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Abstract

In an everyday task, such as planting spring flowers, the eyes typically fixate target objects that
we manipulate. When reaching to a target object, gaze shifts away from the reach target to a
secondary saccade target, presented during the reach, are delayed until after the reach target
has been attained—a phenomenon known as gaze anchoring. Here, we compared gaze
anchoring in human participants when reaching to a visual target versus a visual-haptic target
providing force feedback upon contact. We also examined gaze anchoring in a bimanual context
in which participants were instructed to shift their gaze to the secondary saccade target as soon
as it appeared and, at the same time, move their other hand to the secondary saccade target. We
found that, during the reaching movement, gaze was anchored to the target for both visual and
visual-haptic targets. Whereas in the visual condition gaze appeared to be anchored until the end
of the reaching movement, in the visual-haptic condition, gaze appeared to be anchored until the
hand was close to the target (i.e., the end of the directing phase). In two-handed reaching, gaze
anchoring was observed but anchoring did not extend to the left hand, which started moving
before the eyes. Overall, our findings indicate that the timing of eye and hand movements in object

manipulation is linked to the function of target fixations.

Keywords: gaze anchoring, eye-hand coordination, reaching, saccades, visuomotor control

New & Noteworthy

When reaching to a visual target, humans commonly fixate the target throughout the reaching
movement even if a competing visual target appears. Here we show that gaze remains at the
reach goal until target attainment has been confirmed visually or until haptic information becomes
available to guide target attainment. Whereas the eyes are always anchored to the reach goal, a
secondary movement of the non-reaching hand to the competing target can be planned and

initiated.
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Introduction

Many natural action tasks, such as cooking, require a sequence of coordinated eye and hand
movements. In goal-directed action tasks, in which people reach for and manipulate objects, gaze
commonly fixates the next object that is to be manipulated at the start of the reach, and gaze
shifts to the next target of interest around the time that the hand arrives at the current target
(Ballard et al. 1992; Bowman et al. 2009; Epelboim et al., 1995; Wilmut et al. 2006). For example,
in block stacking, gaze shifts from a given block to its placement location around the time the

hand contacts the block (Flanagan and Johansson 2003).

Fixating the target serves several functions, including ‘directing’ and ‘guiding’ the hand to
the target and ‘checking’ goal completion (Land et al. 1999; Land 2006; Land and Hayhoe 2001).
Directing refers to the use of peripheral vision and gaze-related signals—including proprioceptive
signals of the eye and/or efference copy of motor commands—to control the reaching movement
towards a foveated target (Bridgeman and Stark 1991; Goettker et al. 2020; Goodale et al. 1986;
Prablanc et al. 1986). During the directing phase of the reach, peripheral vision of the hand can
be used to rapidly (~150 ms) and automatically correct for reach errors (Brenner and Smeets
1997; de Brouwer et al. 2018; Paillard 1996; Sarlegna et al. 2003; Saunders and Knill 2003, 2004).
Guiding refers to the use of central (i.e., parafoveal) vision to control the hand movement as it
approaches and contacts the reach target (Johansson et al. 2001). During the guiding phase of
the reach, central vision of the hand and target can be used to adjust the hand via relatively slow
feedback loops. Finally, checking refers to the use of central vision to confirm that contact between
the hand and target has been achieved (Safstrom et al. 2014). Many studies of goal-directed
reaching have used purely visual targets, in which case central vision is required to guide the
hand and check goal completion. However, when reaching to physical objects, haptic information

can typically be used to guide the hand and check goal completion.

In real-world manipulation tasks, there is often competition for gaze resources between
targets of action and events in the environment, such as when a brightly coloured bird appears in
the peripheral vision of a birdwatcher who is reaching towards the foveated binoculars. In a series
of studies, Neggers and Bekkering (2000, 2001, 2002) examined such competition using a task
in which a secondary saccade target was visually cued while participants reached towards a
foveated reach target. The visual target was cued at different times during the movement and the
participant was instructed to shift their gaze to the saccade target as soon as it was cued. When

the cue was presented during the reach, gaze remained ‘anchored’ at the reach target until around
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the time the hand arrived. As a consequence, the latency of the saccade—or saccadic reaction
time—increased with the remaining duration of the reach movement after the cue (see thick
orange trace in Fig. 1A). In the current study, we aimed to link the timing of saccades and reaching

movements to the functional demands of gaze.

Previous work on gaze anchoring during target-directed reaching has focused on tasks in
which the participant moves their hand to visual targets (Abekawa et al. 2021; Neggers and
Bekkering 2000, 2001). In this scenario, we would expect gaze to support both directing and
guiding the hand to the target in addition to checking goal completion. However, it is unclear
whether gaze anchoring is taking place in the directing phase of the reach, or whether anchoring
is only taking place towards the end of the reach movement (i.e., during guiding and checking).
Importantly, peripheral vision can be effectively used to direct the hand when fixating a gaze target
that is displaced from the reach target (de Brouwer et al. 2017, 2018; Neggers and Bekkering
2002). Thus, it is plausible that, when a secondary saccade target is presented during the reach,
participants maintain gaze at the reach target because it is critical for the forthcoming guiding and
checking phases, rather than for directing per se. To examine whether gaze anchoring occurs
during directing, we examined eye-hand coordination during a reaching task in which the
participant moves a hand-held handle, represented as a cursor, to a ‘visual-haptic’ target, where
contact forces between the cursor and the target are simulated by applying forces to the hand via
the handle. We expected that in this situation, gaze would not be required for guiding because
haptic feedback can be used to confirm that the cursor reaches the target. Thus, if gaze anchoring
occurs during directing, we should find that gaze is locked to the target as the hand moves towards
the target but is released (i.e., is able to shift to the secondary target) at the end of the directing
phase—and the start of the guiding phase—when the hand arrives close to the target. In other
words, the time from the cue (presentation of the secondary saccade target) to saccade onset
should increase in lock-step with the time from the cue to the end of the directing phase (see thin
solid orange trace in Fig. 1A). Conversely, if anchoring does not occur during directing, the time
from the cue to the onset of the saccade (i.e., saccadic reaction time) should be constant (dashed

horizontal orange trace in Fig. 1A).
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Figure 1. Expected and hypothesized eye-hand coordination in virtual reaching tasks. (A) In the one-

handed task, the participant is instructed to shift their gaze from the reach target to a secondary saccade
target, which is cued at different times during the right-hand reach. For visual targets, the time from the
cue to saccade onset is expected to increase in lock-step with the time from the cue to the end of the
movement (thick orange trace). For visual-haptic targets, we predict that gaze anchoring will occur during
the directing phase of the reach, such that the time from the cue to saccade onset will increase in lock-
step with the time from the cue to the end of movement minus the duration of the guiding phase (thin
solid orange trace). However, if gaze anchoring does not occur during the directing phase, saccade
latency for visual-haptic targets should be constant and not depending on the time of the cue during the
movement time (dashed horizontal orange trace). (B) In the two-handed task, the participant is instructed
to move their gaze and left hand to the secondary (saccade+left hand) target, which is cued at different
times during the right-hand reach to the initially foveated reach target. Three possible outcomes can be
considered: shared anchoring of the left hand and saccade may occur (thick green trace); the left-hand
onset may be temporally coupled with the saccade onset with the hand leading the eye (thin solid green
trace); the left-hand latency may be constant and independent of saccade latency (dashed horizontal
green trace).

In addition to testing whether gaze anchoring occurs during the directing phase of visually

guided reaches, we asked whether anchoring extends to movements of the other hand. In a two-

handed version of our reaching task, participants used their right hand to reach to a foveated

visual reach target, just as in the one-handed task, and were instructed to move both their eyes

and their left hand to a secondary target as soon as it was cued. We expected saccade latencies


https://doi.org/10.1101/2025.08.20.671334
http://creativecommons.org/licenses/by-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2025.08.20.671334; this version posted September 4, 2025. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-ND 4.0 International license.

102 in the two- and one-handed tasks to be similar because the visual and gaze-related functional
103 demands of the right-handed reach should be the same. We can consider three alternative
104  hypotheses about left-hand movement latencies. First, the left hand and gaze may exhibit shared
105  anchoring, in which case the left hand and saccade latencies should be similar (see thick green
106  trace in Fig. 1B). Second, the left-hand movement may be temporally coupled with the saccade
107  but start moving at a different time. For example, participants may time the onset of the left-hand
108 movement such that the hand arrives at the secondary target around the same time as gaze. In
109 this case, we would expect the left-hand onset to lead to the saccade onset by a consistent time
110 interval (see thin solid green trace in Fig. 1B). Third, the left hand may start moving at a fixed
111 latency relative to the cue and therefore be decoupled from the saccade onset (see dashed

112 horizontal green trace in Fig. 1B).

Methods

Participants

113  Twenty-eight individuals participated in the experiment (18-51 years of age; mean age 25).
114  Participants were primarily recruited from the Queen’s University undergraduate and graduate
115  student population. All participants were eligible for monetary compensation ($10 per hour) or
116  course credits towards a psychology course. Each participant provided written consent prior to
117  participation and received a debriefing once the experiment was completed. Participants were
118  required to be 18 years of age or older, and have no history of psychological, neurological, or eye
119 disease. The experiment was approved by the Queen’s General Research Ethics Board (TRAQ
120  #:6003707) and complied with the Declaration of Helsinki.

Apparatus

121 Participants were seated at a desk with their head placed on a mounted chin and forehead rest
122  in front of a vertical monitor (70 x 39.5 cm in size; 1920 x 1080 resolution) on which the visual
123  stimuli were displayed. Eye movements were recorded using a desktop mounted eye tracker
124  (Eyelink 1000; SR Research, Ltd., Kanata, ON, Canada). Unimanual and bimanual reaching
125 movements were performed in a horizontal plane using the handles of a robotic manipulandum
126  (End-Point robot, KINARM, Kingston, ON, Canada). The position of the hand was represented as
127  acursor on the vertical monitor with forward and rightward hand movements mapped onto upward

128 and rightward cursor movement (as with a standard mouse). There was a 1:1 relationship


https://doi.org/10.1101/2025.08.20.671334
http://creativecommons.org/licenses/by-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2025.08.20.671334; this version posted September 4, 2025. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-ND 4.0 International license.

129  between hand movement displacement and cursor movement displacement, i.e., a 10 cm
130 movement of the hand resulted in a 10 cm movement of the cursor. The viewing distance from
131  the right eye to the monitor was 37 cm, such that a 1 cm displacement on the monitor

132  corresponded to 1.5 visual degrees.

Stimuli and Procedure

133  Three conditions (one-handed visual, one-handed visual-haptic, and two-handed visual) were
134  examined with 108 trials per condition. Fourteen participants performed the one- and two-handed
135 visual reaching conditions, and 14 separate participants performed the visual-haptic reaching
136  condition. Before each block, participants received training to become familiar with the equipment
137  and to ensure consistent right-handed reaching speed within and across participants. Following
138 training, the eye tracker was calibrated, and participants were asked to keep their head in the chin

139 and forehead rest throughout each block.

140  To correct for buffering delays in the display system, we corrected the time at which visual stimuli
141  appeared to the participants. The delay between the time an event code was sent and the time

142  visual stimuli appeared was on average 53 ms (range: 41-64 ms).

143  One-handed reaching experiment

144  In this experiment, two groups of participants perform the one-handed reaching task. Participants
145 in the visual condition did not experience any forces when reaching. In contrast, participants in
146  the visual-haptic condition experienced a force on the hand (via the handle of the robotic
147  manipulandum) when the cursor, controlled by the hand, contacted the reach target. Specifically,
148  as soon as the outer part of the cursor overlapped with the outer part of the reach target, the robot
149  generated an elastic force (with a stiffness of 15 N/cm) that pulled the handle to the centre of the

150 reach target, and held it there until the end of the trial.

151 In both conditions, participants used their right hand to move the robot handle (Fig. 2A). To initiate
152  a trial, participants had to move the blue-coloured cursor (0.5 cm in diameter) inside the start
153  position. Then, three grey hollow circles (0.8 cm in diameter), serving as saccade targets, and
154  one pink-coloured hollow circle (0.8 cm in diameter), serving as the reach target, appeared.
155  Participants were required to keep their gaze on the pink-coloured hand target and their hand at
156 the start position for a randomly jittered time period of 1-1.5 seconds. After the fixation period, the
157  pink-coloured hand target filled in, prompting participants to initiate a reaching movement from

158 the start position to the hand target. The distance from the start position to the hand target was
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159 15 cm. During this reaching movement, one of the three grey saccade targets filled in, prompting
160  participants to move their gaze from the hand target to the cued saccade target as soon as
161  possible. The horizontal saccade target was 10 cm away from the hand target, and upper and
162 lower targets had a horizontal offset of 7 cm and a vertical offset of £ 4 cm (i.e., £ 52° from the
163  horizontal). The saccade target was cued in every trial and could appear at one of three possible
164  times during the reaching movement—when the hand had moved 2% (start of reach), 50% (during
165 reach), or 95% (end of reach) of the distance from the start to the hand target (Fig. 1D)—inciting
166  one of the grey circles to fill in. The position and time at which the eye target was cued was
167 randomized between trials. The trial finished once the hand arrived at the hand target, and the
168  cursor had to be within the hand target for 250 milliseconds for the trial to successfully finish.
169  During the experiment, participants were notified if they moved their hand before the reaching
170  movement was cued (pink target filled in), or moved their gaze before the saccade target was
171 cued (one of three grey targets filled in). Trials in which participants moved their eyes or hands

172  too early were immediately repeated.

173  Two-handed reaching experiment

174  In the two-handed visual condition, participants used both hands to move the robot handles (Fig.
175  2B). The hand start positions, hand target, and saccade targets were the same size as in one-
176  handed reaching. The right start position was 15 cm to the right of the reach target and the left
177  start position was 9 cm leftward of the right-hand reach target. At the start of each trial, participants
178  moved the left and right robot handle to place the blue-coloured cursor at the left and right start
179  position, respectively. Two grey hollow circles (the upper and lower saccade targets from the one-
180 handed reaching condition) and one hollow, pink coloured right-hand target appeared.
181 Participants were required to keep their gaze on the right-hand reach target and their two hands
182  at the respective start positions for 1-1.5 seconds. After the fixation period, the right-hand pink
183  target filled in, prompting participants to initiate a reaching movement from the right start position
184  to the right-hand target. Next, one of the two combined saccade and left-hand targets was cued
185 at the same cueing times as in the one-handed reach condition (start of reach, halfway through
186 reach, end of reach). Once the combined saccade and left-hand target filled in, participants were
187 instructed to move both their left hand and their eyes to the cued eye-hand target as soon as
188  possible. Again, participants received immediate feedback, and trials were repeated if they moved

189 their eyes or either of their hands before the respective cue.
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190 Figure 2. Experimental conditions and task procedure. (A) In the one-handed reaching task, participants
191 moved the cursor corresponding to their right-hand position to the start location. Participants were
192 instructed to fixate a hollow pink reach target and, once it filled in, to reach from the start to the reach
193 target using their right hand. While reaching, one of three hollow grey saccade targets filled in, cueing
194 the participant to move their eyes to the saccade target as soon as possible. (B) In the two-handed
195 reaching task, participants moved both cursors, indicating their left and right hand, to the respective start
196 locations. Participants were instructed to fixate a hollow pink reach target and keep their left hand at the
197 left start location. Once the pink reach target filled in, participants moved their right hand to the reach
198 target. While reaching, one of two hollow grey saccade targets filled in, cueing the participant to move
199 their eyes and their left hand to the combined saccade and left-hand target as soon as possible. One
200 group of 14 participants completed the one- and two-handed reaching tasks with visual targets, where
201 ‘contact’ between cursor and reach target was visual only. A second group of 14 participants performed
202 the one-handed task with visual-haptic targets with simulated contact forces between the cursor and
203 reach target. (C) Saccade targets or combined saccade and left-hand targets were cued at the start,
204 during, or after the right-handed reaching movement.
Eye and Hand movement recordings and analysis

205 To analyze eye and hand movement data, we created custom-made routines using
206 MATLAB (version 2023b). For hand movement analyses, we analyzed the centred x and y
207  positions of the robotic handles that were sampled at 1000 Hz. Position data were filtered using
208  a third order 20 Hz Butterworth filter. For all reaching movements, we determined the start of the
209 reach, the end of the directing phase—which coincided with the start of the guiding phase—and
210 the end of the guiding phase (i.e., the end of the movement). The start and end of the reach were
211 defined at the times at which the hand velocity first exceeded and subsequently dropped below
212 5% of the peak velocity of the current reach, respectively. To determine the time point at which
213  the directing phase ended and the guiding phase started, we first selected all samples during
214  which the hand decelerated. We then differentiated this hand deceleration and found the time at
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215  which the jerk peaked. In bimanual reaching trials, we further analyzed left-hand latency. Hand
216 latency was defined as the difference between the time at which the combined left-hand and
217  saccade target was cued and the start of the left-hand movement, defined as the time at which

218 the left-hand velocity first exceeded 5% of the peak velocity of the current reach.

219 We recorded the x- and y-position of the right eye with a sampling rate of 500 Hz. Eye
220 position signals were filtered using a second-order 15 Hz Butterworth low pass filter. Eye velocity
221  was determined by differentiating the eye position signal. Eye velocity samples were labelled as
222  saccades when five consecutive samples exceeded a fixed velocity criterion of 50 cm/s. To
223  determine saccade onsets and offsets, we found the nearest reversal in the sign of the eye
224  acceleration signal before eye velocity exceeded the fixed velocity threshold (saccade onset), and
225 the nearest reversal in the sign of eye acceleration after eye velocity was back below the fixed
226  velocity threshold (saccade offset). We then calculated saccade latency relative to the time of
227  saccade cue, and saccade latency relative to the time at which the right hand first contacted the

228 reach target.

Data exclusion

229  For both one- and two-handed reaching, one participant was excluded because they were unable
230 to follow task instructions and moved their eyes away from the reach target before the reaching
231 movement was cued in a majority of trials. One other participant was not included in the one-
232 handed visual contact group because of an erroneous Kinarm calibration. For the remaining
233  participants we excluded 717 out of 12636 trials (5.7%). Specifically, we excluded trials in which
234  participants moved their eyes or left hand anticipatory to the cue (before the time of cue or within
235 100 ms of the cue, respectively; 1.6%), the eyes did not land on the cued target (1.5%), or fixation
236  on the reach target was not maintained (2.6 %). Fixations on the reach target were not maintained

237  due to blinks, saccades to the hand starting position(s), or to the visual scene.

Statistical Analysis

238 In the one-handed reaching task, one group of participants performed the task with only
239 visual feedback, while another group of participants performed the task with visual-haptic
240 feedback. To assess and compare gaze anchoring in these two conditions, we fit a piecewise
241  regression equation—with an initial constant segment followed by a sloped segment—to predict
242  saccadic reaction time (time from the cue to saccade onset) as a function of the remaining
243  duration of the movement at the time of the cue (i.e., time from the cue to the end of the movement;

244  see Fig. 3E). The model has 3 parameters:
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y=b0 lfx<b2+b3D (1)
y=b0+b1(x_P) lfx>b2+b3D (2)

245  where D is a dummy variable coding for condition (O for visual, 1 for visual-haptic), be is a constant
246  value representing the minimum reaction time, b is the slope for the for the visual and visual-
247  haptic conditions, and b, and bz+bs are the breakpoints between the segments for the visual and
248  visual-haptic conditions. Importantly, this model allows the breakpoints to differ between
249  conditions but forces a constant and a single slope. This allows us to assess whether saccades
250 are anchored to different temporal events in the two conditions, with the assumption that the

251 saccade reaction time is the same in the two conditions.

252 We used the same approach to compare saccadic reaction times in the one-handed and
253 two-handed reaching tasks, with the dummy variable coding task. We also used the approach to
254  compare saccadic and left-hand reaction times in the two-handed reaching task. However, in this
255  case we included one additional parameter to allow for different constant values (i.e., minimum

256  reaction times) for gaze and the left hand:
y = bo + le lfx < b3 + b4 D (3)
y=b0+b1D+b2(x_P) lfx> b3+b4D (4)

257  where bo and bo+b+ are the constant values for saccadic and left-hand reaction time, respectively.

258 To estimate confidence intervals for the model parameters, we used a nonparametric
259  bootstrap procedure with 1,000 resamples. On each bootstrap iteration, we randomly sampled
260  (with replacement) from the original dataset and re-estimated the model parameters by minimizing
261 the sum of squared errors using constrained nonlinear optimization. The optimization was
262  performed using the fmincon function in MATLAB. For each resampled dataset, we recorded the
263 resulting parameter estimates. The 95% confidence intervals for each parameter were obtained

264 by taking the 2.5" and 97.5" percentiles of their bootstrap distributions.

265 To assess the contribution of key model components, we performed a series of likelihood
266 ratio tests (LRTs) comparing a full model (including the parameter of interest) to a reduced model
267  (with that parameter constrained or removed), and evaluated the improvement in model fit using
268 the LRT statistic:

A= 2(10g qull —log Lreduced) (5)
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269 where L denotes the log-likelihood. The test statistic was compared to a chi-squared distribution

270  with 1 degree of freedom.

271 When comparing saccadic and left-hand reaction times in the two-handed reaching task,
272  the difference in breakpoints is not equivalent to the difference in intercepts of the sloped
273  segments because of the difference in the height of the constant segment. To assess whether
274  the intercepts of the sloped portions differed, we estimated 95% confidence intervals for the
275 intercept difference using non-parametric bootstrapping (1,000 resamples), recomputing all
276 model parameters on each bootstrap iteration. The difference was considered statistically

277  significant if the resulting confidence interval did not include zero.

278 For the one-handed reaching experiment, we used mixed-factor repeated measures
279  ANOVAs to test whether the durations of the directing and guiding phases of the reach varied
280  with cue category (start of reach, halfway through the reach, end of reach) and feedback upon

281  contact (visual vs. visual-haptic). A p value < 0.05 was considered to be statistically significant.

Results

Gaze anchoring in one-handed reaching depends on sensorimotor feedback

282  In the one-handed reaching task, we aimed to link the timing of eye and hand movements to the
283  functional demands of gaze. Participants performed right-handed reaches to move a cursor,
284  controlled by the hand, to a stationary reach target. After, during, or at the start of the reach, a
285  secondary saccade target filled in, cueing participants to shift their gaze from the fixated reach
286  target to the saccade target as soon as possible. In the visual condition, participants only received
287  visual feedback about contact (i.e., when the cursor “contacted” the target), whereas in the visual-

288  haptic condition, participants also experienced a force upon contact.

289 Figures 3A and B show, for representative trials from the visual and visual-haptic
290 conditions, eye and hand (i.e., cursor) paths and target positions in a screen-centred reference
291  frame. Figures 3C and D show gaze and hand movement velocities as a function of time for the
292  same trials. The time of the cue and the end times of the directing phase and movement are
293  shown by vertical lines. In both of these trials, the top potential saccade target was cued as the
294  saccade target just after movement start. Gaze shifted to the saccade target just after the end of
295 the movement in the visual condition, and just after the end of the directing phase (and before the

296 end of the movement) in the visual-haptic condition.

11


https://doi.org/10.1101/2025.08.20.671334
http://creativecommons.org/licenses/by-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2025.08.20.671334; this version posted September 4, 2025. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-ND 4.0 International license.

297 Depending on the position of the saccade target, the saccade to the saccade from the
298 hand target to the saccade target required either a horizontal or an oblique eye movement. We
299 found no difference in saccade latency between horizontal and oblique targets (£(12) = 1.11; p =

300 0.29) and thus averaged across saccade target locations.

301 We used a mixed-factor ANOVA to examine the effects of the between-subjects factor
302 feedback (visual vs visual-haptic) and the within-subjects factor cue category (start, during or end
303 of the reach movement) on the durations of the directing and guiding phases. The duration of the
304  directing phase (M = 511 ms, SE = 21 ms) did not depend on feedback (F(1,24) = 1.09; p = .31),
305 cue category (F(2,48) = .92; p = .40), or the interaction (F(2,48) = .37; p = .69). The duration of
306 the guiding phase was greater (F(1,24) = 7.58; p = .012) in the visual condition (M =175 ms, SE
307 =47 ms) than in the visual-haptic condition (M = 111 ms; SE = 30 ms), but did not depend on cue
308 category (F(2,48) = 1.01; p = .37) or the interaction between feedback and cue position (F(2,48)
309 =1.65; p=.20). These results indicate that participants did not alter the way they reach depending
310 on when the saccade target was cued. In addition, whereas the final guiding, or approach, phase
311 of the reaching movement depended on contact feedback, the initial larger amplitude directing
312  phase did not.

313 Figure 3E shows saccadic reaction time (time from the saccade target cue to saccade
314  onset) as a function of the remaining duration of the movement at the time of the cue (i.e., time
315 from the cue to the end of the movement). The data points represent medians for each
316  combination of participant and cue category. Thus, each participant contributed three data points
317  in either the visual or visual-haptic condition. Because the timing of the cues depended on hand
318  position (5, 50 or 95% of the distance to the target), the actual time of the cue, relative to the end
319  of the movement, varied considerably because overall speed of the movement, and the speed
320 profile over time, varied across participants. Note that the time from the cue to movement end
321  was negative if the ‘end’ of the movement—defined as the time at which hand velocity dropped
322  below 5% of the peak velocity—occurred before the cue was delivered, which could occur when
323  the cue was delivered when the hand reached 95% of the distance to the target. The black dashed
324 line is the unity line; thus, saccades initiated at the end of the movement would fall on this line.
325 The height difference between the unity line and the dashed-dotted line is 111 ms, which is the
326 mean duration of the guiding phase in the visual-haptic condition. Thus, on average, saccades

327 initiated at the end of the directing phase in the visual-haptic would fall on this line.
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328  Figure 3. Results from the one-handed reaching task. (A, B) Gaze and hand (i.e., cursor) paths and target

329 positions, in screen coordinates, from representative trials from the visual and visual-haptic conditions.
330 Participants used their right hand to reach from the start position to the reach target and were instructed
331 to shift their gaze from the reach target to cued saccade target, randomly selected from three potential
332 saccade targets. (C, D) Gaze and hand tangential velocity profiles from the trials in A and B. The times
333 of the cue and ends of the directing phase and movement are indicated by vertical lines. (E) Saccadic
334 reaction time as a function of the remaining movement time at the time of the cue in the visual and visual-
335 haptic conditions. Dots represent medians from individual participants. Solid lines show fits with the
336 piecewise regression model with the vertical dotted line marking the boundary between the constant and
337 sloped segments. Black dash line is the unity line and the height difference between the unity lines and
338 the dash-dotted line is the mean duration of the guiding phase in the visual-haptic condition.
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339 The piecewise linear regression revealed that the common height of the constant segment
340 (184 ms) and the common slope (.63) were both significantly greater than zero (p < .001 in both
341  cases). Importantly, the difference between conditions in the breakpoint (142 ms) was significant
342  (p <.001). Note that the difference in breakpoints can also be expressed as the difference in the
343  intercepts of the sloped segments for the visual and visual-haptic conditions, which was 89 ms.
344  Thus, the height difference between the sloped segments of the two conditions was only a little

345 less (23 ms) than the mean duration of the guiding phase in the visual-haptic condition (111 ms).

346 Overall, these results provide evidence that gaze anchoring is not only observed in the
347  visual condition, as expected, but also in the visual-haptic. However, gaze appears to be anchored
348 to different events in these conditions. Specifically, in the visual condition, gaze appears to be
349  anchored to the end of the movement, whereas in the visual-haptic condition, gaze appears to be

350 anchored more to the end of the directing phase.ms).

Independence of gaze and hand anchoring in two-handed reaching

351 In the two-handed reaching task, we asked how the timing of the gaze shift to the secondary
352  target would be affected if participants were asked to also move their left hand to the secondary
353 target. More specifically, we asked whether gaze anchoring would still be observed and, if so,
354  whether the left hand would also exhibit anchoring. Participants used their right hand to reach to
355 the fixated right-hand reach target, and received only visual feedback about target contact (just
356  as in the visual condition in the one-handed reaching task). The secondary—combined saccade
357 and left hand—target was cued when the right hand reached 5, 50, and 95% of the distance to
358 the target, instructing participants to move both their gaze (from the fixated reach target) and their

359 left hand (from the left hand start position) to this secondary target as soon as possible.

360 Figure 4A shows gaze, right hand, and left-hand paths and target positions for a
361  representative trial in a screen-centred reference frame. Figure 4B shows gaze and hand
362  velocities as a function of time for the same. The time of the cue and the end times of the directing
363 phase and movement are shown by vertical lines. In this trial, the top potential saccade target
364  was cued as the saccade target just after the right-hand movement started. Note that the left hand
365 started moving towards the secondary target well before the right-hand movement ended,

366  whereas gaze shifted to the secondary target at the end of the right-hand movement.

14


https://doi.org/10.1101/2025.08.20.671334
http://creativecommons.org/licenses/by-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2025.08.20.671334; this version posted September 4, 2025. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made

>

(S
]

Vertical position (cm)

o

100

o
L

o
1

an
L

Movement velocity (cm/s)
=

available under aCC-BY-ND 4.0 International license.

Two-handed reaching
Cued secondary

target — Right hand
Gaze
Rt. hand reach
N target = |eft hand
Potential
secondary a'—' .
Lt. hand fargets Rt. hand
start / start
I I 1 1 1 1
-10 -5 0 5 10 15
Horizontal position (cm)
kS) ] =
: £ 2
[ ‘G E
.-
L

by,

0 05 1 15
Time relative to right-hand cue (s)

Saccade and left hand latency as a

C : : .
900 1 function of time until end of movement
e Gaze data
.. 800f| e Lefthand data
g — Gaze fit
S T00T|— Left hand fit
é 600" Un!ty ||n-e
5 Unity minus
3 500 H—._right hand
£ guiding phase
2 400t duration
% .
= 300
£ oo} 2%
@ o A g Mean right hand guiding
= 100} " .~ phase duration
ol 7
0 100 200 300 400 500 600 700 800

371
372
373

Time from cue to end of movement

Figure 4. Results from the two-handed
visually guided reaching task. (A) Gaze
and left and right hand (i.e., cursor)
paths and target positions, in screen
coordinates, from a representative trial.
Participants used their right hand to
reach to the right-hand reach target,
and were instructed to shift their gaze
and move their left hand to the
secondary target—randomly selected
for two potential secondary targets—
when it was cued during the right hand
movement. (B) Gaze and left and right-
hand tangential velocity profiles from
the trial in A. The times of the cue and
ends of the directing phase and
movement are indicated by vertical
lines. (C) Saccadic (red dots) and left
hand (green dots) reaction time as a
function of the remaining movement
time at the time of the cue. Dots
represent medians from individual
participants. Solid lines show fits with
the piecewise regression model, with
the vertical dotted line marking the
boundary between the constant and
sloped segments. The black dashed
line is the unity line. The height
difference between the unity line and
the black dashed-dotted line is the
mean duration of the guiding phase of
the right-hand movement.

The piecewise linear regression (Fig. 4C) revealed that the common slope of the sloped

segments (.69) was significant (p < .001), and that the height of the constant segment was greater

(p < .001) for the left hand (259 ms) than for gaze (210 ms), indicating that the minimum saccadic
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374  reaction time was ~50 ms less than the minimum left hand reaction time. The regression also
375 revealed that the difference in breakpoints (340 ms) was significant (p < .001). We found that the
376  difference between the intercepts of the sloped segments (187 ms) was significantly different from
377  zero (i.e., the 95% confidence intervals [135 ms, 338 ms] did not include zero). Thus, it appears
378 that gaze and the left hand are anchored to different time points linked to the right-hand
379 movement. The saccadic reaction times were generally quite close to the unity line, suggesting
380 that gaze was roughly anchored to the end of the movement. The mean duration of the guiding
381  phase of the right-hand movement was 104 ms, which is shorter than the height difference (187
382 ms) between the sloped segments, suggesting that, on average, the left hand was anchored to a
383 time point that occurred earlier than the end of the directing phase of the right hand. However,
384 inspection of the left-hand reaction times indicates that little or no left-hand anchoring was
385 observed in some participants. For the others, the left-hand reaction times are generally quite
386 close to the dashed-dotted line, suggesting that the left hand was roughly anchored to the end of
387 the directing phase of the right hand. In any event, what is clear is that the left hand is not ‘co-

388 anchored’ with gaze.

Comparison of gaze anchoring in the one- and two-handed reaching task

389  We asked whether similar gaze anchoring occurred in the visual condition of the one-handed
390 reaching tasks and the two-handed reaching tasks, in which only visual feedback about target
391  contact was provided. Note that the same participants performed these two tasks. Figure 5A
392  shows saccadic reaction time as a function of the remaining duration of the movement at the time
393  of the cue for the two tasks. The data points represent medians for each combination of participant
394  and cue category. The black dashed line is the unity line. The piecewise linear regression revealed
395 that the common slope of the sloped segments (.69) was significant (p < .001) but that there was
396 no significant difference in the breakpoints (p = .31), and hence the intercepts of the sloped
397 segments. Thus, similar gaze anchoring, with gaze roughly anchored to the end of the right-hand
398 movement, was observed in the two tasks. In other words, the instruction to move the left hand

399 to the secondary target did not seem to have any effect on gaze anchoring.

400 We observed considerable variability, across participants, in terms of how long saccades
401  were delayed relative to the end of the reaching movement. To test whether the magnitude of the
402 delay was participant specific, we compared saccade latencies of the one- and two-handed
403 reaching tasks. Figure 5B shows, for each combination of participant and cue category, saccadic
404 latency in the two-handed task as a function of saccadic latency in the one-handed task. Note

405 that for this analysis (and plot), we only used one-handed reaching trials in which the location of
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406 the secondary gaze target was in one of the two locations used in the two-hand reaching trials. In
407  other words, we matched saccade directions. Linear regression revealed an R-squared value of
408 0.895 and a significant slope of .93 (t=17.7; p <.001).

A Saccade latency in one- and two-handed reaching B Saccade latency in two-handed reaching versus
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409  Figure 5. Comparison of gaze anchoring in the one- and two-handed reaching tasks. (A) Saccadic reaction

410 time as a function of the remaining movement time at the time of the cue in the visual condition of the
41 one-handed reaching task and the two-handed reaching task. In both cases, only visual feedback about
412 target contact was provided. Dots represent medians from individual participants. Solid lines show fits
413 with the piecewise regression model with the vertical dotted line marking the boundary between the
414 constant and sloped segments. The black dash line is the unity line. (B) Correlation, across participants,
415 of saccadic reaction times in the visual condition of the one-handed reaching task and the two-handed
416 reaching task. The black dash line is the unity line.
Discussion

417  The aim of this study was to investigate how quickly participants could initiate a visually-cued eye
418 movement while engaging in manual reaching. In line with previous research, we found that
419  saccades were delayed—relative to the cue—if the saccade was cued at the start or during the
420 reach. However, the saccade delay depended on the availability of haptic feedback, with eye
421  movements being initiated at the end of the reaching movement when feedback was only visual
422  and at the end of the directing phase when participants received visual-haptic feedback upon
423  contacting the reach target. We further tested the delay in movement initiation in a bimanual

424  reaching task, in which the cued saccade target was also a left-hand reach target. Here, we found
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425  a similar saccade delay compared to one-handed reaching. However, the delay of the left-hand
426  movement was much shorter than the saccade delay, indicating that the initiation of the left-hand
427  reach was to some degree decoupled from gaze anchoring. Finally, we found that, in the visual
428  condition, individual differences in how long saccades were delayed relative to the cue, were
429  consistent across the one- and two-hand reaching tasks, suggesting that sensorimotor processing

430 was similar in these two tasks.

Gaze anchoring depends on available sensory feedback

431 In natural action tasks, humans coordinate their eye and hand movements in stereotypical ways
432 (de Brouwer et al. 2021; Land 2006). When reaching for and manipulating objects, gaze
433 commonly fixates action-relevant objects before the hand arrives, and then shifts to the next
434  location of interest around the time that the hand contacts the target object (Ballard et al. 1992;
435 Bowman et al. 2009; Johansson et al. 2001). Fixating the action goal has been shown to increase
436  endpoint accuracy both when reaching toward and placing objects (Bock 1986; Desmurget and
437  Grafton 2000; Fisk and Goodale 1985; Luabeya et al. 2024). Moreover, maintaining fixation at the
438 reach goal appears to be linked to hand movement control. When a saccade target is flashed
439  during a reaching movement, saccades to the flashed target are delayed compared to saccades
440 that are cued after reach completion (Neggers and Bekkering 2000). The duration of this delay
441  depends on the time at which the secondary target is flashed relative to reach completion, with
442  saccades being delayed longer if the secondary target is flashed early during the reach (Neggers
443  and Bekkering 2001). These results suggest that gaze anchoring occurs, at least in part, to allow
444  central vision to be used towards the end of the hand movement to guide the hand to the target.
445 What is not clear is whether gaze anchoring also occurs to allow peripheral vision and gaze-
446 related signals (e.g., gaze proprioception) to be used earlier during the hand movement to direct

447  the hand towards the vicinity of the target.

448 Here, we extend previous findings by showing that gaze anchoring not only occurs in the
449  visual condition, in which central vision is required to guide the hand to the target via slow visual
450 feedback loops, but also in the haptic condition, in which central vision is not required for this
451 purpose. These results indicate that gaze anchoring can arise from visuomotor demands during
452  the directing phase when reaching to the target. During the directing phase, peripheral vision of
453 the hand can be used continuously to monitor the position of the hand and to rapidly correct for
454  potential reach errors (Brenner and Smeets 1997; de Brouwer et al. 2018; Paillard 1996; Sarlegna
455 et al. 2003; Saunders and Knill 2003, 2004). Our results suggest that eliciting a saccade during

456 the directing phase would disrupt ongoing visuomotor control. Such mechanisms of saccade
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457 inhibition might be mediated by releasing fixation-related neural firing (Paré and Munoz 1996;
458  Yang et al. 2002; Zingale and Kowler 1987).

459 Previous work has described the role of visual feedback in visually-guided reaching and
460 grasping (Janssen and Scherberger 2015; Sabes 2000). However, in real-world action tasks,
461 humans not only rely on visual but also multisensory signals to guide reach-to-grasp movements
462  (Betti et al. 2021). For example, when grasping an object, tactile information from the fingertips is
463  used to rapidly adjust hand kinematics and the force exerted to grasp the object (Johansson and
464  Flanagan 2009; Pruszynski et al. 2016, 2018). Moreover, whether and when an object is foveated
465  prior to grasping depends on the availability of haptic feedback upon contacting the object. For
466 example, whereas manipulating objects with fingertips can be guided by tactile feedback,
467  observers prefer to foveate objects until they are grasped when performing the manipulation task
468  with a tool (Fooken et al. 2024b). Our results indicate that as soon as haptic feedback became
469 available to guide contact between the hand and reach target, ocular fixation was released. Thus,
470 saccade inhibition during reaching is modulated by the sensory information available to control

471  the reaching movement.

472 Inhibition of saccades in goal-directed hand movements does not only occur when
473  reaching to stationary targets, but also when intercepting moving objects (Fooken et al. 2021).
474  Typically, humans track moving objects with a combination of smooth pursuit and saccadic eye
475 movements, but as the hand approaches the moving target, catch-up saccades are systematically
476  suppressed (Goettker et al. 2019; Mrotek and Soechting 2007; Schroeger et al. 2024). The
477  observation that objects are foveated shortly before the hand contacts the object raises the
478  question of the functional role of gaze in goal-directed action (lllamperuma and Fooken 2024).
479  How much visuomotor control is needed when reaching towards a foveated target depends on
480 task demands, such as the precision requirements at the reach goal (Rand and Stelmach 2010;
481  Sims et al. 2011), the time available to complete sequential reaches (Deconinck et al. 2011), or
482  the reward structure of the task (Abekawa et al. 2021). Thus, the strength of gaze anchoring is

483  generally modulated by the structure of the action task and the environment.

Dissociation between eye and hand movements in bimanual reaching

484  As highlighted in the previous section, the synergetic link between eye-and hand movement
485  control can be modulated by visuomotor task demands (de Brouwer and Spering 2022; Coudiere
486  and Danion 2024; Epelboim et al., 1995; Sailer et al. 2000). For example, rewarding fast-latency

487  saccades to a saccade target that is cued during a reaching movement increases the occurrence
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488  of non-anchored saccades (Abekawa et al. 2021). Here, we tested whether making the saccade
489 target an additional, left-handed movement target would affect gaze anchoring in any way. We
490 found that in the two-handed reaching tasks, saccades were delayed as long as in the one-handed
491  reaching task. However, the initiation of left-handed reaches was to some degree decoupled from
492  gaze anchoring. These findings are in line with research showing that the latencies of eye-and
493 hand movements are only weakly correlated when humans reactively point to visual targets or
494  rapidly respond to sudden changes in target position (Fooken et al. 2024a; Prablanc et al. 1979).
495  Thus, our results provide further evidence that whereas sensory information is shared between
496 the eye and hand movement system, movement initiation and execution may be controlled in

497  parallel.

498 Neurophysiological studies have shown that the posterior parietal cortex plays a crucial
499 role in coordinating eye and hand movements in visually-guided reaching (Andersen et al. 1997,
500 Battaglia-Mayer et al. 2015; Buneo and Andersen 2006; Dean et al. 2012; Passarelli et al. 2021;
501  Snyder et al. 2000). During reaching movements, neural firing in the lateral intraparietal area
502 (LIP), an area associated with saccade and attentional control (Andersen et al. 1992; Barash et
503 al. 1991; Bisley and Mirpour 2019), is systematically modulated by neural activity in the parietal
504 reach region (PRR; Hagan et al. 2012; Hagan and Pesaran 2022). Specifically, saccades are
505 transiently suppressed through a ‘reach-to-saccade communication channel’. One possibility is
506 that whereas the reach target is represented in a common (oculomotor) reference frame (Batista
507 etal. 1999; Carey 2000; Vesia and Crawford 2012), PRR and LIP operate in parallel to plan and
508 control movement execution (Kang et al. 2024). Overall communication between PRR and LIP
509 may be functionally organized such that the suppression of saccades during reaching supports

510 goal-directed behaviour.

Individual differences in saccade latency

511 The tendency to inhibit saccades shortly before action-relevant events has not only been
512  described in laboratory studies but also in the wild. Expert performance in many targeted action
513  tasks, such as golf putting or basketball free throw, is characterized by a systematic suppression
514  of saccades before the action is executed, a phenomenon known as ‘quiet eye’ (Vickers 1992,
515 1996). Maintaining steady fixation of the action goal is thought to facilitate information and
516  attentional processing and aid motor preparation (Gonzalez et al. 2017; Vickers 2007). Yet, more
517  dynamic action tasks require a disengagement of the fixation to make gaze available to gather
518  new visual information and support ongoing action control. We observed that how long saccades

519 were delayed during the ongoing reach greatly varied between individuals, reiterating the
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520 observation that eye movement behaviour systematically differs between individuals (Bargary et
521  al. 2017; Castelhano and Henderson 2008; de Haas et al. 2019). Interindividual eye movement
522  differences even persist across different tasks, if similar sensorimotor demands are required
523  (Goettker and Gegenfurtner 2024). We observed that the delay in saccade latency to the visually
524  cued target was consistent within individuals irrespective of whether participants performed the
525 one- or two-handed reaching task. Taken together, these results suggest that the tradeoff
526  between perceptual and motor processing is a balance that is tailored to each individual's
527  sensorimotor ability. Although these sensorimotor traits may to some degree be hardwired
528 (Kennedy et al. 2017), the fact that eye movement patterns in visual and motor experts are similar
529  between individuals suggest that visuomotor experience also plays a role (Reingold and Sheridan
530 2011; Vickers 2007).

Conclusion

531  The current study investigates mechanisms of gaze anchoring, a phenomenon that describes the
532 inability to move the eyes away from the reach goal to a visually cued target while the reaching
533 movement is ongoing. We found that how long saccades were delayed—relative to the time of
534  saccade cue—depended on the type of feedback participants received upon contacting the reach
535 target. Specifically, whereas gaze anchoring was linked to the end of the reaching movement
536  when the target was only visual, gaze anchoring was linked to the end of the directing phase
537  when haptic information was available upon contact between the hand and the reach target. We
538 further found that gaze anchoring did not depend on whether the cued target was only a saccade
539 target or a combined saccade and left-hand target, and gaze anchoring was not systematically
540 related to the initiation of a simultaneous left-handed movement. Effects of gaze anchoring were
541  highly consistent within individuals and correlated across tasks. Taken together, our results
542  suggest that visual feedback is continuously used to support goal-directed action until other
543  sensory feedback is available or the action goal is attained. However, while the eyes are anchored
544  to the reach target, a secondary goal-directed movement can be planned and initiated in parallel.
545  The timing of these interacting visuomotor control mechanisms appears to be individual-specific

546  and may indicate differences in trading off perceptual and sensorimotor processes.

Citation diversity statement

547  Recent work in several fields of science has identified a bias in citation practices such that papers
548 from women and other minority scholars are under-cited relative to the number of such papers in
549 the field (Bertolero et al. 2020; Caplar et al. 2017; Chatterjee and Werner 2021; Dion et al. 2018;
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550  Dworkin et al. 2020; Fulvio et al. 2021; Maliniak et al. 2013; Mitchell et al. 2013; Wang et al. 2021).
551 Here we sought to proactively consider choosing references that reflect the diversity of the field
552  in thought, form of contribution, gender, race, ethnicity, and other factors. First, we obtained the
553  predicted gender of the first and last author of each reference by using databases that store the
554  probability of a first name being carried by a woman (Dworkin et al. 2020; Zhou et al. 2020). By
555 this measure (and excluding self-citations to the first and last authors of our current paper), our
556 references contain 15.28% woman(first)/woman(last), 10.27% man/woman, 19.44% woman/man,
557 and 55.01% man/man. This method is limited in that a) names, pronouns, and social media
558  profiles used to construct the databases may not, in every case, be indicative of gender identity
559 and b) it cannot account for intersex, non-binary, or transgender people. Second, we obtained the
560 predicted racial/ethnic category of the first and last author of each reference by databases that
561  store the probability of a first and last name being carried by an author of colour (Ambekar et al.
562 2009; Chintalapati et al. 2023). By this measure (and excluding self-citations), our references
563  contain 4.62% author of colour (first)/author of colour(last), 17.34% white author/author of colour,
564 18.30% author of colour/white author, and 59.74% white author/white author. This method is
565 limited in that a) names and Florida Voter Data to make the predictions may not be indicative of
566 racial/ethnic identity, and b) it cannot account for Indigenous and mixed-race authors, or those
567 who may face differential biases due to the ambiguous racialization or ethnicization of their
568 names. We look forward to future work that could help us to better understand how to support

569 equitable practices in science.

22


https://doi.org/10.1101/2025.08.20.671334
http://creativecommons.org/licenses/by-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2025.08.20.671334; this version posted September 4, 2025. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-ND 4.0 International license.

References

570  Abekawa N, Gomi H, Diedrichsen J. Gaze control during reaching is flexibly modulated to

571 optimize task outcome. J Neurophysiol 38, 2021.

572  Ambekar A, Ward C, Mohammed J, Male S, Skiena S. Name-ethnicity classification from
573 open sources. In: Proceedings of the 15th ACM SIGKDD international conference on

574 Knowledge discovery and data mining. KDDO09: The 15th ACM SIGKDD International
575 Conference on Knowledge Discovery and Data Mining. ACM, p. 49-58.

576  Andersen RA, Brotchie PR, Mazzoni P. Evidence for the lateral intraparietal area as the

577 parietal eye field. Curr Opin Neurobiol 2: 840—846, 1992.

578 Andersen RA, Snyder LH, Bradley DC, Xing J. Multimodal representation of space in the
579 posterior parietal cortex and its use in planning movements. Annu Rev Neurosci 20: 303—
580 330, 1997.

581  Ballard DH, Hayhoe MM, Li F, Whitehead SD. Hand-eye coordination during sequential

582 tasks. Philos Trans R Soc Lond B Biol Sci 337: 331-339, 1992.

583  Barash S, Bracewell RM, Fogassi L, Gnadt JW, Andersen RA. Saccade-related activity in the
584 lateral intraparietal area. I. Temporal properties; comparison with area 7a. J Neurophysiol
585 66: 1095-1108, 1991.

586 Bargary G, Bosten JM, Goodbourn PT, Lawrance-Owen AJ, Hogg RE, Mollon JD.

587 Individual differences in human eye movements: An oculomotor signature? Vision Res 141:
588 157-169, 2017.

589  Batista AP, Buneo CA, Snyder LH, Andersen RA. Reach Plans in Eye-Centered Coordinates.
590 Science 285: 257-260, 1999.

591  Battaglia-Mayer A, Ferrari-Toniolo S, Visco-Comandini F. Timing and communication of

592 parietal cortex for visuomotor control. Curr Opin Neurobiol 33: 103—-109, 2015.

593  Bertolero MA, Dworkin JD, David SU, Lloreda CL, Srivastava P, Stiso J, Zhou D, Dzirasa
594 K, Fair DA, Kaczkurkin AN, Marlin BJ, Shohamy D, Uddin LQ, Zurn P, Bassett DS.
595 Racial and ethnic imbalance in neuroscience reference lists and intersections with gender.
596 2020.

597  Betti S, Castiello U, Begliomini C. Reach-to-Grasp: A Multisensory Experience. Front Psychol
598 12: 614471, 2021.

599  Bisley JW, Mirpour K. The neural instantiation of a priority map. Curr Opin Psychol 29: 108—
600 112, 2019.

601  Bock O. Contribution of retinal versus extraretinal signals towards visual localization in goal-
602 directed movements. Exp Brain Res 64: 476—482, 1986.

23


https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://doi.org/10.1101/2025.08.20.671334
http://creativecommons.org/licenses/by-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2025.08.20.671334; this version posted September 4, 2025. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-ND 4.0 International license.

603 Bowman MC, Johannson RS, Flanagan JR. Eye—hand coordination in a sequential target
604 contact task. Exp Brain Res 195: 273-283, 2009.

605 Brenner E, Smeets JBJ. Fast Responses of the Human Hand to Changes in Target Position. J
606 Mot Behav 29: 297-310, 1997.

607  Bridgeman B, Stark L. Ocular proprioception and efference copy in registering visual direction.
608 Vision Res 31: 1903-1913, 1991.

609 de Brouwer AJ, Flanagan JR, Spering M. Functional Use of Eye Movements for an Acting

610 System. Trends Cogn Sci 25: 252-263, 2021.

611  de Brouwer AJ, Gallivan JP, Flanagan JR. Visuomotor feedback gains are modulated by gaze
612 position. J Neurophysiol 120: 2522-2531, 2018.

613  de Brouwer AJ, Jarvis T, Gallivan JP, Flanagan JR. Parallel Specification of Visuomotor
614 Feedback Gains during Bimanual Reaching to Independent Goals. eNeuro 4:

615 ENEURO.0026-17.2017, 2017.

616  de Brouwer AJ, Spering M. Eye-hand coordination during online reach corrections is task
617 dependent. J Neurophysiol 127: 885-895, 2022.

618 Buneo CA, Andersen RA. The posterior parietal cortex: Sensorimotor interface for the planning
619 and online control of visually guided movements. Neuropsychologia 44: 2594-2606, 2006.

620 Caplar N, Tacchella S, Birrer S. Quantitative evaluation of gender bias in astronomical
621 publications from citation counts. Nat Astron 1: 0141, 2017.

622  Carey DP. Eye—hand coordination: Eye to hand or hand to eye? Curr Biol 10: R416-R419,
623 2000.

624  Castelhano MS, Henderson JM. Stable individual differences across images in human saccadic
625 eye movements. Can J Exp Psychol Rev Can Psychol Expérimentale 62: 1-14, 2008.

626  Chatterjee P, Werner RM. Gender Disparity in Citations in High-Impact Journal Articles.
627 JAMA Netw Open 4: €2114509, 2021.

628  Chintalapati R, Laochaprapanon S, Sood G. Predicting Race and Ethnicity From the Sequence
629 of Characters in a Name [Online]. arXiv2023.http://arxiv.org/abs/1805.02109 [1 Jul. 2024].

630 Coudiere A, Danion FR. Eye-hand coordination all the way: from discrete to continuous hand
631 movements. J Neurophysiol 131: 652—-667, 2024.

632 Dean HL, Hagan MA, Pesaran B. Only Coherent Spiking in Posterior Parietal Cortex
633 Coordinates Looking and Reaching. Neuron 73: 829-841, 2012.

24


https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://doi.org/10.1101/2025.08.20.671334
http://creativecommons.org/licenses/by-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2025.08.20.671334; this version posted September 4, 2025. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-ND 4.0 International license.

634  Deconinck FJA, Van Polanen V, Savelsbergh GJP, Bennett SJ. The relative timing between
635 eye and hand in rapid sequential pointing is affected by time pressure, but not by advance
636 knowledge. Exp Brain Res 213: 99-109, 2011.

637 Desmurget M, Grafton S. feedback control for fast reaching movements. Trends Cogn Sci 4,
638 2000.

639 Dion ML, Sumner JL, Mitchell SM. Gendered Citation Patterns across Political Science and
640 Social Science Methodology Fields. Polit Anal 26: 312-327, 2018.

641  Dworkin JD, Linn KA, Teich EG, Zurn P, Shinohara RT, Bassett DS. The extent and drivers
642 of gender imbalance in neuroscience reference lists. Nat Neurosci 23: 918-926, 2020.

643  Epelboim J, Steinman RM, Kowler E, Edwards M, Pizlo Z, Erkelens CJ, Collewijn H. The
644 function of visual search and memory in sequential looking tasks. Vision Research 35:3401-
645 3422, 1995.

646  Fisk JD, Goodale MA. The organization of eye and limb movements during unrestricted
647 reaching to targets in contralateral and ipsilateral visual space. Exp Brain Res 60, 1985.

648 Flanagan JR, Johansson RS. Action plans used in action observation. Nature 424: 769771,
649 2003.

650 Fooken J, Balalaie P, Park K, Flanagan JR, Scott SH. Rapid eye and hand responses in an
651 interception task are differentially modulated by context-dependent predictability. J Vis 24:
652 10, 2024a.

653 Fooken J, Johansson RS, Flanagan JR. Adaptive Gaze and Hand Coordination while
654 Manipulating and Monitoring the Environment in Parallel. BioRxiv, 2024b.

655 Fooken J, Kreyenmeier P, Spering M. The role of eye movements in manual interception: a
656 mini-review. Vision Res 183: 81-90, 2021.

657  Fulvio JM, Akinnola I, Postle BR. Gender (Im)balance in Citation Practices in Cognitive
658 Neuroscience. J Cogn Neurosci 33: 3-7, 2021.

659  Goettker A, Brenner E, Gegenfurtner KR, de la Malla C. Corrective saccades influence
660 velocity judgments and interception. Sci Rep 9: 5395, 2019.

661  Goettker A, Fiehler K, Voudouris D. Somatosensory target information is used for reaching
662 but not for saccadic eye movements. J Neurophysiol 124: 1092—-1102, 2020.

663  Goettker A, Gegenfurtner KR. Individual differences link sensory processing and motor
664 control. Psychol Rev , 2024. doi:10.1037/rev0000477.

665 Gonzalez CC, Causer J, Miall RC, Grey MJ, Humphreys G, Williams AM. Identifying the
666 causal mechanisms of the quiet eye. Eur J Sport Sci 17: 74-84, 2017.

25


https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://doi.org/10.1101/2025.08.20.671334
http://creativecommons.org/licenses/by-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2025.08.20.671334; this version posted September 4, 2025. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-ND 4.0 International license.

667  Goodale MA, Pelisson D, Prablanc C. Large adjustments in visually guided reaching do not

668 depend on vision of the hand or perception of target displacement. Nature 320: 748-750,
669 1986.

670 de Haas B, Iakovidis AL, Schwarzkopf DS, Gegenfurtner KR. Individual differences in
671 visual salience vary along semantic dimensions. Proc Natl Acad Sci 116: 11687—-11692,
672 2019.

673 Hagan MA, Dean HL, Pesaran B. Spike-field activity in parietal area LIP during coordinated
674 reach and saccade movements. J Neurophysiol 107: 1275-1290, 2012.

675 Hagan MA, Pesaran B. Modulation of inhibitory communication coordinates looking and
676 reaching. Nature ,2022. doi:10.1038/s41586-022-04631-2.

677 Illamperuma NH, Fooken J. Towards a functional understanding of gaze in goal-directed
678 action. J Neurophysiol 132: 767-769, 2024.

679 Janssen P, Scherberger H. Visual Guidance in Control of Grasping. Annu Rev Neurosci 38:
680 69-86, 2015.

681  Johansson RS, Flanagan JR. Coding and use of tactile signals from the fingertips in object

682 manipulation tasks. Nat Rev Neurosci 10: 345-359, 20009.

683  Johansson RS, Westling G, Bickstrom A, Flanagan JR. Eye—Hand Coordination in Object
684 Manipulation. J Neurosci 21: 6917-6932, 2001.

685 Kang JU, Mooshagian E, Snyder LH. Functional organization of posterior parietal cortex
686 circuitry based on inferred information flow. Cell Rep 43: 114028, 2024.

687 Kennedy DP, D’Onofrio BM, Quinn PD, Bélte S, Lichtenstein P, Falck-Ytter T. Genetic
688 Influence on Eye Movements to Complex Scenes at Short Timescales. Curr Biol 27: 3554-
689 3560.e3, 2017.

690 Land M, Mennie N, Rusted J. The Roles of Vision and Eye Movements in the Control of
691 Activities of Daily Living. Perception 28: 1311-1328, 1999.

692 Land MF. Eye movements and the control of actions in everyday life. Prog Retin Eye Res 25:
693 296-324, 2006.

694 Land MF, Hayhoe M. In what ways do eye movements contribute to everyday activities? Vision
695 Res 41: 3559-3565, 2001.

696 Luabeya GN, Yan X, Freud E, Crawford JD. Influence of gaze, vision, and memory on hand
697 kinematics in a placement task. J Neurophysiol 132: 147-161, 2024.

698 Maliniak D, Powers R, Walter BF. The Gender Citation Gap in International Relations. /n¢
699 Organ 67: 889-922, 2013.

26


https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://doi.org/10.1101/2025.08.20.671334
http://creativecommons.org/licenses/by-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2025.08.20.671334; this version posted September 4, 2025. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-ND 4.0 International license.

700  Mitchell SM, Lange S, Brus H. Gendered Citation Patterns in International Relations Journals.
701 Int Stud Perspect 14: 485-492, 2013.

702  Mrotek LA, Soechting JF. Target Interception: Hand-Eye Coordination and Strategies. J
703 Neurosci 27: 7297-7309, 2007.

704  Neggers SFW, Bekkering H. Ocular Gaze is Anchored to the Target of an Ongoing Pointing

705 Movement. J Neurophysiol 83: 639-651, 2000.

706  Neggers SFW, Bekkering H. Gaze Anchoring to a Pointing Target Is Present During the Entire
707 Pointing Movement and Is Driven by a Non-Visual Signal. J Neurophysiol 86: 961-970,
708 2001.

709  Neggers SFW, Bekkering H. Coordinated control of eye and hand movements in dynamic

710 reaching. Hum Mov Sci 21: 37-64, 2002.

711 Paillard J. Fast and slow feedback loops for the visual correction of spatial errors in a pointing
712 task: a reappraisal. Can J Physiol Pharmacol 74: 401-417, 1996.

713  Paré M, Munoz DP. Saccadic reaction time in the monkey: advanced preparation of oculomotor
714 programs is primarily responsible for express saccade occurrence. J Neurophysiol 76: 3666—
715 3681, 1996.

716  Passarelli L, Gamberini M, Fattori P. The superior parietal lobule of primates: a sensory-
717 motor hub for interaction with the environment. J Integr Neurosci 20: 157, 2021.

718  Prablanc C, Echallier JF, Komilis E, Jeannerod M. Optimal response of eye and hand motor

719 systems in pointing at a visual target: I. Spatio-temporal characteristics of eye and hand
720 movements and their relationships when varying the amount of visual information. Bio/
721 Cybern 35: 113124, 1979.

722  Prablanc C, Pélisson D, Goodale MA. Visual control of reaching movements without vision of
723 the limb: 1. Role of retinal feedback of target position in guiding the hand. Exp Brain Res
724 62, 1986.

725  Pruszynski JA, Flanagan JR, Johansson RS. Fast and accurate edge orientation processing
726 during object manipulation. eLife 7: €31200, 2018.

727  Pruszynski JA, Johansson RS, Flanagan JR. A Rapid Tactile-Motor Reflex Automatically
728 Guides Reaching toward Handheld Objects. Curr Biol 26: 788-792, 2016.

729 Rand MK, Stelmach GE. Effects of hand termination and accuracy constraint on eye—hand
730 coordination during sequential two-segment movements. Exp Brain Res 207: 197-211,
731 2010.

732  Reingold EM, Sheridan H. Eye movements and visual expertise in chess and medicine. Oxford
733 University Press.

27


https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://doi.org/10.1101/2025.08.20.671334
http://creativecommons.org/licenses/by-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2025.08.20.671334; this version posted September 4, 2025. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-ND 4.0 International license.

734  Sabes P. The planning and control of reaching movements. Curr Opin Neurobiol 10: 740-746,
735 2000.

736  Sifstrom D, Johansson RS, Flanagan JR. Gaze behavior when learning to link sequential

737 action phases in a manual task. J Vis 14: 3-3, 2014.

738  Sailer U, Eggert T, Ditterich J, Straube A. Spatial and temporal aspects of eye-hand

739 coordination across different tasks. Exp Brain Res 134: 163—173, 2000.

740  Sarlegna F, Blouin J, Bresciani J-P, Bourdin C, Vercher J-L, Gauthier GM. Target and
741 hand position information in the online control of goal-directed arm movements. Exp Brain
742 Res 151: 524-535,2003.

743  Saunders JA, Knill DC. Humans use continuous visual feedback from the hand to control fast
744 reaching movements. Exp Brain Res 152: 341-352, 2003.

745  Saunders JA, Knill DC. Visual Feedback Control of Hand Movements. J Neurosci 24: 3223—
746 3234, 2004.

747  Schroeger A, Goettker A, Braun DI, Gegenfurtner KR. Keeping Your Eye, Head, and Hand
748 on the Ball: Rapidly Orchestrated Visuomotor Behavior in a Continuous Action Task.
749 BioRxiv, 2024.

750 Sims CR, Jacobs RA, Knill DC. Adaptive Allocation of Vision under Competing Task
751 Demands. J Neurosci 31: 928-943, 2011.

752  Snyder LH, Batista AP, Andersen RA. Saccade-Related Activity in the Parietal Reach Region.
753 J Neurophysiol 83: 1099—1102, 2000.

754  Vesia M, Crawford JD. Specialization of reach function in human posterior parietal cortex. Exp
755 Brain Res 221: 1-18, 2012.

756  Vickers JN. Gaze Control in Putting. Perception 21: 117-132, 1992.

757  Vickers JN. Visual control when aiming at a far target. J Exp Psychol Hum Percept Perform 22:
758 342-354, 1996.

759  Vickers JN. Perception, cognition, and decision training: the quiet eye in action. Champaign, IL

760 Windsor; Stanningley Lower Mitcham: Human Kinetics, 2007.

761  Wang X, Dworkin JD, Zhou D, Stiso J, Falk EB, Bassett DS, Zurn P, Lydon-Staley DM.
762 Gendered citation practices in the field of communication. Ann Int Commun Assoc 45: 134—
763 153, 2021.

764  Wilmut K, Wann JP, Brown JH. How active gaze informs the hand in sequential pointing
765 movements. Exp Brain Res 175: 654—666, 2006.

28


https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://doi.org/10.1101/2025.08.20.671334
http://creativecommons.org/licenses/by-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2025.08.20.671334; this version posted September 4, 2025. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-ND 4.0 International license.

766  Yang Q, Bucci MP, Kapoula Z. The Latency of Saccades, Vergence, and Combined Eye

767 Movements in Children and in Adults. Invest Ophthalmol Vis Sci 43: 2939-2949, 2002.
768  Zhou D, Bertolero MA, Stiso J, Cornblath EJ, Teich EG, Blevins AS, Virtualmario Camp,
769 Dworkin J, Bassett DS. Gender diversity statement and code notebook [Online].

770 2020.https://github.com/dalejn/cleanBib.

771 Zingale CM, Kowler E. Planning sequences of saccades. Vision Res 27: 1327-1341, 1987.

29


https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://www.zotero.org/google-docs/?pRDLtc
https://doi.org/10.1101/2025.08.20.671334
http://creativecommons.org/licenses/by-nd/4.0/

	Introduction
	Methods
	Participants
	Apparatus
	Stimuli and Procedure
	One-handed reaching experiment
	Two-handed reaching experiment

	Eye and Hand movement recordings and analysis
	Data exclusion
	Statistical Analysis

	Results
	Gaze anchoring in one-handed reaching depends on sensorimotor feedback
	Independence of gaze and hand anchoring in two-handed reaching
	Comparison of gaze anchoring in the one- and two-handed reaching task

	Discussion
	Gaze anchoring depends on available sensory feedback
	Dissociation between eye and hand movements in bimanual reaching
	Individual differences in saccade latency
	Conclusion
	Citation diversity statement

	References


