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Abstract
The orienting of attention has been found to be influenced by the previous cueing status in a spatial-cueing paradigm. The
explanation for this sequence effect remains uncertain. This study separated the involuntary and the voluntary components of
arrow cueing by manipulating the predicted target locations. For example, a left arrow cue may have indicated that the target was
more likely to appear at the up location. Therefore, three trial types were repeated or switched between trials: cued (targets
appeared along the direction of the arrows), predicted (targets appeared at the locations predicted by the arrows), and unrelated
(targets appeared at the other two locations, neither cued nor predicted). RTs of cued trials were found to be significantly
facilitated after a previous cued trial; however, the same effect was not observed for predicted trials. The results suggest that
significant sequence effects are induced only in the involuntary component of arrow cueing. The findings support the feature-
integration hypothesis for the sequence effect of symbolic cueing.
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The perception of a sudden onset of a peripheral cue or a
centrally presented symbolic cue is enough to orient our at-
tention to the location indicated by the cue. This cue-
following behavior has been investigated by researchers for
several decades (Chica et al., 2014; Frischen et al., 2007;
Posner, 2016). In the laboratory, the attention mechanisms
under the cue-following behavior are usually measured using
the spatial-cueing paradigm. In a typical study of this para-
digm, participants are required to respond to the appearance of
a target, which is preceded by a cue indicating the possible
location of the target. Although traditional results in spatial-
cueing tasks (i.e., faster RTs in cued trials than in uncued
trials) are limited within one trial, many studies have found
that the performance of participants is influenced by the trial

types of previous trials (Dodd & Pratt, 2007; Jongen &
Smulders, 2007; Mordkoff et al., 2008; Qian et al., 2012).
Specifically, participants responded faster to targets on cued
trials preceded by a cued trial relative to an uncued trial and
also responded faster to targets on uncued trials preceded by
an uncued trial relative to a cued trial. As a result, stronger
cueing effects (i.e., the RT difference between uncued and
cued trials) were induced after a preceding cued trial than after
a preceding uncued trial.

However, although the sequential phenomenon in the cueing
task has been proved by many studies, the rationale remains
uncertain. One explanation (the so-called "automatic memory
retrieval") is from the studies that used uninformative peripheral
cues (Dodd & Pratt, 2007). The main idea of this explanation is
that repetition of trial types will facilitate participants’ perfor-
mance comparedwithwhen the trial types are switched between
trials. In otherwords, the sequential phenomenon is described as
a simple trial type repetition advantage effect.

The trial type repetition advantage hypothesis is too simple
to explain the details of the sequence effect. Therefore, some
later studies using uninformative arrow cues (Qian et al.,
2012; Qian et al., 2012; Qian et al., 2015) prefer to explain
the sequence effect with the feature-integration hypothesis
(Hommel & Colzato, 2004; Hommel et al., 2004).
According to the feature-integration hypothesis, the co-
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occurrence of a cue and a target leads to a transient represen-
tation of the relation between the cue features and the target
locations, thus leading to a good performance when the rela-
tion is reencountered in the next trial. The feature-integration
hypothesis is more specific than the trial-type repetition ad-
vantage hypothesis, because it identifies a possible factor that
may decide whether the sequence effect could occur: the eas-
iness of the integration (Qian et al., 2017). For example, in the
study by Qian et al. (2017), visually asymmetrical letter cues
(e.g., the letters d and b), which allow spatial correspondences
between spatial features of the cue display and the target lo-
cations (Shin et al., 2011), induce stronger sequence effects
than visually symmetrical letter cues (e.g., the letters X and T).
Previous studies have found significant sequence effects even
with a short cue-target SOAwhen peripheral cues, rather than
central symbolic cues (such as arrows), are tested (Mordkoff
et al., 2008; Qian et al., 2012). The findings of Qian et al.
(2017) provide one possible explanation for the difference in
effect between the two cue types. Specifically, for peripheral
cues, sequence effects can be driven by the simple integration
of spatial correspondences between cue locations and target
locations, which are straightforward and can be processed
rapidly. However, the association between visually asymmet-
rical cues and target locations is slowed down, leading to an
insignificant sequence effect in a relatively short SOA condi-
tion. As for the symmetrical central cues, the sequence effect
is hindered by the difficulty of integration between the cues
and the targets despite the length of SOAs. Another evidence
that supports the feature-integration hypothesis comes from
the study by Qian et al. (2015). It was found that the spatial-
organization conditions of targets and cues significantly influ-
enced the magnitude of the sequence effect.

The thirdexplanation(theso-called"strategicaladjustments")
about the sequence effect in the cueing task comes from the
studies that used informative arrow cues (Gomez & Flores,
2011; Gomez et al., 2009; Jongen & Smulders, 2007). In these
studies, the arrow cues predicted target locations in most of the
trials (e.g., 80% of trials were cued trials), and participants were
encouraged to utilize the cues to facilitate their performance.
According to thestrategical-adjustmentshypothesis,participants
continuously adapt their utilization of the cue depending on
whether the cues correctly or incorrectly direct their attention
on the previous trial, leading to a stronger cueing effect after a
cued trial than after an uncued trial.

Although the results of the cueing studieswith uninformative
cues (Qian et al., 2012) may have proved that sequence effects
canbe induced implicitlyandinvoluntarily,westilldonotknown
whether the voluntary control of the participants in cueing tasks
can induce sequence effects. The difficulty in answering this
question results from the fact that the involuntary cueing compo-
nent was usually confounded with the voluntary cueing compo-
nent in prior studies that used informative cues. For example, a
left-pointingarrowpredictedaleft target inmost trials in thestudy

by Jongen andSmulders (2007).However, simply presenting an
uninformative arrow cue to the participantswas enough to orient
their attention to the pointing location of the arrow (Hommel
et al., 2001). Therefore, the cueing and the sequential results
observed in the study by Jongen and Smulders (2007)may have
originated from both the involuntary and the voluntary compo-
nents of the cueing.

In the present central-symbolic-cueing study, the contribution
of the involuntary and the voluntary components of the arrow
cueing to the sequence effect was systematically investigated. In
Experiment 1, the possible target locations were increased (i.e.,
up, down, left, and right) while pointing directions of arrow cues
remained the same (i.e., left and right). Importantly, the arrow
cues predicted the possible target locations that were along a
different axis from the arrow directions (i.e., a left arrow may
have indicated that the target had a higher probability of
appearing at the up location than at the other locations). As a
result, three kinds of cue types were included: cued (targets
appeared on the same location as the cue direction, such as a
left cue with a left target), predicted (targets had a high possibil-
ity of appearing at one of the locations adjacent to the cue direc-
tion, such as a left cue with an up target), and unrelated (targets
appeared at the one of the two other locations, such as a left cue
with a right target or a left cue with a down target). Thus, it was
possible tomeasure the involuntary (between cued and unrelated
trials) and the voluntary (between predicted and unrelated trials)
components of the arrow cueing separately within the same
experiment and with the same participants. The trial-type repe-
tition advantage hypothesis would have predicted significant
sequence effects in both the involuntary and the voluntary com-
ponents of the cueing, because trial-type repetitions existed in
both conditions. On the other hand, the feature-integration hy-
pothesis would have predicted a significant sequence effect only
in the involuntary cueing component. As noted, this is because
feature integration is most likely to occur when spatial corre-
spondences exists between the cues and the targets (Qian et al.,
2017). For example, the integration may occur between a left
target and a left-pointing arrow, but such integration is difficult
between an up target and a left-pointing arrow. Finally, the
strategical-adjustments hypothesis would have predicted a sig-
nificant sequence effect only in the voluntary cueing component.
In Experiment 2, the possible target locations were up and down
and the pointing directions of the arrow cues were left and right.
Therefore, only the voluntary component of the cueing was
measured.

Experiment 1

Participants

A total of 30 students (with a mean age of 25 years, range 19-31
years,13 females)consented toparticipate in this experiment.All
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participants reported normal or corrected-to-normal vision and
were naive to the purpose of the experiment.

Apparatus

The stimuli were presented on an LCD display operating at a
60-Hz frame rate. The participants were seated approximately
57-cm away from the screen in a dimly lit room. A chinrest
was used to prevent any unnecessary head movements.

Stimuli

Across, subtending1.5°,wasplaced at the center of the screen as
a fixation point. The central cue was an arrow. The central hori-
zontal line of the arrowwas 3.5° in length.An arrowhead and an
arrowtailweredisplayedat theendsof thecentral line,pointingto
the left or right locations. The length of an arrow from the tip of
thearrowhead to the endsof the tailwas4.5°.The target stimulus
was a capital letter Xmeasuring 1° wide and 1° high, and it was
presented12°awayfromthefixationpoint to thetop,bottom,left,
or right of the screen. There were no placeholders for the four
possible target locations. The stimuli were all black and were
presented on a light-gray background.

Design

The cue-target SOAwas600ms.Oneach trial, the cue directions
were selected pseudo-randomly.When the cue direction pointed
to the left, the probability that the target would appear at the up
location (or at the down location, for half of the participants)was
four times the probability that the target would appear at one of
the other three locations; when the cue direction pointed to the
right, the probability that the target would appear at the down
location (or at the up location, for half of the participants) is four
times the probability that itwould appear at one of the other three
locations. Therefore, in each trial, the probability that the target
would appear at the predicted location (up or down) and one of
the three other locations was approximately 57% and 14%, re-
spectively.Therewere12blocks(dividedinto2sessions)with96
trials each. The participants took a long break between sessions
and a short break between blocks. Twelve trials in each block
were catch trials in which the target did not appear. The partici-
pants were instructed not to respond if the target did not appear.
Including 20 training trials, there were in all 1,172 trials for each
participant.TheRTsof the first trialsoneachblockand theRTsof
the trials followed a catch trial were excluded from the analysis.

The sequence effects were first tested in a two-way analysis
of variance (ANOVA) with the within-participant factors of
the previous cue type (pre-cued, pre-predicted, or pre-unrelat-
ed) and the current cue type (cued, predicted, or unrelated) on
RTs. A significant interaction between the previous cue type
and the current cue type would represent a significant se-
quence effect between trials. After that, paired-samples t tests

were used to analyze the involuntary cueing component by
comparing the RTs among pre-cued→cued, pre-unrelated→
cued, and pre-predicted→cued trial sequences. Facilitated RTs
in pre-cued→cued trial sequences would indicate a significant
sequence effect in the involuntary cueing component. A sim-
ilar analysis would be conducted for the voluntary cueing
component by comparing the RTs among pre-predicted→pre-
dicted, pre-cued→predicted, and pre-unrelated→predicted tri-
al sequences. Facilitated RTs in pre-predicted→predicted trial
sequences would indicate a significant sequence effect in the
voluntary cueing component.

Procedure

An illustration of the sequence of events can be seen in Figure 1.
Participants were instructed to keep fixating on the center of the
screen.First,afixationcrossappearedat thecenterof thescreenfor
1,000ms,afterwhich thecuestimulusappeared.After the600-ms
cue-target SOA, a target letter X appeared at one of the four pos-
sible locations until participants had responded or 1,200 ms had
elapsed.Thecue stimulus remainedon the screenafter the appear-
anceof the target.Participantswere instructed torespondwhenthe
target appeared by pressing the SPACE keywith the index finger
of their right hand as quickly and accurately as possible.
Participants also were informed that the central stimuli predicted
the location atwhich the targetwould appear and that they should
try to utilize the central cues to facilitate their performance.

Results

Errors The participants missed an average of approximately
0.3%of the targets andmade false alarmerrorsonapproximate-
ly 3.4% of the catch trials. Anticipations (RTs of less than 100
ms) and outliers (RTs over 1,000 ms) were classified as errors
and were excluded from further analysis. As a result, approxi-
mately 0.8% of all trials were excluded as errors. An ANOVA
with the within-participant factors of the previous cue type and
the current cue typewas conducted on the percent errors. None
of the factors or interactions was significant (ps > 0.25).

RTs A pre-analysis confirmed that the RTs under the two target
location conditions for unrelated trials (i.e., targets appeared on
the opposite side of the cued or the predicted locations) were not
significantly different from each other (p = 0.621), so the RTs of
thesetwoconditionswerenotdividedandtheanalysismentioned
abovewas followed.The averageRTsunder different conditions
are shown in Table 1 and Figure 2. AnANOVAwith the within-
participant factors of the previous cue type and the current cue
typewas conducted onRTs. There was a significant effect of the
previous cue type,F (2, 58)=3.967,p=0.024, indicating that the
RTs were shorter in the pre-cued condition than in the other two
conditions. The main effect of the current cue type also was
significant, F (1.047, 30.361) = 4.683, p = 0.037 (Greenhouse-
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Geisser adjusted, due to significant Mauchly’s Test of
Sphericity), reflecting that the RTs were shorter in the predicted
condition than in the other two conditions. In addition, the inter-
actionbetween thepreviouscue typeandthecurrentcue typewas
significant, F (4, 116) = 8.599, p < 0.001, indicating that there
weresignificantsequenceeffectsbetween trials.Tofurther inves-
tigate the details of the sequence effect, paired-samples t tests
were conducted on the RTs of each trial sequence. It was found
that theRTsofpre-cued→cued trial sequencesweresignificantly
faster than those of pre-unrelated→cued and pre-predicted→
cued trial sequences [t (29) = 3.900, p = 0.001, and t (29) =
4.883, p < 0.001, respectively], indicating that significant

sequence effectswere induced in the involuntary cueing compo-
nent.On theotherhand, theRTsofpre-predicted→predicted trial
sequences were not significantly different from those of pre-un-
related→predictedorpre-cued→predicted trial sequences [t (29)
= 1.471, p = 0.152, and t (29) = 1.174, p = 0.25]. In addition,
similar comparisons were run among pre-cued→unrelated, pre-
unrelated→unrelated, and pre-predicted→unrelated trial se-
quences, but no significant differences were found (ps > 0.05).
Therefore, the results showed that significant sequence effects
were only found in the involuntary cueing component and were
expressed as facilitated RTs in pre-cued→cued trial sequences.

Experiment 2

The results of Experiment 1 did not show significant sequence
effects in the voluntary cueing component. However, before
we conclude that voluntary control does not induce sequence
effects, a shortcoming in the previous experimental design
should be mentioned. The probability that the target would
appear at the predicted location was only 57% in
Experiment 1, but the probability usually reaches 80% in tra-
ditional cueing tasks with informative cues. The relatively
small number of predicted trials among all trials may have

Table 1. Themean RTs (accurate to bits) and errors (accurate to the first
decimal place) under different conditions in Experiment 1

Pre-cued Pre-unrelated Pre-predicted

Cued 388 (18) 403 (18) 406 (19)

0.9% 0.8% 0.8%

Unrelated 411 (19) 407 (18) 412 (19)

1.3% 0.9% 0.9%

Predicted 373 (8) 373 (9) 369 (8)

0.6% 0.5% 0.7%

Standard deviations for each condition are shown in brackets

Fig. 2 The average RTs under different previous and current trial types in
Experiment 1

Fig. 1 Illustration of the sequence of events in Experiment 1. When
the left arrow predicts an up target, the trial in the figure (left arrow with
up target) is a predicted trial. The trial (left arrow with left target) will be a
cued trial. The trial (left arrow with down or right target) will be an
unrelated trial
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hindered the participants' intention to utilize the cues, resulting
in nonsignificant sequence effects in the voluntary cueing
component. To avoid this shortcoming, the ratio of predicted
trials among all trials was increased by reducing the possible
target locations and only the voluntary cueing component was
measured in the Experiment 2.

Participants

A total of 16 students (with a mean age of 23 years, range 22-
26 years, 11 females) consented to participate in this experi-
ment. All participants reported normal or corrected-to-normal
vision and were naive to the purpose of the experiment.

Apparatus, stimuli, design, and procedure

The apparatus, stimuli, design, and procedure were the same
as those in Experiment 1 except for the possible target loca-
tions (i.e., only up and down). When the cue direction pointed
to the left, the probability that the target would appear at the up
location (or the down location, for half of the participants) was
four times the probability of the target appearing at the down
location (or the up location, for half of the participants). When
the cue direction pointed to the right, the probability that the
target would appear at the down location (or the up location,
for half of the participants) was four times than its probability
of appearing at the up location (or the down location, for half
of the participants). Therefore, on each trial, the probabilities
that the target would appear at the predicted location and the
unpredicted location were 80% and 20%, respectively. There
were 6 blocks with 120 trials each. In each block, 20 trials
were catch trials. Including 20 training trials, there were a total
of 740 trials for each participant.

The sequence effects were tested in a two-way analysis of
variance (ANOVA)with thewithin-participant factorsof thepre-
vious cue type (pre-predicted, pre-unpredicted) and the current
cue type (predicted, unpredicted) on the RTs.A significant inter-
action between the previous cue type and the current cue type
would represent a significant sequence effect between trials.

Results

Errors The participants missed an average of about 0.09% of
the targets and made false-alarm errors on approximately 3%
of the catch trials. Anticipations (RTs of less than 100 ms) and
outliers (RTs over 1,000 ms) were classified as errors and were
excluded from further analysis. As a result, approximately
0.7% of all trials were excluded as errors. An ANOVA with
the within-participant factors of the previous cue type and the
current cue type was conducted on the percent errors. None of
the factors or interactions was significant (ps > 0.54).

RTs The average RTs under different conditions are shown in
Table 2 and Figure 3. An ANOVAwith the within-participant
factors of the previous cue type and the current cue type was
conducted on the RTs. There was a main effect of the current
cue type, F (1, 15) = 6.105, p = 0.026, indicating that the RTs
were shorter in a predicted condition than in an unpredicted
condition. Importantly, the interaction between the previous
cue type and the current cue type was not significant, F (1, 15)
= 1.411, p = 0.253, reflecting that no significant sequence
effects were found for the voluntary cueing component, which
was similar to the findings of Experiment 1. To further con-
firm that the findings of the two experiments were similar, an
ANOVAwith the between-participant factor of the experiment
(Exp1, Exp2) and the within-participant factors of the previ-
ous cue type (pre-predicted, pre-unpredicted) and the current
cue type (predicted, unpredicted) was conducted on the corre-
sponding RTs (notice that the data of Exp1 only included the
trials with the exact same layout as the trials of Exp2). There
was a main effect of the current trial type, F (1, 44) = 11.413, p
= 0.002, indicating that the RTs were shorter in a predicted
condition than in an unpredicted condition. None of the other
factors or interactions was significant (ps > 0.06).

Discussion

The findings described in the present study have important im-
plications for the widely reported trial-by-trial modulations of
attention mechanisms in the cueing paradigm. Indeed, the se-
quence effect in the cueing tasks has been explained as repetition
advantage of trial types, feature integration between cue features
and target locations, or strategical adjustments of cue usability.
The strategical-adjustments hypothesis is mainly proposed by
the studies with informative arrow cues (Gomez & Flores,
2011;Gomezet al., 2009).Because thepredicted target locations
were usually the same as the pointing location of the arrows, the
resultsof thesestudiesmayhaveconfounded the involuntaryand
thevoluntary components of the arrowcueing.By increasing the
possible target locations and manipulating the predicted target
locations, the present study separated the involuntary and the
voluntary cueing components.The results ofExperiment 1 show
that the significant sequence effect is only found in the

Table 2. Themean RTs (accurate to bits) and errors (accurate to the first
decimal place) under different conditions in Experiment 2

Pre-predicted Pre-unpredicted

Predicted 364 (15) 370 (15)

0.5% 0.6%

Unpredicted 422 (27) 419 (27)

0.6% 0.5%

Standard deviations for each condition are shown in brackets
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involuntary cueing component (i.e., in pre-cued→cued trial se-
quences), but not in the voluntary cueing component (i.e., in pre-
predicted→predicted trial sequences). By ruling out the influ-
ence of the relatively low ratio of the predicted trials among all
trials inExperiment 1, the results ofExperiment 2 confirmed that
the voluntary control of the participants in cueing tasks did not
induce sequence effects.

By using uninformative central cues, several previous stud-
ies have proved that sequence effects in arrow cueing tasks
can be induced implicitly and involuntarily (Qian et al., 2012;
Qian et al., 2012; Qian et al., 2015). However, none of the
previous studies can answer the question raised in the present
study: can the voluntary control of the participants induce
sequence effects? Based on the findings of the present study,
the answer is probably BNo.^ Furthermore, the present study
had two advantages in methodology. First, in Experiment 1,
the involuntary and the voluntary components of the arrow
cueing were separated but still co-existed within one experi-
ment. Therefore, the results could not be attributed to any
differences that may have existed between different experi-
ments and between different participants. Second, the results
of Experiment 2 proved that the findings could not be attrib-
uted to the reduced predictive power of the cues.

The present results do not support the strategical-adjustments
hypothesis since there is no significant sequenceeffect in thepre-
predicted→predicted trial sequences. In addition, the trial type
repetition advantage hypothesis is unable to explain the whole
results. According to this hypothesis, the sequence effect should
exist whenever the trial types repeated between trials. However,
the present results show that significant sequence effects only
appeared in the pre-cued→cued trial sequences, not in the pre-
predicted→predicted trial sequences. The present results can be
well explained by the feature-integration hypothesis.
Specifically, in pre-cued→cued trial sequences, the co-
occurrence of the cue and the target forms a spatial correspon-
dencerelationshipbetweenthem(e.g.,a leftcuewithaleft target).
This spatial relationship is completely repeated (e.g., a left cue

with a left target again) or alternated (e.g., a right cuewith a right
target) when the trial types are repeated between trials, but it is
only partially repeated when the trial types are alternated in an
unrelatedor apredicted trial.As a result, theRTsof cued trials are
facilitated and the RTs of unrelated or predicted trials are
prolonged after a preceding cued trial. Furthermore, since the
pointing arrows and the target locations are along different axis
in pre-predicted→predicted trial sequences, the spatial corre-
spondence relationship cannot be easily formed (Qian et al.,
2017), leading to insignificant sequence effects in this condition.

It is important to note that although significant cueing ef-
fects were observed in the involuntary component of the cur-
rent cueing task, it does not imply that the observed cueing
effects and sequence effects are under the control of the re-
flexive and automatic shift of attention. Indeed,several studies
have suggested that uninformative arrow cues do not produce
a pure automatic and reflexive orienting (Green & Woldorff,
2012; Ristic & Kingstone, 2012) . Another piece of evidence
against the reflexive notion for the sequence effect of arrow
cueing is that the sequence effect was only observed when the
SOA on the preceding trial was relatively long (Qian et al.,
2012). Fortunately, the exact orienting mechanisms under the
arrow cueing do not affect the validity of the feature-
integration hypothesis. The important thing about the hypoth-
esis is the spatial correspondence between cues and targets.
For now, we can say that the sequence effect is probably a
common phenomenon in the cueing paradigm and it works in
an implicit manner without voluntary intervention.

Significant influence of previous trial status on the perfor-
mance of current trials also has been reported in other para-
digms. For example, in the visual search paradigm, it was
found that participants' RTs in current trials are facilitated
when the target feature (e.g., color, location, orientation, or
shape) is the same as that used in the preceding trials
(Maljkovic & Nakayama, 2000; Peremen, Hilo, & Lamy,
2013). This sequence effect in visual search is usually called
"priming" and is generally believed to be afforded by implicit
visual memory mechanisms (Kristjánsson, 2006). Both the
priming effect and the sequence effect in cueing tasks can
happen implicitly and do not need voluntary intervention.
Similar trial-by-trial influences were found in other attentional
tasks, such as the Flanker, the Stroop, and the Simon tasks
(Duthoo, Abrahamse, Braem, Boehler, & Notebaert, 2014;
Egner, 2007; Hommel et al., 2004). One major difference
between these tasks and the cueing tasks is that they reflect
different attention processes: executive control and orienting,
respectively. Nevertheless, similar sequence effects are found
in all these tasks. Overall, sequence effects between trials
seem to be a common phenomenon in human visual percep-
tion. Further investigations about the similarities and the dif-
ferences of the sequence effect among these different para-
digms may shed new light on human attention and memory
mechanisms.

Fig. 3 The average RTs under different previous and current trial types in
Experiment 2
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In summary, the present study demonstrated that the se-
quence effects of symbolic cueing were only induced in the
involuntary cueing component, rather than in the voluntary
cueing component. Overall, our results support the feature-
integration hypothesis for sequential processing in the sym-
bolic cueing paradigm.
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