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Stimuli presented simultaneously with behaviorally relevant events (e.g., targets)

are better memorized, an unusual effect defined as the attentional boost effect

(ABE). We hypothesized that all types of behaviorally relevant events, including

attentional cues, can promote the encoding process for the stimuli paired

with them, and the attentional alerting network can amplify the ABE. The

two experiments we conducted demonstrated that not all behaviorally relevant

events, including alerting cues, benefit the processing of concurrently paired

stimuli. We also found that the presence of a cue prior to a target can extend the

memory advantage produced by target detection, but this advantage can only

be observed within a limited range of time. Overall, our study provides the first

evidence that the alerting network plays an important role in the ABE.
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Introduction

Decades of work on dual-task performance and selective attention have provided robust
evidence that dividing attention during encoding generally impairs subsequent memory
performance (Kinchla, 1992; Pashler, 1994). However, recent studies have shown that
detecting targets in a secondary task while simultaneously encoding a series of images into
memory might actually enhance subjects’ performance on subsequent memory tests (Lin
et al., 2010; Swallow and Jiang, 2010; Mulligan et al., 2014; Mulligan and Spataro, 2015).

Swallow and Jiang (2010) conducted the initial experiment that led to this unusual
finding. During encoding, a series of scenes were presented on a screen and a small square
superimposed at the center of each. Participants were asked to complete two tasks at
the same time: remembering the scene and responding accordingly to the color of the
square (white as the target and black as the distractor). Participants were asked to quickly
press the button when a white square was shown and avoid doing so when the square
was black. Then, the participants were asked to perform a four-alternative forced-choice
recognition test. Since a greater attentional demand is required when detecting a target
than when ignoring a distractor (Dux and Marois, 2009), detecting white squares (i.e.,
targets) should have impaired the encoding of the background scenes. However, an opposite
result was observed (i.e., scenes with white squares were more accurately memorized than
those with black squares), a phenomenon referred as the attentional boost effect (ABE).
In another experiment conducted for the same study, when participants were instructed
to memorize the scenes and ignore the squares under the full attention condition, no
memory enhancement was found; scenes with target and distractor squares were equally well
memorized. A later study again confirmed that a response to the target square superimposed
on each scene was required for the ABE to emerge (Swallow and Jiang, 2011). It was also
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shown that the ABE could be obtained even when the targets
were not rare (Swallow and Jiang, 2012), detected without overt
motor responses (Swallow and Jiang, 2012; 2014), or perceptually
similar to the distractors (Swallow and Jiang, 2014). These findings
indicate that the boost is linked to target detection, which
enhances the encoding and memory of target-paired but unrelated
background stimuli.

The ABE effect is a surprising finding showing that the
processing of unrelated background stimuli is enhanced when
behaviorally relevant events occur, a conclusion contrary to
the traditional negative perception of dual tasking. A possible
explanation for this phenomenon is that behaviorally relevant
events may lead to a processing enhancement of the broader
context (Bouret and Sara, 2005; Zacks et al., 2007). Many studies
have shown that perceptual and conceptual information presented
simultaneously with changing observation activities is an important
component of long-term memory (Lassiter et al., 1988; Schwan and
Garsoffky, 2004; Swallow et al., 2009). One might then ask whether
alerting cues enhance memory and the ABE. An alerting cue is a
stimulus that signals that a target is forthcoming, but the cue itself
does not require a response (Leclercq and Seitz, 2012). To address
this question, the current study compared the recognition accuracy
of stimuli presented with an alerting cue during encoding to stimuli
that were not presented with such a cue; also compared were the
recognition accuracy of target-paired words preceded by a cue to
that of target-paired words not preceded by a cue.

Another implication of cue setting is the role of the attentional
alerting system in the ABE. A well-known finding is that the
attention system can be further broken down into three distinct
attentional networks: alerting, orienting, and executive control
(Posner and Petersen, 1990). These networks carry out independent
functions (Fan et al., 2002) and are linked to isolated neural
structures in the brain (Fan et al., 2005). Alerting refers to an alert
state that an individual achieves and maintains to deal with external
inputs; it is associated with the locus coeruleus norepinephrine (LC-
NE) system (Posner and Petersen, 1990; Marrocco et al., 1994).
Orienting refers to the selection of information from a variety
of sensory inputs and is associated with the acetylcholine system
(Davidson and Marrocco, 2000). Executive control refers to the
ability to coordinate and optimize various cognitive processes to
complete complex cognitive tasks with a control mechanism and
is associated with the dopamine system (Fossella et al., 2002). To
date, the role of these three attentional networks in the ABE is
still unknown. Swallow and Jiang (2011) explored the relationship
between the alerting system and the ABE. In their research, a square
(which was the target) was presented either temporally overlapped
with the image (the temporally overlapped condition) or 100 ms
earlier (the square-early condition). Since attentional alerting can
enhance perceptual processing and the effect of alerting peaks
approximately 100 to 200 ms after the target onset (Nakayama
and Mackeben, 1989; Egeth and Yantis, 1997; Olivers and Meeter,
2008), the images under the square-early condition should have
been better memorized than those under the temporally overlapped
condition. However, Swallow and Jiang (2011) did not find any
memory difference between two conditions, and thus argued that
alerting played a limited role in the ABE. Yet, in that study
(Swallow and Jiang, 2011), the target and image did not overlap in
time under the square-early condition. Several studies have shown
that the temporal overlap of background stimuli and the target

is a prerequisite for the ABE (Swallow and Jiang, 2010; 2011).
Accordingly, it is unclear whether the lack of difference between
the two conditions was the result of asynchrony in the presentation
of images and targets. To address this question, the current study
used a cue prior to the target, which facilitated the subject entering
a more alert state as compared to the no-cue condition (Fan et al.,
2005). As such, this allowed us to compare two types of target-
paired words, in which the target and words were not separated
temporally in varying degrees of the subject’s alert state; thus,
we were better able to explore the role of the alerting network
in the ABE.

Experiment 1

Experiment objective

In our first experiment, we tested how a visual cue presented
prior to the target might impact the ABE. We used the ABE
paradigm (Swallow and Jiang, 2012), however, participants encoded
words incidentally, so as to exclude the possible influence of
cognitive effort (as much as possible) and to more purely observe
the direct influence of behavior-related stimuli (cues) on irrelevant
information processing. Each word was presented with one of three
types of detection stimulus: a target, a distractor, or a cue. The cue
was always presented prior to the target. We expected that memory
of cue- and target-paired words would be enhanced relative to
the distractor-paired words. Moreover, we hypothesized that this
alerting cue would further promote the memory enhancement
triggered by target detection.

Materials and methods

Participants
As per previous studies (Mulligan et al., 2014; Mulligan and

Spataro, 2015), the average effect size of the ABE was f = 0.48
(equivalent to ηp

2 = 0. 19). This served as the a priori effect size.
G∗Power 3.1 was used to calculate the minimum of ten participants
needed for this experiment to achieve a statistical power of 0.95 in a
repeated measures analysis of variance (ANOVA) (Faul et al., 2007).
Twenty-eight undergraduate students (mean age 20.3 ± 1.58 years)
at Fujian Normal University participated in this experiment.
All participants claimed to be in good health, have normal or
corrected-to-normal vision, and no history of neurological illness.
All gave their informed consent. As our objective was to study the
role of the cue, we included only those participants who successfully
withheld responses to the cue. Thus, subjects with more than 30% of
responses to the cue in all experiments were excluded. Two subjects
were excluded, and thus a total of 26 participants were included in
Experiment 1.

Design and materials
Two attention conditions (Cue Condition vs. No-Cue

Condition) were presented to each participant. A total of 287
critical words were selected from the Modern Chinese Frequency
Dictionary Beijing Language College Language Instruction
Institute (1986 edition): 120 critical words and 167 non-critical
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words. A total of 120 words were randomly divided into six
sets of 20, such that the frequency, stroke, pronunciation, and
configuration of the words were evenly distributed. Five sets
were assigned to two encoding conditions: the Cue Condition
with target, distractor, and cue, and the No-Cue Condition with
target and distractor. The remaining set was not presented during
the encoding phase and appeared in the test as unstudied items.
Additionally, 167 non-critical words were used as filler items
during the encoding phase, all these words were presented with a
green square.

Apparatus and procedure
The experiment consisted of two consecutive phases. In the

encoding phase (see Figure 1), participants were presented with 267
words (100 critical words and 167 filler words). In each trial, one
word and one circle (red, yellow, or green) appeared simultaneously
at the center of the screen for 100 ms, with a vertical distance of
3 cm between them, after which the circle was removed and the
word continuously shown for another 400 ms. There was a 500 ms
inter-stimulus interval between successive trials. The study list was
organized into 40 blocks of five words each, with no interruption
between successive trials. Half of the blocks were assigned to the
Cue Condition and the other half to the No-Cue Condition. Critical
words encoded with a red circle (target-paired words) were always
placed in the third position of each block. Critical words encoded
with a green circle (distractor-paired words) were randomly located
either in the first or fifth position of each block. Critical words
encoded with a yellow circle (cue-paired words) were always placed
in the position prior to the target words, the second position under
the Cue Condition. All other words in the blocks (non-critical)
were paired with a green circle. To reduce the regularity of target
presentation, one to three filler words (67 words paired with a
green circle) were randomly interspersed between two consecutive
blocks, and other filler words (100 words paired with a green circle)
were inserted in the remaining positions within each block. For
example, if the first and third positions are placed with a distractor
word and a target word under the No-Cue Condition, then the
second, fourth, and fifth positions were placed with filler words.
Thus, sixty of one hundred words were used as filler words in the
No-Cue Condition (3∗20) while forty filler words were in the Cue
Condition (2∗20). Participants were instructed to read the words
and rapidly press the space bar key when they detected a target red
circle below the word, but they weren’t required to memorize the
words. They were also told that a cue represented the arrival of an
incoming target.

The encoding phase was followed by a test phase, in which
participants completed a word recognition test. A total of 120
words were presented at the center of the screen. This included
100 previously studied items (20 target-paired words under the Cue
Condition, 20 distractor-paired words under the Cue Condition, 20
cue-paired words under the Cue Condition, 20 target-paired words
under the No-Cue Condition, and 20 distractor-paired words
under the No-Cue Condition) and 20 previously unstudied words.
Participants were instructed to press two keys to indicate whether
the word had been shown in the encoding phase: the F key for
positive and J key for negative.

The experiment’s procedure was programmed in Presentation
1.0 and run on a DELL Dimension 8200 computer. All stimuli
were presented centrally on a 7.8 cm × 9 cm white pane that

was displayed on the computer monitor center against a black
background. All stimuli were shown in white. The distance between
the eyes and monitor was approximately 80 cm.

Results

Detection task performance
The hit rate for target detection under the Cue Condition

(88.7% ± 2.2) was significantly higher than for the No-Cue
Condition (72.7% ± 2.9), t (25) = 5.23, p < 0.001, d = 1.03,
95% CI = (0.54, 1.50). The mean false alarm rates (i.e., mean% of
incorrect space bar presses during encoding phase) for distractors
and cues under the Cue Condition were 0.13% and 12.35%,
respectively. The mean false alarm rate for distractors under the
No-Cue Condition was 0.23%. The response time to the target
under the Cue Condition (146 ± 14 ms) was significantly lower
than under the No-Cue Condition (302 ± 5 ms), t (25) = 12.08,
p < 0.001, d = 2.36, 95% CI = (1.60, 3.11).

Recognition task performance
We examined whether a participant correctly identified that

a word had been presented (positive) or not (negative) in the
previous encoding phase (see Table 1 and Figure 2). A separate
t-test showed that participants performed better than the false
alarm rate (0.25 ± 0.04) for words in each condition (all ts > 6.32,
ps < 0.001), meaning that recognition judgments were not likely to
be random guesses.

To explore the influence of cues on ABE, an ANOVA 3 (trial
type: distractor, cue, and target) × 2 (group: cue, no-cue) was
conducted on the hit rate for Experiment 1. In the no-cue group,
we took the mean value of the distractors that were shown in place
of the cue. The results showed that the main effect of group was
not significant, F (1, 50) = 3.66, p > 0.05. There was no significant
difference between memory performances under the cue and no-
cue conditions. The main effect of trial type was significant, F
(2, 50) = 17.57, p < 0.001, η2

p = 0.41, 95% CI = (0.22, 0.53).
The post hoc analysis found that the target-paired words were
significantly better memorized than were the distractor- and cue-
paired words, F1 (2, 24) = 16.15, p1 < 0.001, F2 (2, 24) = 13.07,
p2 = 0.001. No difference was found between the distractor- and
cue-paired words, F (2, 24) = 0.36, p > 0.05, BF01 = 6.13, indicating
a moderate level of evidence supporting no statistically significant
difference between the performances of distractor- and cue-paired
words (Wagenmakers et al., 2017). The interaction effect of trial
type and group was significant, F (2, 50) = 4.65, p = 0.04, η2

p = 0.16,
95% CI = (0.22, 0.53). A simple effect analysis showed that in
the distractor-paired words, there was no significant difference
between the cue and no-cue performances, F (1, 25) = 0.004,
p > 0.05. However, in the target-paired words, the performance
under the cue condition was significantly better than under the no-
cue condition, F (1, 25) = 5.78, p = 0.02, BF10 = 2.26, indicating
a moderate level of evidence supporting the conclusion that the
performance of target-paired words in the cue condition was
significantly better than in the no-cue condition.

We also conducted the same ANOVA on the RTs and did
not find any significant differences among them (all Fs < 2.59,
ps > 0.05).

Frontiers in Psychology 03 frontiersin.org

https://doi.org/10.3389/fpsyg.2023.1075979
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/


fpsyg-14-1075979 April 6, 2023 Time: 9:44 # 4

Huang et al. 10.3389/fpsyg.2023.1075979

FIGURE 1

The encoding phase of Experiment 1. In each trial, a word and circle (red, yellow, or green) appeared simultaneously at the center of the screen for
100 ms. Then, the circle was removed and the word shown continuously for another 400 ms. Participants read the words and rapidly pressed the
space bar key when they detected a target red circle below the word.

TABLE 1 Overall performance on word recognition test in Experiment 1.

Type of stimulus Cue condition No-Cue condition

Target Distractor Cue Target Distractor

Hit rate (%) 0.65 (0.04) 0.50 (0.05) 0.51 (0.04) 0.58 (0.04) 0.50 (0.04)

RT (ms) 918 (66) 895 (55) 887 (50) 995 (66) 955 (80)

*Standard errors are in parentheses.

Discussion

In Experiment 1, there was no significant difference in the
memory performances of the cue- and distractor-paired words.
This was contrary to the hypothesis that cues would lead to
enhanced memorization of paired stimuli, and may indicate that
if cues do not require corresponding responses, those events will
not trigger ABE. That, in turn, may indicate the important role of
responses in the production of ABE.

Memory performance of target-paired words under the cue
condition was significantly better than under the non-cue condition
(We excluded the data with false alarm rates to distractors and
cues in the encoding phase greater than 0.1 and conducted similar
data analyses for Experiment 1. The results were similar to that
of the analysis in which all data were included, so the role of
cues in ABE was not closely related to detection task performance
in the encoding phase). That is, a larger ABE was found under

the former rather than the latter, a result that agreed with our
hypothesis. This means that the presence of a cue could provide
a memory advantage in target-paired words, the first evidence
that an alerting network may play an important role in ABE.
Cues can trigger alertness networks that last 250 to 600 ms
after the cue has disappeared (Weichselgartner and Sperling,
1987; Nakayama and Mackeben, 1989; Olivers and Meeter, 2008).
We speculate that the enhancement effect of cues on ABE in
Experiment 1 may have been due to the superimposed promotion
effect of an alertness network on ABE. In other words, an alertness
network may not be the key factor that triggers the production of
ABE, but it could be a moderator of enhanced ABE.

There is another possibility regarding how cues enhanced ABE
in Experiment 1. Specifically, although cues can trigger an alertness
network, they can also enhance endogenous temporal orientation
attention when the target appears. Different from the bottom-
up exogenous temporal attention orientation directly triggered
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FIGURE 2

Mean hit rate as a function of stimulus type (target vs. distractor vs. cue) × condition (cue vs. no-cue). Error bars represent ± 1 SE of the mean.

by external stimuli, endogenous temporal attention orientation is
mainly triggered by predictive cues and is a top-down process
(Coull and Nobre, 1998; Coull et al., 2000). Recent studies
have found that ABE can be triggered by both exogenous and
endogenous temporal attention orientation (Sisk and Jiang, 2020).
Therefore, in Experiment 1, whether the enhancement effect of cues
on ABE is due to the alerting effect triggered by those cues or an
enhancement effect presented by the superposition of endogenous
temporal attention orientation on the target stimulus which is
triggered by the cues and exogenous temporal attention orientation
triggered by target detection, the overall issue required further
testing in Experiment 2.

Experiment 2

Experiment objective

Experiment 2 inserted a middle distractor between the cue
and target, in order to extend the time interval between them.
The middle distractor also allowed us to hypothesize that all
processing of stimuli during the period of the alert state would
be enhanced. If alerting could enhance all of the processing of
stimuli during its effective time, then the correct recognition of
middle distractor-paired words would be enhanced over other
distractor-paired words.

To clarify the reason for the enhancement effect of cues on
ABE that was found in Experiment 1, Experiment 2 extended the
interval between the cue and target. This made the alerting effect of
the cue disappear because that effect only lasts about 600 ms. This

allowed for a determination of when the alertness effect of the cue
disappeared, and if that would affect whether it enhanced the ABE.
In Experiment 2, we hypothesized that if the cue does not enhance
the ABE, the enhanced effect found in Experiment 1 was caused
by its alertness effect. If the cue in Experiment 2 also enhanced the
ABE, it would show that the enhancement effect seen in Experiment
1 was caused by the endogenous temporal attention orientation it
induced and the superposition of the target.

Materials and methods

Participants
Similar to Experiment 1, the average effect size used in previous

studies (Mulligan et al., 2014; Mulligan and Spataro, 2015) of the
ABE was f = 0.48; this served as the a priori effect size for the present
research. G∗Power 3.1 was employed to calculate that Experiment
2 required at least nine participants to achieve a statistical power
of 0.95 in the repeated measures ANOVA (Faul et al., 2007).
Twenty-five undergraduate students at Fujian Normal University,
with a mean age of 21.8 years, participated in this experiment. All
participants claimed to be in good health, with normal or corrected-
to-normal vision, and no history of neurological illness. All gave
their informed consent. As in the previous experiment, we included
in Experiment 2 only those participants with less than 30% of
responses to the cue. Consequently, three subjects were excluded.
Thus, there were 22 participants in the experiment.

Design and materials
Attention conditions (Cue Condition vs. No-Cue Condition)

were provided to each participant. A total of 287 critical words were
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FIGURE 3

The encoding phase of Experiment 2. Between the cue- and target-paired words was inserted a word paired with a middle-distractor circle.

selected from the Modern Chinese Frequency Dictionary Beijing
Language College Language Instruction Institute (1986 edition):
140 critical words and 147 non-critical words. A total of 140
critical words were randomly and evenly divided into seven sets,
with 20 words in each set. Six sets were assigned to two encoding
conditions, with one set in each trial: target, distractor, middle
distractor, and cue trials under the Cue Condition and target and
distractor trials under the No-Cue Condition. The one remaining
set was presented as new words for the recognition task. A total
of 147 additional non-critical words were selected as fillers for the
encoding phase.

Apparatus and procedure
Experiment 2 was similar to Experiment 1, with the exception

that a word paired with a middle-distractor circle was inserted
between the cue- and target-paired words (see Figure 3).
Participants were told that a (middle) distractor would appear
after a cue, and then a target would follow; at that point, they
should immediately press the space bar key. One hundred and
forty words were presented in the test phase, including 120 studied
items (20 target-paired words, 20 distractor-paired words, 20
middle distractor-paired, and 20 cue-paired words under the Cue
Condition, 20 target-paired words and 20 distractor-paired words
under the No-Cue Condition) and 20 unstudied words.

Results

Detection task performance
Overall, the mean accuracy on the detection task was

79.7% ± 2.6% (between subjects standard error). Analyses of

the accuracy (hit rate) for target detection indicated significantly
better performance in the Cue Condition (84.1% ± 2.4%) than
in the No-Cue Condition (75.2 ± 3.9%), t (21) = 2.19, p < 0.05,
d = 0.48, 95% CI = (0.09, 0.90). The mean false alarm rates (i.e.,
mean% of incorrect space bar presses during encoding phase) for
distractors, middle distractors, and cues under the Cue Condition
were 0.12, 0.91, and 12.7%, respectively. The mean false alarm rate
for distractors under the No-Cue Condition was 0.23%. Analysis
of the response times showed significantly faster times for target
detection in the Cue Condition (217 ± 20 ms) than in the No-Cue
Condition (306 ± 6 ms), t (21) = 4.35, p < 0.001, d = 0.93, 95%
CI = (0.42, 1.42).

Recognition task performance
We examined whether a participant correctly identified if a

word had previously been presented (positive) or not (negative)
in the encoding phase (see Table 2 and Figure 4). Separate t-tests
showed that participants performed better than the false alarm
rate (0.28 ± 0.03) for words in each condition (all ts > 5.70,
ps < 0.001), meaning that recognition judgments were not likely
to be random guesses.

To explore the influence of cues on ABE, an ANOVA 4 (trial
type: distractor, cue, middle, and target) × 2 (group: cue, no-cue)
was conducted for the hit rate in Experiment 2. In the no-cue group,
we took the mean values of the distractors that occurred at the cue
position and the middle distractor for the no-cue group. The results
showed that the main effect of group was not significant, F (1,
63) = 0.002, p > 0.05. There was no significant difference between
the memory performances under the cue and no-cue conditions.
The interaction effect of trial type and group was not significant, F
(3, 63) = 0.05, p > 0.05. The main effect of trial type was significant,
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TABLE 2 Overall performance on word recognition test in Experiment 2.

Type of stimulus Cue condition No-Cue condition

Target Distractor Middle distractor Cue Target Distractor

Hit rate (%) 0.59 (0.03) 0.49 (0.04) 0.48 (0.04) 0.50 (0.04) 0.59 (0.04) 0.50 (0.04)

RT (ms) 1,004 (48) 1,089 (92) 1,117 (74) 1,076 (71) 1,078 (74) 1,075 (56)

*Standard errors are in parentheses.

FIGURE 4

Mean hit rate as a function of the stimulus type (target vs. distractor vs. middle distractor vs. cue) × condition (cue vs. no-cue). Error bars
represent ± 1 SE of the mean.

F (3, 63) = 7.72, p < 0.001, η2
p = 0.27, 95% CI = (0.22, 0.53). To

investigate the ABE difference under various conditions in greater
detail, a post hoc analysis was conducted of the cue and no-cue
groups. In the no-cue group, the performance of target-paired
words was significantly better than of distractor-paired words, F (3,
19) = 7.20, p = 0.002. In the cue group, the performance of target-
paired words was significantly better than that of distractor-, middle
distractor-, and cue-paired words, F1 (3, 19) = 27.85, p1 < 0.001, F2

(3, 19) = 11.19, p2 = 0.003, F3 (3, 19) = 27.89, p3 < 0.001. There
was no significant difference in the performance of target-paired
words between the cue and no-cue groups, F (1, 19) = 0.01, p = 0.83,
BF01 = 4.39, indicating a moderate level of evidence supporting no
statistically significant difference in the performance of cue- and
no-cue target-paired words. ABE was evident in both the cue and
no-cue conditions. However, despite the results indicating obvious
ABE in both groups, no promoting effect of cues on ABE was found
after the extended time interval, because the performance of cue-
paired words was not significantly better than that of distractor-,
middle distractor-paired words, F1 (3, 19) = 0.75, p1 > 0.05, F2 (3,
19) = 0.43, p2 > 0.05.

We also conducted the same ANOVA on the RTs and did
not find any significant differences among them (all Fs < 1.69,
ps > 0.05).

Discussion

In Experiment 2, there was no significant difference in memory
performance for the cue- and distractor-paired words. This second
experiment replicated the findings of Experiment 1 (We also
excluded the data with false alarm rates to distractors and cues in
the encoding phase greater than 0.1 and conducted similar data
analyses for Experiment 2. The results were similar to that of the
analysis in which all data were included, so the role of cues in
ABE was not closely related to detection task performance in the
encoding phase), showing that attentional cues do not trigger ABE
if they do not require a response. In addition, Experiment 2 didn’t
show any significant difference in memory performance between
the cue- and distractor-paired words. These results may indicate the
important role of responses in ABE production. Recent studies have
also supported this view, claiming that responses are key to ABE
production (Toh and Lee, 2022). Toh and Lee (2022) introduced
the visual search paradigm, finding that when participants were
asked to search for target-paired items without corresponding
key responses, those items failed to show a memory advantage,
suggesting that ABE was triggered by the response rather than
target recognition. Therefore, the results of the present study not
only show that not all attentional cues can produce ABE, they also
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serve as supplementary evidence of the key role of responses in the
production of ABE.

More importantly, Experiment 2 did not find an enhancement
effect of cues on ABE (as seen in Experiment 1), and there was no
advantage for words paired with middle distractors relative to those
paired with regular distractors. This indicates that when the interval
between cue and target is extended, cues cannot enhance ABE.
Therefore, after the alerting effect of the cue dissipated, there was
no enhancement of ABE under the Cue Condition. Since the results
of Experiment 2 (which included the endogenous orientation of
the cue) ruled out the possibility that the enhancement of ABE in
Experiment 1 was related to the cue’s endogenous orientation, a
more reasonable explanation of the enhanced ABE in Experiment 1
was that an alerting process evoked by the cue was added to the
ABE activated by the target. Both processes worked together to
exaggerate ABE in the Cue Condition.

General discussion

The current study used the ABE paradigm (Swallow and Jiang,
2012), but participants encoded words incidentally. We found that
not all attentional cues lead to enhancement of the memory of
concurrently paired words. By comparing the memory of target-
paired words to that of distractor-paired words between the Cue
and No-Cue Conditions, we found that the ABE existed in both,
and using a cue promoted the ABE in the memory of target-
paired words. However, such enhancement produced by cues only
applied to target-paired words immediately presented after cue-
paired words.

Neither of our experiments showed a memory advantage for
cue-paired words (as compared to target-paired words), indicating
that ABE requires a specific type of behaviorally relevant event
stimulus (i.e., a target). One possible explanation is that ABE relies
upon a behavioral response. According to the dual-task interaction
model (DTI) described in Swallow and Jiang (2013), after items are
detected, they are categorized into targets or distractors based on
how the person’s behavior is guided. The central executive gives
priority to processing target stimuli, leading to the production of
an overt or covert response (e.g., a planned motor response or
counting); this, in turn, triggers a temporally selective attention
mechanism (Olivers and Meeter, 2008), potentially due to a
transient increase in norepinephrine released from the locus
coeruleus (Aston-Jones and Cohen, 2005). It therefore enhances
the processing of all perceptual information present alongside the
target. Toh and Lee (2022) used a visual search task to investigate
the attentional boost effect, changing the simple target detection
task in the classical ABE paradigm and allowing participants to
search for a target among various distractors. The target might
or might not exist. Under different conditions, participants were
asked to respond (via a keystroke/pressing a key or counting) in
trials in which the target was either present or absent. The results
showed that the memory performance for items responding to
needs was better, whether the goal was present or not. Once again,
the important role of the reaction in the production of ABE was
emphasized. Based on this, Swallow et al. (2022) updated the DTI
model, arguing that ABE originates in the decision to respond to
a stimulus. The “decision to respond” is a form of engagement

with the behaviorally relevant event and does not have to be an
overt physical response like pressing a button. This means that
in the present study, targets enabled the participants to make
overt responses, whereas cues did not. In other words, behaviorally
relevant events without accompanying responses will not produce
ABE, illustrating the important role of responses in the production
of ABE and offering supplementary evidence for Swallow et al.
Namely, the existence of a response may have a significant impact
on ABE. One could argue that a cue that does not require a response
could be treated as a distractor. However, our Experiment 1 showed
that participants exhibited a higher likelihood of detecting the
target (i.e., the red circle) during encoding under the cue condition
rather than the no-cue condition. This shows that different from
a distractor, a cue plays an alerting role, and hence improves the
performance of detecting the target after the cue. Participants were
more likely to press the button in response to a cue trial than
to a distractor trial, also suggesting different types of processing
between them (Maki and Mebane, 2006).

The important thing is that Experiment 1 found that
compared to distractor-paired words, target-paired words were
better memorized under the cue condition than the no-cue
condition, confirming our hypothesis that a cue enhances ABE.
This cue-related effect may have been caused by the activation of an
attentional alerting system or endogenous attentional orientation
of the cue. To understand how a cue’s enhancement of ABE
works, Experiment 2 was conducted to investigate if a cue still
had a beneficial effect on ABE when the time interval between the
cue and target was extended, thus excluding the alertness effect
of the cue. The cue in Experiment 2 still having an enhanced
effect on ABE would indicate that the production of ABE was
not due to the alerting effect of the cue. Conversely, if the cue in
Experiment 2 did not enhance ABE, this would indicate that the
enhanced effect on ABE was due to the cue’s alerting effect, rather
than endogenous attentional orientation. Ultimately, when the
interval between the cue and target was extended, no enhancement
effect of the cue on ABE was found. This result suggest that the
enhancement effect of the cue on ABE in Experiment 1 was not a
result of the endogenous attentional orientation effect of the cue,
and instead the product of the superposition of the cue’s alertness
and target promotion effects. Thus, we speculate that although the
alerting network triggered by the cue did not involve a behaviorally
relevant response, the attentional alerting network could reach a
superposition and promote ABE, and thus serve as a regulating
factor in ABE enhancement.

Alerting is an important attentional function that keeps
the brain awake to process the priority. A number of studies
have examined the relationship between the alerting system and
norepinephrine pathways produced in the locus coeruleus (Posner
and Petersen, 1990; Fan et al., 2005; Gabay et al., 2011; Posner,
2012). For example, Fan et al. (2005) combined the attention
network test and event-related functional magnetic resonance
imaging (fMRI) to explore the brain activity of alerting in relation
to attention. In their experiments, under the cue condition, a cue
appeared for 200 ms prior to a target, while it took a variable
time interval (300–11,800 ms) for the subjects to press a button.
An event-related fMRI was then conducted to record the brain
activities under the cue and no-cue conditions. The results showed
a fronto-parietal activation, along with the thalamus. According to
Morrison and Foote (1986), the posterior parietal lobe, pulvinar,
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and superior colliculus are most innervated by the NE pathway.
Recently, some research has also provided direct evidence of
LC involvement in ABE production. For example, Moyal et al.
(2022) found that compared with no-distractor tones or no tones,
auditory target tones increased BOLD activity in LC regions
defined using neuromelanin imaging. Yebra et al. (2019) further
demonstrated that activation of brainstem voxels consistent with
LC was significantly associated with ABE. These findings support
that the LC-NE system provides the basis for maintaining alertness,
which may explain why in the present research, the cue condition
resulted in a higher likelihood of detecting the target (red circle)
during encoding than did the no-cue condition. The occurrence of
a cue allows subjects to enter a more alert state prior to a target
(Fan et al., 2005), thus promoting the secretion of norepinephrine
from the locus coeruleus. As mentioned above, the increase of
norepinephrine may lead to a broad perceptual enhancement,
which may boost the encoding of target-paired words.

In addition, Experiment 2 showed that an insertion of a
middle distractor after a cue to delay the occurrence of a target
promoted no enhancement in the memory of target-paired words,
as compared with the No-Cue Condition. This shows that the
alerting effect caused by a cue is time-limited. Nakayama and
Mackeben (1989) similarly found that a cue could promote the
processing of perceptual information related to a target. However,
such enhancement only lasted for 250 to 600 ms after the onset
of the cue (Weichselgartner and Sperling, 1987; Nakayama and
Mackeben, 1989; Olivers and Meeter, 2008). Hence, beyond this
period, the cue resulted in no alerting benefit for the performance
of target-identification. In Experiment 2, there was a period of
1,500 ms between the cue and target, which could have reduced
the enhancement of the cue in processing the target-paired words.
In theory, when a subject observes a middle distractor after a
cue, they should still be under an alerting state, and thus should
result in enhanced memory of middle distractor-paired words,
due to the increased release of norepinephrine during this period.
Yet, our study found that the recognition accuracy for words
presented with middle distractors was similar to that of words
paired with distractors. This result indicates that although an
alerting cue enhanced the encoding process of target-paired words,
as mentioned above, this was due to the superposition effect of
the cue and ABE overlapping. However, this effect may also have
been limited by the acting time of ABE (100 ms) and could not
enhance the memory performance of the middle distractor words.
This also provides indirect evidence that several other attentional
mechanisms may be involved in the ABE besides the alerting
network, a topic that requires further investigation.

Conclusion

In conclusion, the results of the current study show that
not all task-relevant events (at least in terms of alerting cues)
promote the memory of concurrently paired stimuli, but a cue can
enhance the memory of target-paired stimuli. This indicates that
cues can enhance ABE, and the effect is related to the attention
alerting system. This, in turn, is connected to the alertness network
triggered. In other words, the attention alerting system plays a
certain regulatory role in the production of ABE. However, the
effect only lasts for a limited range of time.
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