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When interacting with the environment, our manual actions are often preceded by an eye
movement. This suggests that the processes underlying target selection in hand and eye
movements may be coupled. It is known that when a distractor is presented close to a
target, the endpoint of an eye movement will be biased towards the distractor. The size of
this so-called global effect decreases when more viewing time is available. Here we
investigate whether a similar effect is also present in hand movements. If the processes
underlying target selection for hand and eye movements are indeed coupled, a similar bias
should be present in hand movements as well. To test this, we adopted a classic global
effect paradigm but applied it to goal-directed hand movements. We show that the end-

Selection points of hand movements are unbiased for all but one participant, irrespective of the
Averaging viewing time. These results suggest that the processes underlying target selection for hand
Accuracy movements operate independently from those for eye movements.
Motor plan © 2021 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC
BY license (http://creativecommons.org/licenses/by/4.0/).
. selection) is coupled for eye and hand (Belopolsky, Olivers, &
1. Introduction

Theeuwes, 2008). Indeed, there are many studies showing a
relationship between hand and eye movements, in particular

Combined eye-hand actions dominate our daily activities. For
instance, picking up a pen involves not only a movement of
the hand, but also a saccadic eye movement: we generally look
at an object before we act upon it (Johansson, Westling,
Backstrom, & Flanagan, 2001; Land, 2006; Land & Hayhoe,
2001), presumably to improve visual guidance. Therefore, it
seems obvious that the decision where to move (target

when both movements are instructed to be directed towards
the same target area. Amongst others, these studies have re-
ported a consistent relationship between the latencies (e.g.,
Bekkering, Pratt, & Abrams, 1996; Pratt, Bekkering, Abrams, &
Adam, 1999), the amplitudes (Bekkering, Abrams, & Pratt,
1995; de Grave, Franz, & Gegenfurtner, 2006), the trajectories
(Jana & Murthy, 2021), and the endpoints (Bekkering et al,,
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1995; de Grave et al., 2006; Song & McPeek, 2009) of hand and
eye movements.

However, other studies have reported various dissociations
between hand and eye movements (Issen & Knill, 2012;
Jonikaitis & Deubel, 2011; Lisi & Cavanagh, 2017; McIntosh &
Buonocore, 2012; Sailer, Eggert, Ditterich, Hassenzahl, &
Straube, 2003; Sailer, Eggert, Ditterich, & Straube, 2000;
Stritzke & Trommershauser, 2007; Thompson & Westwood,
2007). For instance, Thompson and Westwood (2007) had ob-
servers make an eye and/or a hand movement to a single red
circle in a peripherally presented Miiller-Lyer figure and found
that primary saccades were substantially affected by the
specific layout of the Miiller-Lyer figure, whereas hand
movements were not. Results like these suggest that target
selection for hand and eye movements might be based on
different mechanisms and might even rely on entirely
different target representations.

A fruitful approach to determine commonalities between
the two effector systems and draw inferences about the extent
to which target selection in hand and eye movements relyon a
common representation is to examine whether distinct phe-
nomena that are well established in eye movements also
occur in hand movements. Indeed, there are various studies
that examined the occurrence of well-known saccadic effects
in hand movements such as the gap effect (Bekkering et al.,
1996; Pratt et al., 1999), adaptation effects (Bekkering et al,,
1995), salience effects (Kerzel & Schonhammer, 2013; van
Zoest & Kerzel, 2015; Zehetleitner, Hegenloh, & Miiller, 2011),
and the remote distractor effect (Bompas, Hedge, & Sumner,
2017; Heath & DeSimone, 2016; McIntosh & Buonocore, 2012).

One saccadic effect that is particularly suited to be studied
in hand movements is the global effect. The global effect re-
fers to the finding that when a distractor is presented in close
proximity to a saccadic target, saccades are biased towards
the distractor location (Arkesteijn, Smeets, Donk, &
Belopolsky, 2018; Coren & Hoenig, 1972; Findlay, 1982). The
global effect is a robust and well-established phenomenon
and has been demonstrated to be influenced by multiple
factors (see Van der Stigchel & Nijboer, 2011 for an overview),
such as the location of the distractor relative to the target
(Coéffé & O'Regan, 1987), the relative size (Findlay, 1982), and
the intensity of both items (Deubel, Wolf, & Hauske, 1984).
The global effect is strongest when target and distractor
location are unpredictable (He & Kowler, 1989), when the
distractor is presented between the initial fixation point and
the target (Coéffé & ORegan, 1987; Coren & Hoenig, 1972;
Findlay, 1982), and when saccades have short latencies or
stimuli are briefly presented (Arkesteijn, Donk, Smeets, &
Belopolsky, 2020; Arkesteijn et al.,, 2018; Findlay, 1982;
Heeman, Theeuwes, & Van der Stigchel, 2014; Ottes, Van
Gisbergen, & Eggermont, 1985).

The global effect is thought to reflect competitive in-
teractions between different locations in a retinotopic saccade
map (but see Findlay & Walker, 1999; Godijn & Theeuwes, 2002;
Trappenberg, Dorris, Munoz, & Klein, 2001) which presumably
underlies saccadic target selection. When a target and a dis-
tractor are simultaneously presented, both evoke a stimulus-
driven activation peak in the saccade map (Meeter, Van der
Stigchel, & Theeuwes, 2010). Activity generated at one loca-
tion inhibits distant locations but spreads to neighboring

locations (Godijn & Theeuwes, 2002). The global effect can be
regarded as a the result of a weighted average of the activa-
tions at the target and distractor locations. However, activation
generated in the saccade map is not only subject to stimulus-
driven influences, but can also be modulated in a top-down
fashion such that the activation at the target location can be
increased at the expense of the distractor location. As this
process takes time (Van Zoest & Donk, 2008; van Zoest, Donk, &
Theeuwes, 2004), saccades with shorter latencies are more
likely to end up in between the target and the distractor
(Heeman et al., 2014). This saccade map is presumably located
in the intermediate layers of the superior colliculus (Dorris,
Paré, & Munoz, 1997; McPeek, Han, & Keller, 2003; McPeek &
Keller, 2004; Munoz & Wurtz, 1995). The intermediate layers
of the superior colliculus also have been shown to contribute to
target selection for hand movements (Song & McPeek, 2015;
Song, Rafal, & McPeek, 2011; Stuphorn, Bauswein, & Hoffmann,
2000). This suggests that the saccade map may be an effector-
independent target selection map, underlying the generation
of both hand and eye movements.

To investigate whether hand movements rely on the same
representation as eye movements, Sailer, Eggert, Ditterich,
and Straube (2002) examined the presence of a global effect
in both eye and hand movements. They asked participants to
perform a hand and/or an eye movement to a target which
was presented simultaneously with a distractor. Both target
and distractor were presented at the horizontal meridian,
either to the right or left of central fixation. Overall, the results
showed that the distractor affected movement amplitude of
both hand and eye, albeit the effect was considerably smaller
for the hand than for the eye. Importantly, they also showed
several differences between hand and eye movements. For
instance, the size of the global effect in hand movements did
not reduce with increasing latency whereas it did in eye
movements. Moreover, in Experiment 4, they showed that
when the distractor was presented at a less eccentric location
than the target, hand movements were no longer affected by
the distractor whereas eye movements were. On the basis of
their results, Sailer et al. (2002) concluded that hand and eye
movements most likely rely on separate representations. Yet,
both representations were assumed to be coupled through the
exchange of spatial information regarding the target and
distractor location.

The question as to whether hand movements are subject to
a global effect has also been addressed by Heath and
DeSimone (2016), although this study was primarily con-
cerned with the remote distractor effect (see also Bompas
et al., 2017; McIntosh & Buonocore, 2012), Amongst others,
Heath and DeSimone (2016) compared reach movements be-
tween conditions in which a target was presented in isolation
with conditions in which a target was presented concurrently
with a remote or a proximal distractor. Both target and dis-
tractor were presented at the meridian. The results obtained
in the proximal distractor conditions were remarkably similar
to those obtained by Sailer et al. (2002). The endpoints of the
hand movements were found to be biased towards the dis-
tractor, however, these effects were only obtained when dis-
tractors were presented at more eccentric locations than the
target. When distractors were presented at less eccentric lo-
cations, no global effect was observed. Heath and DeSimone
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(2016) also showed that hand movement latencies increased
in the presence of a remote distractor but decreased in the
presence of a proximal distractor (see also Bompas et al., 2017;
but see; McIntosh & Buonocore, 2012), a finding similar to the
remote distractor effect observed in eye movements (Walker,
Deubel, Schneider, & Findlay, 1997). On the basis of their re-
sults, Heath and DeSimone (2016) concluded that both hand
and eye movements are generated on the basis of a single
effector-independent target selection map.

It is important to note that both aforementioned studies
(Heath & DeSimone, 2016; Sailer et al., 2002) reported a
diminished global effect in hand movements when the dis-
tractor was positioned in between the target and the starting
position of the hand as compared to when it was positioned
beyond the target. These results are inconsistent with those
found in eye movement studies that typically report a larger
global effect when the distractor is presented closer to fixation
than the target (Coren & Hoenig, 1972; Findlay, 1982). Sailer
et al. (2000), (see also Heath & DeSimone, 2016) speculated
that the variations in the global effect across distractor ec-
centricity might have been related to differences in distractor
salience which in turn might have led to differences in the
possibility to apply inhibition.

However, these differential effects might also have been
reflections of specific motor biases such as obstacle avoid-
ance (Tipper, Howard, & Jackson, 1997; Tresilian, 1998) rather
than of changes in target-distractor competition. For
instance, it has been reported that the hand tends to move
away from distractors when located along the movement
path so as to avoid collision (Dean & Briiwer, 1994; Haffenden,
Schiff, & Goodale, 2001; Khoozani, Voudouris, Blohm, &
Fiehler, 2020; Menger, Dijkerman, & Van der Stigchel, 2013).
Not only the trajectory towards a target, but also target se-
lection for the hand is biased away from the position of ob-
stacles (for instance when selecting grasping points on an
object; Voudouris, Smeets, & Brenner, 2012) and even away
from distracting disks (de Grave, Biegstraaten, Smeets, &
Brenner, 2005). If these processes would co-occur, any bias
towards a distractor will be reduced even though this might
be fully unrelated to changes in the underlying target-
selection map. Here, we investigated whether a distractor
biases the endpoint of a fast goal-directed hand movement
while controlling for distractor eccentricity by positioning the
target and the distractor next to each other. Many previous
studies examining the global effect in eye movements posi-
tioned the distractor at the same eccentricity as the target
and consistently reported a robust global effect (e.g.,
Arkesteijn et al., 2020; Arkesteijn et al., 2018; Heeman et al.,
2014; Van der Stigchel & Nijboer, 2011; Walker et al., 1997).
The present study aims to use the same stimulus configura-
tion as in these previous studies not only to avoid differential
effects across distractor eccentricity but also to examine how
the presence of an irrelevant distractor affects the direction
of a hand movement, which might well be planned inde-
pendently from its amplitude (Davare, Zénon, Desmurget, &
Olivier, 2015; Gordon, Ghilardi, & Ghez, 1994; Vindras,
Desmurget, & Viviani, 2005).

For this, we utilized the same configuration we used before
for studying the global effect in saccades (Arkesteijn et al.,

2018, 2020). Arkesteijn et al. (2020) dissociated viewing time
of target and distractor and saccade preparation, and showed
that the former was critical for the size of the global effect. A
larger global effect was observed when target and distractor
were both viewed for a shorter time. We used two different
viewing times to investigate whether the viewing time influ-
enced the size of the global effect in hand movements in a
similar way as in saccades. If target-distractor competition in
hand movements is similar to the competition when planning
eye movements, a clear global effect should be present in
hand movement endpoints for short presentation times, but
not for long presentation times.

2. Methods
2.1. Participants

Nineteen students (aged: 18—36, mean: 21, five male) of the
Vrije Universiteit Amsterdam participated in this study. The
data of one participant were excluded from the analysis
because too many trials were excluded (see section data
analysis). All had normal or corrected-to-normal vision and
were naive to the purpose of the study. Informed consent was
obtained from all participants and the experiment was
approved by the Ethical Committee of the faculty of Behavioral
and Movement Sciences of the Vrije Universiteit Amsterdam.
We report how we determined our sample size, all data ex-
clusions (if any), all inclusion/exclusion criteria, whether in-
clusion/exclusion criteria were established prior to data
analysis, all manipulations, and all measures in the study.

2.2 Apparatus

The experiment was conducted in a dimly lit room. A 427
touchscreen monitor (liyama ProLite) with a 1920 x 1080
pixel resolution and a 60 Hz refresh rate displayed the
stimuli. The monitor was laying on a table, oriented at 31° so
that participants could look down on it. We wrote software to
control the stimulus presentation and touch responses in
Python (Anaconda Software Distribution, 2019) using a
Pygame back-end.

2.3. Stimuli, design and procedure

Participants stood in front of the touchscreen at a distance of
50 cm from the display to the head with their right index finger
on a starting position. Distances and dimensions are reported in
cm; as the head is free to move, we can only roughly convert
these distances into the angular measures that are frequently
used in eye-movement studies: 1 cm = 1.2°. We presented the
stimuli on a 29 cd/m? grey background. In the center of the
screen there was a white ring (diameter 1.75 cm), which served
as the starting position for the finger (see Fig. 1). The target was a
15 cd/m? blue dot (diameter 1.31 cm) and could appear randomly
in the top hemifield on an imaginary half-circle (radius 8.73 cm)
around the starting position. A black distractor (diameter
1.75 cm) was presented on the imaginary circle at 1/18th of the
circle circumference either counterclockwise (CCW) or clockwise
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Fig. 1 — Lay-out of the experiment. A) Spatial lay-out of the stimuli with dimensions in cm. Target and distractor were only
presented in the top hemifield of the circle. B) An example of calculation of the tapping bias (dotted line) as half of the
distance between the averaged tap positions of CW and CCW trials (solid line).

(CW) from the target. We ensured that the target, as well as the
distractor, appeared in the top hemifield, so the possible loca-
tions of the target depended on whether the distractor was CW
or CCW.

Participants were instructed to place their index finger on
the starting position and to respond to the appearance of a
target as quickly as possible by moving their finger to tap the
target as quickly as possible. Participants received a warning if
their total response time (from stimulus onset until they
tapped the target) exceeded 600 msec. The presentation time
was either short or long. In the ‘short’ condition, the target
and distractor were only presented for 100 msec and in the
‘long’ condition, the target was presented until the finger
moved away from the starting position. The two conditions,
target and distractor locations were presented in random
order within a block. The experiment consisted of 360 trials,
tested in 6 blocks. Participants were allowed short breaks in
between the blocks. The total duration of the experiment was
approximately 30 min.

2.4. Data analysis

Hand movement data were analyzed offline using a custom
code written in Python (Anaconda Software Distribution,
2019). The response to the stimuli was considered valid
when the following criteria were met: the finger lost contact
with the screen within 1.75 cm of the starting position not
earlier than 100 msec after stimulus onset, and the finger
tapped the screen within 3.5 cm of the target position and no
longer than 600 msec after stimulus onset. We excluded one
participant who produced less than 50% valid trials. For the
remaining participants, 5636 trials (87%) were included in the
subsequent data analysis.

For the data analysis, we rotated all stimuli and tap posi-
tions so that the target position was at the top position (see
Fig. 1B). The mean lateral tap position of trials in which the
distractor was presented CCW was subtracted from the mean
lateral tap position of CW distractor trials and divided by two.

In this way, a positive value would indicate a tapping bias
towards the distractor (where a value of 1.50 cm would indi-
cate a lateral tap position at the distractor), whereas a nega-
tive value would mean a tapping bias in the opposite
direction of the distractor (i.e., obstacle avoidance). To assess
if participants would tap at the target (null hypothesis) or if
the taps were influenced by the distractor (alternative hy-
pothesis) a Bayesian two-side one-sample hypothesis against
zero was performed using the default Cauchy prior (scale:
.707) by JASP .9.2.0 (JASP Team, 2018). A two-sided paired
sample t-test was performed to assess differences between
the ‘short’ and ‘long’ conditions. A BF,o is reported when
there is evidence in favor of the alternative hypothesis
compared to the null hypothesis and a BFy; is reported when
there is evidence in favor of the null hypothesis over the
alternative hypothesis (Wagenmakers, Lodewyckx, Kuriyal, &
Grasman, 2010). A BF > 3 indicates that there is substantial
evidence, a BF > 10 indicates that there is strong evidence,
and a BF > 100 indicates that there is decisive evidence for a
hypothesis to be true (Raftery, 1995).

To assess if the tapping bias would depend on latency in a
similar way as it does for saccades (Heeman et al., 2014; Ottes
et al., 1985), and whether this dependency indeed does not
hold for hand movements (as reported by Sailer et al., 2002),
we reconstructed the time-course of the tapping bias as a
function of tapping response times for the ‘short’ and ‘long’
conditions using the SMART method (van Leeuwen, Smeets, &
Belopolsky, 2019). First, for each participant and condition, the
landing position data was smoothed with a Gaussian kernel
(¢ = 15 msec) for tapping responses ranging from 150 to
300 msec. This was done both for the CW and CCW trials.
Subsequently, the difference between the smoothed time se-
ries obtained in the CW and CCW trails were divided by two to
acquire the tapping bias as a function tapping response times.
As the landing bias reduces linearly with saccade latency for
visually guided saccades (Heeman et al, 2014), a linear
regression line was fit to the smoothed time series, separately
for the “short” and “long” conditions and for every participant
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in a similar way as we did for saccades (Arkesteijn et al., 2020).
The resulting slopes were again tested against zero using a
Bayesian two-side one-sample hypothesis.

3. Results

The response times for the ‘short’ and ‘long’ conditions were
similar (Fig. 2). In both conditions, the subjects' median la-
tency was on average 233 msec (interquartile range:
210—257 msec). The subjects' median tap times were on
average 393 msec (interquartile range: 361—417 msec) for the
‘short’ condition and 396 msec (interquartile range:
361—418 msec) for the ‘long’ condition.

For 17 of our 18 participants, the distractor did not affect
the tap position. The tapping biases of these participants
ranged from —.22 cm to .18 cm (mean .01 cm) in the ‘short’
condition and from —.10 cm to .17 cm (mean —.03 cm) in the
‘long’ condition. The variability in the tap positions was larger
in the direction of the target (sagittal) than in the direction of
the distractor (lateral). The mean standard deviation in the
lateral direction was .50 cm in the ‘short’ and .46 cm in the
‘long’ conditions respectively. The mean standard deviation in
the sagittal direction was .53 cm in the ‘short’ condition, and
.51 cm in the ‘long’ condition (Fig. 3). This bias was indepen-
dent of the hand movement latency in both conditions
(Fig. 4A; ‘short’: slope .000 + .004 cm/sec, ‘long’: slope
.000 + .003 cm/sec). We also examined whether the tapping
bias depended on the duration of the tapping movement (see
Fig. 4B). The results indicate that the tapping bias did not vary
with movement duration and was zero across its full range.

One participant, however, behaved differently, with a
mean tap position that was two standard deviations away
from all other participants (see Fig. 3). The mean tapping bias
of that participant was 1.69 cm both in the ‘short’ and ‘long’
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Fig. 2 — Response times. Hand movement latency
(continuous curve) and tapping times (dotted curves)
plotted as cumulative distributions for the ‘short’ and long’
conditions. Data are pooled across all participants. Solid
lines indicate the latency times of the hand movement;
dotted lines indicate the times at which the hand tapped
on the screen. The response time distributions are similar
for the two conditions.
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Fig. 3 — Finger tap positions for all participants. Mean tap
positions for each participant in trials with the CW (blue)
and CCW (red) distractor location for the ‘short’ and ‘long’
condition (upper and lower panel, respectively). Error bars
denote the participants' standard deviation. The black disk
indicates the target position; the colored disks the possible
distractor positions. The four data-points that lie outside
the group are from the same participant; for the other 17
participants, the mean endpoints are within one standard
deviation from the target location.

condition. This participant differed not only in the bias: also
the variability in tap position was larger in the direction of the
distractor: .77 cm and .82 cm in the ‘short’ and ‘long’ condi-
tion, compared to an average of .49 cm and .44 cm in the
‘short’ and ‘long’ condition respectively, for the other 17 par-
ticipants. However, the hand movement latencies were very
similar (229 msec in the ‘short’ and 230 msec in the ‘long’
condition).

According to our planned tests, there was no evidence that
the tapping bias differed from zero in both conditions (‘short’:
BF;0 = .27 & ‘long’: BF;, = 1.24), on the contrary, there was
substantial evidence that the hand movements showed no
tappingbias in the ‘short’ condition (BFo; = 3.74). Furthermore,
there was no support for the hypothesis that the tapping bias
differed between the two conditions (BF;o = .89). There was
substantial evidence that the slopes of a function relating bias
and tapping time did not differ from zero in both the ‘short’
(BFo1 = 3.70) and ‘long’ (BFo; = 3.44) condition.

4, Discussion

The present study shows that expression of the target-
distractor competition is less apparent when measured in
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Fig. 4 — Tapping bias as function of the timing of the hand
movement. For both presentation times (color), the tapping
bias was close to zero, independent of the latency (A) and
the duration (B) of the hand movement. Smoothed time
series averaged across participants using the SMART
method. The transparent areas indicate the 95% confidence
interval of the mean. The horizontal dashed line
corresponds to the landing biases that we have reported
for saccades in a similar configuration (Arkesteijn et al.,
2020).

hand movements. Except for one participant, no global effect
was found for the endpoints of tapping movements. This was
the case both when participants could examine the visual
scene up until the onset of the hand movement and when
access to visual information was restricted (stimuli were
visible for 100 msec). In contrast with results reported for
saccades, the tapped positions did not vary with latency. No
differences were found between the two conditions in either
the tap position of the finger or in the hand movement la-
tencies. From this, we conclude that target selection process
for hand and eye movements are not coupled.

One participant showed an average tap position that was
biased towards the distractor. One might argue that for this
participant, the global effect was present. If so, one would
expect the global effect to reduce with viewing time (Arkesteijn
et al., 2020). The bias of this participant was not reduced in the
‘long’ condition (the same bias in both panels of Fig. 3). This
lack of effect of viewing time indicates that the effect of the
distractor on participant's tapping behavior is unrelated to the
global effect that is observed in eye movements. So, also for
this participant, it is unlikely that target selection for hand and
eye movements were spatially coupled.

The absence of a global effect in our experiment differs
from the results of Sailer et al. (2002) and Heath and DeSimone
(2016). Both studies investigated the effect of distractors on
the amplitude of hand movements and found a clear effect in
the same direction as was found for saccades: a bias towards
the distractor. However, in contrast to the saccadic global ef-
fect, the effect that was reported by Sailer et al. (2002) and

Heath and DeSimone (2016) did not vary with latency. More-
over, the effect was only consistently present when the dis-
tractor was presented at a more eccentric location than the
target, whereas for saccades, the effect is typically found for
distractors both nearer and farther than the target (Coren &
Hoenig, 1972; Findlay, 1982; Walker et al., 1997). Lastly, over-
all the distractors tended to have a smaller effect on the hand
than on the eye. Nevertheless, Sailer et al. (2002) and Heath
and DeSimone (2016) also reported various similarities be-
tween hand and eye movements supporting the notion that
hand and eye movements are coupled. The present data are
not in line with this notion. If target selection for hand and eye
movements would have been coupled, the distractor should
have elicited a global effect comparable to the one observed
for saccades in similar stimulus configurations (Arkesteijn
et al., 2020), which is clearly not what we found.

Even though we used flanking distractors, one might argue
that the lack of global effect in our experiment might have
been due to a possible masking by an obstacle avoidance
mechanism, previously demonstrated in hand movements
(de Grave et al., 2005; Tresilian, 1998; Voudouris et al., 2012). If
so, these two effects should have exactly counteracted each
other for 17 of the 18 participants in order to obtain the very
consistent results presented in Fig. 3. As there is a large inter-
individual variability in the strength of the global effect (e.g.,
Figure 2b in Arkesteijn et al., 2020), this would require that the
amount of obstacle avoidance and global effect would be
strongly correlated across participants: for those with a large
global effect, the hand should have avoided the distractor
more. Moreover, as the global effect decreases with viewing
time, one would expect the net effect to shift in the direction
of obstacle avoidance in the ‘long’ condition. This pattern was
not observed. Therefore, the current data is likely not in
accordance with the hypothesis of information exchange
combined with obstacle avoidance. Instead, the hands tapped
on the target with high precision, especially in the lateral di-
rection: i.e., the variation of tap position was smaller in the
direction of the distractor than in the movement direction. We
thus conclude that our data provide evidence against the hy-
pothesis of information exchange between the target selec-
tion for eye and hand (except for the one participant).

It is unclear why distractors affected the hand movements
for a single participant in our experiment and why primarily
distractors in positions farther than the target affected the
hand position in the experiments by Sailer et al. (2002) and
Heath and DeSimone (2016). The main difference between our
study and the two previous studies is the position of the dis-
tractor. In our study, the distractor was presented on an axis
perpendicular to the movement axis, i.e., left or right from the
target as seen from the starting point, and thus neither farther
nor nearer than the target. It might be that if we would have
used distractors that were slightly farther away, we might
have seen effects for all participants. An alternative line of
explanation capitalizes on the fact that the distractor in our
experiment was expected to affect the direction of the
movement. In contrast, in both previous studies the distractor
was expected to influence the amplitude of the movement. It
has been suggested, that the amplitude of hand movements is
programmed differently than the direction of hand move-
ments (Favilla, Hening, & Ghez, 1989; Gordon et al., 1994).
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Further experimentation is needed to test these lines of
explanation.

It is important to note that we did not measure eye
movements in our study. We can therefore not rule out the
theoretical possibility that the absence of a global effect in the
present study was related to the specific stimulus configura-
tion we used. However, it is important to note that previous
studies, including our own (Arkesteijn et al., 2018, 2020), have
consistently shown the presence of a global effect in eye
movements using a similar stimulus configuration. Moreover,
the global effect in eye movements has been demonstrated to
be strongest when target and distractor locations are unpre-
dictable (e.g., He & Kowler, 1989) and when stimuli are briefly
presented (Arkesteijn et al., 2018, 2020; Heeman et al., 2014),
two conditions that were also realized in the present study. It
is therefore unlikely that our current set-up was inadequate to
evoke a global effect in eye movements.

Another possibility would be that both the hand and the
eyes were initially biased to move in the direction of the dis-
tractor but rapidly adjusted to be redirected to the target, via a
short-latency corrective eye movement and an online
adjustment in the hand movement trajectory. There are
several reasons why this is implausible. First, the results in
our previous study with eye movements did not show any
evidence for the presence of corrective saccades (see
Arkesteijn et al., 2020; Arkesteijn et al., 2018). Moreover, there
is no reason to expect corrective saccades in our configuration
because the errors induced by the global effect are relatively
small (<2°) and well below the typical error range to be typi-
cally followed by corrective saccades (Tian, Ying, & Zee, 2013).
Furthermore, corrective saccades usually do not occur in the
absence of visual information and if they do occur, they are
less accurate compared to corrective saccades made in the
presence of visual information (Tian et al., 2013). This implies
that if such saccades would have occurred in our experiment,
they should have been less precise in the short as compared to
the long condition which should also be reflected in the end-
points of the hand movements. Yet, the finding that the tap-
ping bias did not vary across both conditions renders such an
explanation unlikely. Finally, if participants would have
adjusted their hand movements online, the tapping bias
should have been smaller with increasing movement time, for
any adjustment requires some time (Brenner & Smeets, 1997;
Smeets, Oostwoud Wijdenes, & Brenner, 2016). The results
(Fig. 4B) clearly show that this was not the case.

There might be an ecological explanation that the selected
target for hand and eye movements differ in the presence of a
distractor. If the eye does not accurately ‘hit’ the target but
instead skews towards an unexpected nearby distractor,
perception benefits from this. Namely, the fovea can cover
both objects partly, and thus can process information from
both stimuli. If the hand is biased towards the distractor, it
simply misses the target. Perhaps, the system coding for hand
and eye movements allows for a wider distribution for eye
movement endpoints than it does for hand movements.
Indeed, the standard deviations of saccades (Figure 2C of
Arkesteijn et al.,, 2020) is much larger than that of hand
movements (Fig. 3).

Together these results show that even though the ampli-
tude of hand movements can in some configurations be

affected by distractors (Heath & DeSimone, 2016; Sailer et al,,
2002), there is no effect of distractors in the direction of hand
movements. This lack of effect is independent of presentation
time and latency. In contrast, both the amplitude and direction
of the endpoints of eye movements are clearly affected by a
distractor (Coren & Hoenig, 1972; Findlay, 1982; Van der
Stigchel & Nijboer, 2011), and this effect reduces with presen-
tation time (Arkesteijn et al., 2020; Findlay, 1982; Heeman et al,,
2014). This shows that even although the eye and hand show
overlap in systems that are responsible for the generations of
their movements, those systems are not rigidly coupled.

Funding information

This research was supported by an Open Research Area Grant
from the Netherlands Organization for Scientific Research to
Artem Belopolsky [ORA 464-15-193].

Additional information

No part of the study procedures was pre-registered prior to the
research being conducted and no part of the study analyses
was pre-registered prior to the research being conducted.

Data and experimental code can be found following this
link: https://osf.io/xrvs6/.

Open practices
The study in this article earned Open Data and Open Materials

badges for transparent practices. Materials and data are
available at https://osf.io/xrvs6/.

REFERENCES

Anaconda Software Distribution. (2019). Anaconda (Version 4.6.14).
Retrieved from https://anaconda.com.

Arkesteijn, K., Donk, M., Smeets, J. B. J., & Belopolsky, A. V. (2020).
Visual information is required to reduce the global effect.
Attention, Perception, and Psychophysics, 82(5), 2340—2347.
https://doi.org/10.3758/s13414-020-01992-6

Arkesteijn, K., Smeets, J. B. J., Donk, M., & Belopolsky, A. V. (2018).
Target-distractor competition cannot be resolved across a
saccade. Scientific Reports, 8(1), 15709. https://doi.org/10.1038/
s41598-018-34120-4

Bekkering, H., Abrams, R. A., & Pratt, J. (1995). Transfer of saccadic
adaptation to the manual motor system. Human Movement Science,
14(2), 155—164. https://doi.org/10.1016/0167-9457(95)00003-b

Bekkering, H., Pratt, J., & Abrams, R. A. (1996). The gap effect for
eye and hand movements. Perception and Psychophysics, 58(4),
628—635. https://doi.org/10.3758/bf03213095

Belopolsky, A. V., Olivers, C. N. L., & Theeuwes, J. (2008). To point a
finger: Attentional and motor consequences of observing
pointing movements. Acta Psychologica, 128(1), 56—62. https://
doi.org/10.1016/j.actpsy.2007.09.012

Bompas, A., Hedge, C., & Sumner, P. (2017). Speeded saccadic and
manual visuo-motor decisions: Distinct processes but same
principles. Cognitive Psychology, 94, 26—52. https://doi.org/
10.1016/j.cogpsych.2017.02.002


https://osf.io/xrvs6/
https://osf.io/xrvs6/
https://anaconda.com
https://doi.org/10.3758/s13414-020-01992-6
https://doi.org/10.1038/s41598-018-34120-4
https://doi.org/10.1038/s41598-018-34120-4
https://doi.org/10.1016/0167-9457(95)00003-b
https://doi.org/10.3758/bf03213095
https://doi.org/10.1016/j.actpsy.2007.09.012
https://doi.org/10.1016/j.actpsy.2007.09.012
https://doi.org/10.1016/j.cogpsych.2017.02.002
https://doi.org/10.1016/j.cogpsych.2017.02.002
https://doi.org/10.1016/j.cortex.2021.04.021
https://doi.org/10.1016/j.cortex.2021.04.021

CORTEX 142 (2021)204—212 211

Brenner, E., & Smeets, J. B. J. (1997). Fast responses of the human
hand to changes in target position. Journal of Motor Behavior,
29(4), 297—-310. https://doi.org/10.1080/00222899709600017

Coéffé, C., & O'Regan, J. K. (1987). Reducing the influence of non-
target stimuli on saccade accuracy: Predictability and latency
effects. Vision Research, 27(2), 227—240. https://doi.org/10.1016/
0042-6989(87)90185-4

Coren, S., & Hoenig, P. (1972). Effect of non-target stimuli upon
length of voluntary saccades. Perceptual and Motor Skills, 34(2),
499-508. https://doi.org/10.2466/pms.1972.34.2.499

de Grave, D. D. J., Biegstraaten, M., Smeets, J. B. J., & Brenner, E.
(2005). Effects of the Ebbinghaus figure on grasping are not
only due to misjudged size. Experimental Brain Research, 163(1),
58—64. https://doi.org/10.1007/s00221-004-2138-0

de Grave, D. D. J,, Franz, V. H., & Gegenfurtner, K. R. (2006). The
influence of the Brentano illusion on eye and hand movements.
Journal of Vision, 6(7), 727—738. https://doi.org/10.1167/6.7.5

Davare, M., Zénon, A., Desmurget, M., & Olivier, E. (2015).
Dissociable contribution of the parietal and frontal cortex to
coding movement direction and amplitude. Frontiers in Human
Neuroscience, 9(241), 241. https://doi.org/10.3389/
fnhum.2015.00241

Dean, J., & Bruwer, M. (1994). Control of human arm movements
in two dimensions: Paths and joint control in avoiding simple
linear obstacles. Experimental Brain Research, 97(3), 497—514.
https://doi.org/10.1007/BF00241544

Deubel, H., Wolf, W., & Hauske, G. (1984). The evaluation of the
oculomotor error signal. In A. G. Gale, & F. Johnson (Eds.),
Theoretical and applied aspects of eye movement research (pp.
55—62). Amsterdam: North-Holland.

Dorris, M. C., Paré, M., & Munoz, D. P. (1997). Neuronal activity in
monkey superior colliculus related to the initiation of saccadic
eye movements. Journal of Neuroscience, 17(21), 8566. https://
doi.org/10.1523/jneurosci.17-21-08566.1997

Favilla, M., Hening, W., & Ghez, C. (1989). Trajectory control in
targeted force impulses .VI. Independent specification of
response amplitude and direction. Experimental Brain Research,
75(2), 280—294. https://doi.org/10.1007/BF00247934

Findlay, J. M. (1982). Global visual processing for saccadic eye
movements. Vision Research, 22(8), 1033—1045. https://doi.org/
10.1016/0042-6989(82)90040-2

Findlay, J. M., & Walker, R. (1999). A model of saccade generation
based on parallel processing and competitive inhibition. The
Behavioral and Brain Sciences, 22(4), 661—721. https://doi.org/
10.1017/s0140525x99002150

Godijn, R., & Theeuwes, J. (2002). Programming of endogenous
and exogenous saccades: Evidence for a competitive
integration model. Journal of Experimental Psychology-Human
Perception and Performance, 28(5), 1039—1054. https://doi.org/
10.1037//0096-1523.28.5.1039

Gordon, J., Ghilardi, M. F., & Ghez, C. (1994). Accuracy of planar
reaching movements .1. Independence of direction and extent
variability. Experimental Brain Research, 99(1), 97—111. https://
doi.org/10.1007/BF00241415

Haffenden, A. M., Schiff, K. C., & Goodale, M. A. (2001). The dissociation
between perception and action in the Ebbinghaus illusion:
Nonillusory effects of pictorial cues on grasp. Current Biology, 11(3),
177—181. https://doi.org/10.1016/S0960-9822(01)00023-9

Heath, M., & DeSimone, J. C. (2016). The visual properties of
proximal and remote distractors differentially influence
reaching planning times: Evidence from pro- and antipointing
tasks. Experimental Brain Research, 234(11), 3259—-3268. https://
doi.org/10.1007/s00221-016-4723-4

Heeman, J., Theeuwes, J., & Van der Stigchel, S. (2014). The time
course of top-down control on saccade averaging. Vision Research,
100, 29—-37. https://doi.org/10.1016/j.visres.2014.03.007

He, P., & Kowler, E. (1989). The role of location probability in the
programming of saccades: Implications for “center-of-gravity”

tendencies. Vision Research, 29(9), 1165—1181. https://doi.org/
10.1016/0042-6989(89)90063-1

Issen, L. A, & Knill, D. C. (2012). Decoupling eye and hand
movement control: Visual short-term memory influences
reach planning more than saccade planning. Journal of Vision,
12(1), 3. https://doi.org/10.1167/12.1.3

Jana, S., & Murthy, A. (2021). Spatiotemporal coupling between
eye and hand trajectories during curved hand movements.
Journal of Motor Behavior, 53(1), 47—58. https://doi.org/10.1080/
00222895.2020.1723481

JASP Team. (2018). JASP (Version 0.9.2.0). Retrieved from http://
jasp-stats.org.

Johansson, R. S., Westling, G. R., Backstrom, A., & Flanagan, J. R.
(2001). Eye-hand coordination in object manipulation. Journal
of Neuroscience, 21(17), 6917—6932. https://doi.org/10.1523/
jneurosci.21-17-06917.200

Jonikaitis, D., & Deubel, H. (2011). Independent allocation of
attention to eye and hand targets in coordinated eye-hand
movements. Psychological Science, 22(3), 339—347. https://
doi.org/10.1177/0956797610397666

Kerzel, D., & Schonhammer, J. (2013). Salient stimuli capture
attention and action. Attention, Perception, and
Psychophysics, 75(8), 1633—1643. https://doi.org/10.3758/
$13414-013-0512-3

Khoozani, P. A., Voudouris, D., Blohm, G., & Fiehler, K. (2020).
Reaching around obstacles accounts for uncertainty in
coordinate transformations. Journal of Neurophysiology, 123(5),
1920—-1932. https://doi.org/10.1152/jn.00049.2020

Land, M. F. (2006). Eye movements and the control of actions in
everyday life. Progress in Retinal and Eye Research, 25(3),
296—324. https://doi.org/10.1016/j.preteyeres.2006.01.002

Land, M. F., & Hayhoe, M. (2001). In what ways do eye
movements contribute to everyday activities? Vision
Research, 41(25—-26), 3559—3565. https://doi.org/10.1016/
S0042-6989(01)00102-X

Lisi, M., & Cavanagh, P. (2017). Different spatial representations
guide eye and hand movements. Journal of Vision, 17(2), 12.
https://doi.org/10.1167/17.2.12

Mclntosh, R. D., & Buonocore, A. (2012). Dissociated effects of
distractors on saccades and manual aiming. Experimental Brain
Research, 220(3—4), 201—-211. https://doi.org/10.1007/s00221-
012-3119-3

McPeek, R. M., Han, J. H., & Keller, E. L. (2003). Competition
between saccade goals in the superior colliculus produces
saccade curvature. Journal of Neurophysiology, 89(5), 2577—2590.
https://doi.org/10.1152/jn.00657.2002

McPeek, R. M., & Keller, E. L. (2004). Deficits in saccade target
selection after inactivation of superior colliculus. Nature
Neuroscience, 7(7), 757—763. https://doi.org/10.1038/nn1269

Meeter, M., Van der Stigchel, S., & Theeuwes, J. (2010). A
competitive integration model of exogenous and endogenous
eye movements. Biological Cybernetics, 102(4), 271—-291. https://
doi.org/10.1007/s00422-010-0365-y

Menger, R., Dijkerman, H. C., & Van der Stigchel, S. (2013). The
effect of similarity: Non-spatial features modulate obstacle
avoidance. PLos One, 8(4), Article e59294. https://doi.org/
10.1371/journal.pone.0059294

Munoz, D. P., & Wurtz, R. H. (1995). Saccade-related activity in
monkey superior colliculus. I. Characteristics of burst and
buildup cells. Journal of Neurophysiology, 73(6), 2313—2333.
https://doi.org/10.1152/jn.1995.73.6.2313

Ottes, F. P., Van Gisbergen, J. A., & Eggermont, J. J. (1985). Latency
dependence of colour-based target vs nontarget
discrimination by the saccadic system. Vision Research, 25(6),
849—862. https://doi.org/10.1016/0042-6989(85)90193-2

Pratt, J., Bekkering, H., Abrams, R. A., & Adam, J. (1999). The Gap
effect for spatially oriented responses. Acta Psychologica,
102(1), 1-12. https://doi.org/10.3758/bf03213095


https://doi.org/10.1080/00222899709600017
https://doi.org/10.1016/0042-6989(87)90185-4
https://doi.org/10.1016/0042-6989(87)90185-4
https://doi.org/10.2466/pms.1972.34.2.499
https://doi.org/10.1007/s00221-004-2138-0
https://doi.org/10.1167/6.7.5
https://doi.org/10.3389/fnhum.2015.00241
https://doi.org/10.3389/fnhum.2015.00241
https://doi.org/10.1007/BF00241544
http://refhub.elsevier.com/S0010-9452(21)00218-5/sref13
http://refhub.elsevier.com/S0010-9452(21)00218-5/sref13
http://refhub.elsevier.com/S0010-9452(21)00218-5/sref13
http://refhub.elsevier.com/S0010-9452(21)00218-5/sref13
http://refhub.elsevier.com/S0010-9452(21)00218-5/sref13
https://doi.org/10.1523/jneurosci.17-21-08566.1997
https://doi.org/10.1523/jneurosci.17-21-08566.1997
https://doi.org/10.1007/BF00247934
https://doi.org/10.1016/0042-6989(82)90040-2
https://doi.org/10.1016/0042-6989(82)90040-2
https://doi.org/10.1017/s0140525x99002150
https://doi.org/10.1017/s0140525x99002150
https://doi.org/10.1037//0096-1523.28.5.1039
https://doi.org/10.1037//0096-1523.28.5.1039
https://doi.org/10.1007/BF00241415
https://doi.org/10.1007/BF00241415
https://doi.org/10.1016/S0960-9822(01)00023-9
https://doi.org/10.1007/s00221-016-4723-4
https://doi.org/10.1007/s00221-016-4723-4
https://doi.org/10.1016/j.visres.2014.03.007
https://doi.org/10.1016/0042-6989(89)90063-1
https://doi.org/10.1016/0042-6989(89)90063-1
https://doi.org/10.1167/12.1.3
https://doi.org/10.1080/00222895.2020.1723481
https://doi.org/10.1080/00222895.2020.1723481
http://jasp-stats.org
http://jasp-stats.org
https://doi.org/10.1523/jneurosci.21-17-06917.200
https://doi.org/10.1523/jneurosci.21-17-06917.200
https://doi.org/10.1177/0956797610397666
https://doi.org/10.1177/0956797610397666
https://doi.org/10.3758/s13414-013-0512-3
https://doi.org/10.3758/s13414-013-0512-3
https://doi.org/10.1152/jn.00049.2020
https://doi.org/10.1016/j.preteyeres.2006.01.002
https://doi.org/10.1016/S0042-6989(01)00102-X
https://doi.org/10.1016/S0042-6989(01)00102-X
https://doi.org/10.1167/17.2.12
https://doi.org/10.1007/s00221-012-3119-3
https://doi.org/10.1007/s00221-012-3119-3
https://doi.org/10.1152/jn.00657.2002
https://doi.org/10.1038/nn1269
https://doi.org/10.1007/s00422-010-0365-y
https://doi.org/10.1007/s00422-010-0365-y
https://doi.org/10.1371/journal.pone.0059294
https://doi.org/10.1371/journal.pone.0059294
https://doi.org/10.1152/jn.1995.73.6.2313
https://doi.org/10.1016/0042-6989(85)90193-2
https://doi.org/10.3758/bf03213095
https://doi.org/10.1016/j.cortex.2021.04.021
https://doi.org/10.1016/j.cortex.2021.04.021

212 CORTEX 142 (2021) 204—212

Raftery, A. E. (1995). Bayesian model selection in social research.
Sociological Methodology, 25, 111—-163. https://doi.org/10.2307/
271063

Sailer, U., Eggert, T., Ditterich, J., Hassenzahl, M., & Straube, A.
(2003). Haptic texture affects the kinematics of pointing
movements, but not of eye movements. Neuroreport, 14(3),
467—469. https://doi.org/10.1097/01.wnr.0000059781.23521.ee

Sailer, U., Eggert, T., Ditterich, J., & Straube, A. (2000). Spatial and
temporal aspects of eye-hand coordination across different
tasks. Experimental Brain Research, 134(2), 163—173. https://
doi.org/10.1007/s002210000457

Sailer, U., Eggert, T., Ditterich, J., & Straube, A. (2002). Global effect of a
nearby distractor on targeting eye and hand movements. Journal of
Experimental Psychology-Human Perception and Performance, 28(6),
1432—1446. https://doi.org/10.1037/0096-1523.28.6.1432

Smeets, J. B. J., Oostwoud Wijdenes, L., & Brenner, E. (2016).
Movement adjustments have short latencies because there is
no need to detect anything. Motor Control, 20(2), 137—148.
https://doi.org/10.1123/mc.2014-0064

Song,J.-H., & McPeek, R. M. (2009). Eye-hand coordination during target
selection in a pop-out visual search. Journal of Neurophysiology,
102(5), 2681—2692. https://doi.org/10.1152/jn.91352.2008

Song, J.-H., & McPeek, R. M. (2015). Neural correlates of target
selection for reaching movements in superior colliculus.
Journal of Neurophysiology, 113(5), 1414—1422. https://doi.org/
10.1152/jn.00417.2014

Song, J.-H., Rafal, R. D., & McPeek, R. M. (2011). Deficits in reach
target selection during inactivation of the midbrain superior
colliculus. Proceedings of the National Academy of Sciences,
108(51), E1433. https://doi.org/10.1073/pnas.1109656108

Stritzke, M., & Trommershauser, J. (2007). Eye movements during
rapid pointing under risk. Vision Research, 47(15), 2000—2009.
https://doi.org/10.1016/j.visres.2007.04.013

Stuphorn, V., Bauswein, E., & Hoffmann, K. P. (2000). Neurons in
the primate superior colliculus coding for arm movements in
gaze-related coordinates. Journal of Neurophysiology, 83(3),
1283—1299. https://doi.org/10.1152/jn.2000.83.3.1283

Thompson, A. A., & Westwood, D. A. (2007). The hand knows
something that the eye does not: Reaching movements resist
the Muller-Lyer illusion whether or not the target is foveated.
Neuroscience Letters, 426(2), 111—116. https://doi.org/10.1016/
j.neulet.2007.09.006

Tian, J., Ying, H. S., & Zee, D. S. (2013). Revisiting corrective
saccades: Role of visual feedback. Vision Research, 89, 54—64.
https://doi.org/10.1016/j.visres.2013.07.012

Tipper, S. P., Howard, L. A., & Jackson, S. R. (1997). Selective
reaching to grasp: Evidence for distractor interference effects.
Visual Cognition, 4(1), 1-38. https://doi.org/10.1080/713756749

Trappenberg, T. P., Dorris, M. C., Munoz, D. P, & Klein, R. M.
(2001). A model of saccade initiation based on the competitive
integration of exogenous and endogenous signals in the
superior colliculus. Journal of Cognitive Neuroscience, 13(2),
256—271. https://doi.org/10.1162/089892901564306

Tresilian, J. R. (1998). Attention in action or obstruction of
movement? A kinematic analysis of avoidance behavior in
prehension. Experimental Brain Research, 120(3), 352—368.
https://doi.org/10.1007/s002210050409

Van Zoest, W., & Donk, M. (2008). Goal-driven modulation as a
function of time in saccadic target selection. The Quarterly
Journal of Experimental Psychology: QJEP, 61(10), 1553—1572.
https://doi.org/10.1080/17470210701595555

Van der Stigchel, S., & Nijboer, T. C. W. (2011). The global effect:
What determines where the eyes land? Journal of Eye Movement
Research, 4(2), 1-13. https://doi.org/10.16910/jemr.4.2.3

Vindras, P., Desmurget, M., & Viviani, P. (2005). Error parsing in
visuomotor pointing reveals independent processing of
amplitude and direction. Journal of Neurophysiology, 94(2),
1212—1224. https://doi.org/10.1152/jn.01295.2004

Voudouris, D., Smeets, J. B. J., & Brenner, E. (2012). Do obstacles
affect the selection of grasping points? Human Movement
Science, 31(5), 1090—1102. https://doi.org/10.1016/
j-humov.2012.01.005

Wagenmakers, E.-J., Lodewyckx, T., Kuriyal, H., & Grasman, R.
(2010). Bayesian hypothesis testing for psychologists: A
tutorial on the savage—dickey method. Cognitive Psychology,
60(3), 158—189. https://doi.org/10.1016/j.cogpsych.2009.12.001

Walker, R, Deubel, H., Schneider, W. X., & Findlay, J. M. (1997). Effect
of remote distractors on saccade programming: Evidence for an
extended fixation zone. Journal of Neurophysiology, 78(2),
1108—1119. https://doi.org/10.1152/jn.1997.78.2.1108

Zehetleitner, M., Hegenloh, M., & Miiller, H. J. (2011). Visually
guided pointing movements are driven by the salience map.
Journal of Vision, 11(1), 24. https://doi.org/10.1167/11.1.24

van Leeuwen, J., Smeets, J. B. J., & Belopolsky, A. V. (2019). Forget
binning and get SMART: Getting more out of the time-course
of response data. Attention, Perception, & Psychophysics, 81(8),
2956—2967. https://doi.org/10.3758/s13414-019-01788-3

van Zoest, W., Donk, M., & Theeuwes, J. (2004). The role of
stimulus-driven and goal-driven control in saccadic visual
selection. Journal of Experimental Psychology: Human Perception
and Performance, 30(4), 746—759. https://doi.org/10.1037/0096-
1523.30.4.749

van Zoest, W., & Kerzel, D. (2015). The effects of saliency on
manual reach trajectories and reach target selection. Vision
Research, 113(Pt B), 179—187. https://doi.org/10.1016/
j.visres.2014.11.015


https://doi.org/10.2307/271063
https://doi.org/10.2307/271063
https://doi.org/10.1097/01.wnr.0000059781.23521.ee
https://doi.org/10.1007/s002210000457
https://doi.org/10.1007/s002210000457
https://doi.org/10.1037/0096-1523.28.6.1432
https://doi.org/10.1123/mc.2014-0064
https://doi.org/10.1152/jn.91352.2008
https://doi.org/10.1152/jn.00417.2014
https://doi.org/10.1152/jn.00417.2014
https://doi.org/10.1073/pnas.1109656108
https://doi.org/10.1016/j.visres.2007.04.013
https://doi.org/10.1152/jn.2000.83.3.1283
https://doi.org/10.1016/j.neulet.2007.09.006
https://doi.org/10.1016/j.neulet.2007.09.006
https://doi.org/10.1016/j.visres.2013.07.012
https://doi.org/10.1080/713756749
https://doi.org/10.1162/089892901564306
https://doi.org/10.1007/s002210050409
https://doi.org/10.1080/17470210701595555
https://doi.org/10.16910/jemr.4.2.3
https://doi.org/10.1152/jn.01295.2004
https://doi.org/10.1016/j.humov.2012.01.005
https://doi.org/10.1016/j.humov.2012.01.005
https://doi.org/10.1016/j.cogpsych.2009.12.001
https://doi.org/10.1152/jn.1997.78.2.1108
https://doi.org/10.1167/11.1.24
https://doi.org/10.3758/s13414-019-01788-3
https://doi.org/10.1037/0096-1523.30.4.749
https://doi.org/10.1037/0096-1523.30.4.749
https://doi.org/10.1016/j.visres.2014.11.015
https://doi.org/10.1016/j.visres.2014.11.015
https://doi.org/10.1016/j.cortex.2021.04.021
https://doi.org/10.1016/j.cortex.2021.04.021

	A nearby distractor does not influence hand movements
	1. Introduction
	2. Methods
	2.1. Participants
	2.2. Apparatus
	2.3. Stimuli, design and procedure
	2.4. Data analysis

	3. Results
	4. Discussion
	Funding information
	Additional information
	Open practices
	References


