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Abstract

Gaze and arrow cues cause covert attention shifts even when they are uninformative. Nonetheless, it is unclear to what extent
oculomotor behavior influences manual responses to social and nonsocial stimuli. In two experiments, we tracked the gaze of
participants during the cueing task with nonpredictive gaze and arrow cues. In Experiment 1, the discrimination task was easy and
eye movements were not necessary, whereas in Experiment 2 they were instrumental in identifying the target. Validity effects on
manual response time (RT) were similar for the two cues in Experiment 1 and in Experiment 2, though in the presence of eye
movements observers were overall slower to respond to the arrow cue compared with the gaze cue. Cue direction had an effect on
saccadic performance before the discrimination was presented and throughout the duration of the trial. Furthermore, we found
evidence of a distinct impact of the type of cue on diverse oculomotor components. While saccade latencies were affected by the
type of cue, both before and after the target onset, saccade landing positions were not. Critically, the manual validity effect was
predicted by the landing position of the initial eye movement. This work suggests that the relationship between eye movements
and attention is not straightforward. In the presence of overt selection, saccade latency related to the overall speed of manual
response, while eye movements landing position was closely related to manual performance in response to different cues.
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Orienting spatial attention in response to head turning and eye
moving is part and parcel of living in a society. Humans are
sensitive to the processing of eye gaze, a preference that is
thought to be innate and find its roots in evolution (see, e.g.,
Hood, Willen, & Driver, 1998). In the course of our lives, we
learn to orient attention to more abstract cues like arrows,
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given that they also convey useful spatial information. We
are able to shift our attention according to directions conveyed
through signs (e.g., when looking for the right exit from the
motorway). Eye gaze or arrows are known as central cues—
that is, stimuli that are presented at the center of the visual field
and that enable orientation of attention to another location in
space. They differ from peripheral cues, which can capture
attention to their location because of an abrupt onset of illu-
mination changes (Posner, 1980).

Many studies have been conducted to understand the char-
acteristics of attention orienting to central cues, mainly focus-
ing on the covert component of it (i.e., the orienting of
visuospatial attention without observable eye and body
movements; Driver et al., 1999; Friesen & Kingstone, 1998;
Posner, 1978, 1980). The aim of the present work is to inves-
tigate the role of overt shifts of attention in the processing of
central arrow and gaze cues.

Covert responses to central cues

Attention orienting to central cues has been extensively inves-
tigated by means of the spatial cueing paradigm (Posner,
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1978, 1980). Typically, participants are presented with a cen-
tral arrow, pointing to the left or to the right, and are asked to
respond to a target appearing at previously cued or uncued
locations. Manual response times (RTs) are faster for targets
appearing at cued locations relative to those appearing at
uncued locations. Crucially, in a high proportion of trials,
the central cue correctly indicated where the target would ap-
pear, creating an incentive for observers to pay attention to the
direction of the cue (Jonides, 1981; Krose & Julesz, 1989;
Miiller & Humphreys, 1991). It has been argued that volun-
tary goal-driven processes are primarily responsible for the
observed behavioral effect. However, more recent studies
have challenged the idea that central cues instigate goal-
driven orienting of attention only (Corbetta & Shulman,
2002; Egeth & Yantis, 1997; Miiller & Rabbitt, 1989). As a
matter of fact, centrally presented arrow cues have been found
to trigger automatic covert shifts of spatial attention when they
are nonpredictive, or even counterpredictive, of the upcoming
target location (Friesen, Ristic, & Kingstone, 2004; Hommel,
Pratt, Colzato, & Godijn, 2001; Ristic, Friesen, & Kingstone,
2002; Tipples, 2002).

The discovery that central arrow cues are capable of
directing attention automatically was in part motivated by
the findings from the gaze-cue literature (e.g., Driver et al.,
1999; Friesen & Kingstone, 1998; Friesen et al., 2004,
Hietanen, 1999; Hommel et al., 2001; Langton & Bruce,
1999; Ristic et al., 2002; Ristic & Kingstone, 2009; Ristic,
Wright, & Kingstone, 2007). In Friesen and Kingstone’s
(1998) study, participants performed a spatial cueing task with
a central schematic face whose gaze direction was
nonpredictive of target location. Responses were facilitated
by a valid gaze cue compared with a neutral or an invalid
one. The attentional benefit was observed for short cue-
target stimulus onset asynchronies (SOAs), adding evidence
in favor of a reflexive orienting in response to the eye gaze.
However, the aforementioned studies focused on aspects re-
lated to covert attention to nonpredictive central cues. Covert
measures such as manual RTs depend on inferences regarding
the deployment of attention in space. For example, with re-
spect to RTs, the assumption is that attention shifts in line with
the direction indicated by the gaze or arrow cue. However,
only once the manual response is triggered does it become
evident how visual information processing was affected by
the direction of the central cues. In contrast to covert mecha-
nisms, which give little information about the underlying tem-
poral dynamics, overt mechanisms of orienting are associated
with detectable eye and body movements (Frischen, Bayliss,
& Tipper, 2007; Wright & Ward, 2008) and provide a window
into the ongoing and underlying selection processes. For ex-
ample, in the central cueing paradigm, concurrent recording of
eye movements can yield a measure of eye position at each
millisecond along the way, from the moment the cue is pre-
sented until the final manual response. In this way, eye

movements can provide a way to investigate how overt pro-
cessing contributes to the manual response to nonpredictive
central cues.

Overt responses to central cues

There are a number of studies that have investigated eye
movements in central gaze-cueing (see, e.g., Dalmaso et al.,
2015; Kuhn & Benson, 2007; Kuhn & Kingstone, 2009;
Kuhn, Tatler, & Cole, 2009b; Kuhn et al., 2011; Kuhn &
Kingstone, 2009; Mansfield, Farroni, & Johnson, 2003;
Ricciardelli, Bricolo, Aglioti, & Chelazzi, 2002). However,
in the majority of these studies, participants were explicitly
instructed to make an eye movement to the target. For exam-
ple, Kuhn and Kingstone (2009) explored the effect of
nonpredictive and counterpredictive gaze and arrow cues on
the planning and execution of voluntary saccades. The color
of the fixation point indicated the saccadic target location. For
instance, when the fixation point changed to green, observers
were instructed to make a saccade to the right target location,
and this location could be either congruent or incongruent
with the central arrow or gaze cue. The dependent measures
included saccadic RT to the peripheral target and directional
eye-movement errors, where saccadic responses were consid-
ered correct if they were directed in the general direction of the
target (i.e., to the left or right side of screen). The analysis of
latency on correct saccades revealed that congruent trials were
faster than incongruent trials, both when the gaze cue was
nonpredictive and counterpredictive of saccadic target direc-
tion. Moreover, error saccades occurred especially on incon-
gruent trials and were characterized by even shorter latencies
compared with correct saccades, supporting the idea that er-
roneous gaze-following occurred automatically. These find-
ings add further evidence in favor of reflexive orienting to
gaze cues and extend findings that originated from the litera-
ture on covert orienting of attention. In addition, Kuhn and
Kingstone (2009) directly compared counterpredictive
gaze and arrow cues and showed that saccade latencies
and errors were comparable across gaze and arrow cues.
This finding conflicts with previous research on covert
attention with counterpredictive cues that found evidence
for covert reflexive orienting in response to
counterpredictive gaze cues, but not arrow cues (Friesen
et al., 2004; however, see Tipples, 2008).

While Kuhn and Kingstone (2009) clearly reveal that overt
selection is affected by nonpredictive gaze cues or even
counterpredictive gaze and arrow cues, as manual RTs were
not measured in this work, it remains unclear to what extent
saccadic behavior influences or potentially even guides overt
manual responses. Moreover, in the work of Kuhn and col-
leagues, the measure of overt selection in terms of landing
position was very general (i.e., to the left or right) and
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involved saccadic responses given after the target and
distractor were presented. Thus, it is unclear how more spon-
taneous overt selection—without explicit motivation to make
an eye movement to the target—is affected by the presentation
of the cue. The present work will measure saccadic position
throughout the duration of the trial to see how the various
events (i.e., presentation of the cue and presentation of the
target) directly influence dynamic eye-movement behavior.
Thus, rather than explicitly instructing observers to make
eye movements to a given target, or at a certain point in time,
we measured natural variability in oculomotor performance
throughout the trial to find out how various oculomotor mea-
sures relate to attentional performance.

The goal of the present study is twofold. First, our goal was
to investigate the role of spontaneous eye movements in cen-
tral cueing and to understand whether and how the contingen-
cy between eye movements and attention modulates gaze-cue
and arrow-cue processing. Second, because we presented par-
ticipants with both the arrow and the gaze cue, we could in-
vestigate potential differences in the processing of uninforma-
tive gaze and arrow cues. Eye movements, because they are
typically elicited faster than manual responses, represent a
more direct measure to probe automatic processing. If gaze
cues cause more reflexive orienting than do arrow cues, then
we expect to see a greater influence of gaze cues on eye-
movement performance compared with arrow cues. For the
gaze cue, we used an avatar face stimulus, while the arrow was
a simple line drawing. Though our stimuli are vastly different
in terms of complexity, validity was manipulated orthogonal
to stimulus complexity and not confounded.

We conducted two experiments. Experiment 1 was more
exploratory, whereas Experiment 2 was used to confirm the
main findings on Experiment 1. In Experiment 1, the discrim-
ination task was relatively easy and could be completed main-
taining fixation at the center of the screen. While overt move-
ments were neither required nor necessary to perform the task,
making supporting eye movements was not prohibited.
Experiment 1 was presented as a typical standard covert atten-
tion cueing task and, with regard to eye movements, at the
beginning of each main part of the experiment, and after
recalibrations, we instructed participants to try and maintain
fixation throughout the experiment and respond as fast and as
accurately as possible to the target. However, fixation was not
enforced, and no feedback was provided on eye-movement
behavior. Thus, even though we told observers to maintain
fixation, we expected to observe natural variability between
trials and across participants in the ability to do so. In a second
experiment, the discrimination task was made more difficult,
such that eye movements were more critical to performance
compared with Experiment 1. The instructions given to par-
ticipants in Experiment 2 were identical to those of
Experiment 1 to ensure that the initial motivation and strate-
gies in terms of fixation were similar across experiments. If

@ Springer

eye movements are instrumental in the manual cueing effect,
then we expect to find a relationship between eye-movement
performance and RT. Moreover, it was predicted that this re-
lationship should be stronger in Experiment 2, where eye
movements were critical to performance, compared with
Experiment 1, where eye movements were not.

Note that we did not force fixation. Designs with forced
viewing conditions are likely to lead to design-specific strate-
gies that would confound our measure of interest, the natural
eye-movement behavior. While there are studies that directly
compared covert with overt attention independently, the
strength of our study is that we studied these concurrently,
rather than separately. The present work combines covert
and overt measures (i.e., manual RT and eye-movement com-
ponents) to see how eye movements relate and potentially
help to explain covert attentional cueing.

Experiment 1
Method

Participants Twenty young adults, ranging in age
from 19 to 26 years (M = 22.4 years, SD = 3.5 years, 10
females, two left-handed) were recruited from the local stu-
dent population of the University of Trento and were tested in
the CIMeC psychophysics laboratories. All participants had
normal or corrected-to-normal vision. This research was con-
ducted according to the principles expressed in the
Declaration of Helsinki, and informed consent of each partic-
ipant was obtained. The study was approved by the Ethical
Committee of the University of Trento (ethical approval code:
2016-029), and all participants received either a reimbursement
of 7 €/hour or university credits for their participation. Though
our methodological approach to the question is novel, based on
previous work that has looked at covert central cueing with
similar stimuli (Blair, Capozzi, & Ristic, 2017; Heimler et al.,
2015, Experiment 2; Tipples, 2002), we calculated an estima-
tion of the effect size. Main effects of cue validity and cue-
target SOA reported in Blair et al. (2017) had effect sizes
ofnp2 =.53 and np2 = .63, respectively. To obtain a desired
statistical power of .90 for these main effects corrected for
publication bias (Anderson, Kelley, & Maxwell, 2017),
and with an alpha value of .05, a minimum sample size
of 12 individuals was required. Hence, our sample of 20
observers was appropriate for testing these effects.

Stimuli The experiment was run on a 23-inch Asus VG 236
LCD monitor (100 Hz; resolution 1,920 x 1,080 pixels) that
was set up with a viewing distance of 60 cm. Stimulus pre-
sentation was controlled by an AMD Radeon Graphics
FirePro V4900 graphics card. Luminance values were set
using a Minolta CS-100A luminance meter. The background
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was presented in black with a luminance of 0.17 cd/m* (RGB:
0,0, 0). A fixation dot was presented at the center of the screen
at the beginning of each trial and served to perform the drift
correction. The target, distractor, and arrow stimuli were light
gray (RGB: 198, 197, 203) with a luminance of 47 cd/m>.

Target and distractor consisted of two 90° rotated squares
(width 1° of visual angle) and were presented at an eccentric-
ity of 11° from the center of the screen, whereas the face and
the arrow were centered (7.2° x 11.5° and 2.7° x 1.3° width x
height, respectively). The distractor was always a 90° rotated
whole square, whereas the target could have the bottom or the
top part missing; the missing part was a triangle, whose height
was one fourth of the total height of the square (see Fig. 1b).
All stimuli except the face stimulus were created using
OpenSesame (Mathdt, Schreij, & Theeuwes, 2012), and the
experiment itself was run using OpenSesame, together with
the PyGaze library (Dalmaijer, Mathot, & Van der Stigchel,
2014) and the PsychoPy back end (Peirce, 2007, 2009) to
synchronize the PC with the eye-tracker host PC
(OpenSesame Version 3.1.3; PyGaze 0.6.0a21). The face
was taken from a face database (Oosterhof & Todorov,
2008). The two directional gaze images (gaze left and right)
were created from the straight-ahead gaze (see Fig. 1a) using
Photoshop.

Procedure and design Participants were seated on an adjust-
able chair in front of the monitor in a dimly lit room. Head

movements were controlled by means of a chin rest.
Participants’ gaze was tracked throughout the experiment
using an SR Research Ltd., Eyelink 1000 PLUS, consisting
of an eye-tracking system connected to a laptop (host PC). It
collected monocular gaze position at a sampling rate of
1000 Hz from the left eye. A five-points-grid calibration rou-
tine was completed at the beginning of each experimental
condition and at the end of the third block in each experimen-
tal condition, for both gaze-cue and arrow-cue conditions.
Therefore, a total number of four calibration routines were
executed throughout the experiment; additional calibrations
were added when necessary (e.g., poor recording due to
glasses or contact lens reflection).

Participants were told to fixate the central fixation dot at the
beginning of each trial, to try and maintain fixation, and to
ignore the cues because they were uninformative. After the
drift correction procedure, to make sure that participants’ gaze
was at the center of the screen, the trial began. Depending on
the cue-type condition, which was presented in different
blocks, a face with a straight-ahead gaze or a horizontal line
was shown for 1,000 ms. This neutral stimulus was followed
by the presentation of the directional cue, which consisted of
either a face looking to the left or to the right side or an arrow
pointing to the left or right side. Crucially, cue direction for
both the gaze cue and arrow cue was not predictive of target
location. On half of the trials the target appeared on the side
indicated by the cue (valid trials), and in the remaining half of

Target and
distractor
until response
or 2000 ms

Cue
SOA 250 or 750 ms

Pre-cue
1000 ms

Drift Correction

b Target type

Experiment 1

Experiment 2

Distractor

Fig. 1 a Stimuli (not in scale) used in Experiments 1 and 2, as well as main trial sequence. b Target shapes used in the easy (Experiment 1) and difficult
(Experiment 2) discrimination task. The distractor shape was always a whole diamond

@ Springer



1240

Atten Percept Psychophys (2019) 81:1236-1252

trials the target appeared on the opposite side (invalid trials).
Two SOAs (250 ms or 750 ms) between the cue and target
appearance were used in a randomized fashion to detect any
changes in the cueing effects as a function of time (Friesen &
Kingstone, 1998; Heimler et al., 2015; Ristic et al., 2002). The
task of the participants was to discriminate whether the target
was cut on the top or on the bottom part, while keeping fixa-
tion at the center of the screen. Participants responded by
pressing the up or down arrow buttons on the computer key-
board with the index and middle fingers of their dominant
hand. Participants were instructed to respond as fast and as
accurately as possible, indicating whether the target missed
the top or the bottom part, independently of the side of the
screen in which the target appeared (see Fig. 1a). The exper-
iment comprised 16 practice trials and 160 experimental trials
divided in five blocks for each condition (gaze vs. arrow).
Hence, participants completed a total number of 32 practice
and 320 experimental trials. Cue-type condition was
counterbalanced across participants. At the end of each block,
participants received feedback on the average RTs and on the
percentage of correct responses and were free to take a break.
Written instructions and visual sketches of the trial sequence
were shown on the screen before starting the practice and were
reiterated before starting each experimental condition. As our
aim was to investigate whether eye movements would spon-
taneously occur in this typical covert attention experiment,
participants did not receive any feedback when they failed to
maintain fixation, and no additional feedback related to eye-
movement performance was provided.

Results

We conducted confirmatory analysis on manual RTs as well as
exploratory analyses on specific measures of interest (i.e., sac-
cadic frequency, amplitude, and latency). Descriptive and in-
ferential analyses were conducted using MATLAB (The
MathWorks, Version R2016b), STATISTICA (Statsoft, Inc.
2004, Version 7.0), and JASP (JASP Team, 2018, Version
0.8.5.1, Windows 10). For all the dependent measures inves-
tigated, the distribution of errors was evaluated to test for the
assumption of normality using Shapiro—Wilk normality test as
well as for the assumption of homogeneity of variances using
Levene’s test. Unless otherwise noted, the data confirmed the
assumptions.

Patterns of eye movements

Initial saccades were defined as eye movements with veloci-
ties and accelerations exceeding 30°/s and 8,000°/s%. Vertical
eye movements, neither directed toward the target nor the
distractor, as well as eye movements with no landing coordi-
nates, were removed from the analysis (2.48% in gaze-cue
condition and 0% in the arrow-cue condition). In the analyses
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we included saccades that were executed in trials where a
correct manual response to the target was given. To get a
general idea of whether eye movements were elicited, and if
so, when they occurred relative to the presentation of the cue
and following presentation of the target, a frequency distribu-
tion of initial eye movements was plotted for the duration of
the trial, starting from the moment in which the cue was
displayed (see Fig. 2a).

A first visual inspection of this figure reveals the shape of a
bimodal distribution for each of the two SOA conditions. It
seems that the early peaks of eye movements were triggered
by the mere presence of the cue on the screen, from now on
referred to as cue-celicited eye movements, while the later
peaks of eye movements were executed in response to the
presentation of the target and distractor, from now on referred
to as target-elicited eye movements. In the short SOA—that is,
250 ms—the first peak of eye movements was observed after
the cue onset within the range of 150 and 350 ms (median
value = 226 ms), while a second, higher peak appeared later
on, with a median value of 471 ms. In the long SOA—namely,
750 ms—the minor peak of eye movements after the cue onset
had its median value at 265 ms and the higher peak at 961 ms.

For the cue-elicited saccade distributions, we included all
eye movements whose latency ranged from 150 ms up to
350 ms after the cue onset (see Fig. 2a) for both SOAs alike.
Based on visual inspection of the distributions, we observed
that the cue-elicited distribution started at 150 ms and there
was a dip between the two distributions that occurred at 350
ms. For the target-clicited distributions, the interval appeared
different for the short SOA compared with the long SOA. In
the short SOA, the cue-elicited and target-elicited distributions
were very close together and overlapping. The dip that oc-
curred at 350 ms corresponded with a lower criterion of
100 ms for the target-elicited saccades (see Fig. 2a). This
lower latency boundary was considered to be the one that best
separated the two distributions, although it is plausible that a
partial overlap between late cue-elicited and fast target-elicited
eye movements may be present. In the long SOA condition,
the distribution of target-elicited saccades seemed to develop
relatively earlier, and ranged from 80 ms after target onset
until RT. Based on these clear bimodal frequency distributions
we split the data collected accordingly, and we ran separate
statistical analyses for cue-elicited and target-elicited eye
movements.

Overall proportion of eye movements

The total proportions of eye movements were calculated by
dividing the actual number of saccades executed by each par-
ticipant by the number of trials remaining after filtering out
incorrect, too fast, and slow responses (see criteria described
in the next section). Participants executed a saccade in re-
sponse to the gaze cue on 19.5% (SD = 16.2%) of trials,
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Fig. 2 a Distributions of initial eye movements over time in Experiment
1, collapsed across cue condition. The zero values on the x-axis represent
the cue onset, and raw frequencies of occurrence are represented on the y-
axis. b Mean percentages of cue-directed eye movements in the eye-
movement (EM) group (N = 10) on short and long SOAs in gaze-cue
and arrow-cue conditions. The white dashed line in each bar represents
chance level at 50%. ¢ Left: Averaged target-elicited saccade landing
positions on valid and invalid trials for gaze-cue and arrow-cue conditions
in the EM group. On the y-axis, in degrees of visual angle, positive values
represent saccades that landed closer to the target and negative numbers

indicate saccades that landed closer to the distractor. Right: Mean onset
latencies for target-elicited saccades on valid and invalid trials for eye-
gaze and arrow-distractor conditions in the EM group. d Mean response
times of correct responses to the target on valid and invalid trials for gaze-
cue and arrow-cue conditions in Experiment 1. e Correlations between
validity effect on target-elicited saccades against cueing effect on manual
RTs for gaze-cue and arrow-cue conditions in the EM group. Descriptive
Pearson’s r values, coefficients of determination R?, as well as a linear
fitting with 95% confidence bound are represented. All error bars denote
within-subject standard errors, based on O’Brien and Cousineau (2014)
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whereas they moved the eyes in response to the arrow cue on
17.8% (SD = 13.8%) of trials. When we conducted a paired-
samples Wilcoxon test to check for significant effects of cue
type, the analysis did not highlight any significant differences
between social and nonsocial cues (W = 125, p = .47). On
presentation of the target and distractor, the percentage of eye
movements elicited increased. With respect to the target-
elicited distributions, participants moved their eyes on average
in 58.7% (SD = 42.7%) of trials in the gaze-cue condition,
while they did so in 53.6% (SD = 43%) of trials in the
arrow-cue condition. We repeated the same Wilcoxon analysis
for target-elicited proportions, and no difference between cues
emerged (W = 114, p = .22). Note that the large amount of
variation in the percentage of eye movements highlights that
the overall proportion of eye movements varied dramatically
across participants. The results showed that there were some
participants who made eye movements in nearly all trials,
whereas some participants maintained fixation at the center
of the display in the majority of trials.

Behavioral cue effect on RT

The overall accuracy rate was 97%. Incorrect responses, RTs
three standard deviations above the participant’s average RT,
and timed-out trials were excluded from the analysis. The total
percentage of trials discarded from the analysis was 4.25% for
the gaze-cue condition and 3.78% for the arrow-cue condition.
Mean RTs were calculated, and the distribution of error was
evaluated to meet the assumptions for a repeated-measures
ANOVA. A 2 x 2 x 2 repeated-measures ANOVA, with cue
type (gaze vs. arrow), SOA (250 vs. 750 ms), and validity
(valid vs. invalid), was run. Main effects of SOA, F(1, 19) =
29.54, p <.0001, np2 =.61, and validity, F(1, 19) =29.68, p <
.0001, np2 = .61, were found. Valid trials (M = 632 ms, SE =
19.8) were responded to faster than were invalid trials (M =
660, SE =22.3), and trials in the longer SOA (M = 630 ms, SE
= 20.3) were responded to faster than in the shorter SOA (M =
662, SE = 22; see Fig. 2d). No other significant effect or
interaction was found (all Fs < .81, ps > .37).

Because we were interested in the potential modulation of
eye movements on manual RT, the behavioral RT data were
also analyzed in dependency of whether or not participants
made eye movements in response to the target presentation.
Each participant was categorized based on the presence of eye
movements after target onset; if, on average, 15 data points per
cell were available in one of the categories (i.e., eye move-
ments vs. no eye movements), then that participant's data were
added to the appropriate group. This led to a surprisingly even
split, with 10 participants in the so-called eye-movement
group (EM group, on average eye movements in 98.7% of
trials for the gaze-cue and 91.9% for the arrow-cue condition)
and 10 participants in the no-eye-movement group (no-EM
group, 18.6% of trials with eye movements for the gaze-cue
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condition and 15.3% for the arrow-cue condition). A mixed
ANOVA, with group as a between-subjects factor and cue
type, SOA, and validity as within-subjects factors was run
on RTs. The group comparison revealed significant main ef-
fects of SOA, F(1, 18) = 33.12, p < .001, npz = .65, and
validity across both groups, F(1, 18) = 30.95, p < .001, np2
.63, though the validity effect was larger in the EM group (M
= 38.15 ms) compared with the no-EM group (M = 15.4 ms),
as indicated by a significant two-way interaction between
group and validity, F(1, 18) = 5.59, p = .03, np2 =.24.In
addition, participants in the EM-group responded slower than
those who did not (main effect of group), F(1, 18)=7.13, p =
02,m,” = .28.

Cue-elicited eye movements

General direction This analysis concerns the proportion of
initial eye movements made in response to the nonpredictive
cues, prior to the target onset. Since the data from the no-EM
group were too noisy, given that there were very few sample
points per cell, analyses were conducted on the EM group
only. For the EM group, we calculated proportions of eye
movements made in accordance to the direction indicated by
the gaze and arrow cue. The results showed that in the short
SOA, participants overtly followed the direction of the gaze
cue in 66% of all trials and overtly followed the arrow cue in
68% of all trials. A similar result was found in the longer SOA,
where observers followed the gaze cue in 62% and the arrow
cue in 72% of the trials (see Fig. 2b for more details on the EM
group). We conducted a repeated-measures ANOVA on the
proportions of cue-followed eye movements to check whether
cue type affected the number of eye movements elicited in
response to the cue, but no significant effect was found (all
Fs<0.8, ps> .4).

Saccade latency The data set on latency included all initial
saccades in the EM group, whose latency was above the lower
boundary, set at 150 ms. A 2 x 2 repeated-measures ANOVA
on the average saccadic reaction time was conducted, with cue
type (gaze vs. arrow) and SOA (250 vs. 750 ms) as within-
subjects independent variables (only one condition failed to
satisfy the assumption of normality, with p = .004). A main
effect of cue type, F(1,9)=7.67,p=.02, np2 = .46, was found.
Gaze-cue condition triggered faster eye movements (M = 256
ms, SE = 5.05) than the arrow cue (M =270 ms, SE =4.4). No
other main effects or interaction reached significance (all Fis <
.60, ps > .45).

Target-elicited eye movements
Saccade landing position Saccade landing position was ob-

tained measuring the distance in degrees of visual angle be-
tween the x and y coordinates of the target center and the
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ending coordinates of each saccade, such that 0° of visual
angle represented an eye movement that landed on the target,
and 22° represented an eye movement that landed on the
distractor (note that in Fig. 2¢ the measure is rereferenced to
a scale of signed values for clarity purposes; positive values
represent saccades that landed closer to the target, negative
values represent values closer to the distractor). Outliers were
removed by means of a three standard deviations of the mean
criterion. A 2 x 2 x 2 repeated-measures ANOVA on the
average distance from the target in degrees of visual angle
was run. Cue type (gaze vs. arrow), SOA (250 ms vs. 750
ms), and validity (valid vs. invalid) were the within-subjects
independent variables. A main effect of validity, F(1, 9) =
15.2, p =.004, np2 = .63, was found. Valid trials (M = 7.75°,
SE = .53) resulted in larger saccades towards the validly cued
target position compared with invalid trials (M = 10.6°, SE =
.88). No other main effect or interaction reached significance
(all Fs <3.28, ps>.1).

Saccade latency Saccade latency was defined as the time be-
tween the target onset and the initiation of a saccade. Saccade
latencies smaller than and 100 ms for the short SOA and
80 ms for the long SOA, together with latencies slower than
three standard deviations from the mean of each participant,
were not taken into consideration for further analysis. A 2 x 2
x 2 repeated-measures ANOVA on the average saccadic reac-
tion times was run, with cue type (gaze vs. arrow), SOA
(250 ms vs. 750 ms), and validity (valid vs. invalid) as
within-subjects independent variables. A main effect of cue
type, F(1, 9) = 5.86, p = .04, npz = .39, and SOA, F(1,9) =
22.12, p = .001, np2 = .71, was found (see Fig. 2¢). On aver-
age, gaze cue triggered faster eye movements (M =211 ms, SE
= 11.2) compared with the arrow cue (M =241 ms, SE = 19.6).
In trials where the SOA was shorter, average saccade RT was
longer (M = 240 ms, SE = 14.8) than in trials with longer SOA
(M =211 ms, SE = 15.2). No other main effects or interaction
reached significance (all Fis < 1.38, ps > .27).

Correlations

To directly explore the relationship between overt perfor-
mance and behavioral effect on manual RTs, we plotted the
relationship between the validity effect on manual RTs against
the validity effect on landing positions of target-elicited sac-
cades for the EM group. To this end, we considered only trials
where both RT and eye-movement data were available. The
validity effect on RT was calculated by subtracting the average
RT on valid trials from the average RT in invalid trials.
Following the same procedure, we computed the validity ef-
fect on target-elicited distance to target by subtracting the
values in valid trials from the corresponding values in invalid
trials. Strong positive linear correlations for both gaze-cue,
Pearson’s 7(10) = .71, 95% CI [.14, .92], R? = .50, and

arrow-cue condition, Pearson’s #(10) = .86, 95% CI [.50,
97], R* = .75, were found (see Fig. 2¢). In other words, for
both cues, the relationship indicates that the greater the differ-
ence in saccadic landing position in response to invalid and
valid cues, the greater the difference in RT between invalid
and valid cues.

Discussion

In Experiment 1, we investigated whether overt orienting can
help explain behavioral manual responses towards social and
nonsocial cues. Participants performed a discrimination task
and were presented with nonpredictive central gaze and arrow
cues at two different cue-target SOAs. There were three main
findings. First, our data replicated previous and well-
documented cueing effects on response times (Driver et al.,
1999; Friesen & Kingstone, 1998; Galfano et al., 2012;
Heimler et al., 2015; Langton & Bruce, 1999; Ristic et al.,
2002). Although participants were aware of the fact that both
cues were nonpredictive, they responded faster to valid cues
compared with invalid cues. In addition, when the interval
between the cue and the target was longer, behavioral re-
sponses were faster. This latter result is a well-known phe-
nomenon called cue-target foreperiod effect and reflects a gen-
eral preparatory process (Bertelson, 1967). We found no sig-
nificant difference in the magnitude of the cueing effect of the
gaze versus the arrow cue, suggesting that the two cues were
similar in the ability to trigger automatic orienting (Stevens,
West, Al-Aidroos, Weger, & Pratt, 2008).

Second, the proportion of eye movements made in
Experiment 1 highlighted that for some observers, oculomotor
responses were not necessary to perform the task accurately.
Nevertheless, even if participants were asked to maintain fix-
ation throughout the experiment, our results show that saccad-
ic eye movements were often made during the task. In partic-
ular, a group of individuals triggered eye-movement responses
before their manual response. While in the majority of cases
cue-clicited eye movements were found to follow the direction
indicated by the uninformative cues, target-clicited saccades
generally landed closer to valid targets only. Invalid trials did
not elicit a reliable overt response, neither to the distractor nor
to the target. Although cue type did not appear to affect be-
havioral responses or landing positions, an effect of cue type
emerged with respect to saccade latency, both for cue-elicited
and target-elicited movements. The results showed that sac-
cades initiated in response to gaze cues were generally faster
than saccades elicited in response to arrow cues. In this sense,
the saccade latency data supported the hypothesis that overt
orienting in response to a gaze cue is more reflexive compared
with responses to an arrow cue. Additionally, target-elicited
saccade latencies were also modulated by SOA, as saccadic
reaction times (SRTs) were slower in the short SOA. The
pattern was consistent with the foreperiod effect found in the
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behavioral data. However, critically, saccade latency was not
modulated by validity, and saccades were equally fast regard-
less of whether the cue was valid or invalid.

Third, linear correlations between the validity effect on
target-elicited saccades and the manual validity effect on RT
disclosed a strong association between overt and covert per-
formance for both cue conditions. The amplitude of saccades
made in response to invalid and valid trials was strongly as-
sociated to the magnitude of the validity effect on RTs.
However, we are aware of the fact that the main limitation
of this finding in Experiment 1 is that it is based on only half
of the experimental sample, as only half the sample provided
sufficient eye-movement data.

To sum up, Experiment 1 allowed us to make a first inspec-
tion of the relative contribution of overt selection during a
simple discrimination task. Oculomotor responses were asso-
ciated with overall slower manual RTs and, when present, they
landed closer to the valid target location. In addition, manual
responses and eye-movement landing position patterns did not
differ in dependency of the cue, suggesting that the overt
mechanism of selection operates similarly irrespective of the
nature of the central cue presented. Though saccade latencies
were affected by the type of cue presented, this difference
between social and nonsocial cues was not carried over to
the manual RTs. This may be the case because eye movements
were not instrumental in correctly identifying the target. In
fact, the strong relationship between eye movements and the
cueing effect on RT was found in 10 out of 20 participants,
suggesting that individual differences played an important role
in the final oculomotor behavior. While the sample size of 20
participants proved sufficient in terms of power for manual
measures, in terms of saccadic dependent measures, it was
ambivalent, that is, it was appropriate for saccade amplitude,
but not fully convincing for saccade latency. Hence, this fur-
ther motivated Experiment 2, where we increased the need for
eye movements yielding more data for these dependent
measures.

Experiment 2

To further investigate the association between oculomotor re-
sponses and orienting of spatial attention to social and nonso-
cial cues, we designed a second experiment. The aim of the
second experiment was to make eye movements instrumental
in the task, while keeping experimental instructions identical.
We manipulated the difficulty of the discrimination task by
reducing the size of the missing part of the target diamond.
Because identification of the missing part of the target would
benefit from closer foveal scrutiny, we hypothesized that this
difficulty manipulation would lead to an overall increase in the
rate of eye movements. We also speculated that saccades
could be biased more strongly by the central cues. We further
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hypothesized that the increased difficulty of the task would
slow down overall RT and possibly decrease accuracy, but that
the overall manual cueing effect should be similar compared
with Experiment 1. Again, if saccade landing position and
manual RT are associated, we should be able to replicate the
strong correlation found in Experiment 1.

Method

Participants Twenty new young adults ranging in age
from 20 to 36 years (M = 25.6 years, SD = 4.4 years, 10
females, all right-handed) were recruited from the local stu-
dent population of the University of Trento and were tested in
the CIMeC psychophysics laboratories. All participants had
normal or corrected-to-normal vision. This research was con-
ducted according to the principles expressed in the
Declaration of Helsinki, and informed consent was obtained
from each participant. All participants received either a reim-
bursement of 7 €/hour for their participation or University
credits. To ensure that our experiment had enough statistical
power to test the presence of a relationship between saccadic
and manual validity effects found in Experiment 1, effect sizes
of validity on manual RT (np2 = .61) and on saccadic ampli-
tude (np2 =.63) from Experiment 1 were used to estimate the
new effect size. With a minimum sample size of 11 partici-
pants, a desired statistical power of .90 for these effects on
validity could be reached, correcting for publication bias
(Anderson et al., 2017). As in Experiment 1, our sample of
20 observers was appropriate for testing these effects.

Stimuli, procedure, and design The monitor was replaced be-
tween experiments. Stimuli in the second experiment were
presented on a 23.6-inch ViewPixx EEG monitor (100 Hz;
resolution 1,920 x 1,080) that was set up with a viewing
distance of 60 cm. Stimulus presentation was controlled by a
NVIDIA Quadro K620 graphics card. The remainder of the
design, materials, and procedure of Experiment 2 were iden-
tical to those in Experiment 1, except for the target stimulus,
whose color was slightly changed to maintain the same Iumi-
nance as in Experiment 1 with the previous screen (RGB: 190,
196, 208). The missing part of the target was a triangle, whose
height was one tenth of the target total height (see Fig. 1b).

We modified the target shape to be sure that people could
not discriminate it without moving the eyes. However, since
we did not want to bias observers into a different strategy, for
example, of making more eye movements from the start com-
pared with Experiment 1 or of avoiding eye movements be-
fore the actual target onset, we provided participants with the
same instructions as in Experiment 1. Therefore, participants
were asked to maintain fixation and to be as accurate as pos-
sible on the discrimination task. Again, similar to Experiment
1, no feedback was provided on eye-movement behavior and
fixation was by no means reinforced.
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Results

For all the dependent measures we investigated, the distribu-
tion of error was evaluated to test for the assumption of nor-
mality using Shapiro—Wilk normality test as well as for the
assumption of homogeneity of variances using Levene’s test.
Unless otherwise noted, the data confirmed the assumptions.

Patterns of eye movements

Visual inspection of the total frequency of eye movements
over time reconfirmed the existence of two bimodal distribu-
tions. In the short SOA, we observed a peak of eye movements
that followed the cue onset (median value = 219 ms) and a
second, higher peak after the target appeared on the screen
(median value = 412 ms). In the long SOA, the two peaks
respectively emerged after the cue onset (median value =
268 ms) and later on, in response to the target and distractor
onset (median value = 906 ms). Consequently, we could again
discriminate cue-elicited eye movements from target-elicited
eye movements (see Fig. 3a). Initial saccades were defined
using the same criteria explained in the Results section of
Experiment 1 and we selected cue-elicited saccades and
target-elicited saccades within the same intervals reported in
Experiment 1. We ran the same analysis on the proportion of
eye movements, landing position, and latency, discarding a
further 0.19% of trials in the gaze-cue condition and 1.3% in
the arrow-cue condition.

Overall proportion of eye movements

The total proportions of eye movements were calculated by
adopting the criteria reported in Experiment 1. Cue-elicited
eye movements were triggered on 33.8% (SD = 15.6%) of
trials in the gaze-cue condition and on 41.5% (SD = 19%) in
the arrow-cue condition (see Fig. 3b), and the proportions did
not vary as a function of cue type (paired-samples Wilcoxon
test, W = 54, p = .06). In addition, saccades in response to the
target and distractor in the gaze-cue condition occurred on
average in 99% (SD = 1.2%) of trials and in 99.5% (SD =
0.8%) of trials in the arrow-cue condition; there were no sig-
nificant differences between cues (paired-samples Wilcoxon
test, W =27.5, p =.22). Note that the task manipulation almost
doubled the overall percentage of eye movements and consid-
erably reduced the variability compared with Experiment 1,
showing that the manipulation worked as intended.

Behavioral cue effect on RT

The overall accuracy rate was again 97%, and therefore no
further analysis on accuracy was carried out. Mean RTs were
calculated and outliers were removed using a three standard
deviation criterion. The proportion of trials discarded from the

analysis was 2.90% for the gaze-cue condition and 2.96% for
the arrow-cue condition. A 2 X 2 x 2 repeated-measures
ANOVA with cue type (gaze vs. arrow), SOA (250 vs. 750
ms), and validity (valid vs. invalid) was run.

Main effects of cue type, F(1, 19) =29.91, p <.0001, np2 =
.61; SOA, F(1, 19) =33.32, p <.0001, np2 =.64; and validity,
F(1,19)=29.61, p <.0001, npz = .61, were found. Gaze cues
(M =812 ms, SE = 15.8) were responded to faster than arrow
cues (M =868 ms, SE = 16.5), longer SOA (M =818 ms, SE =
16.4) were faster than shorter SOA (M = 862 ms, SE = 16.4),
and valid trials (M = 807 ms, SE = 16.3) resulted in faster RTs
than invalid trials (M = 872 ms, SE = 16.7; see Fig. 3d). No
other significant interactions were found (all Fs < 1.21, ps >
.28).

In addition, we directly compared behavioral performance
of Experiment 1 and Experiment 2 to see whether the task
modulated the validity effect on RTs, since Experiment 2 re-
quired participants to move their eyes to identify the target
shape. A mixed ANOVA with experiment as a between-
subjects factor and cue type, SOA, and validity as within-
subjects factors was performed on RTs. Main effects of exper-
iment, F(1, 38) = 55.48, p <.001,m,> = .59; cue type, F(1, 38)
=18.96, p < .001, np2 =.33; SOA, F(1, 38) =62.13, p < .001,
My = .62; and validity, F(1, 38) = 50.83, p < .001,7,” = .57,
were found. The increased difficulty of the task had a signif-
icant impact on RTs, which were overall slower (M = 840 ms,
SD = 18.4). Furthermore, a significant two-way interaction
between experiment and cue type, F(1, 38) =9.13, p = .004,
npz = .19, revealed that the gaze cue was more beneficial to
RTs compared with the arrow cue when the task was more
difficult. In addition, the validity effect on RTs was larger in
Experiment 2, as pointed out by the significant two-way in-
teraction between experiment and validity, F(1,38)=8.41,p=
.006,1,” =.18.

This result suggests that task difficulty had a distinct effect
on the overall RT of the arrow cue but not the gaze cue in
Experiment 2 compared with Experiment 1. However, rather
than being driven by task difficulty, this may be a result of the
presence of eye movements, which were more abundant in
Experiment 2 than in Experiment 1. The manual results in
Experiment 1 contained all participants, including those who
made very little eye movements. To test the idea that the eye
movements distinctively speed manual RTs to gaze cues but
not arrow cues, we compared the manual responses of the EM
group of Experiment 1 with all of the participants in
Experiment 2. A between-experiment ANOVA on the afore-
mentioned samples, including cue type (gaze vs. arrow) as a
within-subjects factor and experiment (1 vs. 2) as a between-
subjects factor was run. The analysis revealed a main effect of
cue type, F(1,28) =254, p <.001, np2 = .47; a main effect of
experiment, F(1, 28) = 25.41, p < .001, npz = .47; but no
interaction between cue type and experiment, F(1, 28) = 2.5,

p = .122, suggesting that when we matched for eye
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Fig. 3 a Distributions of initial eye movements over time in Experiment
2, collapsed across cue condition. b Mean percentages of cue-directed eye
movements on short and long SOAs in gaze-cue and arrow-cue condi-
tions. The white dashed line in each bar represents chance level at 50%.
Note that this time all participants were included in the data set. ¢ Left:
Averaged target-elicited saccade landing positions on valid and invalid
trials for gaze-cue and arrow-cue conditions in Experiment 2. On the y-
axis, in degrees of visual angle, positive values represent saccades that
landed closer to the target and negative numbers indicate saccades that
landed closer to the distractor. Right: Mean onset latencies for target-
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elicited saccades on valid and invalid trials for eye-gaze and arrow
distractor conditions in Experiment 2. d Mean response times of correct
responses to the target on valid and invalid trials for gaze-cue and arrow-
cue conditions in Experiment 2. e Correlations between validity effect on
target-elicited saccades against cueing effect on manual RTs for gaze-cue
and arrow-cue conditions in Experiment 2. Descriptive Pearson’s r
values, coefficients of determination R%, as well as a linear fitting and
95% confidence bounds are also depicted. All error bars represent within-
subject standard errors, based on O’Brien and Cousineau (2014)
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movements, both experiments highlighted a comparable gaze-
cue advantage on overall RTs. When the EM group was con-
sidered in isolation, a marginally significant cue-dependent
difference in overall RT was found (repeated-measures
ANOVA), F(1, 9) = 4.94, p = .053, that was not present in
the no-EM group. In other words, the social cue tended to
trigger faster manual responses in the EM group also in
Experiment 1.

Cue-elicited eye movements

General direction We calculated the proportion of eye move-
ments directed towards the location indicated by the gaze and
arrow cues, for both SOAs (see Fig. 3b). In the short SOA,
participants followed the cue on 62% (gaze-cue condition)
and 69% (arrow-cue condition) of trials, respectively.
Similarly, in the longer SOA the proportion in percentage
were 72% (gaze cue) and 68% (arrow cue). The repeated-
measures ANOVA on the proportions of cue-followed eye
movements did not highlight any significant effects of cue
type or SOA (all F's < 2.03, ps > .17) on the general direction
of cue-elicited saccades.

Saccade latency As we did in Experiment 1, in the analysis we
considered all saccadic RTs longer than 150 ms. A 2 x 2
repeated-measures ANOVA on the saccadic RT was per-
formed, with cue type (gaze vs. arrow) and SOA (250 vs.
750 ms) as within-subjects independent variables. A main
effect of cue type, F(1, 19) = 11.84, p = .003, np2 = .38, was
found. The gaze-cue condition triggered faster eye move-
ments (M = 262 ms, SE = 3.32) than did the arrow-cue con-
dition (M = 275 ms, SE = 3.51). No other main effects or
interactions reached significance (all Fs < .29, ps > .59).

Target-elicited eye movements

General direction We calculated the proportion of eye move-
ments directed towards the location indicated by the gaze and
arrow cue, for both SOAs (see Fig. 3b). In the short SOA,
participants followed the cue on 62% (gaze-cue condition)
and 69% (arrow-cue condition) of trials, respectively.
Similarly, in the longer SOA, the proportions in percentage
were 72% (gaze cue) and 68% (arrow cue).

Saccade landing position We followed the same procedure of
Experiment 1 to calculate saccade landing position. A 2 x 2 X
2 repeated-measures ANOVA was conducted on the average
distance from the target in degrees of visual angle; cue type
(gaze vs. arrow), SOA (250 ms vs. 750 ms), and validity (valid
vs. invalid) constituted the within-subjects independent vari-
ables (see Fig. 3¢). A main effect of validity, F(1, 19) =22.97,
p <.001, np2 = .55, was found. Saccades in valid trials (M =
9.39°, SE = .45) landed closer to the target, whereas saccades

in invalid trials landed closer to the distractor (M = 13.36°, SE
= .46). No other main effect or interaction reached signifi-
cance (all Fs < 1.45, ps > .24).

In addition, we compared Experiment 1 and Experiment 2
with respect to the landing position of eye movements to see
whether the difficulty of the task had an impact on saccade
amplitude. A mixed ANOVA with Experiment (1 vs. 2) as
between-subjects factors and cue type (gaze vs. arrow) and
validity (valid vs. invalid) as within-subjects factors was per-
formed. A main effect of validity, F(1, 28) = 28.09, p < .001,
npz = .50, was present. Saccades landed closer to the target in
valid trials (M = 8.57°, SE = .37) compared with invalid trials
(M =11.98°, SE = .45). Furthermore, a main effect of exper-
iment, F(1, 28) = 18.84, p < .001, np2 = .40, was found. In
Experiment 1, we confirmed that landing positions of initial
eye movements were biased to the valid target position only
(M=9.17°, SE = .41), while in Experiment 2 initial eye move-
ments followed the position indicated by the nonpredictive
cue (M=11.38°, SE =.29). No other main effect or interaction
reached significance (all Fs < 2.05, ps > .16).

Saccade latency In order to satisfy the assumption of normal-
ity, we performed a logarithmic transformation of the latency
data set (Shapiro—Wilk normality test, all ps > .161). A2 x 2 x
2 repeated-measures ANOVA was run, with cue type (gaze vs.
arrow), SOA (250 ms vs. 750 ms), and validity (valid vs.
invalid) as within-subjects factors. This analysis revealed a
main effect of cue type, F(1, 19) = 6.64, p = .018, npz =.26,
and SOA, F'(1,19)=68.72, p <.0001, npz =.78 (see Fig. 3¢).
Faster saccades were triggered by the gaze cue (M = 183 ms,
SE = 1.032) compared with the arrow cue (M = 193 ms, SE =
1.036). In trials where the SOA was shorter, average saccade
RT was slower (M = 201 ms, SE = 1.03) than in trials with
longer SOA (M = 176 ms, SE = 1.034). No other main effects
or interactions were significant (all s < 2.8, ps > .11).

Correlations

To investigate the direct relationship between eye movements
and cueing effect on RT, we plotted the relationship between
the validity effect on manual RTs against the validity effect on
landing positions of target-elicited saccades. We followed the
criteria of Experiment 1, but this time all participants provided
sufficient data and were all included in the analysis. Again, we
calculated the validity effect on RTs and target-elicited dis-
tance to the target by subtracting the values in valid trials from
the corresponding values in invalid trials. Strong positive
linear correlations for both gaze, Pearson’s r(20) = .95,
95% CI [.87, .98], R? = .90, and arrow-cue condition,
Pearson’s #(20) = .94, 95% CI [.85, .98], R? = .88, were
found, confirming the findings of Experiment 1, but this
time in a larger data set (see Fig. 3e).
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Discussion

In Experiment 2, the discrimination task was made more
difficult in order to make eye movements instrumental in
the task. The results showed that in comparison to
Experiment 1, the proportions of eye movement increased
substantially. Taken together, these findings indicate that
the task manipulation effectively raised the need for overt
shifts. In addition, relative to Experiment 1, overall RTs
slowed down, indicating that participants needed more
time to resolve the identity of the target. Interestingly, the
behavioral performance highlighted a significant differ-
ence between cue conditions, where observers were faster
to respond when the nonpredictive cue was the eye gaze.
However, this new cue-dependent difference was unlikely
due to task difficulty and Experiment 2 being more diffi-
cult. When we checked the results against those of
Experiment 1 by looking at only the observers who made
eye movements (N = 10), we found a very similar differ-
ence in Experiment 1, in that gaze was responded to faster
than was the arrow. Thus, regardless of difficulty, in the
presence of eye movements, manual responses to gaze
stimuli were faster than to arrow stimuli, which is in line
with the general results on saccade latency.

Looking at the pattern of eye movements, the analysis of
the cue-elicited eye movements confirmed that participants
tended to follow the cue. Saccade landing positions in the
target-elicited distribution were affected by cue validity.
Neither the cue-elicited nor the target-elicited saccades were
affected by the type of cue, whether it was a gaze or arrow cue.
Unlike the results in Experiment 1, invalid cues elicited an
overt response away from the target in the general direction
of'the distractor in Experiment 2. While the analysis of initial
saccade landing positions did not reveal reliable differ-
ences between social and nonsocial cues, the analyses on
saccade latency did. Prior to target onset, cue-elicited sac-
cades were faster when triggered by the social cue.
Similarly, target-elicited saccadic RT varied in dependency
of the cue presented, with faster saccadic RTs when the cue
was the gaze. Hence, evidence from Experiment 2 is in
favor of the notion that social cues may elicit more reflex-
ive shifts in overt attention than do nonsocial cues. In ad-
dition, this differentiation seemed to extend up to the final
response, in the sense that gaze-cue associated overall RTs
were speeded up. However, critically, this difference in
saccade latency between cues did not carry over to differ-
ences in validity effects on RT, or to differences in landing
positions across cues. Finally, correlations between the
cueing effect on RT and validity effect on eye movements
confirmed the trend shown in Experiment 1, adding con-
verging evidence for a strong association between the ini-
tial landing position of the oculomotor response and the
final manual response.
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General discussion

In this study we investigated the impact of spontaneous ocu-
lomotor behavior on attentional performance. Our approach
extends previous research, in the sense that it enabled us to
examine oculomotor performance and attentional orienting at
different moments in time, and it demonstrates that spontane-
ous eye movements are present even before the occurrence of
a specific event (i.e., the target appearance), and even when
the task does not require overt responses.

First, our data reveal the cue had an immediate impact
on overt performance that was already present in the cue-
elicited saccadic responses. In previous work on covert
attention, participants’ gaze was not tracked, so the impact
of the uninformative cues on cue-elicited eye movements
could not be measured with RT or inferred from RT pat-
terns. Previous studies on overt attention that revealed po-
tential differences between these cues have focused on
target-elicited saccade latencies, not considering the dy-
namic deployment of attention over time and its conse-
quences on different oculomotor parameters.

Second, we found that cue type has a distinct impact on
oculomotor components. While saccade latencies were affect-
ed by the type of cue, both before and after the target onset,
saccade landing positions were not.

Starting from the 1990s, findings have pointed out that
centrally presented nonpredictive cues can trigger reflexive
orienting of attention (e.g., Driver et al., 1999; Friesen &
Kingstone, 1998; Galfano et al., 2012; Heimler et al., 2015;
Hommel et al., 2001; Langton & Bruce, 1999; Ristic et al.,
2002; Ristic & Kingstone, 2005; Tipples, 2002; however, see
Gibson & Bryant, 2005; Vecera & Rizzo, 2004, 2006). In our
study, the observed cueing effects on RTs are in line with a
wide range of studies that demonstrate how both uninforma-
tive gaze as well as arrow cues result in orienting of covert
attention, showing that valid trials are responded to faster than
invalid trials. Despite the stark perceptual differences between
the gaze and arrow cues in terms of complexity, results of
Experiment 1 and 2 show that the influence of both
nonpredictive cues on spatial attention, in terms of validity
effects, was comparable. However, manual RTs represent the
final result of orienting of attention and selection. Dynamic
visual processing is difficult to access using RTs only. In the
present work, we recorded eye movements during the cueing
task to examine their temporal evolution and investigated how
they contribute or influence the final manual response.
Previous work on overt attention did not collect manual RTs
and was based on specific instructions, which anchored sac-
cades execution at a certain point in time (Kuhn & Benson,
2007; Kuhn, Benson, et al., 2009a; Kuhn & Kingstone, 2009).
Differently from previous research on overt attention, the
present work focused on the impact that spontaneous oculo-
motor behavior may have on attentional performance.
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Consequently, we did not specifically and explicitly instruct
participants to start an eye movement at a certain point in time
or to a specific target. Rather than giving such instructions, we
asked participants to try and maintain fixation during the task,
similar to previous studies on covert orienting of attention. In
Experiment 1, we observed variability in oculomotor behav-
ior, and this may reflect the presence of individual differences
in the awareness of observers’ own oculomotor responses. As
a matter of fact, recent work has shown how eye movements
are very often not under volitional control, and even though
observers may feel that they are following instructions and
fixating on the center of the screen, saccadic responses might
show otherwise (Clarke, Mahon, Irvine, & Hunt, 2017,
Mahon, Clarke, & Hunt, 2018). Our second experiment
intended to overcome the limitation of the first experimental
design regarding the large variability between individual par-
ticipants as well as to test the statistic reliability of analyses
done in Experiment 1. We further explored the role of eye
movements by checking whether the patterns of results
remained consistent across two tasks differing in difficulty.
A simple manipulation of the target shape proved to be very
effective in increasing the need for eye movements, while
preserving the main features of the cueing task.

In our experiments, we distinguished two main distribu-
tions of eye movements. The first one likely represents overt
responses to the presentation of the central cues, before the
target and distractor are displayed. The second distribution
reflects eye movements made once the target and distractor
have appeared on the screen. What do these event-related eye
movements reveal about the processing of nonpredictive cen-
tral cues? On the one hand, the examination of cue-elicited
saccades confirmed that overt performance is susceptible to
uninformative central cues, irrespective of whether the cue
was social or not. Furthermore, saccade landing positions of
target-elicited saccades were also comparable in the two cue
conditions. When the task was easy in Experiment 1, saccadic
eye movements landed closer to the target only in the valid
condition. It seems that these eye movements were mainly
executed to get a better look at the target to support target
discrimination. This pattern changed when the task became
more difficult, in the sense that saccades appeared to follow
the nonpredictive central cues, irrespective of their validity.
Critically, all of these measures of oculomotor behavior failed
to reveal any differences between social and nonsocial cues.
Our work shows that this basic form of social attention (i.e.,
attentional orienting in response to eyes) is similar to nonso-
cial orienting of attention in most oculomotor measures.

The only difference we found between social and nonsocial
cues was in saccade latency, which depended distinctively on
the type of cue. In this regard, significant differences in sac-
cade latency may support the notion that eye-gaze cues are
processed more rapidly than nonsocial cues and that gaze cues
lead to more reflexive orienting of overt attention. It may be

the case that this difference can be explained by low-level
differences between the gaze cue and the arrow cue. The gaze
cue was far more complex compared with the line drawing of
the arrow. Yet despite the fact that the stimuli were so vastly
different, our results showed that they influenced manual be-
havior in a very similar way. Previous studies that more sys-
tematically controlled for low-level differences of social and
nonsocial stimuli, as well as included instructions about the
type of eye movement to execute, also reported faster latencies
in response to the gaze cue for both for correct saccades
(Kuhn & Kingstone, 2009) and erroneous saccades (Kuhn &
Benson, 2007). In an attempt to increase ecological validity of
the social stimuli, we used a more realistic eye-gaze cue; re-
gardless of stimulus-complexity differences, our data are in
line with previous findings on saccade latency showing faster
response to gaze than to arrows. Importantly, both cue-elicited
and target-elicited eye movements uncovered this subtle dif-
ference between social and nonsocial cues, and this further
shows that saccade latencies are immediately affected by the
type of cue, independent of the presentation of the target or
task.

Interestingly, this effect appears to be preserved also in
overall RTs, providing evidence for a cue-dependent associa-
tion between oculomotor and manual responses. While
Experiment 1 highlighted a trend in this direction in the sub-
group of individuals that relied more on eye movements,
Experiment 2 confirmed this result in a bigger sample of par-
ticipants. Irrespective of task difficulty, the gaze-cue advan-
tage on latency and overall RT was present when we matched
samples for eye movements. The fact that eye gaze has a
greater impact on selection may find its roots in difference in
biological relevance; while the eye gaze is important for
humans to develop social interaction and joint attention
(Corkum & Moore, 1995), the arrow cue is typically regarded
as nonbiologically relevant. Several experimental studies have
tested this hypothesis comparing the social and nonsocial cues
both in terms of their behavioral effects as well as the possible
neural mechanisms underlying this form of reflexive orienting
(Carlin & Calder, 2013; Dalmaso, Galfano, Tarqui, Forti, &
Castelli, 2013; Friesen, Moore, & Kingstone, 2005; Friesen
et al., 2004; Galfano et al., 2012; Galfano et al., 2011;
Hietanen, Leppdnen, Nummenmaa, & Astikainen, 2008;
Hietanen, Nummenmaa, Nyman, Parkkola, & Hémél4inen,
2006; Kingstone, Tipper, Ristic, & Ngan, 2004; Langdon &
Smith, 2005; Ristic et al., 2002; Ristic et al., 2007). However,
the debate is far from being settled. While several experimen-
tal and neuropsychological studies have provided evidence in
favor of the idea that gaze-cue processing is more reflexive
and less affected by voluntary control of attention, and that
additionally these cues rely on diverse neural networks
(Akiyama et al., 2006; Friesen et al., 2005; Friesen et al.,
2004; Hietanen et al., 2008; Kingstone, Friesen, &
Gazzaniga, 2000; Ristic et al., 2002; Ristic & Kingstone,
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2005; Ruistic et al., 2007), others have found no evidence to
suggest differences between the social and nonsocial cues
(e.g., Galfano et al., 2012; Kuhn & Benson, 2007; Kuhn &
Kingstone, 2009; Tipples, 2008).

While the present patterns of results on saccade latency and
on manual overall response times support this distinction, they
also suggest that this difference between gaze and arrow cues
is apparent only in the presence of eye movements. As a mat-
ter of fact, no cue modulation on RT was found in the sub-
group of participants that did not move the eyes in Experiment
1, but it was clearly present in Experiment 2, where all partic-
ipants needed eye movements for the discrimination task. It
may be possible that eye contact prompts observers to make
eye movements more rapidly and to respond faster, thus
highlighting the gaze-cue advantage on latency and overall
RT. This effect may stem from a general alerting effect caused
by the eyes (see also Kuhn & Benson, 2007; Kuhn &
Kingstone, 2009), or it may represent a unique social feature
of attentional orienting to social cues (Marotta, Roman-
Caballero, & Lupiafiez, 2018). Future research could focus
on specifying in more detail in which contexts such facilita-
tion emerges, and which are the possible factors driving this
effect. Simplifying the qualitative features of the face or, more
challenging, enriching the sensory characteristics of the non-
social cue could facilitate the comparison between social and
nonsocial cues in different situations. In our case, it could be
argued that very different low-level features like saliency and
size may have played a role in creating the advantage on
overall RTs observed in the gaze-cue condition. Nonetheless,
even if saccades were elicited faster in response to gaze cues,
not only when the target was presented but also before that
moment, it is important to note that the magnitude of the
validity effect on RT was not affected by cue type.

While saccade latency did not vary as a function of validity,
evidence for a strong link between attention and eye move-
ments was found in the association between the validity effect
on saccade landing positions and the cueing effect on RTs.
Moreover, this distinction between saccade latency and land-
ing position further suggests that not all aspects of overt se-
lection are affected by the type of cue. Regardless of cue type,
landing position of target-elicited initial eye movements in
valid and invalid trials was tightly associated with the magni-
tude of the final validity effect on RTs. Taking into account
that initial target-elicited saccades had their peak at around
200 ms after the target onset and responses occurred 400—
500 ms later, our data endorses the statement that
nonpredictive cues elicit a form of orienting that is resistant
to volition and persists over time. We confirmed this robust
association also in a larger sample size and with bigger data
sets at disposal (Experiment 2). Yet more research is required
to verify the existence of a causal relationship between direc-
tion of initial eye movements and cueing effects on manual
responses. As we did not directly manipulate oculomotor
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measures, any interpretation of the causal relationship be-
tween landing position and manual cueing effect remains pre-
mature, and more research is needed to test it. Nonetheless, the
examination of eye movements in a spatial cueing paradigm
revealed the presence of distinctive associations between di-
verse oculomotor components and manual RT. Our data dem-
onstrate that saccade latency is cue dependent and that the
gaze-cue facilitation seems to extend to the manual responses.
Conversely, landing position is validity-dependent and is
tightly associated with the magnitude of cueing effects on RT.

These findings have implications for our understanding of
the relationship between attention and eye movements. Our
study suggests that different components of eye movements
seem to be differently associated with the observed final man-
ual response; this shows that the relationship between atten-
tional orienting and eye movements is not straightforward.
Although interpretations of this distinction of oculomotor pa-
rameters are somewhat premature and further research is need-
ed, they seem to suggest that the when and the where of eye
movements have different properties and separate links to man-
ual responses, at least when nonpredictive social and nonsocial
cues are involved and compared with each other. Under this
view, different components of saccadic eye movements may be
independently associated with the final attentional performance
on manual RTs. Future research should aim at verifying wheth-
er these relationships may be the sign of independent contribu-
tions of these saccade parameters, in terms of cause—effect, on
motor programming and execution of manual responses.

In this study we explored overt selection by examining the
latency and landing position of initial saccades. However, in
future studies, other parameters may be evaluated to help ex-
pand the current results. For example, microsaccades (Engbert
& Kliegl, 2003; Hafed & Clark, 2002; Valsecchi, Betta, &
Turatto, 2007) may be a good source of information to study
the dynamics of attention of individuals characterized by a
low rate of eye movements. Specifically, in our case, in
Experiment 1, when the task was easy enough to be performed
without involving any kind of saccades. One hypothesis that
could be tested is that peak velocity and amplitude of
microsaccades are affected by cue type just as saccades, show-
ing a greater influence of the social cue on these parameters.
However, since microsaccades are significantly affected by
perceptual features of the stimuli (McCamy, Jazi, Otero-
Millan, Macknik, & Martinez-Conde, 2013), a comparison
between social and nonsocial cues would require a more sys-
tematic control of size and complexity in order to closely
match the perceptual features of the two central cues.

Our study suggests that it is possible to combine the anal-
ysis of the two components of orienting in one task, and that
this approach can help disclose links between overt selection
and manual response. We pointed out how the eye gaze has an
impact on latency that appears to persist until the final manual
response. We also found a very strong association between
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validity effects on initial saccades and the magnitude of the
final validity effect. Our findings clearly point out the benefit
of concurrently monitoring of eye movements in spatial cue-
ing paradigms without explicit task instructions to make eye
movements. Our results support the idea that the systematic
analysis of eye movements can help map the time course and
dynamics of cueing over time. This approach, together with a
more precise characterization of the context in which orienting
of attention occurs, could shed light on the debate regarding
similarities and differences of social and nonsocial cues.
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