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There is growing evidence demonstrating that another 
person’s gaze direction can lead to automatic shifts in at-
tention toward the fixated location, a phenomenon known 
as socially directed attention. Using a variation of Posner’s 
(1980) precuing paradigm it has been shown that spatially 
nonpredictive gaze direction cues facilitate reaction times 
to targets appearing at the fixated location (e.g., Friesen 
& Kingstone, 1998). These effects have been found even 
when the gaze direction was counterpredictive to the tar-
get location (e.g., Driver, Davies, & Ricciardelli, 1999), 
which has led to the suggestion that such shifts in attention 
are obligatory and occur automatically.

Similar findings have been reported with overt atten-
tion (gaze shifts). Ricciardelli et al. (2002) showed that 
people follow another’s gaze direction even when the task 
does not demand this. In their study, observers were re-
quired to make a voluntary (goal directed) saccade toward 
a peripheral target. An image of a real face was presented 
in the center of the display with eye gaze directed either 
toward the target location (congruent), or in the opposite 
direction to it (incongruent). Ricciardelli et al. showed 
that participants’ saccade latencies (the time from the 
onset of the display to the initiation of the first saccade 
in the direction of the target) were significantly faster for 
congruent compared to incongruent trials. This effect was 
also found when the face was replaced by nonpredictive 
arrows. Furthermore, participants made more errors on 
incongruent than on congruent trials. Most importantly, 
although the trend was in the predicted direction this lat-
ter effect was not significant in a condition where the 
face was replaced by nonpredictive arrows. The authors 

took this finding to suggest that automatic gaze imitation 
behavior was unique to biologically relevant stimuli.

Ricciardelli et al.’s (2002) claim is consistent with the 
traditional view that arrow cues only lead to shifts in at-
tention if the arrow is predictive of the target location (see 
Kingstone, Smilek, Ristic, Friesen, & Eastwood, 2003). 
However, more recently it has been shown that nonpredic-
tive arrows can lead to shifts in covert attention (Ristic, 
Friesen, & Kingstone, 2002; Tipples, 2002). This suggests 
that symbolic cues can trigger automatic shifts of atten-
tion. The failure to obtain such shifts in the experiment of 
Ricciardelli et al. (2002) might be because of the nature 
of the stimuli they used. Ricciardelli et al. (2002) created 
arrows by changing Xs into “less-than” or “greater-than” 
symbols (,, or ..) pointing either left or right, which 
are rather different from arrows used in the “real world” 
and from those used in most other social attention experi-
ments (e.g., Ristic et al., 2002; Tipples, 2002), and it is 
therefore possible that Ricciardelli et al. found no cuing 
effects with these types of arrows because of their “un-
arrow-like” properties rather than their symbolic nature. 
Moreover, Ricciardelli et al. did not directly compare the 
effectiveness of the arrow and the eye-gaze cues.

In the following experiments we investigated partici-
pants’ gaze following by adopting Ricciardelli et al.’s 
(2002) paradigm, but using arrows that appeared to be 
more “arrow-like” than theirs. Our design allowed us to 
directly compare the effectiveness of biologically rel-
evant and symbolic cues. If gaze following is unique to 
biologically relevant stimuli, the eye-gaze cues should 
lead to greater interference on participants’ saccades 
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than do the arrow cues, regardless of how salient the 
arrow cues are.

ExpErimEnT 1

method
participants. Eight University of Durham undergraduate stu-

dents (6 female, 2 male) were paid (£5) to participate in the study. 
All participants had normal, uncorrected vision, and were naive to 
the purpose of the experiment.

Eye movement recording. Eye movements were recorded using 
a Fourward Technologies Dual Purkinje Generation 5.5 eye tracker 
with spatial resolution of 10 min of arc. Viewing was binocular, but 
the movements of only one eye were monitored. Stimulus files were 
displayed on a Phillips 21B582BH 21-in. monitor at a viewing dis-
tance of 1 m. The monitor had a P22 phosphor with a decay rate to 
zero of less than 2 msec. The monitor and the eyetracker were both 
interfaced with a Phillips Pentium III PC that controlled the experi-
ment. Eye position was sampled every 5 msec.

materials and procedure. Two types of stimulus files were cre-
ated, one for the eye-gaze and one for the arrow condition. Each of 
the stimulus files displayed two possible targets, one positioned to 
the left and one to the right of the midline of the display, each at an 
eccentricity of 8º from the center of the screen. Targets were solid 
black circles subtending approximately 1º of visual angle, and the 
background of each display was gray. In the eye-gaze condition the 
sequence of presentation for each trial was as follows (see Figure 1): 
a schematic face with the eyes looking straight ahead was presented 
centrally, flanked by the two solid black target circles. Between 
the eyes there was a small black spot that acted as a fixation point. 
After 1,000 msec, the fixation point changed color to either green or 
red, and simultaneous with this, the eye-gaze of the schematic face 
changed to look to the left or the right. Half of the participants were 
instructed to move their eyes to the right when the fixation point 
turned red and to the left when it turned green, and for the other half 
of the participants the color commands were reversed. The color 
change of the fixation spot therefore informed each participant as 
to which target they had to saccade to. Congruent trials were those 
where the saccade target direction and the eye gaze direction were 
the same; incongruent trials were conditions in which the target and 
the eye gaze direction were opposite to each other. After 1,000 msec, 
the display was replaced with a blank screen for 1,500 msec. 

Eight participants were presented with examples of the arrows 
used in the present study and arrows used by Ricciardelli et al. (2002) 
and were asked to rate on a 10 point Likert scale how much they 
though the arrow resembled a prototypical arrow. Participants rated 
our arrows (M 5 8.0, SD 5 1) significantly higher than those used by 
Ricciardelli et al. (M 5 5.7, SD 5 1.7) [t(7) 5 3.50, p 5 .01].

In the arrow condition the targets were identical to the eye-gaze 
condition but the schematic face was replaced with a horizontal 
line with a black diamond at each end of the line, with the fixation 
spot at the center of the line. Simultaneously with the fixation point 
changing color, the right or the left hand sides of the diamonds were 
removed, thus changing the display into an arrow facing either to the 
right or the left. As in the previous condition the color of the fixation 
point indicated the direction in which participants were required to 
move their eyes. Participants were told to fixate on the central fixa-
tion point at the beginning of each trial and saccade to the left or 
the right hand target, as indicated by the color switch of the fixation 
point, and to ignore completely the distractor cues. Participants were 
urged to move their eyes as quickly as possible to the target and to 
avoid making any mistakes.

Participants were tested in both the arrow and the eye-gaze condi-
tion in separate blocks, the order of which was counterbalanced across 
participants. Each block comprised 100 trials (50 congruent trials and 
50 incongruent trials) presented randomly. Prior to each block a total 
of 20 practice trials were given. The dependent variables were eye 
movement onset latencies and directional errors. It was predicted 
that, if eye-gaze following is unique to biologically relevant stimuli, 
congruent trials should produce shorter latencies than the incongru-
ent trials and that these differences should be absent with the arrow 
distractors. Moreover, participants should make errors on incongruent 
trials in the eye-gaze condition, but not with arrow distractors.

results and Discussion
For this experiment and Experiment 2, a semiautomated 

procedure was used to analyze the eye movement data. Eye 
movement onset latency was measured as time elapsing 
from the fixation spot color change to the initiation of a sac-
cade. The first saccade was detected automatically using a 
velocity criterion of approximately 30º/sec and each record 
was inspected individually. Any trials in which tracker loss 
occurred were excluded from the analysis (7.06% of trials). 
Saccade latencies that were greater or smaller than the mean 
63 SD were classified as outliers and were also removed 
prior to analysis. Figure 2A shows the mean saccade laten-
cies for saccades in the correct direction on congruent and 
incongruent trials for the arrow and the eye-gaze conditions. 
A repeated measures ANOVA with distractor type (eye-
gaze vs. arrow) and validity (congruent vs. incongruent) as 
 within-subjects factors found a significant main effect of 
validity [F(1,7) 5 77.9, p , .0001], demonstrating that sac-
cade latencies on congruent trials (M 5 344, SE 5 14.5) 
were significantly shorter than on incongruent trials (M 5 
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Figure 1. Schematic diagrams of the trial sequence for Experiments 1 and 2.
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385, SE 5 17.7). There was no significant main effect of 
distractor type [F(1,7) , 1], nor was there a significant dis-
tractor type by validity interaction [F(1,7) , 1], indicating 
that the congruency effect was of a similar magnitude for the 
eye-gaze and the arrow distractors.

Errors were trials on which the first saccade was di-
rected to the side of the display opposite to the designated 
target. If the direction of the distractor cue influences the 
execution of saccades, we would expect people to make 
more directional errors on incongruent trials than on con-
gruent trials. Figure 2B shows the percentage of errors for 
congruent and incongruent conditions for both distractor 
types. A repeated measures ANOVA with distractor type 
and validity as within-subjects factor showed a significant 
main effect of validity [F(1,7) 5 18.8, p 5 .003]. Partici-
pants made more errors on incongruent (M 5 6.7%, SE 5 
1.35) compared to congruent trials (M 5 0.88%, SE 5 
0.40). There was no significant main effect of distractor 
type [F(1,7) , 1], nor was there any significant interaction 
[F(1,7) , 1] between distractor type and validity. Saccade 
errors were equally likely to occur for both eye-gaze and 
arrow distractors.

Experiment 1 showed that participants’ voluntary sac-
cades were influenced by nonpredictive eye-gaze and 
arrow cues, even though they had been explicitly in-
structed to ignore these. Moreover, the interference found 
for the arrow distractors was of equal magnitude to that 
observed for the eye-gaze distractor. The saccade latency 
data and the directional error data together demonstrate 
that directional cuing is not unique to biologically relevant 
stimuli and provide evidence against the claims made by 
Ricciardelli et al. (2002).

ExpErimEnT 2

In Experiment 1 we compared saccade latencies and 
saccade errors between congruent and incongruent tri-
als. We therefore do not know whether the effect of con-

gruency resulted from a facilitation on congruent trials, 
or from a cost on incongruent trials, or both of these. A 
comparison of saccade latencies between congruent and 
neutral distractors should provide us with an index of fa-
cilitation for congruent trials, while a comparison between 
incongruent and neutral distractors will provide us with an 
index of any cost associated with incongruent trials. Using 
a Posner (1980) type precuing task, Langdon and Smith 
(2005) showed that unlike eye-gaze cues which trigger fa-
cilitation and cost, arrows cues caused facilitation, but not 
cost. Different studies however do not appear to support 
this finding. Koval et al. (2005) used a prosaccade task, 
rather than our voluntary saccade task, in which partici-
pants were instructed to make a saccade toward the onset 
of a target location. In the center of the display there was 
a picture of a face, whose eye-gaze was either congruent 
or incongruent with the instructed saccade direction, or 
looking straight ahead. Saccade latencies on congruent 
trials were significantly faster than on incongruent and 
neutral trials, thus demonstrating a significant facilita-
tion effect. However, the difference in saccade latencies 
for the incongruent and the neutral trials was minimal, 
thus suggesting that in a prosaccade task eye-gaze leads to 
 facilitation-without-cost, or at least minimal cost.

A further aim of Experiment 2 was to eliminate any con-
found from apparent motion. In Experiment 1 the eye-gaze 
cue was achieved by replacing the central pupil in the sche-
matic face with pupils positioned either to the left or the 
right, and this was noted to create the perception of appar-
ent motion. The arrow distractor cue was created by offset-
ting either the right or the left hand side of the diamond, 
and no apparent motion was perceived. In Experiment 2 
both distractor cues were created by the onset of stimuli so 
that neither contained any apparent motion signal.

method
participants. Eight University of Durham undergraduate stu-

dents (3 female, 5 male) were paid £5 to participate in the experi-
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Figure 2. (A) mean onset latencies for correct saccades to target for congruent and incongruent trials for eye-gaze and arrow distrac-
tor conditions in Experiment 1. (B) mean percentage of directional errors made for congruent and incongruent trials for eye-gaze and 
arrow distractor conditions in Experiment 1. Error bars denote standard errors.
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ment. All participants had normal, uncorrected vision, and were 
naive to the purpose of the experiment.

materials and procedure. The procedure, sequence and timing of 
display presentation in Experiment 2 were identical to Experiment 1. 
In the eye-gaze condition each trial began with a display of a schematic 
face minus pupils in the eyes rather than the pupils looking straight 
ahead. Simultaneously with the fixation spot color change, the pupils 
were onset, and these were either looking straight ahead (neutral con-
dition) or directed to the left or the right (see Figure 1). In the arrow 
condition, each trial began with a display of a horizontal line, and si-
multaneously with the fixation spot color change either a diamond 
appeared at each end of the line (neutral condition), or an arrow-head 
appeared at each end of the line, pointing toward the right or the left. 
Each participant was tested in both the arrow and the eye-gaze condi-
tion, the order of which was counterbalanced. Each block comprised 
of 150 trials, with three conditions (congruent vs. neutral vs. incongru-
ent), each being equally probable and presented in random order.

results and Discussion
The data analysis was the same as for Experiment 1, with 

the exception of the additional neutral condition. Signal loss 
trials (7.9%) were excluded from the analysis. Figure 3A 
shows participants’ saccade latencies. A repeated measures 
ANOVA with distractor type (arrow vs. eyes) and validity 
(congruent vs. neutral vs. incongruent) as within- subjects 
variables showed a significant main effect of validity 
[F(2,7) 5 6.91, p 5 .008], but no significant main effect 
of stimulus type [F(1,7) 5 1.73, p 5 .23], and no signifi-
cant interaction [F(2,7) , 1], between the two. Similar to 
Experiment 1 eye-gaze and arrow distractors generated the 
same pattern of effects on saccade latencies to correct tar-
gets. One-tailed Bonferroni corrected pairwise comparisons 
showed that saccade latencies for congruent trials were sig-
nificantly faster than neutral ( p 5 .024) and incongruent 
( p 5 .003) trials but that saccade latencies for incongruent 
trials were no different to the neutral trials ( p 5 .94), thus 
demonstrating that both eye-gaze and arrow distractors re-
sulted in facilitation effects but not cost effects.

Figure 3B shows the percentage of saccade errors for 
each condition. A repeated measures ANOVA with dis-

tractor type (arrow vs. eyes) and validity (congruent vs. 
neutral vs. incongruent) as within-subjects variables 
found a significant main effect of validity [F(1,7) 5 
19.3, p , .0001], but no significant main effect of dis-
tractor type [F(2,7) , 1], and no significant interaction 
[F(2,7) , 1] between the two. Similar to the findings 
from Experiment 1, arrow distractors and eye-gaze dis-
tractors produced an equivalent proportion of directional 
errors toward the cued direction. One-tailed Bonferroni 
corrected pairwise comparisons showed that participants 
made significantly more errors on the incongruent than on 
the neutral trails ( p 5 .015), and significantly less errors 
on the congruent ( p 5 .028), than on the neutral trials, 
thus demonstrating both cost and benefit.

The analyses so far have only considered latencies for 
correct responses. A further exploratory analysis was 
conducted to investigate the nature of participants’ sac-
cades when they incorrectly moved their eyes to the side 
of the display that the distractor pointed to. We compared 
the median1 saccade latencies for incorrect responses on 
incongruent trials with the saccade latencies for correct 
responses on incongruent trials, for both arrow and eye-
gaze distractor types. In order to gain statistical power, we 
included the data from both experiments. Data from 5 par-
ticipants were excluded [3 from Experiment 1 (3 female, 
1 male); and 2 from Experiment 2 (2 male)], since these 
participants made no errors in one or more of the condi-
tions. The mean saccade latencies for correct and incorrect 
trials are presented in Table 1. An ANOVA with saccade 
accuracy (correct vs. incorrect) and distractor type (eye-
gaze vs. arrows) as within-subjects factors showed no sig-
nificant main effect of distractor type [F(1,10) 5 2.24, 
p 5 .17], or saccade accuracy [F(1,10) , 1]. However, 
there was a significant saccade accuracy by distractor type 
interaction [F(1,10) 5 5.21, p 5 .0046]. For the eye-gaze 
distractor trials, erroneous saccades were initiated sig-
nificantly faster than correct saccades [t(10) 5 2.26, p 5 
.047], however this difference was not significant for the 
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Figure 3. (A) mean onset latencies for correct saccades to target for congruent incongruent and neutral trials for eye-gaze and arrow 
distractor conditions in Experiment 2. Error bars denote standard errors. (B) mean percentage of directional errors made for congru-
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arrow distractor trials [t(10) , 1], and in fact there was a 
trend in the opposite direction.

GEnErAl DiScuSSion

The aim of our paper was to investigate whether eye-
gaze stimuli influenced the execution of voluntary sac-
cades and whether this interference was unique to biologi-
cally relevant stimuli. Similar to Ricciardelli et al. (2002) 
in Experiments 1 and 2 participants’ saccade latencies on 
congruent trials were significantly faster than on incon-
gruent trials for the eye-gaze and arrow condition. More-
over, participants made significantly more errors on the 
incongruent than on the congruent trials for each type of 
distractor which illustrates that at least on some of the tri-
als, the distractor cues triggered automatic cue following. 
Ricciardelli et al. showed that eye-gaze distractors, but not 
arrows, resulted in automatic gaze following, and there-
fore argued that gaze following was unique to biologically 
relevant cues. Contrary to their claims, we have shown 
that eye-gaze and arrow distractors were equally effec-
tive at eliciting saccades in the nonintended direction. It 
is unlikely that this difference resulted from our use of a 
schematic face. Hietanen and Leppanen (2003) compared 
the cuing effects for schematic faces and pictures of real 
faces, and found no difference between the two. Moreover, 
our error rates on incongruent trials in Experiment 1 (7%) 
and Experiment 2 (7%) were similar to those reported by 
Ricciardelli et al. (6.3%), which suggests that our eye-
gaze distractor was just as effective as theirs. It seems 
more likely that the disparity resulted from the use of dif-
ferent arrow cues. Ricciardelli et al.’s arrows were created 
by turning two Xs into “greater than” (..) or “less-than” 
(,,) symbols, which looked less “arrow like” than ours. 
It is therefore more likely that their reported dissociation 
resulted from the lack of salience of the arrows rather than 
any special effects of the eye-gaze. Also, the error rates 
reported by Ricciardelli et al. for arrow cues (3.3%) were 
somewhat lower than the ones found here (7%). We there-
fore suggest that their findings are more likely to reflect 
differences in the salience of the directional cues used, 
rather than any real differences between biologically sig-
nificant and symbolic cues.

In Experiment 2, we included a neutral condition which 
allowed us to analyze our data in terms of facilitation and 
cost effects that our nonpredictive distractors could have 
had. Langdon and Smith (2005) showed that while eye-
gaze showed a facilitation-plus-cost pattern, arrow distrac-
tors resulted in facilitation-without-cost effects, thus illus-
trating a dissociation between biologically relevant and 

symbolic cues. Our results on the other hand demonstrated 
that in terms of saccade latencies both the eye-gaze and the 
arrow distractor resulted in facilitation-without-cost. Par-
ticipants’ error rates on the other hand showed a somewhat 
different pattern. Error rates for incongruent trials were 
significantly higher compared with neutral trials, and error 
rates for neutral trials were marginally higher compared 
with congruent trials. Most importantly, there was no dif-
ference in the error-rate pattern between eye-gaze cues and 
arrow distractors, thus again supporting our initial finding 
that basic cue following was just as likely for biologically 
relevant and symbolic distractor cues.

The results in terms of saccade latencies on trials in 
which a saccade was made in the correct direction and 
participants’ error rates suggest that there is no differ-
ence between eye-gaze and arrow cues. Errors made on 
incongruent trials, that were later corrected, could rep-
resent reflexive saccades that are a result of attentional 
capture by an incongruent cue (e.g., Theeuwes, Kramer, 
Hahn, & Irwin, 1998), while correct saccades to target on 
incongruent trials are volitional. If the former saccades 
are reflexive, we would expect the saccade latencies for 
incorrect saccades to be shorter than those for correct sac-
cades (e.g., Muller & Rabbitt, 1989). The analysis of the 
trials on which participants unintentionally followed the 
distractor cue rather than the saccade instruction revealed 
an interesting difference between arrows and eye-gaze. 
In the eye-gaze condition, participants’ saccade laten-
cies for erroneous saccades were significantly faster than 
for correct saccades, thus demonstrating their reflexive 
nature. However, in the arrow condition this difference 
was not significant. It is possible that these findings could 
merely reflect differences in distractor salience for direct-
ing attention. However, this interpretation is at odds with 
the initial finding that both arrow and eye-gaze cues are 
equally effective in terms of proportion of saccade errors 
and correctly directed saccade latencies. Our favored in-
terpretation is that eye-gaze distractors may be more likely 
to result in fast reflexive erroneous saccades compared 
to the symbolic arrow distractors. These results suggest 
that although both types of cues are equally effective at 
triggering the same proportion of saccades in the oppo-
site to the intended direction, the saccades triggered by 
eye-gaze may be more reflexive in nature. This difference 
in the reflexive nature of biologically relevant distractors 
compared to symbolic distractors may be only one of sev-
eral subtle differences between these two types of cues. As 
these results are of an exploratory nature further research 
is required to identify conditions under which these cues 
behave differently. For example recent findings by Friesen 
et al. (2004) have shown that although eye-gaze and arrow 
cues act very similarly if they are nonpredictive, eye-gaze 
but not arrow cues lead to automatic shifts in attention 
if the cues are counter predictive of the target location, 
which coincides with what we have shown here.
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