
What types of cues draw attention to a spatial location 
in an involuntary fashion? Until recently, research findings 
supported the distinction between involuntary, exogenous 
shifts of attention in response to peripherally presented cues 
(e.g., brief flashes of light) and voluntary,  endogenous shifts 
in response to centrally presented cues (e.g., arrows). This 
distinction was blurred by findings from three indepen-
dent laboratories (Driver et al., 1999; Frie sen & Kingstone, 
1998; Langton & Bruce, 1999), which showed that cen-
trally presented gaze cues can also trigger in an involuntary 
orienting. Recently, these findings were extended (Frie sen, 
Ristic, & Kingstone, 2004). Eye gaze cues were found to 
produce orienting effects even when they were counterpre-
dictive and it was beneficial for participants to redirect at-
tention away from the cues. Furthermore, in support of the 
claim that eye gaze is a unique form of social attention cue, 
a further experiment (Frie sen et al., 2004, Experiment 2) 
failed to record involuntary orienting to arrow cues. Recent 
research (Gibson & Bryant, 2005; Vecera & Rizzo, 2004, 
2006) suggests that such findings may underestimate the 
influence of voluntary processes in the generation of invol-
untary orienting to symbolic cues. In the present research, 
a correlational approach was employed to reexamine the 
failure to find an involuntary orienting effect to arrow cues 
and to examine the relationship between involuntary and 
voluntary orienting to both arrow and gaze cues.

Orienting to Counterpredictive  
Gaze and Arrow Cues

The counterpredictive orienting task used in recent 
research (Frie sen et al., 2004) was designed to measure 
voluntary and involuntary orienting to gaze and arrow 
cues within the same task. Targets could appear in either 

a cued location (the same location as was indicated by the 
cue on 8% of trials), or a predicted location (opposite to 
the location indicated by the cue on 75% of trials), or in 
a location that was neither cued nor predicted (on a dif-
ferent axis to that indicated by the cue on the remaining 
16% of trials). The neither predicted nor cued condition 
(NP–NC) acted as the new baseline. This type of base-
line was considered an improvement over other baseline 
measures (e.g., the eyes staring straight ahead) because 
the cue stimuli on NP–NC trials were visually identical to 
the cues presented in other conditions. Responding in the 
cued condition was thought to indicate involuntary orient-
ing because participants were told that the target rarely 
appeared in the same location as that indicated by the cue. 
Therefore, participants had no incentive to orient atten-
tion toward this location in comparison with the baseline 
condition. Conversely, responding in the predicted condi-
tion was thought to reflect voluntary processing because 
participants knew the target would most likely appear in 
the opposite location to the cue.

In addition to using a new baseline, the counterpredic-
tive orienting task used by Frie sen et al. (2004) included 
four stimulus onset asynchrony (SOA) conditions. These 
conditions were included to help investigate possible 
differences in the time course of involuntary and volun-
tary orienting to eye gaze cues. Cues were presented in 
short (105-msec), intermediate (600-msec), and two long 
(1,200-msec and 1,800-msec) SOA conditions. In keep-
ing with predictions for involuntary orienting, responses 
were faster to targets in cued but not predicted locations 
in comparison with the baseline condition at the shortest 
(105-msec) SOA between cue and target. These effects 
continued up to 600 msec, where responses were faster 
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induced the typical orienting effect (faster responses on 
valid than on invalid trials). However, E.V.R. did not ap-
pear to orient attention to either predictive or nonpredic-
tive symbolic cues. In short, brain damage in the region 
associated with the voluntary control of attention led to 
a deficit in orienting to symbolic cues. This finding led 
Vecera and Rizzo (2004, 2006) to argue that orienting to 
symbolic cues depends on voluntary rather than reflexive 
processing, whereas reflexive orienting to peripheral cues 
does not depend on voluntary control.

The conclusion that orienting to peripheral (abrupt-
 onset) cues does not depend on voluntary control may be 
too strong, because other research has shown that the abil-
ity of abrupt-onset cues to trigger orienting is contingent 
on the perceiver’s adopting specific attentional control 
settings (e.g., Folk & Remington, 1998; Folk, Reming-
ton, & Johnston, 1992). Specifically, increased similar-
ity between cue and target increases the likelihood that 
abrupt-onset cues will trigger orienting. Furthermore, 
there is some evidence (Spence & Driver, 1994, Experi-
ment 6) that voluntary control may reduce orienting to 
peripheral cues when participants are actively encouraged 
to counteract the effects of such cues. Nevertheless, the 
conclusion reached by Vecera and Rizzo that voluntary 
control modulates orienting to symbolic cues still holds 
and, furthermore, is supported by additional evidence.

Findings from a recent study by Gibson and Bryant 
(2005) can be interpreted as showing that strategy-based 
processes influence involuntary orienting to symbolic 
cues. Gibson and Bryant designed a study to investi-
gate methodological differences between an early study 
(Jonides, 1981), which failed to record involuntary ori-
enting to uninformative symbolic cues, and later research 
(e.g., Hommel et al., 2001; Ristic et al., 2002; Tipples, 
2002), in which there was reliable evidence for involun-
tary orienting. The authors noted that in the early study, 
arrow cues were presented for a brief duration (25 msec) 
and were separated by a brief SOA between the onset of 
the cue and target (cue-to-target SOA). In contrast, later 
studies had tended to present symbolic cues for a longer 
duration and a longer cue-to-target SOA. To examine the 
effect of such differences, Gibson and Bryant varied cue 
duration and cue-to-target SOA. In the first experiment, 
the cue validity effect grew with increases in cue dura-
tion and cue-to-target SOA. More specifically, the effects 
were in keeping with both early research—with weak, 
nonsignificant cue validity effects at short cue durations 
and cue-to-target SOAs—and later research—with stron-
ger significant effects at longer cue durations and cue-to-
target SOAs.

In further experiments, Gibson and Bryant (2005) 
probed possible reasons for variations in the magnitude 
of the orienting effect with cue duration and cue-to- target 
SOA. In Experiment 2, cue duration was randomly in-
termixed within a block rather than varied in separate 
blocks, as had been the case in Experiment 1. Gibson 
and Bryant reasoned that if their initial findings were due 
to  stimulus-based effects, then the magnitude would not 
differ between blocked (Experiment 1) and intermixed 
(Experiment 2) conditions, because stimulus factors are 

to targets appearing in predicted locations in comparison 
with the new baseline. In other words, at an intermediate 
SOA, there was evidence for both reflexive and voluntary 
orienting to eye gaze. Furthermore, in the long SOA con-
ditions (1,200 and 1,800 msec), voluntary orienting to the 
predicted location continued, but reflexive orienting to the 
cued location was eliminated. The extended time course 
for orienting on predicted but not cued trials might be 
taken as evidence of a slower acting, voluntary, controlled 
orienting mechanism. Overall, Frie sen et al. interpret 
their findings as reflecting the operation of a two-process 
model of orienting to eye gaze, with relatively short-lived 
“reflexive” (involuntary) effects overlapping with, but 
eventually being replaced by, voluntary orienting effects.

Is Involuntary Orienting Unique to Eye Gaze?
A number of studies have shown that arrow cues also 

instigate involuntary shifts of attention (Hommel, Pratt, 
Colzato, & Godijn, 2001; Ristic, Frie sen, & Kingstone, 
2002; Tipples, 2002). In their second experiment, Frie sen 
et al. (2004) examined whether arrow cues might also in-
stigate involuntary shifts of attention. In a similar vein to 
eye gaze cues, faster responses were recorded on predicted 
than on NP–NC trials at an SOA of 600 msec or greater. 
In contrast to the effects recorded for eye gaze cues, Frie-
sen et al. failed to observe faster responses on cued tri-
als than on NP–NC trials across all SOAs. However, it is 
important to note that in the 105-msec SOA condition, 
responses were faster (albeit nonsignificantly) on cued 
trials (377 msec) relative to NP–NC trials (385 msec). On 
the basis of their findings, Frie sen et al. suggested that in 
comparison with eye gaze, orienting to arrow cues may be 
less involuntary and more susceptible to voluntary con-
trolled processing.

Are Involuntary and Voluntary Orienting 
Separable Processes?

Do the effects recorded by Frie sen et al. (2004, Experi-
ment 1) reflect the operation of separable voluntary and 
involuntary mechanisms? Recent evidence (Gibson & 
Bryant, 2005; Vecera & Rizzo, 2006) appears to contra-
dict this idea. First, on the basis of evidence from a pa-
tient (E.V.R.) with frontal lobe damage, Vecera and Rizzo 
(2004, 2006) suggest that orienting to eye gaze and arrow 
cues depends on voluntary, rather than reflexive, invol-
untary control. Previous research (Eslinger & Damasio, 
1985) had shown that E.V.R. was impaired at perform-
ing goal-directed, voluntary behaviors, despite demon-
strating unimpaired executive functioning and working 
memory performance. Vecera and Rizzo (2004) reasoned 
that if orienting to symbolic cues depends on reflexive 
processes, then E.V.R. would orient attention to this type 
of cue. In contrast, if orienting to symbolic cues depended 
on voluntary process, then E.V.R.’s performance would 
be impaired. Vecera and Rizzo (2004) compared E.V.R.’s 
ability to orient attention to nonpredictive peripheral (ex-
ogenous) cues with his ability to orient to centrally pre-
sented, symbolic cues that were either predictive (Vecera 
& Rizzo, 2004) or, in a later study (Vecera & Rizzo, 
2006), nonpredictive (uninformative). The peripheral cues 



ORIENTING TO COUNTERPREDICTIVE GAZE AND ARROW CUES    79

The experiments reported here were designed to test 
the hypothesis that voluntary use of symbolic (Experi-
ments 1–3) and abrupt-onset (Experiment 4) cues modu-
lates involuntary orienting, by examining whether in-
voluntary and voluntary orienting effects are positively 
correlated. Experiments 2–4 add a further test of the hy-
pothesis that individual differences in voluntary control are 
linked to involuntary orienting, by examining correlations 
between self-reported ability to control attention and invol-
untary orienting. The designs and procedures for all of the 
experiments were similar to those used in previous research 
(Frie sen et al., 2004), except that two, rather than four, SOA 
conditions were used in each experiment. In Experiments 1 
and 2, cue-to-target SOAs of 105 msec and 1,200 msec 
were used. In Experiments 3 and 4, a cue-to-target SOA of 
600 msec replaced the 1,200-msec SOA condition.

EXPERIMENT 1

Frie sen et al. (2004) used a 600-msec cue-to-target SOA 
in which voluntary and involuntary orienting effects were 
predicted to co-occur for eye gaze cues. Experiment 1 was 
not specifically designed to investigate the co-occurrence 
(or overlap) of voluntary and involuntary orienting at a 
specific SOA, and therefore this SOA was not included. 
Instead, the aims were to establish whether (1) involuntary 
orienting exists for arrow cues and (2) individual differ-
ences in voluntary orienting are linked to an increase in 
involuntary orienting. An attempt to replicate involuntary 
orienting to arrow cues at an SOA of 105 msec between 
cue and target is important because the effects recorded 
by Frie sen et al. were in the predicted direction in this 
condition. Therefore, involuntary orienting to arrow cues 
might exist for the group of participants overall and, con-
sequently, the conclusion that eye gaze and arrow cues 
produce qualitatively different behavioral effects (see 
Frie sen et al., 2004) may be premature. In Experiments 1 
and 2, an SOA of 1,200 msec was chosen because volun-
tary orienting effects reported by Frie sen et al. were larg-
est (19 msec, averaged across cue types) in this condition. 
Therefore, the 1,200-msec SOA condition was selected 
to maximize the probability of replicating the voluntary 
orienting effect.

Method
Participants. In Experiment 1, the participants were 30 psychol-

ogy undergraduates from the University of Hull (22 females and 8 
males; age range 18–43; mean age 22 years) who took part to fulfill 
a course requirement. All the participants had normal or corrected-
to-normal vision.

Apparatus and Stimuli. The arrow stimuli (—‘“”) were 
from the same font set as those used in previous research (Tipples, 
2002, Experiment 1). Each arrow cue was preceded by a fixation star 
(·). The fixation star and cue stimuli appeared in the center of the 
screen. The stimuli were presented against a white background, on 
a 17-in. computer monitor (1,024  768, 60 Hz). The target letters 
(F or T) subtended a vertical visual angle of 0.5º and a horizontal 
visual angle of 0.5º. These letters were presented at a visual angle of 
7.6º to the left, to the right, above, or below the center of the fixation 
star. The letters were centered on either the vertical or the horizontal 
meridian. The arrow cues pointed directly at the center of the target 
stimuli. Stimulus presentation and data collection were controlled by 

identical across both conditions. However, if the pattern 
of findings reflected strategic differences between cue 
conditions, then intermixing cue durations (25 msec and 
200 msec) would make such strategy harder and, con-
sequently, any differences due to cue duration would be 
eliminated. The pattern of findings supported the latter 
hypothesis. The difference in the magnitude of the cue 
validity effect between the 25-msec and 200-msec cue 
durations reported in Experiment 1 was eliminated when 
cue duration was intermixed within a block. In a final 
experiment, the target stimuli were preceded by either a 
bar or an uninformative directional cue. Participants were 
instructed to perform the target task only if an arrow cue 
preceded the display. This manipulation was carried out to 
ensure consistent processing of the cue stimuli across cue 
durations and cue-to-target SOA conditions. The findings 
added support to the claim that the differences recorded 
in Experiment 1 due to cue duration and SOA were due to 
strategy. Specifically, the cue validity effects were large 
and statistically equal in magnitude across the cue dura-
tion and SOA conditions. In summary, differences due 
to cue duration and SOA were eliminated when strategic 
processing of the cue was made harder (Experiment 2) or 
tightly controlled (Experiment 3).

The research findings of Gibson and Bryant (2005) are 
provocative, because they show that deliberate processing 
of the cue stimuli modulates orienting to uninformative 
central cues. Can the findings of Gibson and Bryant help 
explain the failure to find involuntary orienting effects 
for counterpredictive arrows and eye gaze cues (at lon-
ger SOAs) reported in previous research (Frie sen et al., 
2004)? According to Gibson and Bryant, failure to ensure 
that participants adequately process cue stimuli may lead 
to weakened cue validity effects and subsequently mis-
leading conclusions based on the absence of such effects. 
Was failure to process the cue stimuli the reason for the 
absence of counterpredictive orienting effects for arrow 
stimuli reported by Frie sen et al.?

At first glance, this conclusion appears unlikely, because 
the counterpredictive cuing task encourages the process-
ing of the cue stimuli by making it beneficial to use the 
cue to reorient attention. However, unlike the task used by 
Gibson and Bryant (2005), these conditions do not make 
it obligatory to use the cue to reorient attention. Strategies 
could differ between individuals. Some participants might 
consider reorienting too effortful, and subsequently decide 
not to attend to the cue. Other participants might decide 
to use the cue to reorient attention. If adequate processing 
of the cue enhances involuntary orienting effects (Gibson 
& Bryant, 2005), then there should be a positive correla-
tion between the magnitude of voluntary and involuntary 
orienting effects. Specifically, attempts to voluntarily use 
the cue are predicted to lead to adequate processing of 
the cue and, subsequently, involuntary orienting. If such a 
correlation exists, then inferring separate processes from 
null effects found by analyzing group-averaged data in a 
specific condition (e.g., a lack of voluntary orienting at a 
short SOA) may not be justified because this does not take 
into account the extent to which individuals differ in use 
of the cue to reorient attention.
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a significant positive correlation between the involuntary 
and voluntary indices in the 105-msec SOA condition (r  
.48, p  .01) and the 1,200-msec SOA condition (r  .39, 
p  .05). Involuntary orienting grew in magnitude with 
increases in voluntary orienting.

Group-averaged data. Planned contrasts, in the form 
of single degree of freedom repeated measures F tests, 
were conducted to test for involuntary and voluntary ori-
enting, at each SOA, separately.2 For the pattern of data to 
indicate strongly involuntary orienting, faster responses 
were expected on cued than on NP–NC trials. In contrast to 
the findings of Frie sen et al. (2004), this pattern emerged 
in the 1,200-msec SOA condition [F(1,29)  14.50, p  
.001, 2  .33]. Although the pattern was in the same di-
rection in the 105-msec SOA condition (see Figure 1), the 
effect failed to reach statistical significance [F(1,29)  
2.50, p  .12, 2  .08]. For voluntary orienting, faster 
responses were expected on predicted than on NP–NC tri-
als. This was the case in both the 105-msec SOA condition 
[F(1,29)  10.42, p  .005, 2  .26] and the 1,200-msec 
SOA condition [F(1,29)  23.19, p  .001, 2  .44].

Discussion
In Experiment 1, involuntary orienting effects were larg-

est for participants who were more effective at using the 

E-Prime software (Schneider, Eschman, & Zuccolotto, 2002) run-
ning on a 1-GHz Pentium computer.

Design and Procedure. The trial sequence and design were simi-
lar to those used by Frie sen et al. (2004) There were two main blocks 
of trials, each containing 224 trials split into balanced combinations of 
SOA (105, 1,200 msec), cue direction (left, right, up, down) and target 
type (F, T). For each of these combinations, there were four trial types 
(predicted, cued, NP–NC, catch). A target was not presented on catch 
trials. Catch trials accounted for approximately 7% of the total number 
of trials. Within the remaining trial types, targets appeared in either the 
opposite (predicted) location to that indicated by the cue (on 75% of tri-
als), or the same (cued) location as that indicated by the cue (on 8% of 
trials), or in a location that was neither predicted nor cued (NP–NC) on 
the remaining trials (8% clockwise and 8% counterclockwise, with re-
spect to the cue direction). The main experimental trials were preceded 
by 20 practice trials, selected at random from the same combination of 
224 possible trial types used in each main block of the experiment. The 
trials were presented in a new random order for each participant.

Before starting the experiment, participants were provided with 
written and verbal instructions. Participants were instructed to press 
the space bar with the index finger of their dominant hand as soon as 
the target letter appeared. They were instructed not to respond if a target 
letter failed to appear. They were told that targets appeared in the op-
posite location to that indicated by either cue type on 75% of trials.

All trials began with the fixation star. Participants were requested 
to fix their eyes on the center of the star and were also encouraged 
to keep their eyes focused on the arrow throughout each trial. In ad-
dition, a chinrest was used to minimize head movements. The view-
ing distance was 50 cm. After 675 msec, the star was replaced by 
an arrow cue, pointing left, right, up, or down. Following an SOA of 
either 105 or 1,200 msec, a target letter (equally often an F or a T) ap-
peared in one of the four locations until either a response was made or 
1,500 msec had elapsed. Catch trials were identical except that the tar-
get was not presented. Participants were requested to press the space 
bar as quickly as possible when the letter appeared, while keeping 
their eyes fixated on the arrow. The word “correct” (written in blue) 
followed trials on which participants correctly withheld responses (on 
catch trials) or pressed the space bar before the target was removed 
(1,500 msec). The word “incorrect” (written in red) was presented 
either if participants responded on catch trials or if they failed to re-
spond within 1,500 msec. Feedback was presented 500 msec before a 
new trial began with the presentation of a fixation stimulus.

Results
Anticipations and outliers were defined as reaction times 

(RTs) less than 100 msec and greater than 1,000 msec, re-
spectively. False alarms were defined as responses on catch 
trials. Anticipations ( 1% of the total), false alarms ( 1%), 
and RT outliers ( 1%) were removed using these criteria. 
The means and standard errors of the RTs as a function of 
trial type (predicted, cued, NP–NC), and SOA (105 msec, 
1,200 msec) are displayed in Figure 1. The means and stan-
dard deviations of the RTs can be found in Table 1.

Correlational analyses.1 Indices of involuntary effect 
were calculated for each individual, for each SOA sepa-
rately, by subtracting the mean RT on cued trials from the 
mean RT on NP–NC trials. Similarly, to calculate indices 
of the voluntary orienting effect, the mean RT on predicted 
trials was subtracted from the mean RT on NP–NC trials. 
These indices were then divided by the overall mean RT to 
reduce the influence of overall mean RT. Finally, Pearson’s 
product–moment correlation coefficients (Pearson’s r) 
were calculated to examine the relationship between the 
indices of involuntary and voluntary orienting, at each 
SOA, separately. In support of the predictions, there was 
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Figure 1. For the data gathered in Experiment 1 (arrow cues), 
the mean RTs with standard error bars as a function of trial type 
(predicted, cued, neither predicted nor cued [NP–NC]) and SOA 
(105 msec, 1,200 msec).

Table 1 
Mean Reaction Times (in Milliseconds) and Standard 

Deviations for Experiment 1: Arrow Cues (N  30)

Reaction Time

105-msec SOA 1,200-msec SOA

 Trial Type  M  SD   M  SD  

Predicted 450 74 397 52
Cued 449 80 395 54
NP–NC  464  79  417  56

Note—SOA, stimulus onset asynchrony; NP–NC, neither predicted nor 
cued.
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(Derryberry & Reed, 2001; cited in Derryberry & Reed, 
2002), and scores on this measure were subsequently cor-
related with the indices of involuntary orienting (NP–NC 
minus cued trials).

Method
Participants. In Experiment 2, participants were all undergradu-

ates from the University of Hull who took part to fulfill a course 
requirement. One of the participants terminated the experiment 
before data collection had finished. The data from this participant 
were not included in the final sample. The remaining sample con-
sisted of 19 females and 10 males (age range 18–34 years; mean age 
20.24 years). All the participants had normal or corrected-to-normal 
vision.

Apparatus and Stimuli. The apparatus was identical to that used 
in Experiment 1. The cue displays consisted of faces drawn with the 
eyes looking left, right, up, or down. A face with the eyes removed 
was used as a fixation stimulus. The faces measured 6.8º of horizon-
tal and 8.4º of vertical visual angle and were centered horizontally on 
the computer screen. The faces were placed along the vertical axis of 
the screen so that the eyes on the face were level with the center of the 
target stimuli. In other words, the eyes appeared to look directly at the 
target. An example of the stimuli used and the sequence of events of 
a typical predicted trial type are displayed in Figure 2.

Attentional Control Scale. The Attentional Control Scale 
(Derryberry & Reed, 2001; cited in Derryberry & Reed, 2002) is 
designed to measure general capacity for attentional control, with 
subscale items measuring ability to (1) focus attention (e.g., “When 
concentrating, I can focus attention so that I become unaware of 
what’s going on in the room around me”), (2) shift attention between 
tasks (e.g., “It is easy for me to alternate between two tasks”), and 
(3) flexibly control thought (e.g., “I can become interested in a new 
topic really quickly when I need to”). Items are scored on a 4-point 
scale (1  almost never, 2  sometimes, 3  often, 4  always). 
Eleven of the scale items are worded negatively and were reverse-
scored prior to data analyses. Validity for the construct “attentional 
control” comes from factor analytic research (Derryberry & Reed, 
2001; cited in Derryberry & Reed, 2002) and correlations between 
self-reported attentional control and RT measures of attention (Der-
ryberry & Reed, 2002; Mathews, Yiend, & Lawrence, 2004).

Design and Procedure. The design and procedure were identical 
to those used in Experiment 1. After the RT experiment, participants 
completed the Attentional Control Scale. The questionnaire items 
were presented on the computer screen in a new random order for 
each participant.

Results
Anticipations ( 1% of the total), false alarms ( 1%), 

and RT outliers ( 1%) were removed using the same cri-
terion adopted in Experiment 1. The means and standard 
errors of the RTs as a function of trial type (predicted, 
cued, NP–NC) and SOA (105 msec, 1,200 msec) are dis-
played in Figure 3. The means and standard deviations of 
the RTs can be found in Table 2.

Correlational analyses. If involuntary and voluntary 
orienting are associated, then the indices of involuntary 
and voluntary orienting (calculated in the same manner 
as in Experiment 1) should correlate in both the 105- and 
1,200-msec SOA conditions. In support of this hypothesis, 
significant positive correlations were found for the rela-
tionship between the involuntary and voluntary orienting 
indices in the 105-msec SOA condition (r  .72, p  .01) 
and between the indices in the 1,200-msec SOA condition 
(r  .38, p  .05). If involuntary orienting is associated 
with increased ability to control attention, then the indices 

arrow cue to reorient attention. Specifically, involuntary 
and voluntary orienting effects were correlated in both 
the 105-msec and 1,200-msec SOA conditions. In con-
trast with previous null findings (Frie sen et al., 2004), the 
correlational analyses show that involuntary orienting to 
counterpredictive arrow cues does occur for participants 
who more effectively use the cue to reorient attention. 
The pattern of findings from the group-averaged data also 
supports the claim that involuntary orienting can occur in 
response to counterpredictive arrow cues. Involuntary ori-
enting was recorded for arrow cues at a long SOA between 
the onset of the cues and the onset of the target. Specifi-
cally, in the long SOA condition, responses were faster to 
targets on cued trials, where the arrow cue pointed toward 
an unlikely target location, in comparison with trials on 
which the target was neither predicted nor cued. In other 
words, arrows appeared to trigger involuntary orienting, 
whereas in previous research (Frie sen et al., 2004), only 
voluntary orienting (on predicted trials) was recorded to 
arrow cues presented for an SOA of 600 msec or greater.

In partial agreement with previous research (Frie sen 
et al., 2004), the involuntary orienting effect failed to 
reach significance in the short SOA condition. However, 
as the correlational analyses show, this failure to find an 
involuntary orienting effect is misleading, because invol-
untary orienting effects vary systematically with voluntary 
orienting effects; participants who were more effective at 
using the cue in the short SOA condition showed stronger 
involuntary orienting effects. Overall, the findings sug-
gest that involuntary orienting is not unique to eye gaze 
cues, and that for symbolic cues, involuntary and volun-
tary orienting are linked processes.

EXPERIMENT 2

The finding that voluntary and involuntary orienting ef-
fects are correlated is new. Experiment 2 was designed to 
examine whether such a relationship exists for orienting to 
eye gaze. In addition, Experiment 2 extends Experiment 1 
by investigating a possible link between self-reported at-
tentional control and involuntary orienting. The findings 
of Vecera and Rizzo (2006) can be interpreted as showing 
that ability to control attention is related to orienting to 
symbolic cues. The patient E.V.R. had chronically poor 
ability to control attention. Similarly, Gibson and Bry-
ant (2005) found that voluntary control was linked to the 
magnitude of involuntary orienting effects. Also, Experi-
ment 1 showed that individual differences in ability to 
voluntarily redirect attention within the experiment were 
correlated with involuntary orienting effects. This find-
ing can be extended by studying the relationship between 
involuntary orienting and self-reported ability to control 
attention. If involuntary orienting is influenced by volun-
tary controlled processing, then increases in self-reported 
ability to control attention should correlate with the ori-
enting effect recorded on cued trials. Participants high in 
self-reported attentional control should be more able to 
control attention and consequently process the cue. To test 
this prediction, participants in Experiment 2 completed 
a questionnaire designed to measure attentional control 



82    TIPPLES

16.70, p  .001, 2  .37] but not in the 1,200-msec SOA 
condition [F(1,29)  0.34, p  .56, 2  .01]. Second, 
for voluntary orienting, faster responses were expected 
on predicted than on NP–NC trials. This was the case in 
both the 105-msec SOA [F(1,28)  7.09, p  .05, 2  
.20] and the 1,200-msec SOA [F(1,28)  9.13, p  .01, 

2  .24] condition.

Discussion
Following Experiment 1, the findings from  Experiment 2 

support the hypothesis that voluntary, top-down control is 
linked to involuntary orienting to symbolic cues. In addi-
tion to replicating the positive association between volun-
tary and involuntary orienting effects reported in Experi-
ment 1, in Experiment 2 there was a significant positive 
relationship between attentional control and involuntary 
orienting to eye gaze. Increased ability to control attention 
was associated with an increase in the magnitude of the in-

of involuntary orienting should correlate with attentional 
control scores. In partial support of this hypothesis, there 
was a significant positive correlation (r  .55, p  .05) 
between the index of involuntary orienting and attentional 
control scores in the 105-msec SOA condition but not the 
1,200-msec SOA condition (r  .11, p  .57). The corre-
lation between attentional control and involuntary orient-
ing in the short SOA condition remained significant after 
controlling for the correlation between the involuntary 
and voluntary index scores in the short SOA condition 
(partial r  .52, p  .05). All other correlations failed to 
reach significance (largest r  .14, p  .5).

Group-averaged data. Following Experiment 1, planned 
contrasts were used to test for involuntary and voluntary 
orienting effects. To reiterate, for the pattern of data to indi-
cate involuntary orienting, faster responses were expected 
on cued than on NP–NC trials. As can be seen in Figure 3, 
this occurred in the 105-msec SOA condition [F(1,29)  

Time

F

Fixation Display

Cue Display

Target Display
(response or 1,500 msec)

Time

F

(675 msec)

(105 or 1,200 msec)

Figure 2. A typical (predicted) trial sequence used in Experiment 2. The trial 
sequence runs from top to bottom. After the presentation of a fixation stimulus 
for 675 msec, a cue was displayed for either 105 or 1,200 msec before the target 
appeared either above, below, or to the left or right of the cue stimulus. The trial 
ended after the participant responded, or after 1,500 msec had elapsed without 
a response. Feedback (not shown in Figure 2) was presented for 500 msec at the 
end of each trial. This figure is not drawn to scale.
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there exists a relationship between self-reported atten-
tional control and involuntary orienting to arrow cues. 
Furthermore, the group-averaged, involuntary orienting 
effect to arrows in the 105-msec SOA condition was weak 
and failed to reach statistical significance. Therefore, a 
further study was run to (1) establish whether involun-
tary and voluntary orienting co-occur at the intermediate, 
600-msec SOA used by Frie sen et al. (2004), (2) test for 
a correlation between attentional control and involuntary 
orienting to arrow cues, and (3) attempt replication of the 
involuntary orienting effect to arrows in the 105-msec 
SOA condition.

Method
In Experiment 3, the participants were 30 psychology undergradu-

ates from the University of Hull (16 females and 14 males; age range 
18–42 years; mean age 24 years) who took part to fulfill a course re-
quirement. All of the participants had normal or corrected-to-normal 
vision. The design was the same as in Experiment 1 except that an 
SOA of 600 msec replaced the 1,200-msec SOA condition and (due 
to a programming error) participants undertook a single block of 224 
trials. All other aspects of the stimuli and procedure were identical 
to those used in Experiment 1.

Results and Discussion
Following previous experiments, fewer than 1% antici-

pations, false alarms, and RT outliers were removed prior 
to data analyses. The means and standard deviations of the 
RTs can be found in Table 3. The means and standard er-
rors of the RTs as a function of trial type (predicted, cued, 
NP–NC) and SOA (105 msec, 600 msec) are displayed in 
Figure 4.

Correlational analyses. The findings from Experi-
ment 3 corroborate the idea that individual differences in 
voluntary control influence involuntary orienting to sym-
bolic cues. Involuntary orienting effects grew with indi-

voluntary orienting effect in the 105-msec SOA condition. 
In other words, participants who reported “good” atten-
tional control were those that showed larger involuntary 
orienting effects. Again, this adds converging evidence to 
the findings from Experiment 1 and those reported else-
where (Gibson & Bryant, 2005; Vecera & Rizzo, 2004, 
2006) that voluntary controlled processes modulate invol-
untary orienting to symbolic cues.

With respect to the group-averaged data, the findings 
from Experiment 2 partly replicate those described in 
previous research (Frie sen et al., 2004; Experiment 1) in 
a number of ways. First, eye gaze triggered orienting to 
unlikely target locations at an SOA of 105 msec. Second, 
this effect was absent at an SOA of 1,200 msec. Third, 
voluntary orienting was present in the 1,200-msec SOA 
condition. However, in contrast to previous research, but 
in agreement with the data from Experiment 1 reported 
here, voluntary orienting (faster responses on predicted 
than on NP–NC trials) was present in the 105-msec SOA 
condition. Following Experiment 1, the latter finding 
shows that voluntary reorienting attention to symbolic 
cues can occur after only a short interval between cue and 
target. The pattern of data from Experiment 2 also shows 
that voluntary and involuntary orienting to eye gaze over-
lap in time. Although involuntary orienting was absent in 
the 1,200-msec SOA condition, voluntary and involuntary 
orienting were positively correlated across both SOA con-
ditions. In other words, inferring “no involuntary orient-
ing to eye gaze cues” in the 1,200-msec SOA condition is 
misleading, because the lack of effects can be explained 
by individual differences in the voluntary use of the cue 
to reorient attention.

EXPERIMENT 3

The findings presented so far are limited: Only two 
SOA conditions have been used, whereas Frie sen et al. 
(2004) used four, and it has yet to be established whether 
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Figure 3. For the data gathered in Experiment 2 (eye gaze cues), 
the mean RTs with standard error bars as a function of trial type 
(predicted, cued, NP–NC) and SOA (105 msec, 1,200 msec).

Table 2 
Mean Reaction Times (in Milliseconds) and Standard 
Deviations for Experiment 2: Eye Gaze Cues (N  29)

Reaction Time

105-msec SOA 1,200-msec SOA

 Trial Type  M  SD   M  SD  

Predicted 429 75 392 72
Cued 416 72 411 77
NP–NC  440  90  409  73

Note—SOA, stimulus onset asynchrony; NP–NC, neither predicted nor 
cued.

Table 3 
Mean Reaction Times (in Milliseconds) and Standard 

Deviations for Experiment 3: Arrow Cues (N  30)

Reaction Time

105-msec SOA 1,200-msec SOA

 Trial Type  M  SD   M  SD  

Predicted 392 59 343 54
Cued 393 59 350 60
NP–NC  404  63  356  49

Note—SOA, stimulus onset asynchrony; NP–NC, neither predicted nor 
cued.
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theoretically relevant conditions that continue to share a 
common method. Abrupt-onset cues are one type of cue 
that might be less affected (under certain conditions) by 
individual differences in voluntary control. To reiterate, 
the findings of Vecera and Rizzo (2006) can be interpreted 
as showing that orienting to abrupt-onset cues is less af-
fected by an individual’s ability to control attention. Their 
patient showed intact orienting to peripherally presented 
abrupt-onset cues but did not orient attention to symbolic 
cues. Although the strong claim that orienting to abrupt-
onset cues does not depend on voluntary control can be 
questioned on the basis of a number of findings (Folk 
et al., 1992; Folk & Remington, 1998; Spence & Driver, 
1994), there is evidence that the effects of voluntary con-
trol on abrupt-onset cues might be limited under specific 
conditions. This evidence comes from a study (Spence & 
Driver, 1994, Experiment 5) that did not examine indi-
vidual differences but did use counterpredictive auditory 
abrupt-onset cues. This study showed that the ability to 
reorient attention (equivalent to the voluntary orienting 
effects reported here) increased as the cue-to-target SOA 
increased. At a short (100-msec) SOA between cue and 
target, participants were able to prevent orienting to coun-
terpredictive abrupt-onset cues (involuntary effects were 
eliminated). However, reorienting effects did not emerge 
until a cue-to-target SOA of 400 msec. These findings 
suggest that voluntary control, and perhaps individual dif-
ferences in voluntary control, might be limited at a short 
SOA between cue and target.

Experiment 4 was designed to test the hypothesis that 
orienting to abrupt-onset cues might be less influenced 
by individual differences in voluntary control. In Experi-
ment 4, an abrupt-onset cue appeared briefly (50 msec) 
for either a short (105-msec) or long (600-msec) SOA be-
tween cue onset and target onset.

Method
Participants. In Experiment 4, there were 30 participants (20 

females and 10 males; age range 18–45 years; mean age 22 years).
Stimuli. The abrupt-onset cue was a filled gray square measuring 

1.06º  1.06º in size. To prevent lateral masking, the target and cue 
were spatially displaced so that the cue appeared nearer the fixation 
cross. Specifically, the distance from the outer edge of the abrupt-
onset cue and the center of the target stimulus was 1.05º of visual 
angle. In contrast to Experiments 1–3, the fixation star remained 
present throughout the trial. The abrupt-onset cue was presented for 
50 msec followed by a display (containing only the fixation star) for 
durations of either 55 msec or 550 msec to create the 105-msec and 
600-msec SOA conditions, respectively. The instructions, number 
of trials, stimulus events, and all other elements of the method (in-
cluding feedback and the administration of the questionnaire) were 
identical to those used in previous experiments.

Results and Discussion
Following previous experiments, fewer than 1% anticipa-

tions, false alarms, and RT outliers were removed prior to 
data analyses. The means and standard deviations of the RTs 
can be found in Table 4. The means and standard errors of 
the RTs as a function of trial type (predicted, cued, NP–NC) 
and SOA (105 msec, 600 msec) are displayed in Figure 5.

Correlational analyses. The results show that individ-
ual differences in voluntary control contribute less to invol-

vidual differences in both the magnitude of the voluntary 
orienting effect and separately, with self-reported atten-
tional control. Specifically, the predicted positive relation-
ship between the indices of voluntary and involuntary ori-
enting was recorded in both the 105-msec SOA condition 
(r  .42, p  .05) and the 600-msec SOA condition (r  
.54, p  .005). The relationship between attentional con-
trol scores and the index of involuntary orienting was sig-
nificant in the 600-msec SOA condition (r  .42, p  .05) 
but not the short SOA condition (r  .09, p  .61). The 
correlation between attentional control and involuntary 
orienting in the 600-msec SOA condition remained sig-
nificant after controlling for the correlation between the 
involuntary and voluntary index scores in the short SOA 
condition (partial r  .37, p  .05). All other correlations 
failed to reach significance (largest r  .21, p  .2).

Group-averaged data. The weak, nonsignificant in-
voluntary orienting effect in the short SOA condition re-
ported in Experiment 1 was now significant [F(1,29)  
6.28, p  .05, 2  .18]. However, the involuntary effect 
was weaker and consequently failed to reach significance 
in the 600-msec SOA condition [F(1,29)  1.16, p  .29, 

2  .04]. There was a reliable voluntary orienting effect 
(NP–NC vs. predicted) in the 600-msec SOA condition 
[F(1,29)  7.23, p  .01, 2  .20] and the 105-msec 
SOA condition [F(1,29)  16.24, p  .0001, 2  .36].

EXPERIMENT 4

Experiments 1–3 support the claim that individual dif-
ferences in voluntary control influence involuntary orient-
ing to symbolic cues. However, it remains possible that the 
correlation between indices of voluntary and involuntary 
orienting might be best accounted for by the influence 
of a third variable. Similarly, the correlation between the 
indices of voluntary and involuntary orienting might be 
explained by common method variance. Therefore, it is 
important to show that this correlation disappears under 
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Figure 4. For the data gathered in Experiment 3 (arrow cues), 
the mean RTs with standard error bars as a function of trial type 
(predicted, cued, NP–NC) and SOA (105 msec, 600 msec).
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GENERAL DISCUSSION

The present findings support the hypothesis that indi-
vidual differences in the voluntary use of cues modulate 
involuntary orienting to symbolic cues. The pattern of cor-
relations showed that involuntary orienting effects grew in 
magnitude with concomitant increases in voluntary ori-
enting and self-reported voluntary control. The previous 
dissociation across SOA conditions (Frie sen et al., 2004) 
can be explained by individual differences in voluntary 
control rather than separate involuntary and voluntary 
processes that have different but overlapping time courses. 
Specifically, in the present research, positive correlations 
between indices were recorded across SOA conditions de-
spite nonsignificant group-averaged effects. The second 
conclusion is that involuntary orienting to counterpredic-
tive cues is not unique to eye gaze cues. Involuntary ori-
enting effects were consistently recorded for arrow cues 
in separate experiments, and, moreover, the effects of both 
eye gaze and arrow cues were reliably linked to individual 
differences in voluntary orienting and self-reported volun-
tary control. Finally, the effects due to symbolic cues were 
partially dissociable from those recorded for abrupt-onset 
cues. Involuntary orienting to abrupt-onset cues was not 
linked to individual differences in self-reported attentional 
control, and voluntary reorienting effects only emerged 
with time (in the 600-msec SOA condition).

One possible criticism of the present research is that 
the findings are correlational, and that correlational data 
do not imply causation. The effects could be explained 
in reverse: Involuntary orienting might cause larger vol-
untary orienting effects. However, it is important to note 
that such an explanation makes little theoretical sense in 
light of recent findings (Vecera & Rizzo, 2004, 2006) sug-
gesting that voluntary control is necessary for involuntary 
orienting effects and other findings (Gibson & Bryant, 
2005), whereby an experimental manipulation of volun-
tary control was shown to modulate involuntary orienting 
to symbolic cues. Furthermore, the correlation between 
attentional control and involuntary orienting is difficult to 
explain in reverse. Why would involuntary orienting lead 
to systematic increases in the ability to control attention? 
The term “involuntary” suggests that the process should 
be inflexible to voluntary control. Instead, the data sug-
gest that orienting to symbolic cues is involuntary (in the 
sense that participants knew that cue direction was typi-
cally incorrect) but nevertheless linked to voluntary con-
trol processes. To reiterate, this reinforces the conclusion 
reached in other research (Gibson & Bryant, 2005; Vecera 
& Rizzo, 2004, 2006) that involuntary orienting is modu-
lated by top-down processes. Indeed, one interpretation of 
the data described by Vecera and Rizzo (2004, 2006) is that 
attentional control is necessary for orienting to eye gaze.

Two further criticisms might be leveled at the corre-
lational evidence. First, it is possible that a relationship 
with a third variable might best explain the relationship 
between voluntary control and involuntary orienting. 
Second, it could be argued that the correlation between 
indices reflects common method variance rather than a 
meaningful relationship between voluntary and invol-

untary orienting to abrupt-onset cues. A positive relation 
between the indices of voluntary and involuntary orienting 
was recorded for the 600-msec SOA condition (r  .48, 
p  .01) but not the 105-msec SOA condition (r  .26, p  
.17). The relationship between attentional control scores 
and the index of involuntary orienting was not significant 
in either the 105-msec SOA condition (r  .05, p  .78) or 
the 600-msec SOA condition (r  .02, p  .93).

Group-averaged data. In support of the hypothesis 
that participants are able to exert greater voluntary con-
trol as the SOA between the cue and target increases, the 
voluntary orienting effect was significant in the 600-msec 
SOA condition [F(1,29)  19.98, p  .001, 2  .40] but 
not the 105-msec SOA condition [F(1,29)  1.58, p  
.22, 2  .05]. Similarly, inhibition in the form of slowing 
on cued in comparison with NP–NC trials grew in mag-
nitude from the 105-msec SOA condition (M  41 msec) 
[F(1,29)  26.68, p  .001, 2  .48] to the 600-msec 
SOA condition (M  77 msec) [F(1,29)  75.17, p  
.001, 2  .72]. In summary, the findings can be inter-
preted as showing that orienting to abrupt-onset cues is 
less susceptible to the influence of individual differences 
at a short SOA between cue and target, and, moreover, 
the influence of voluntary control increases as the SOA 
increases between cue and target.

Figure 5. For the data gathered in Experiment 4 (abrupt-onset 
cues), the mean RTs with standard error bars as a function of trial 
type (predicted, cued, NP–NC) and SOA (105 msec, 600 msec).
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Table 4 
Mean Reaction Times (in Milliseconds) and Standard 

Deviations for Experiment 4: Abrupt-Onset Cues (N  30)

Reaction Time

105-msec SOA 1,200-msec SOA

 Trial Type  M  SD   M  SD  

Predicted 393 43 349 41
Cued 438 56 443 50
NP–NC  397  43  366  50

Note—SOA, stimulus onset asynchrony; NP–NC, neither predicted nor 
cued.
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untary orienting. The correlation between self-reported 
attentional control and involuntary orienting goes some 
way toward addressing the issue of common method vari-
ance. These measures were correlated despite the fact that 
they are dissimilar, methodologically. Furthermore, the 
third variable problem and the common method variance 
explanation are also addressed by the pattern of findings 
recorded for abrupt-onset cues.

Individual differences in voluntary control were less influ-
ential with respect to involuntary orienting to abrupt- onset 
cues in a number of ways. First, the correlation between 
orienting to abrupt-onset cues and self-reported attentional 
control was not significant. Second, individual differences 
in voluntary orienting recorded during the experiment (the 
correlation between the indices) occurred only when the 
SOA between cue and target was sufficiently long. How-
ever, abrupt-onset cues were not impervious to voluntary 
control. The data corroborate previous findings (Spence & 
Driver, 1994) by showing that voluntary control does af-
fect orienting to abrupt- onset cues under certain conditions. 
Participants were able to counteract the effects of abrupt-
onset cues although doing so led to a cost (inhibition). In 
addition, when given enough time (600 msec), participants 
were able to voluntarily reorient attention following abrupt-
onset cues. The influence of voluntary control at the longer 
SOA was also evident in the form of increased inhibition at 
the cued location in the 600-msec SOA condition than in 
the 105-msec SOA condition. These findings follow previ-
ous research (Spence & Driver, 1994) and show that the im-
pact of voluntary control on orienting to abrupt-onset cues 
varies as a function of time. Given more time, participants 
are able to exert greater voluntary control over the effects 
of abrupt-onset cues.

In addition to the correlational evidence, findings at the 
group level (group-averaged data) add to the conclusion 
reached elsewhere (e.g., Hommel et al., 2001; Ristic et al., 
2002; Tipples, 2002) that eye gaze and arrow cues produce 
qualitatively similar types of orienting. It is important to 
note that the argument proposed here is not that orienting 
to eye and arrow cues are identical—the group-averaged 
involuntary effects were absent for eye gaze cues but not for 
arrow cues in the 1,200-msec SOA condition. Instead, the 
argument is that counterpredictive gaze and arrows are simi-
lar in their ability to trigger involuntary orienting. Although 
the effects may vary between cue types in magnitude across 
SOA conditions, such differences do not justify the conclu-
sion reached elsewhere (Frie sen et al., 2004) that they pro-
duce qualitatively different effects, with orienting gaze cues 
but not arrows withstanding attempts at volitional control.

The group-averaged data are also informative with 
respect to the time course of orienting to symbolic and 
abrupt-onset cues. For symbolic cues, the data support the 
idea of a single process or interacting processes rather than 
separate involuntary and voluntary orienting processes that 
overlap at a specific time. Both voluntary and involuntary 
orienting effects occurred across SOA conditions. Again, 
although these effects varied between cue types, there 
was little evidence to suggest that involuntary orienting 
occurred at a specific SOA to the exclusion of voluntary 
orienting. Furthermore, even if an argument was made for 

separable processes on the basis of the present findings, the 
correlational data show that the interpretation of any null 
effects (e.g., involuntary orienting to arrows in the short 
SOA condition) should be made with caution, because in-
dividual differences in voluntary orienting exist, and these 
differences are linked to involuntary orienting effects.

Individual Differences
Analyses based on individual differences do have limi-

tations: The causal status of the effects remained to be 
determined and, moreover, in the present research, indi-
vidual differences cannot be used to explain all of the vari-
ance attributable to a specific effect. Nevertheless, con-
sideration of such effects can provide useful converging 
evidence for a hypothesis (e.g., voluntary control modu-
lates involuntary orienting). Moreover, other research has 
highlighted the value of considering individual differences 
in the study of attentional processes. For example, Derry-
berry and Reed (2002) found that attentional bias toward 
threat-related information and safety cues in anxiety was 
mediated by individual differences in attentional control. 
Clearly, the relationship between ability to control atten-
tion and other types of attentional processing warrants 
further investigation. More generally, investigating indi-
vidual differences in orienting to eye gaze appears to be a 
profitable avenue for research. Recent research (Bayliss, 
di Pellegrino, & Tipper, 2005) has shown that in compari-
son with women, men show reduced orienting to symbolic 
cues and, furthermore, increases in scores on the Autism 
Spectrum Quotient (Baron-Cohen, Wheelwright, Skinner, 
Martin, & Clubley, 2001) are negatively correlated with 
the magnitude of orienting effects. Finally, other studies 
have shown that trait fearfulness (Tipples, 2006) and trait 
anxiety (Mathews, Fox, Yiend, & Calder, 2003) potentiate 
orienting to eye gaze for faces displaying fear (see also 
Hietanen & Leppänen, 2003).

Conclusion
The main conclusions are that (1) individual differences 

in voluntary control contribute to involuntary orienting 
effects and (2) eye gaze is not unique: Arrow cues also 
trigger involuntary orienting (Hommel et al., 2001; Ristic 
et al., 2002; Tipples, 2002). More broadly, the findings 
add to growing evidence (e.g., Folk & Remington, 1998) 
that the deployment of attention is the product of interac-
tion between voluntary and involuntary processes.

AUTHOR NOTE

Correspondence concerning this article should be addressed to J. Tip-
ples, Department of Psychology, University of Hull, Hull, England, HU6 
7RX (e-mail: j.tipples@hull.ac.uk).
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NOTES

1. An alternative way to conceptualize this effect is to create a criterion 
for selecting participants on the basis of whether they were deemed to 
have used the cue to reorient attention. For example, the involuntary 
orienting effect is significant in both the short and long SOA conditions 
(both ps  .05) for the 15 participants with the largest indices of volun-
tary orienting (averaged across SOA conditions), but not for those with 
the lowest indices of voluntary orienting ( p  .2).

2. Omnibus ANOVA was not used because it fails to test the critical 
effects for this research, and therefore lacks statistical power. For discus-
sion of this issue and others relating to statistical power, see Hallahan 
and Rosenthal (1996).
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