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Abstract In a spatial cueing paradigm it was investi-
gated whether endogenous orienting is sensitive to ori-
enting processes in the previous trial. SpeciWcally, the
eVect of the previous cue direction, the previous trial type
(valid, invalid, neutral, catch) and target alternation
eVects were studied. Strategic eVects were shown as
attentional costs and beneWts were larger after a valid
than after an invalid trial. Following catch trials, an
overall response slowing was observed, but costs and
beneWts were unaVected. This was interpreted as a reduc-
tion in alertness and as support for the dissociation
between spatial and temporal attentional mechanisms.
Repetition of target position per se had no eVect, but in
neutral trials responses were slower to targets appearing
at the location that was cued in the previous trial, inde-
pendent of validity of the preceding trial. This suggests
that long-term inhibition-of-return can occur between
trials when attention is controlled endogenously.

Introduction

Traditionally, most reaction time (RT) studies report
only average results. However, research on sequence
eVects has indicated that individual trials typically do not
contribute to mean RT independently, because their
eVect is inXuenced by preceding trials (e.g., Bertelson,
1961, 1963; Bertelson & Renkin, 1966; Hyman, 1953;
Kirby, 1976, 1980; McKenna & Sharma, 2004; Soetens,
1998). Therefore, exploration of the eVect of preceding

events may lead to a better understanding of the way we
process signals (Soetens, 1990).

Many studies of visual attention have shown that, on
average, subjects respond faster to a target when they are
provided with valid advance information about its loca-
tion by means of a symbolic cue presented at Wxation
(e.g., Posner, 1980). Yet, the extant literature on this
endogenous cueing paradigm does not, to our knowl-
edge, contain a systematic study of sequence eVects. The
aim of the present study was to examine sequence eVects
in an endogenous spatial cueing task that was similar to
the one used by Posner, Nissen, and Ogden (1978). Cues
with a predictive validity of either 50 or 80% were used
to generate ‘neutral’, ‘valid’, and ‘invalid’ trials, and
catch trials were added to prevent premature responses.
According to Kirby (1980), sequence eVects in RT tasks
may originate from at least two sources. First, there may
be automatic facilitation as a result of residual activity in
a stimulus or response system or the bypassing of central
coding processes. Second, the subject may adopt strate-
gies that are carried out before or after arrival of the
stimulus. As shown below, the literature on sequence
eVects in other RT and attention tasks leads to some
interesting hypotheses on both automatic and strategical
sequence eVects in an endogenous spatial cueing task.

A study by Maylor and Hockey (1987) provides a Wne
example of the role of automatic processes in sequence
eVects in a spatial cueing paradigm. In an exogenous cue-
ing paradigm, when the cue–target interval was 500 ms,
responses to a target at a given location were slowed
when either the cue of the current trial or the target of
the previous trial had been presented at that location. In
a second and a third experiment where only targets were
presented and the preceding four trials were included in
the analysis, the results again showed slower responses
when the same target location was repeated. This slowing
was interpreted as a manifestation of ‘inhibition of
return’ (IOR); the presumed tendency of attention to be
inhibited to return to a location where it has just been,
thus favoring novel locations (e.g., Posner & Cohen,
1984; Posner, Rafal, Chaote, & Vaughan, 1985; Kwak &
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Egeth, 1992). EVects of IOR are likely automatic (Posner
& Cohen, 1984; Jonides, 1981). They have also been dem-
onstrated in endogenous attention tasks, when two
peripheral signals were presented in sequence and both
asked for a manual response (Pratt & Abrams, 1999;
Taylor & Klein, 2000). In our endogenous spatial cueing
paradigm (Posner et al., 1978), this is comparable to the
case of two target stimuli in subsequent trials. Therefore,
automatic eVects of peripheral onsets in trial ‘n¡1’ might
have an inhibitory eVect on target detection in trial ‘n’ if
the target is presented at the same location and if inhibi-
tory eVects survive after the attentional response to the
intermediate cue. Relatively fast responses to
target alternations would then be predicted.

Several others have invoked the IOR mechanism to
explain sequence eVects in attention tasks with informa-
tive or uninformative central or peripheral events.
Although Posner and Cohen (1984) found no evidence
for IOR when central predictive cues were used, it was
demonstrated in a study by Rafal, Calabresi, Brennan,
and Sciolio (1989), but only when eye movements to the
target location were made or planned. In a later study,
Taylor and Klein (2000) also found IOR when central
cues were used and eyes were kept Wxated. In this para-
digm, two signals were presented on each trial that were
peripheral onsets or central arrows. The Wrst was always
uninformative with respect to the second. No response, a
manual response or a saccadic response was made to the
Wrst and the second signal. IOR was shown when the Wrst
signal was central and required no response, and the sec-
ond signal was peripheral and required a manual
response. This build-up of a trial has similarities with a
standard endogenous cueing task (Posner et al., 1978),
but an important diVerence is that in Taylor and Klein’s
study, the Wrst signal was always uninformative with
respect to the second. This was done to prevent eVects of
voluntary attention. As stated by Taylor and Klein, pre-
vious reports with central arrow cues may have failed to
observe IOR because inhibitory eVects of central arrow
cues were “overpowered” by facilitatory eVects of volun-
tary orienting. Since our arrow cues are valid 80% of the
time, we do not expect an eVect of IOR within trials for
the same reason. However, studies by Maylor and
Hockey (1987) and Pratt and Abrams (1999) have shown
that eVects of IOR can carry over to the next trial. While
a cue will be predictive concerning the target location in
that particular trial, it will not be predictive with regard
to the next trial. Therefore, central cues that direct atten-
tion to the left or to the right in one trial might have an
inhibitory eVect on attentional orienting to the same
location in the next trial.

In summary, as an automatic eVect, a target alternation
eVect may be observed, based on various studies that
used peripheral stimuli (Maylor & Hockey, 1987; Pratt &
Abrams, 1999; Taylor & Klein, 2000). Furthermore, an
analysis of sequence eVects is apt to investigate whether
central endogenous cues lead to IOR, because the cue on
trial ‘n¡1’ has lost all its predictive power after the target
in that trial has elapsed, possibly leaving traces of IOR

that can be measured on trial ‘n’ because they are not
overpowered anymore by voluntary orienting in trial
‘n¡1’. Add to this other indications that IOR can occur
between trials (Maylor & Hockey, 1987; Pratt &
Abrams, 1999), and the hypothesis ensues that central
cues have an inhibitory eVect on attentional orienting to
the same location in the next trial. Both eVects of orient-
ing in trial ‘n¡1’ would be visible in pure form when the
cue in trial ‘n’ is neutral, and could simply add up to the
eVect of the cue in trial ‘n’ if it is directional.

A role for strategic adjustments in sequence eVects
has been demonstrated in focused attention or conXict
tasks. Gratton et al. (1992, exp. 1) used a noise-compati-
bility paradigm (Eriksen & Eriksen, 1974), and studied
changes from trial to trial in the participants’ sensitivity
to irrelevant noise letters surrounding a central target.
Sequence analyses showed a larger interference eVect on
trials that followed a trial with compatible in comparison
to incompatible noise. This eVect was explained by sup-
posing an expectation that was created by the type of
noise on the previous trial, eVectively an expectation for
repetitions. Similarly, in a Simon task, it has repeatedly
been shown that if the Simon eVect is analyzed as a func-
tion of the spatial stimulus-response correspondence in
the preceding trial, a sizeable eVect is only present after
corresponding trials (e.g., Ridderinkhof, 2002; Stürmer,
Leuthold, Soetens, Schröter, & Sommer, 2002). In the
current study, four types of trials (valid, invalid, neutral,
catch) were presented. If momentary strategical adjust-
ments in the endogenous cueing paradigm are similar to
those in the Eriksen noise-compatibility and Simon task,
a valid trial might enhance the expectation that it is ben-
eWcial to direct attention to the cued location whereas an
invalid trial might weaken this expectation or even pro-
mote orienting to the uncued location. This would lead
to an increase of both costs (the diVerence between
invalid and neutral) and beneWts (the diVerence between
valid and neutral) of attention after a valid trial in com-
parison with after an invalid trial.

To summarize, this study aimed at examining
sequence eVects in an endogenous spatial cueing para-
digm to Wnd out if, in addition to the current cue, other
recent events aVect attentional orienting in a trial. The
eVects of interest are illustrated in Fig. 1. First, strategical
adjustments will be studied by examining the interaction
between validity of the preceding trial and validity of the
current trial to Wnd out if costs and beneWts depend on
validity of the preceding trial. In addition, it will be
examined if similar to other studies (Alegria, 1978; Cor-
rea, Lupiáñez, Milliken, & Tudela, 2004; Los, 2004) an
overall delay in RT is present after a catch trial. Second,
automatic eVects of the previous cue and target will be
examined to Wnd out if there is support for (a) an advan-
tage for target alternations in comparison to target repe-
titions, and (b) eVects of IOR after central endogenous
cues that “survive” until the target in the next trial. The
relation between preceding cue and current target can be
described in terms of validity, and because it occurs
between trials it will be referred to as ‘inter-trial validity’.
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The hypothesis then amounts to slower responses if the
preceding trial’s cue and current trial’s target are corre-
sponding, or ‘inter-trial valid’, than when they are non-
corresponding, or ‘inter-trial invalid’. The same hypothe-
ses were already examined in an unpublished pilot study
from our lab. The results showed weak (trend-level) sup-
port for strategical adjustments, as costs were smaller
after an invalid than after a valid or neutral trial. After
catch trials, there was a substantial overall delay in
responses, but costs and beneWts of attention were
unchanged. There was no advantage for
target alternations in successive trials, but central endog-
enous cues had an inhibitory eVect on attentional orient-
ing to the same location in the next trial. This eVect was
remarkably independent of the validity of both the previ-
ous and the current trial, and it combined with the eVect
of the present cue in a purely additive way. In this previ-
ous study the order of trial types was truly random with
the disadvantage that the number of occurrences of rare
sequences was uncontrolled and thus low in some partic-
ipants. The current experiment aimed at replicating these
results, using more trials and a complete balancing of all
possible sequences.

Method

Subjects

Eighteen subjects (4 male), 21–30 years old (mean age
25), participated in the study. All had (corrected to) nor-

mal vision and four were left-handed. The experiment
received prior approval of the institutional ethics com-
mittee. All participants signed an informed consent and
were paid for their participation. Data of two subjects
were excluded from the analyses, because the number of
errors and outliers was very high.1 Data of the remaining
16 subjects will be described.

Stimuli, apparatus and procedure

Subjects were comfortably seated in a dimly lit, sound
attenuated room. The stimuli were presented on a VGA
monitor at 75 cm. To control stimulus presentation,
record accuracy and latency, ERTSVIPL V3.32c (Berin-
ger, 1987) was used. Target stimuli consisted of dark
gray-and-light gray, vertical square-wave grating stimuli
(2.1°, 7 cycles/degree) presented to the left or right (7°) of
Wxation on a gray, equiluminant background. The task
was a detection task where every grating stimulus
required a right index Wnger response, independent of its
spatial frequency or location. The response was given on
a microswitch which was covered by a round response
button (1.5 cm in diameter) that was placed centrally in
front of participants. Catch trials were added to prevent
premature responses.

Each trial started with a Wxation cross, which stayed
on throughout the trial (see Fig. 2). After 100 ms, a cue
was presented for 600 ms that consisted of an arrow to
the left (<<) or to the right (>>) both with a predic-
tive validity of 80%, or a neutral cue (<>) that had no
predictive validity (50%), meaning that the target could
appear on either location with equal likelihood. At
900 ms after cue onset, the target was presented for
200 ms. Then there was a 2,000 ms inter-trial interval.

The main task consisted of 2,349 trials. Trials were
presented in random order with the restriction that every
trial type was immediately preceded by every trial type a
Wxed number of times in the same proportion as the
overall proportion. The proportion of valid:invalid:neu-
tral:catch trials in the experimental block was 8:2:4:3.
Since every trial was a combination of the factors cue (3:
left, neutral, right) and target (3: left, right, catch), there
were 3 £ 3 = 9 trial types, and 9 £ 9 = 81 diVerent
sequences. The number of trials for the rarest sequences
(e.g., ‘invalid cue left’ preceded by an ‘invalid cue left’)
was 8; for all other sequences it was a multiple of 8.

Subjects were instructed to respond quickly and accu-
rately and to maintain central eye Wxation during the tri-
als. Corrective feedback (an error message and short
tone) was given on misses and false alarms and on
responses that preceded target onset, were too fast
(<120 ms) or too slow (>800 ms). After three 12-trial
practice blocks, and feedback about their RT after every
block, subjects performed the main task. They received
feedback about their RT and could pause for a moment
every 64 trials. After each pause, the last trial prior to the

Fig. 1 Sequence eVects of interest are illustrated in a two-trial se-
quence (previous trial is indicated as: trial N¡1; current trial is indi-
cated as: trial N). First of all, the dependence of attention eVects on
validity of the preceding trial is illustrated by the interaction be-
tween validity of the preceding and current trial. Second, eVects of
target alternation and repetition will be examined. Finally, inhibi-
tory eVects of a cue on the target in the next trial will be examined.
The relation between preceding cue and current target can be de-
scribed in terms of ‘inter-trial validity’

1 The pattern of results was the same when these subjects were in-
cluded, but eVects were stronger without them.
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pause was repeated in order to create the proper “his-
tory” for the next trial, and it was later omitted from the
analyses so that our sequence eVects were not con-
founded by the pauses, and sequences remained perfectly
balanced. The very Wrst trial was deleted for the same
reason, leaving 2,312 trials for analyses.

Data analyses

Trials that contained an error or that followed an error
were deleted from the analyses. Possible errors were false
alarms, misses, responses on the cue, and responses on
the target that were either faster than 120 ms or slower
than 800 ms. Main analyses of validity and sequence
analyses were done. It was examined (a) if costs and ben-
eWts of spatial attention in trial ‘n’ were modiWed by
validity of trial ‘n¡1’, and if a catch trial ‘n¡1’ caused an
overall slowing of RT in trial ‘n’, and (b) if cue direction
and target position of trial ‘n¡1’ had an inXuence on
attention in trial ‘n’. The latter eVects were Wrst examined
when trial ‘n’ was neutral and then when trial ‘n’ had a
directional cue.

Results

An alpha level of 0.05 was maintained for all statistical
tests.

Errors and outliers

The average percentage of RT-outliers ranged from 0 to
2.6 (average 0.79). The percentage of false alarms ranged
from 0.25 to 7.35 (average 3.6), of misses from 0 to 0.79
(average 0.22), and of responses on the cue from 0.09 to
1.17 (average 0.49). After exclusion of errors and outliers,
98.0% of the data remained for analyses.

Validity

A 3 (validity: valid, neutral, invalid) £ 2 (target position:
left, right) ANOVA was used to analyze eVects of valid-
ity disregarding sequence eVects. Figure 3 displays RTs
as a function of the relevant task variables. Attentional

orienting eVects were reXected by a main eVect of valid-
ity, F(2, 14) = 48.4, P < 0.0005. Post hoc analyses
showed both signiWcant costs (invalid vs. neutral), F(1,
15) = 58.8, P < 0.0005, and beneWts (valid vs. neutral),
F(1, 15) = 85.0, P < 0.0005. An interaction between
validity and target position, F(2, 14) = 5.2, P = 0.02,
indicated larger beneWts for target left than for target
right, F(1, 15) =  11.0, P = 0.005. Taken together, these
results conWrmed that participants successfully used the
arrow cues to orient their attention.

Sequence eVects

Costs and beneWts: validity of the preceding trial

A 4 (validity of the preceding trial (n¡1): valid, invalid,
neutral, catch) £ 3 (validity of the current trial (n): valid,
invalid, neutral) ANOVA was performed to examine the
inXuence of validity of the previous trial on costs and
beneWts of the current trial. There were main eVects of
validity of the current trial, F(2, 14) = 50.9, P < 0.0005,
and preceding trial, F(3, 13) = 6.4, P = 0.007, and there
was an interaction between these factors, F(6, 10) = 3.8,
P = 0.031. Results are displayed in Fig. 4a, b. They sug-
gest the hypothesized delay after a catch trial and larger
costs and beneWts after a valid than after an invalid trial.

Fig. 2 An example of a trial se-
quence in which a neutral cue is 
followed by a target to the left +
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Fig. 3 EVects of validity and target location on mean reaction time
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To verify if after a catch trial RTs were delayed, a
reverse Helmert contrast was used to compare catch tri-
als with the average of the other three preceding trial
types in an analysis with the same factors as before. It
conWrmed that after a catch trial RTs were slower than
after the average of the other three trial types, F(1,
15) = 17.9, p = 0.001. Post hoc analyses showed that in
comparison with the average of the other three preceding
trial types there was no diVerence in costs or beneWts
[both F(1, 15) < 1] after a catch trial. Figure 4b shows
that as hypothesized costs and beneWts were smaller after
an invalid trial than after a valid trial. To verify this, a 3
[validity of the preceding trial (n¡1): valid, invalid,
neutral] £ 3 [validity of the current trial (n): valid,
invalid, neutral] ANOVA was performed. In addition to
the main eVects, there was an interaction between valid-
ity of the preceding and current trial, F(4, 12) = 5.7,
p = 0.008. Post hoc analyses showed both smaller bene-
Wts [F(1, 15) =  6.7, P = 0.02] and costs [F(1, 15) = 23.1,
P < 0.0005] when the preceding trial was an invalid trial
than a valid trial. Costs after an invalid trial also were
signiWcantly smaller than after a neutral [F(1, 15) = 19.1,
P = 0.001] trial.

To summarize, there was an overall slowing of
responses after a catch trial but no change in costs or
beneWts. In addition, costs and beneWts were larger after

a valid than after an invalid trial, matching our hypothe-
ses on strategic eVects.

EVects of the preceding cue and target

The inXuence of preceding cue direction and target posi-
tion were Wrst examined in circumstances where the pres-
ent cue did not direct attention: neutral trials. A 3 (cue
direction of the preceding trial: left, neutral, right) £ 2
(target position of the preceding trial: left, right) £ 2
(target position of the current trial: left, right) ANOVA
was carried out on the mean RTs of neutral trials. There
were main eVects of the previous [F(1, 15) = 9.1, P = 0.01],
and the current [F(1, 15) = 6.4, P = 0.02] target. Sub-
jects were faster when the previous target was presented
to the left or the current target was presented to the right.
The interaction between preceding and current target
that reXected the eVect of target alternation was not
signiWcant, F < 1. Instead, there was an interaction
between previous cue direction and current target posi-
tion, F(2, 14) =  5.7, P = 0.02. If the data are reordered,
this interaction can be described in terms of inter-trial
validity (Fig. 1). Inter-trial valid and inter-trial invalid
trials can be compared to test our hypothesis that
responses are faster on inter-trial invalid trials, and inter-
trial neutral trials can serve as a baseline to Wnd out if
any diVerences between inter-trial valid and inter-trial
invalid trials are due to inhibition or facilitation. The
results are displayed in Fig. 5. A 3 (inter-trial validity:
valid, neutral, invalid) £ 2 (target position of the preced-
ing trial: left, right) £ 2 (target position in the current
trial: left, right) ANOVA showed a main eVect of inter-
trial validity, F(2, 14) = 6.5, P = 0.01. Post hoc analyses
showed slower responses to inter-trial valid than to inter-
trial invalid trials, F(1, 15) = 11.4, P = 0.004, supporting
our hypothesis. Responses to inter-trial valid responses
were also slower than to inter-trial neutral sequences,
F(1, 15) = 9.6, P = 0.007, but inter-trial invalid and
inter-trial neutral responses did not diVer, F < 1. In sum,
the results showed an inhibitory eVect for the position
where attention was directed to by the cue in the preced-
ing trial and this eVect was independent of the target
position and cue validity in the preceding trial. There was
no evidence for an eVect of target alternation.

Second, the eVect of preceding cue direction and tar-
get position was examined for left and right-cued trials.
A 3 (cue direction of the preceding trial: left, neutral,
right) £ 2 (target position of the preceding trial: left,
right) £ 2 (cue direction of the current trial: left,
right) £ 2 (target position of the current trial: left, right)
ANOVA was conducted on the mean RTs. There was no
eVect of target alternation as shown by an absence of
interaction between previous and current target, F = 1.
In addition there was no eVect of the previous cue on the
current target, F < 1. There was an interaction between
previous cue and previous target, F(2, 14) = 8.7,
P = 0.003, and between current cue and current target,
F(1, 15) = 92.2, P < 0.0005. These are eVectively validity
eVects of the previous and current trial and have been

Fig. 4 a Mean reaction times in valid, invalid and neutral ‘current’
trials and b costs and beneWts in the ‘current’ trial (current trial indi-
cated as: trial n), both as a function of the type of preceding trial
(indicated as: trial n¡1)
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described above. In addition, the four-way interaction
was signiWcant, F(2, 14) = 10.8, P = 0.001. This interac-
tion is part of the interaction that was already described
as the eVect of validity of the previous trial on validity of
the current trial (cf. Fig. 4). In sum, in trials where atten-
tion was driven by a directional cue there was no evi-
dence for inhibitory eVects of the previous cue that were
shown in neutral trials. Similar to neutral trials there was
no eVect of target alternation. Instead, strategic eVects
were shown.

Discussion

Sequence eVects in a spatial endogenous cueing para-
digm were explored with separate analyses of the eVect
of cue validity on costs and beneWts in the next trial and
of eVects of the previous cue and target.

Both costs and beneWts of attentional orienting were
smaller after an invalid than after a valid trial. The typi-
cal explanation is that subjects have some degree of stra-
tegic control and adapt their utilization of the cue
depending on if it correctly or wrongly directed their
attention to a location on the previous trial. Costs and
beneWts have been described in terms of mental processes
involving engagement, disengagement and movement of
attention. As they are both aVected after an invalid trial,
it could either mean that attention is not oriented on a
number of trials, or is not fully engaged to the indicated
location. Comparable strategic eVects have been demon-
strated in focused attention and conXict paradigms
(Gratton et al., 1992; Ridderinkhof, 2002; Stürmer et al.,
2002). Although these eVects have typically been attrib-
uted to strategic control, Hommel and colleagues pro-
posed a “feature integration account” that does not

require voluntary control (Hommel, Proctor, & Vu,
2004; Hommel, 2004). It assumes that co-occurrence of a
cue and target in a trial leads to a representation of the
relation in which their features are integrated. This rela-
tion would be reactivated in the next trial, and would
inXuence performance in such a way that good perfor-
mance is predicted if validity is repeated but interference
would occur if it alternates. This boils down to the same
prediction of smaller beneWts and costs after an invalid
trial than after a valid trial.

There was an overall delay after a catch trial. It has
been reported that a decrease of the probability of stimu-
lus occurrence causes an increase of RTs (Gordon, 1967;
Näätänen, 1972). Snodgrass (1969) attributed this to a
decrease in the frequency of anticipations, but Alegria
(1978) analyzed trial sequences and showed that inde-
pendent of the overall catch-trial probability, after an
uninterrupted sequence of targets, RT became as fast as
when catch-trial probability was zero. From this, he con-
cluded that event probability eVects boiled down to
sequence eVects. In two recent cueing studies, sequence
analyses also showed an increase in RTs in trials that fol-
lowed on catch trials (Correa et al., 2004; Los, 2004). In
agreement with Alegria (1978), Correa et al. suggested
that the increase in RT was related to a decrease in prep-
aration after a catch trial. Alternatively, Los proposed
that it is caused by processes of inhibition that follow the
presentation of a cue to prevent premature processing.

The combination of a decrease in speed but
unchanged costs and beneWts following a catch trial sup-
ports the distinction between orienting and alerting pro-
cesses of attention. Similarly, Fernandez-Duque and
Posner (1997) showed a decrease in speed but no change
of the validity eVect in an exogenous cueing paradigm
when an auditory alerting cue was presented. Separate
anatomical networks have been proposed for these pro-
cesses of attention (Posner & Peterson, 1990). Coull and
Nobre (1998) showed that, analogous to spatial orient-
ing, attention can be “temporally oriented” to a point in
time and together, temporal orienting and alerting pro-
cesses were suggested to be temporal processes of atten-
tion. Correa et al. (2004) demonstrated that the sequence
eVect of catch trials on RTs was independent of the
validity eVect of temporal orienting. Likewise, our results
showed that the eVect of catch trials did not interact with
the eVects of spatial orienting. All together, these results
therefore support the notion of diVerent spatial and tem-
poral processes of attention that can act independently
(Coull & Nobre, 1998; GriYn, Miniussi, & Nobre, 2002;
Los, 2004; Milliken, Lupiáñez, Roberts, & Stevanovski,
2003). Catch trials mainly appear to aVect processes of
alertness, independently from other mechanisms of
attention.

Another eVect that was examined was an advantage
for target alternations that has been attributed to exoge-
nous IOR (Pratt & Abrams, 1999; Maylor & Hockey,
1987; Taylor & Klein, 2000). At least for neutral–neutral
sequences, feature integration (Hommel et al., 2004)
might have predicted the opposite (an advantage for

Fig. 5 Sequence eVects of previous cue and target on mean RTs in
neutral trials. Inter-trial validity refers to the relation between previ-
ous cue direction and current target position and is neutral if the pre-
vious cue was neutral, is valid if previous cue direction and current
target position are the same, and is invalid if previous cue direction
and current target position diVer
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target repetition), because that would represent repeti-
tion of all features. However, no advantage was found
for target alternations or repetitions in successive trials.
A suYcient explanation is probably that the time
between targets in consecutive trials was rather long
(about four seconds), thereby reducing short-lasting
exogenous IOR eVects, although Tipper, Grison, and
Kessler (2003), using a diVerent paradigm, found eVects
of IOR that lasted for even 13 min. Another reason may
be that we used a simple detection task, whereas in other
studies responses were based on location (Taylor &
Klein, 2000) or identity (Pratt & Abrams, 1999) of the
stimulus, possibly enhancing exogenous orienting eVects
because the target and its location are more salient in
these paradigms. In Maylor and Hockey (1987), no pre-
dictive central cues were used that could interfere with
traces of exogenous orienting.

In addition to target–target eVects we examined
eVects of the endogenous cue that may carry over to the
next trial, when it has lost its predictive power. To
describe the relation between previous cue and current
target the term “inter-trial validity” was introduced. In
inter-trial valid trials the previous cue direction and cur-
rent target location were similar, whereas they were
diVerent in inter-trial invalid trials. In inter-trial neutral
trials the previous cue was neutral and these trials served
as a baseline. Endogenous IOR would be manifested by
faster responses on inter-trial invalid than inter-trial
valid trials. This eVect was demonstrated in “current”
neutral trials. A comparison with inter-trial neutral trials
and an analysis of inter-trial costs and beneWts showed
that the eVect was due to inhibition of the position that
was cued in the previous trial. This eVect was indepen-
dent of validity in the previous trial. In the pilot study
that we mentioned in the introduction the inhibitory
eVect of the previous cue was present also in trials with
directional cues where it combined with the validity
eVect of the present trial in an additive way. However, in
the current study strategic eVects in trials with direc-
tional cues were stronger than in the pilot experiment
maybe as a consequence of the substantial increase in the
number of trials and task duration that was needed to
achieve balancing of the sequences. These strategies may
have had an overpowering eVect on the automatic inhib-
itory eVects of the previous cue. A comparison of the two
experiments showed that the “current” eVect of validity
was larger now. Therefore, inhibitory eVects of the previ-
ous cue might also have been overpowered by facilita-
tory eVects of voluntary orienting in the current trial.

In sum, the results show that analyses of sequence
eVects can enhance our insights in processes that inXuence
task performance. First, after a catch trial overall slower
responses but intact costs and beneWts were shown, sup-
porting the independence of attentional mechanisms of
orienting and alertness. Second, strong strategic eVects
were demonstrated in trials with directional cues where
costs and beneWts depended on validity of the previous
trial. Third, in neutral trials orienting was inXuenced by
the direction of the cue in the previous trial. More speciW-

cally, the position that was cued in the previous trials was
inhibited. We therefore propose that endogenous shifts of
attention result in long-term inhibitory processes that are
independent of exogenous eVects and validity of the previ-
ous trial. This independence is remarkable because the
attentional response to the previous target is closer in time
than the response to the previous cue. It would be interest-
ing to study similar eVects in a task that requires closer
examination of the target. These inhibitory processes
might also play a role in the ‘preference of attention to
switch’ that was suggested by Posner (1980) when no ben-
eWts of attention were found in a cueing paradigm where
attention was cued for a whole block instead of on each
trial (Posner, Snyder, & Davidson, 1980).
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