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ABSTRACT

Preparing to grasp objects facilitates visual psst® of object location, orientation and size,
compared to preparing actions such as pointings Tihfluence of action on perception
reflects mechanisms of selection in visual peroceptuned to current action goals, such that
action relevant sensory information is prioritizethtive to less relevant information. In three
experiments, rather than varying movement typesfgres. point), the magnitude of a
prepared movement (power vs. precision grasps)maspulated while visual processing of
object size, as well as local/global target detectivas measured. Early event-related
potentials elicited by task-irrelevant visual prebgere enhanced for larger probes during
power grasp preparation and smaller probes duniagigion grasp preparation. Local targets
were detected faster following precision, relatit@ power grasp cues. The results
demonstrate a direct influence of grasp preparatiosensory processing of size and suggest
that the hierarchical dimension of objects may beelavant perceptual feature for grasp
programming. To our knowledge, this is the firsidewnce that preparing different magnitudes

of the same basic action has systematic effectssoial processing.
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Highlights
Power and precision grasp preparation modulates vigl perception
ERPs elicited by large probes are enhanced duringgaver, not precision, grasping.
ERPs elicited by small probes are enhanced duringrecision, not power, grasping.

Local targets are faster detected during precisiomot power, grasp preparation.



1. INTRODUCTION

It is well known that the visual properties of adie can influence subsequent motor
processing, for example features such as spatiatitm, orientation and size of objects can
automatically prime corresponding motor paramef€raighero, Fadiga, Umilta, & Rizzolatti,
1996; Hommel & Prinz, 1997; Tucker & Ellis, 1998)hese findings are interpreted as
evidence for a tight coupling of action and permeptand current theories suggest that this
coupling is bi-directional (Hommel, Misseler, Asdieben, & Prinz, 2001). The theory of
event coding proposes a shared representation doreption and action, resulting in
bidirectional effects between the two domains dineth observing events activates associated
motor actions, and performing actions also actassociated perceptual events (Prinz,
1984).

The ways in which perception can influence acti@vehbeen widely investigated (for a
review see Vogt & Thomaschke, 2007), however masi s known about how exactly the
planning of simple actions can modulate online aiguerception. Most of the evidence for
effects of action on perception comes from motsual priming paradigms, which
investigate perceptual processing of stimuli there relevant features to a planned action,
and have revealed that perception can indeed lsedtaward action relevant features. Early
behavioural experiments (Craighero, Fadiga, Riztipl& Umilta, 1999) demonstrated that
the processing of a visual stimulus is facilitaiethe stimulus has the same orientation as a
prepared grasping action. Subsequent evidence faormisual priming has compared
grasping and pointing movements and demonstratat thie processing of object size is
selectively enhanced during grasp preparation agiommel, & Schubotz, 2007) as well
as processing of object orientation (Bekkering &gbyers, 2002; Gutteling, Kenemans, &
Neggers, 2011; Hannus, Cornelissen, Lindemann, &ké&weng, 2005). These findings
suggest that action preparation may tune incomangs@y information to the perceptual
features relevant for the upcoming action, resglima bias in visual processing to match the

prepared action.

Whereas there are now numerous behavioural stad@sging effects of action preparation on
vision, the neural correlates of motor-visual prigniremain largely uninvestigated. One
exception using electrophysiology (Wykowska & Sahup012) combined a movement task

(grasping vs. pointing) and a visual search foe simd luminance targets and found facilitated



performance on action-perception ‘congruent’ candg (i.e. grasping facilitated size targets
and pointing facilitated luminance targets). Thattgrn was reflected by a modulation of
early event-related potential (ERP) componentsyiginog supporting evidence that action
affects early perceptual processing. That studyndatnat qualitatively different actions (i.e.,
grasping vs. pointing) can prime different aspeétgisual processing, demonstrating a large-
scale effect of action preparation on visual precgs However, it remains unclear whether
preparing different versions of the same basimactian also lead to subsequent differences
in visual processing. If action preparation indéaaes incoming sensory information toward
features relevant to the prepared action, thenifspperceptual features (e.g. large vs. small
objects) should be modulated, as well as the bro&éeture dimensions (e.g. size vs.
luminance targets) previously investigated (Wykosv&8kSchubd, 2012). The key aims of the
current study were i) to further investigate toesttto which action preparation can influence
visual processing, specifically whether varyingpamation of the same grasping action in
terms of grasp magnitude and force (i.e., a precisis. a power grasp) would selectively
enhance the processing for local vs. global aspa&cés compound visual stimulus (Navon,
1977), respectively, and ii) to measure visual edobotentials associated with a small or

large probe object in a context of a prepared s(padicision) or large (power) grasping action.

A number of findings suggest that the hierarchstalcture of stimuli may be influenced by
grasp preparation. For example Vainio and collead@806) found an object affordance size
effect (size of task irrelevant objects modulatesver/precision grasp responses), however
the effect only occurred when holding a precisiavice in the right hand and the power
device in the left hand. In a further study (Vainkdlis, Tucker, & Symes, 2007), right hand
responses to the ‘local’ component of an objed]. (e stalk of a fruit) were facilitated when
it was part of a precision-graspable ‘global’ obj€e.g. a strawberry) while left hand
responses to the same object were facilitated vitheras part of a power-graspable object
(e.g. an apple). These findings suggest that objgormation pertaining to power and
precision grasping is predominantly processed enright and left hemispheres, respectively,
and that the processing of hierarchical structureolmects is linked to power/precision
grasping actions. More recently Gable, Poole andkC@013) also used unilateral hand
contractions to activate the right or left cenpatietal hemispheres and observed behavioural
facilitation of global and local processing, redpesy. Local/global processing is also
modulated when stimuli are presented near the hébaeoli, Brockmole, Du, & Abrams,
2012; Langerak, La Mantia, & Brown, 2013; ThomaB1%), effects often interpreted as a



facilitation of perceptual information relevant ¢overt manual action preparation (Gozli,
West, & Pratt, 2012; Makin, Holmes, Brozzoli, & Rar 2012; Reed, Betz, Garza, & Roberts,
2010). Additionally, evidence from a variety of apaches suggests that both precision/power
grasping and local/global processing may sharendasipattern of hemispheric lateralization.
Findings have long supported the notion that tiealland global levels of hierarchical stimuli
are predominantly processed in the left and rigbmispheres, respectively. Behavioural
(Hubner, 1998; Van Kleeck, 1989) as well as imagstudies using PET (Fink, Marshall,
Halligan, & Dolan, 1998), fMRI (Fink et al., 1996997) and electrophysiology (Evans,
Shedden, Hevenor, & Hahn, 2000; Malinowski, Hubreil, & Gruber, 2002) support the
lateralization of global (right hemisphere) anddb@eft hemisphere) processing. Some causal
evidence is provided from neuropsychological stsiddé patients with left/right temporal-
parietal lesions exhibiting selective impairmentaoal/global stimulus processing (Robertson
& Lamb, 1991; Robertson, Lamb, & Knight, 1988). idugh, some inconsistencies exist
within the neuropsychological literature, as a camnfeature of Balint's syndrome is
simultanagnosia, a selective impairment in glob@hwus processing with intact local
processing, which results froblateral damage to parieto-occipital junction (Farah, 1990)
However in healthy subjects, causal evidence foagmmetry was provided by Romei and
colleagues (2012) who impaired global processingh wight-parietal rTMS and local

processing with left-parietal rTMS.

In the current study, motor-visual priming of logibbal stimulus features was investigated
in three experiments. In Experiment 1, participamése required to detect a target stimulus
presented at the local or global level of a complostimulus following a cue to prepare either
a power or precision grasp. If the magnitude ofsgrareparation biases visual processing
toward stimulus features relevant for the upcomaatjon, then detection of local targets
should be facilitated during the preparation ofcgs®n grasping relative to power grasping,
and detection of global targets should be facddaduring power grasping, relative to
precision grasping. Experiment 2 sought to repdidatdings from Experiment 1 while also
reducing the number of local elements within theapound stimuli, a manipulation known to
reduce the commonly observed global bias in taskggihierarchical stimuli (Kimchi, 1988;
Martin, 1979; Yovel, Yovel, & Levy, 2001). This wa®ne in order to investigate whether
effects of action preparation on local/global pssieg are dependent on the commonly

observed global bias in visual processing.



Experiment 3 utilized the fine temporal resolutioh electroencephalography (EEG) to
investigate the effects of grasp preparation orcgssing of visual size, aiming to directly
demonstrate a selective effect of grasp preparaiiorearly stages of processing in visual
cortices. This experiment also enabled a furthgestigation of the behavioural effects of
global/local processing during grasp preparatiomgughis adapted experimental design.
Similarly to Experiments 1 and 2, participants weteed to prepare a power or precision
grasp before being presented with a compound sisnéliso as in Experiments 1 and 2, they
were instructed to detect a target shape that cqupear at either the local or the global level
of the compound stimulus, or it could be absenifithe display. On two thirds of trials,
during the cue-target interval, a task-irrelevastial probe was presented that could either be
relatively small or large. In visual processinghanced ERP components have been observed
in response to a task-irrelevant visual probe dtisipresented in an attended area relative to
an unattended area of space (Hillyard, Vogel, &K,u®98; Hillyard & Anllo-Vento, 1998).
Similar effects have been observed at the goatitwtaf eye movements (Eimer, Van Velzen,
Gherri, & Press, 2006; Eimer, Velzen, Gherri, & $2e2007) and at effector and goal
locations of reaching movements during movemergamagion (Gherri, Van Velzen, & Eimer,
2009; Job, de Fockert, & van Velzen, 2016; Masdnné&ll, Davis, & Van Velzen, 2015)
reflecting adaptive modulation of sensory procassailored to the specific movement being
prepared. Recent data suggest that the early PddNfponents can also reflect a biasing
mechanism operating on processing of other stimigdatires, not just spatial locations (see
Zhang & Luck, 2009). If the behavioural effectsgpfisp preparation reflect a similar adaptive
sensory modulation we would expect that early evelatted potentials elicited by the visual
probes should be modulated in line with the prolweshpatibility with the prepared grasp.
This would mean that early components (P1 and Ngixesl by the large probe should be
enhanced in amplitude during the preparation obwaep grasp relative to a precision grasp,
while the components elicited by the small probasusth be enhanced during precision relative

to power grasps.

2. EXPERIMENT 1

2.1 Participants

A total of 16 participants (13 female) with a mesage of 21 years (SD = 4.02) participated in

return for course credits or £10. All participamiere right handed (mean laterality quotient



(Veale, 2014) = 92.21, SD = 11.06) and reportednabror corrected to normal vision.
Participants provided written informed consent otadance with the ethical guidelines

presented in the 1964 declaration of Helsinki.

2.2 Stimuli and Task

A local/global target detection task run with Empe software (Schneider, Eschman, &
Zuccolotto, 2002) required participants to respamiden presented with a target shape
stimulus. The target shape could appear at eitimerldcal or the global dimension of a
compound stimulus (target present trials) or theadtus could be comprised only of non-
target shapes (target absent trials). Compoundubtinere composed of 13-20 local shapes
(squares, circles or crosses) (0.76° visual arggi@nged into a global configuration (square,
circle or cross) (3.8° visual angle). All shape timations at the local and global dimensions

were presented, excluding same-shape combinations .

On each trial, before target presentation, a celbufixation cross (.91° visual angle)
instructed participants to prepare either a powea precision grasp (see Figure 1 and 2 for
schematics of the response devices and trial pusegdespectively). At 1000ms following
the grasp cue a compound stimulus was presente2bfoms. Participants were instructed to
execute the prepared grasp as fast as possiblerié-apecified target shape (square) was
present at either the local or the global dimensiod to withhold the grasp in the absence of
the target shape. A black fixation cross was preseduring the inter-trial interval for either

800ms, 900ms or 1000ms, randomly.

2.3 Procedure

Following provision of written consent and the smd Edinburgh Handedness Inventory
(Veale, 2014), participants completed a practiaelblof 20 randomised trials, followed by

six blocks of 60 randomised trials with self-timieckaks between blocks. The entire session
lasted approximately 25 minutes. The mapping batwviiee colour of the cue (blue/green) and
the grasp (power/precision) was counterbalancedsacparticipants. The hand used to
execute the grasps was also counterbalanced sattnalf of participants used their right

hand for even numbered blocks and their left handfdd numbered blocks while the reverse

was true for the remaining half of participants.
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Figure 1. Schematic illustration of the power and pecision response devices. Precision grasps require
pressing the small button with the thumb and the oposing index finger, while power grasps required

pressing the large cylindrical device with the wha palmar surface of the hand.
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Figure 2. Schematic illustration of the trial procalure with alternate possibilities superimposed abaw.
Following the coloured precision or power grasp cu¢0ms) a compound stimulus was presented for 250ms
that could contain a target shape (e.g. square) dhe local or global level, in which case participais
executed the cued grasp. If the target was abserthe prepared grasp had to be withheld. The inter-tial

interval (ITl) was randomly varied to be 800ms, 90fns or 1000ms. Images are not to scale.

2.4 Results

Reaction times in response to local and globaktargiere compared using a 2x2x2 repeated
measures Analysis of Variance (ANOVA) with factarfstarget level (local/global), grasp
(power/precision) and hand (left/right). Table lowks the mean percentage errors made
across conditions. As errors were made on an azeshgnly 3.5% of trials, they were not
further analysed and only trials in which a cornesponse was recorded were included in the

reaction time analysis.

Table 1. Mean percentage error and standard deviatin across conditions

Global Target Local Target
Power Precision Power Precision
Experiment 1 3.04 (259) 3.56(3.69) 4.08(3.91) 3.21(3.85)
Experiment 2 3.56 (3.13) 4.86(3.48) 3.82(4.52) 2.69 (2.51)
Experiment 3 3.20 (2.14) 3.67 (2.56) 3.13(3.35) 3.05(2.33)

Figure 3 shows the mean reaction times to globdllacal targets using power and precision
grasps with the left (a) and right (b) hand. A maffect of grasp magnitude was observed
with faster execution of precision grasps (M = 42D, = 79.06) than power grasps (M = 439,
SD = 88.94) by 18ms (SE = 6.7F)(1, 15F 7.32, p = .0160p2 = .328. A main effect of
target level was also observed with faster resporige global (M = 418, SD = 85.59),
compared to local targets (M = 442, SD = 82.42PWAys (SE = 5.18)-(1, 15F 22.74, p

< .001,np2 = .603. There was no main effect of the hand uB€t, 15F .58, p = 456jp2
=.048 or interactions involving the factor of hand

An interaction between grasp magnitude and tamgetl lwas observed(1, 15F 6.40, p
=.023mp2 = .299) indicating that the cued grasp magnitudle@énced reaction times to local
and global targets. Post-hoc t-tests confirmed ibspionses to local targets were faster using
precision grasps (M = 427, SD = 72.68) comparegbiwer grasps (M = 456, SD = 87.32) by

10



29ms (SEM = 7.99), t(15) = 3.63, p = .002. The @ff# grasp was not significant for global
targets (t(15) = .93, p = .365).
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Figure 3. Mean reaction times (RT) in millisecondgo target stimuli presented at the global and local
levels of a compound stimulus, separated for poweand precision grasping. Responses are made with
either the left hand (a) or the right hand (b). Error bars represent +/- 1 SE.
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2.5 Discussion

The results of Experiment 1 show that the prepamadf either a precision or power grasp can
selectively modulate the processing local visutdrimation. Local level targets were detected
faster following preparation of a precision grasplative to a power grasp. This finding

suggests that variation in the same basic actignggp) can selectively influence detection of
a subsequent visual local target. In contrast &vipus evidence suggesting a hemispheric
asymmetry for power and precision grasping (Vaieical., 2006, 2007) the hand used to

execute the movements had no influence on poweigwa response times in Experiment 1.

The effect of the prepared grasp was only preserteims of detection of local targets,
whereas global target detection was unaffected fagpg preparation. A possible factor
contributing to this asymmetry is that we used coomal stimuli that consisted of a relatively
large number of densely organized local elementsvi®us work has shown that the
magnitude of global bias is dependent on stimudasuires such as size and density (Kimchi,
1988; Martin, 1979; Yovel et al., 2001). For exaenpisplays with densely arranged local
elements spaced close together promote a strongalglorecedence (Caparos, Linnell,
Bremner, de Fockert, & Davidoff, 2013; Enns & Kitmse, 1995; Martin, 1979), meaning
that global target detection is greatly facilitatethtive to local target detection. In the current
study, responses were indeed substantially fagtglobal, compared to local, targets, which
may have obscured any subtle effects of grasp pagpa on detection of global targets.
Experiment 2 was therefore run in order to repéiciite findings of Experiment 1 and to
investigate the effects of action preparation aecteon of local and global targets in displays
in which the global level of the compound stimuuess made less salient by using fewer and

less densely organized local elements.

3. EXPERIMENT 2
3.1 Participants
A total of 16 adults (12 female) with a mean ag@4fears (SD = 4.83) participated in return

for £10. All participants were right handed (meatetality quotient (Veale, 2014) = 87.5, SD

= 23), and reported normal or corrected to normaiom. Participants provided written

12



informed consent in accordance with the ethicatiglimes presented in the 1964 declaration
of Helsinki.

3.2 Stimuli and Task

The task was identical to Experiment 1, exceptctirapound stimuli consisted of fewer local
shapes (9-12) spaced further apart (see figurdhis manipulation of the saliency of the
global level has been previously successfully usearder to reduce the relative saliency of
the global level (Caparos et al., 2013).

X X
X X
Xs¢ s X
X X X X
+ X X
X X
X X X X
oY Ug
oms O O
O O
O oo

1000ms

1250ms ITI (ms) = 800|900|1000

Figure 4. Schematic illustration of the trial procalure with alternate possibilities superimposed abaw.
Following the coloured precision or power grasp cu¢0ms) a compound stimulus was presented for 250ms

that could contain a target shape (square) at theotal or global level, in which case participants ecuted

13



the cued grasp. If the target was absent, the preped grasp had to be withheld. The inter-trial interval

(IT1) was randomly varied to be 800ms, 900ms or 1@ins. Images are not to scale.

3.3 Results

Errors were made on an average of only 2.9% dbfrsa were not further analysed. Reaction
times were analysed using the same 2 (target lévedd vs. global) x 2 (grasp: power vs.
precision) x 2 (hand: left vs. right) ANOVA as Expeent 1. Figure 5 shows the mean
reaction times to global and local targets usingigroand precision grasps with the left (a)
and right (b) hand. A main effect of grasp magretwdas observed with faster precision
responses (M = 468, SD = 83.68) compared to poMer 489, SD = 83.25) by 21ms (SE =
5.37),F(1, 15) = 15.82, p = .001y3p2 = .513. No main effect of target levél({, 15) = .838, p
=.374mp2 = .053) or handK(1, 15) =.008, p = .93%4p2 = .001) was found.

A marginally significant interaction between therget level (local/global), the grasp
magnitude (power/precision) and the hand usedr{igit) was observed; (1, 15) = 4.56, p
= .050,mp2 = .233. To investigate this interaction furthezparate two-way ANOVAs with
factors of level (local/global) and grasp magnitplewer/precision) for each hand confirmed
a significant interaction between level and gr&gf, 15) = 7.97, p = .013)p2 = .347 for right
hand responses. Post-hoc t-tests revealed thathagld responses to local targets were faster
using precision (M = 460, SD = 68.61) relative tomer (M = 498, SD = 79.85) grasps by
38ms (SEM = 9.21), t(15) = 4.09, p = .001. Thidetdnce was not significant for left hand
responses to global targets(15) = -.42, p = .684. The two-way interactiogstween target
level and grasp magnitude was not significant &t hand response§;(1, 15) = .409, p
=.532mp2 = .027.

! The possibility that detection of this effect wascluded by low statistical power, as a result
of an inadequate sample size, is unlikely as gitiersample effect size of Experiment 1 and a
critical threshold of .05 (two-tailed), a minimunmf @2 participants was required for
Experiment 2 with .80 statistical power to rejdwt thull hypothesis.

14
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Figure 5. Mean reaction times (RT) in millisecondgo target stimuli presented at the global and local
levels of a compound stimulus, separated for poweand precision grasping. Responses are made with
either the left hand (a) or the right hand (b). Error bars represent +/- 1 SE.

3.4 Discussion

The results from Experiment 2 replicated the cameifig of Experiment 1 that local level
targets are detected faster following preparatioa grecision grasp, relative to a power grasp.
This time the effect of grasp preparation was presethe absence of a main effect of target
level. The influence that grasp preparation hathemrocessing of local/global information is

therefore not dependent on the commonly obsenaubgbias in visual processing.

Unexpectedly, the effect of grasp magnitude onligbal processing in Experiment 2 was
only observed in the dominant right hand, compaodaxperiment 1 where the effect was not
influenced by the hand used to execute the movertaatunclear why reducing the number
of local elements, and in turn the global bias, Mdimit the effect of grasp preparation on
local processing to the right hand. Perhaps thettivel increase in the saliency of the local
level, predominantly processed by left hemispherectires (Hubner, 1998; Van Kleeck,
1989), resulted in the right hand specificity of tffect. In addition to this, regardless of the
hand used to execute the grasps, precision resparese faster than power responses across

15



both Experiments 1 and 2. This is not in line wiie notion that, relative to the right hand,

the left hand may be specialized for power grasgigard, 1987).

Experiment 3 was run to obtain a direct measurth@fselective effects of grasp preparation
on early stages of visual processing in the braihta replicate the action preparation effect
observed in Experiments 1 and 2 using a versidheofocal/global paradigm adapted for this
purpose: We used a similar design to ExperimerdadL2, combining an action preparation
task with a Navon task (1977) requiring detectiba visual target at either the local or global
level of a compound stimulus. Additionally, on eddhal a task-irrelevant visual probe was
presented following action preparation. The probeld be either small or large in size, and
the key prediction was that early probe-evokedali§iRPs would be enhanced for small cues
following preparation of a precision (vs. power)agp, and enhanced for large probes

following preparation of a power (vS. precisionagp.

4. EXPERIMENT 3

4.1 Participants

A total of 16 adults (13 female) with a mean ag@®fyears (SD = 3.85) participated in return
for £10. All participants were right handed (meatefality quotient = 87.06, SD = 17.00) and
reported normal or corrected to normal vision. iBigrnts provided written informed consent

in accordance with the ethical guidelines presemtdde 1964 declaration of Helsinki.

4.2 Stimuli and task

Stimuli and task were identical to Experiment Z;ept for the following aspects: At 1000ms
following the cue prompting participants to prepaither a precision or a power response, a
task-irrelevant visual probe stimulus was presented could be either large (4.8° visual
angle), small (1.6° visual angle) or absent withhagrobability. Probes were presented for
100ms, and 600ms after probe onset, the compounilgs was presented for 250ms.
Following an error (incorrect grasp) or a time-¢ud response within 1200ms) a feedback
tone was delivered via two speakers symmetricdiignad in front of participants. The

contrast of the presentation was also reversedpefiment 3 with white stimuli presented on

16



a black background. Stimuli were presented usirgg RBychophysics Toolbox extensions
(Brainard, 1997) version 3.0.12plemented in MATLAB (R2014b, version: 8.4).

4.3 Procedure

Following provision of written consent and the (s&d) Edinburgh Handedness Inventory
(Veale, 2014), participants completed a practiaelblof 30 randomised trials, followed by
eight blocks of 100 randomised trials with self¢un breaks between blocks. The
experimental task lasted approximately 45 minuié® mapping between the colour of the
cue (blue/green) and the grasp (power/precisiory a@unterbalanced across participants.
Given that effects of interest were limited to tight hand in Experiment 2, only right hand

responses were recorded in Experiment 3.

1850ms ITI (ms) = 800|900|1000

Figure 6. Schematic illustration of the trial procalure with alternate possibilities superimposed abaw.

Following the coloured precision or power grasp cueat the start of each trial, a large, small or abs#

17



probe was presented for 100ms. At 600ms after probenset, a compound stimulus was presented for
250ms that could contain a target shape (e.g. squ@rat the local or global level, in which case padipants
executed the cued grasp. If the target was absetthe prepared grasp had to be withheld. The inter-tial

interval (ITl) was randomly varied to be 800ms, 90fns or 1000ms. Images are not to scale.

4.4 EEG recording, processing and analysis

EEG was recorded using a BioSemi ActiveTwo ampliiiem 64 Ag—AgCl electrodes placed
according to the extended 10-20 system at a dagjitis rate of 2048Hz and down sampled
offline to 1024Hz. Electrodes were referenced ® dhierage of electrodes placed on the left
and right earlobes. Activity from horizontal eye vements was recorded from a pair of
electrodes placed on the outer canthi of the eyestical eye movement activity was
recorded from electrodes placed above and beloketheye. Offline pre-processing of EEG
data was conducted using EEGLAB toolbox versiom #®. (Delorme & Makeig, 2004).
Analysis was conducted using a combination of Higfttoolbox (Oostenveld, Fries, Maris,
& Schoffelen, 2011and custom MATLAB scripts.

For analysis of the probe-evoked potentials, cotirs EEG data were divided into 700ms
epochs locked to the onset of the probe includintp@ms pre-stimulus baseline. Epochs
including voltages exceeding + and/or - {U0wvere automatically rejected prior to analysis.
Eye-blink artefacts were corrected for using Indejgant Component Analysis (ICA). The
mean amplitudes of ERP components within pre-ddfinme windows were extracted for
analysis. The mean positive amplitude between @0149ms post probe onset was extracted
as the P1 mean amplitude. The mean of negativeitahgs between 80-120ms post probe
onset was extracted as the N1 mean amplitude. fReakures were extracted from electrode
sites PO7 and PO8, which elicited the largest E&Psbserved in scalp maps of averages
over all conditions. The difference between the mB4 and N1 values was computed to
obtain a mean peak-to-peak amplitude measure df theomponent.

For the ERP analysis, the mean peak-to-peak ardpbtwf the N1 component evoked by

probe stimuli were analyzed in a 2x2x2 repeatedsomes ANOVA with factors of grasp
magnitude (power/precision), probe size (large/§raald electrode hemisphere (PO7/PO8).

18



4.5 Results

4.5.1 Behavioural

For the behavioural analysis, correct reaction sineetargets presented at the global and local
dimension of the compound stimuli were comparechgisa 2x2x2 repeated measures
ANOVA with factors of target level (local/global)grasp (power/precision) and probe
(large/small). Figure 7 shows the mean reactioresirfor local and global targets presented
after a large (a) or small (b) probe stimulus adl a® after no probe was presented (c). A
main effect of grasp magnitude was found with fagtecision (M = 440, SD = 74.15)
compared to power (M = 473, SD = 68.68) grasp nese® by 33ms (SE = 5.46)(1, 15) =
35.55, p < .001yp2 = .703. A main effect of target level was alsorfdwvith faster responses
for global (M =448, SD = 77.77), compared to lo@abets (M = 465, SD = 78.26) by 17ms
(SE = 5.63),F(1, 15) = 8.85, p = .00%p2 = .371. A significant interaction between target
level and size of the probe was observe(l,, 15) = 14.56, p = .002)p2 = .493. The
interaction between grasp magnitude and target thgienot reach statistical significande({,

15) = 2.09, p = .169Qp2 = .122) and neither did the interaction betweasgmagnitude and
probe sizeF(1, 15) = .805, p = .384p2 = .051. However a significant interaction between
target level, grasp magnitude and probe size wasdié-(1, 15) = 13.80, p = .002p2 = .479.
This indicates that the mean reaction times toaldral target stimuli were influenced both
by the relative size of the task-irrelevant probecpding the target as well as the prepared
grasp. To investigate this interaction further, AN& with factors of grasp magnitude
(power/precision) and target level (global/localerer used for each probe condition

(large/small) separately.

Following the presentation of a large probe stimulEigure 7a), the interaction between
grasp magnitude and target level was signific&t,(15) = 7.46, p = .015p2 = .332) and
post-hoc t-tests confirmed that responses to ltzrgets were faster using a precision grasp
(M =443, SD = 61.51), compared to a power grasp=(#89, SD = 63.92) by 46ms (SEM =
6.15), t(15) = 7.50, p < .001. This difference we significant for global targets, t(15) =
1.01, p = .331. The interaction between grasp ntagei and target level was also not
significant following small probes (Figure 7I6)1, 15) = .251, p = .624p2 = .016. Similarly,
an ANOVA with factors of grasp magnitude (powerfiseon) and target level (global/local)
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was used for probe absent trials (Figure 7c) amdaled no significant interaction between
grasp magnitude and target levg(1, 15) = 2.50, p = .13%5p2 = .143.
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Figure 7. Mean reaction times (RTs) in millisecond$o targets presented at the global (solid line) ahlocal
(dotted line) level of compound stimuli, separatedor power and precision grasp cues. Compound stimul

are presented following a large (a), small (b), ano probe stimulus (c). Error bars represent +/- 1 &.

4.5.2 Visual evoked potentials

Figure 8 shows the grand averaged event-relateenpals (ERPs) elicited by the task-
irrelevant probe stimuli. For the N1 mean peak-#aipamplitude, no main effects of grasp
magnitude (power/precision), probe (large/small)etmctrode hemisphere (PO7/PO8) were
observed (1, 15) = .92, p = .35Z)p2 = .058,F(1, 15) = 3.28, p = .090Gy2 = .108 and~(1,

15) = 1.66, p = .21Hp2 = .100, respectively). A significant interactioatlyeen the size of the
probe and the grasp being prepared was obseR({gd15) = 8.95, p = .00%p2 = .374, as
well as a significant interaction between the praee, grasp magnitude and electrode
hemisphereK(1, 15) = 5.10, p = .039p2 = .254).

Separate two-way ANOVAs with factors of probe sarel grasp magnitude were then run for
left and right hemispheres, revealing a signifigatgraction at left hemisphere sit€%1, 15)

= 13.54, p = .002)p2 = .474. Post-hoc t-tests confirmed that the npesak-to-peak size of
the N1 component at left electrode sites evokedabye probes was enhanced during the

preparation of power grasps (M = 4.22, SD = 4.falgtive to precision grasps (M = 3.15, SD
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= 4.08), by 1.04V (SD = 1.00), t(15) = 4.25, p = .001. The reveeffect was observed for

the N1 at left electrode sites evoked by small psplwith marginally larger mean amplitudes

during the preparation of precision grasps (M 333D = 3.17), relative to power grasps (M
= 2.37, SD = 3.76) by .i&/ (SD = 1.33), t(15) = -2.30, p = .036 (p = .07dldwing
correction for multiple comparisons). At right hepinere electrode sites the interaction

between probe size and grasp magnitude was notfisagn, F(1, 15) = 2.50, p = .135)p2
=.143.
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Figure 8. Grand-averaged event-related potentialsERPs) elicited by the probe stimuli (onset = 0Oms)
during power and precision grasp preparation. Bar gaphs show the mean peak-to-peak amplitude of the

N1 component during power (grey) and precision (refgrasp preparation (error bars represent +/- 1 SE)
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Scalp maps show the distribution of the N1 componé¢rpeak-to-peak amplitude @V) for each condition
(from left to right — small probe power grasp, smadl probe precision grasp, large probe power grasparge

probe precision grasp) as well as the difference lmav (power — precision).

5. GENERAL DISCUSSION

The results provided here are the first to shovinflnence of different versions of the same
basic action, power and precision grasps, on vipeateption of hierarchical information.
Experiment 1 demonstrated that the preparationitberesmall or large grasping actions
modulates reaction times to local targets presentedmpound stimuli. Faster reaction times
were observed for targets presented at the lowal [ compound stimuli with a precision
grasp, relative to a power grasp. Experiment 2 mdated the relative saliency of the global
level by using fewer local elements in the composighuli and observed the same influence
of grasp cueing on reaction times for local targitsright hand responses. This shows that
the effect of action preparation is not dependentttee commonly observed global bias.
Experiment 3 showed that grasp preparation biasety eisual ERPs elicited by task-
irrelevant probes of varying sizes. The visual Minponent was enhanced for large probes
during power, relative to precision, grasp prepama@nd marginally enhanced for small
probes during precision, relative to power, gragpgaration. This demonstrates a direct effect
of grasp preparation on early stages of visualgssing. Effects of manual reaching and eye
movement preparation on sensory processing havelimed to overlapping brain networks
involved in action and attention (Astafiev et &003; Corbetta, 1998; Corbetta et al., 1998;
Corbetta & Shulman, 2002). Whether similar linkgsexor grasping movements remains to
be determined and future studies should elucidaebtain mechanism activated by a grasp
instruction. Furthermore, in Experiment 3, a bebtanal effect of probe size on local/global
target detection was modulated by grasp, suchléingé (vs. small) probes only facilitated

global (vs. local) processing during power (vVs.cs®n) grasp preparation.

Previous evidence has shown that action preparatéon influence visual perception of

stimulus features such as orientation (Bekkerin&ggers, 2002; Hannus et al., 2005) and
size (Fagioli et al.,, 2007; Wykowska & Schub6, 201Phese examples show that visual
information is biased toward stimulus featuresvahd for upcoming action, representing the
tight coupling of action and perception. Here, thas is extended to include not only early

visual perception of size, but of hierarchical stins features. In contrast to the previous
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evidence that compared the influence of qualitativadifferent actions (e.g. grasping vs.
pointing) on visual perception of overall featurendnsions relevant to the actions (e.g.
orientation/size and colour/luminance), the findingesented here demonstrate a more fine-
grained influence whereby varying the magnitude tlid same basic grasping action
influences subsequent visual processing. Thiskeylian important aspect of the adaptive
control of movement, such that perceptual featurest relevant to the upcoming action are
facilitated in visual processing, compared to ledgevant features. Additionally, previous
demonstrations of action-modulated vision manimdahe prepared action in blocks, rather
than randomly cueing actions on each trial, with #xception of (Wykowska & Schubd,
2012), who instead presented the size or luminsargets in separate blocks while varying
the cued action trial-by-trial. Our design demoatstd modulated visual information during
action preparation where both the cued action (pipnrexision grasp) and the target stimulus
feature (local/global) are manipulated randomly each trial. This demonstrates a more
dynamic adjustment to visual processing as a careseg of action preparation, without the
possible confound associated with participant’ ®mpknowledge of the action and/or target

stimulus feature before trial onset.

Although grasp preparation altered reaction tintetheé compound stimuli in Experiments 1
and 2, this was not replicated in the probe-abs&i$ of Experiment 3 as expected. An effect
of approximately 35ms in Experiments 1 and 2 wakiced to just 10ms in Experiment 3.
Only following a large probe stimulus, was an effetCgrasping observed on reaction times
to global/local target stimuli in Experiment 3. Aumber of differences between the
experiments, implemented to enable the use of E&&y, have contributed this loss of effect.
For example additional trial numbers were requii@dExperiment 3 and the contrast was
also reversed so stimuli were white on a black emknd. Furthermore, the longer cue-target
interval in Experiment 3 (+ 600ms), which was use@nsure that trials had the same length
as those in which a probe was presented, may hayeda role. Modulations of sensory
processing in the context of the specific actiom@erepared have been demonstrated to be
temporally dynamic (Mason et al., 2015) and furtreearch is required to determine how
grasp preparation affects sensory processing ones. tFinally, the mere presence of the
visual probes in Experiment 3 may have affectedattimn-perception effect in general, even
on the no-probe trials. Exactly how action-pera@ptinteractions are affected by the context

in which they are measured is an intriguing questiat warrants further work.
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Given that reaction times to local/global targeinsti in the tasks are gathered from
execution of the cued movement itself, it is pdssthat perception of the local/global target
facilitated the action, rather than the inverseseéms unlikely that the reaction time effects
observed here reflegtsual-motor, rather thammotor-visual, priming for a number of reasons.
First, participants are always cued to preparegtisp up to 1600ms before the onset of the
compound stimulus, so visual-motor priming wouldplyn a strategy of inhibiting a
movement cue that is highly informative, until afenset of the compound stimulus. More
importantly, the pattern of probe-evoked potent#flects from Experiment 3 shows a
selective influence of the movement cue on visuat@ssing before onset of the compound
stimuli. Nevertheless, it is conceivable that vismator priming is contributing to some
extent to the reaction time effects of graspindamal/global target detection presented here.
Separating the cued motor response from the pergegecision in a dual task design may

help to elucidate this further.

5.1 Conclusions

It is now widely accepted that perception and act@re tightly coupled, such that
bidirectional influences exist between the two domaWhile the influence of perceptual
information on motor processing has been extenssteidied, much less is known about how
action preparation influences perceptual processikaions such as grasping appear to
influence the online perceptual processing of fiemuelevant to the upcoming action, which
likely reflects a mechanism of selection in vispabcessing that prioritizes action relevant
information in the environment. Previous demongiret of modulated perception during
grasp preparation compared different movement tgpek as grasping vs. pointing. Here, the
magnitude of the grasp (power vs. precision) resulin specific modulations of early
electrophysiological markers of visual percepti@s, well as faster detection of targets
presented at the grasp-relevant dimension of a ocamp stimulus. Overall, the results
suggest overlapping brain mechanisms involved m riotor processes of grasping and

perceptual processing of size as well as localajlobject perception.
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