, Experiment 4 ruled out the poten-
tial confounding of cue lead time and the separation of the
defining and reporting features. The ability to find evi-
dence for a template-for-rejection effect depends critically
on the amount of time between the cue and the display
(i.e., less than approximately 2,400 ms). When the use of
a negative cue is made easy, due to a spatial separation of
features in the search array, even a short cue period may
be sufficient to yield results consistent with a template for
rejection. When, however, the ability to use such a cue is
rendered more difficult by spatially interleaving stimuli, a
template for rejection may or may not appear, and the
critical determinant of whether this effect emerges may
be the amount of preparation time. Sufficient preparation
time will yield evidence of an effect, whereas insufficient
preparation time will not. We excluded the possibility that
spatial grouping and combining/separating the defining
and reporting features contribute to the inconsistency.
However, we acknowledge that whether the cue lead time
or inter-stimulus interval (i.e., interval between the offset
of the cue and the onset of the search display) is most
critical for the presence or absence of the template-for-
rejection effect remains unclear. To clarify this issue, as
well as to explore the precise timing required for the suc-
cessful creation of templates for rejection, we will system-
atically manipulate both the cue duration and cue lead
time in future studies.
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