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Abstract

It is proposed that stimuli in the peripersonal space (PPS) of the handhe space

directly surrounding the hands) are processed multimodally to be able to act upon those
stimuli and thereby protect bodily integrity. The present study aims tdest the concept

of multimodal processing in the PPS as a predictive visuotactile mechanisknwas
expected that cueing a predictive visuotactile relationship in one hand, but not the other,
would cause the attention to shift to the validly cued handl'he cueing experiment
consisted of a visual stimulus appearing in the PPS of the hands, and wa80% of the
casesfollowed by atactile stimulus when appearing in the right hand PPS, but was never
followed by a tactile stimulus when appearing in the lefhand PPSThirty healthy
participants were tested, using a preintervention and post-intervention Temporal

Order Judgment task to measure cueing effectBhe experiment did show a shift of

spatial attention towards the validly cued right hand, but this shift occurred in both the
experimental (cued) and the control group (who performed a backwards counting
experiment instead of the cueing experimentand thus cannotbe attributed to the

cueing experiment An additional pre-intervention and post-intervention pointing task

did not showthe rightward shift in perceived body midlinethat was expected.
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Introduction
3ET AA AT AEI U ET OACOEOU EO AOOAtE gddictfissiblei T A5 O
consequencesof events in the reyion directly surrounding the body, the so called
peripersonal space (PPSNumerous studies using various methodologies show neural
and functional coupling between visual stimuli near the bodyand tactile stimuli on the
corresponding bodypart (e.g.Butter, Buchtel, & Santucci, 1989Graziano & Gross, 199
Holmes & Spence, 2004;adavas & Farné, 2004)While experiencing the world around
us, sich multisensory processing helps us make sense of thdifferent stimuli we
perceive from multipl e sensory modalities by judging which stimuli are related and
which are not. Therefore, successfully integrating multisensory stimuli enables us to
make valuable predictions, for instance when avoidingotentially harmful objects.
Evidence for the multimodal processing of stiruli in the PPSis found in both
animal research (e.gmacaque monkeys;Fogassi et al., 1992; Gentilucci etl.a 1988
Rizzolatti, Scandolara, Matelli, & Gentiluccil981) and in studies with humans (e.qg.
Ladavas & Farné, 2004; Holmes & Spence, 2004In monkeys, singleunit
electrophysiological studies have identified multisensory neurongmostly visuotactile)
in several regions of the braine.g.ventral premotor area and premotor area 6 and 7b,
rostral inferior parietal lobe, andventral intraparietal area (VIP) (e.g. Duhamel, Colby, &
Goldberg, 1991;Fogassi et al., 1992; Gentilucci et al., 198&raziano & Gross, 1995
Rizzolatti & Gallese, 198; Rizzolatti et al.,1981). These visuotactile bimodal neurons
are linked to a particular body part (nostly hand- or face-centered), and respond not
only to tactile stimuli in the tactile receptive field (RF) on that body part, but also to
visual stimuli close to the tactile REextending a fewcentimeters outward from the skin

(Graziano & Gross, 1995jriki, Tanaka, & Iwamura, 1996 Ladavas & Farne, 2004;

Rizzolatti et al., 1981).Furthermore these cells show more activatiorfor stimuli close to
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the hand or face(e.g.in the PPS) than for stimulinot within the direct surrounding of the
body (Fogassi et al.1992; Gentilucci et al. 1988; Rizzolatti et al., 1981).

In humans, studies with patients also provide neuropsychological supportfor a
multimodal PPS representation. Patients witliactile extinction have trouble reporting a
contralesional tactile stimulus when simultaneously confronted with a concurrent
ipsilesional visual stimulus (Ladavas & Far, 2004). Interestingly, severalstudies found
that this effectwas more evidentwhen the ipsilesional visual stimulus is presented in
the PPS than whernthis ipsilesional visual stimulusis presentedfurther away from the
body (Brozzoli, Dematte, Pavani, Frassinetti, & Farne, 2006; Farne, Pavani, Meneghello,
& Ladavas, 2000; di Pellegrino, Ladavas, & Farne, 199W)dicating that the ipsilesional
visual stimulus in the PPS is processed in an integrateslisuotactile system that
resemblesthe system found in monkeys This sensory integration causes the ipsilesional
visual stimulus to activate the corresponding somatosensory representatiorof the
corresponding bodyparts, thereby extinguishing contralesional tactile stimuli, and is
unigue for the PPSFarne et al., 2000.

Interestingly, the PPSs not a fixed region anl can be modulated. Expansion of
the PPS has been shown by numerous studies including todks.g. Farné & Ladavas,
2000; Holmes & Spence, 200 Ladavas & Serino, 2008Bassolino, Serino, Ubaldi, &
Ladavas, 2010) artificial body parts, such asthe rubber hand (e.g. Holmes & Spence,
2004; Farne et al.,, 2000;Ladavas & Farné, 2009, and mirror images (e.g.Maravita,
Spence, Sergent, & Driver, 2002Holmes & Spence, 2004).0On the other hand
amputation and use of prosthesegdiminishes the representation of PPSaround the
affected body part.Canzonerj Marzolla, Amoresano, Verni & Serin(2013) found that
after amputation of the upper limb, the boundaries of the representation of the PPS

shifted towards the stump. Without their prosthesis, participantsperceived their stump
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as shorter and the representation of the PPS around the stungecreased This is in line
with findings of Makin, Wilf, Schwartz, & Zohary(2010), who associatethe reduced
representation of PPS withvisual neglect of the space near the missing limbn their
study, participants with an amputated handwere biased towardstheir intact side, and
thereby neglecting theaffected side,when comparing distances in a landmarposition
judgment task.

Graziano and Cooke (2006pelievethat this0 03 OAOOAO AO /ror O1 AOCIH
O &A1 E C BEdnelplds prétdtt our bodilyintegrity , andthat it is linked to attention. They
propose that enhanced attention to objects in the PPS facilitates rapid multimodal
processing of these objects. That is, a visual stimulus near a body part predicts tactile
consequences opossible bodily contact with that visual stimulus, and therefore draws
attention to enhance the processing of a following tactile stimulus on that bodypart
(Ladavas, Zeloni, & Farne, 1998). This multimodal processing théecilitates prediction
of the somatosensory consquences of a seen object close to the body so we can act
adequately upon that object to protecour bodily integrity.

Yyl TETA xEOE ' OAUEATT AT A #1711 EArg®nt j ¢mme
research is to test the concept ofnultimodal processing inthe PPS as gredictive
visuotactile mechanism This hypothesis suggests that when a visual stimulus nearby the
hand (or another bodypart) is followed repeatedly by a tactile stimulus on the hand,
temporal and spatial binding of the two stimuli occurs. Hez, the probability of a
particular tactile stimulus occurring after a specific visual cue will be modiated using a
cueing experiment that differs between the right and the left hand(i.e. the right hand
will be cued validy, meaning that a visual stimulus will be followed by a tactile stimulus
in 80% of the cases while the left hand will be cued invalidy, meaning that the visual

stimulus is not followed by a tactile stimulug. The aim is to create a vsuotactile
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predictive relationship in the validly cued right hand which will in turn increase spatial
attention towards this hand, while the invalid cueing in the left hand will not creée such
visuotactile binding and therefore decreas the spatial attention towards the left hand
The effect of tre cueing experimentwill be tested using a visualTemporal Order
Judgment [TOJ experiment, in which participants have to judge which of two
asynchronously appearing dots was presented firstPrevious research inboth healthy
controls and neglect patients shows that neglect patients with a rightward spatial
attentional bias show a right advantage on th&OJexperiment and thus more often will
report the right stimulus as appearingfirst, even when the left stimulus appeared first
(e.g.Rorden, Mattingley, Karnath, & Driver, 1997)

FOT i OEA DOl bi OOEIT O1I AEO0 EO maomwddm OAODI
parameters derived: the Point of Subjective Simultaneity (PSS) and th&ust Noticeable
Difference (JND). The PSS corresponds to the Stimulus Onset Asynchrony (SOA) at which
OEA DPOI T OGET1T O1I AEO EO EEOOOE OAOPI T OAOG EO
stimuli as appearing simultaneous. In healthy participants aénding centrally, this PSS
refers to a SOA near zeroDove, Eskes, Klein, & Shore, 20p7The JND corresponds to
OEA 3/1' AO xEEAE OEA pOI Pi OOEIT OIAZEO EO EE
participants can perceive both stimuli as appearing nosimultaneous, but still make
some errors. Furthermore, to examine if participants show a shift in perceived body
midline position, an aditional Subjective StraightAhead Pointing (SSAP)experiment
will be performed. In this SSAP experimenparticipants will have to determine their
perceived body midline (saggital axis) by pointing straight ahad with their eyes closed.

Taken together, previous findings suggest that bodyparts thdtave been altered
(e.g. amputated bodyparts)process stimuli in a diffeent way than healthy bodyparts,

causing them toreceive less spatial attention and ofterbe neglected(e.g.Makin et al.,
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2010). On the other handif, OEAOA 6 O A pafduiér b&iyparis @4 .@wards
leftside bodyparts in neglect patients) thesebodyparts receive more spatial attention
than is appropriate to the amount of actual multisensory inpu{e.g. Rorden et al., 1997)
Based on these finding# is hypothesized that in this study validy cueingthe right hand

will increase the predictive value of the visual stimulus regarding the occurrence of a
tactile stimulus on that hand, and thus modulate the spatial attention towards the right
hand, causing the JND and PSS to shift towards the SOAs in which the left dot appears
first. This means that itis expected that in the TOJost-intervention experiment
DAOOEAEDPAT OO xEI 1 EOACA OEA OEOOAI OOEI OI 00
more often than in the TOJpre-intervention experiment. Results of this proposed
research can be of value foffurther research with patients with diminished touch
sensaton in one or more bodyparts. The abovementioned hypothesisreatesa model

that implies that in these patients thevisuotactile prediction in the affected bodypartsis

disturbed, causing a reduced attentiondr these bodyparts andtherefore a heightened

risk of injuring them.

Methods

Participants

Thirty healthy participants (17 male) participated in the study. Fifteen of the
participants were in the experimental group, and the other fifteerparticipants were in
the control group. Mean age of the participants was 27 years (SD = 10.56, range:620
years). All participants had rormal touch sensation and normal or correcteeto-normal
vision, and no selfreported neurological and/or mental disorder, except for three
participants (ADHD: N=2; Epilepsy: N=1) However, they were not excluded from

analysis, because this would not lead to different results and conclusion$lost
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participants (N=27) were right-handed. Participation was voluntarily, and participants

signed a written informed consent prior to the stat of the study.

Design

The total experiment was divided in three components: thepre-intervention baseline
measure, consisting of there-intervention SSARSSAP1) and there-intervention TOJ
(TOJ1), followed by the intervention, consisting of the cueing experiment in the
experimental group, and a backwards counting control (BCC) experiment in the control
group, and finally the post-intervention after-effects measure, consisting of thepost-
intervention SSAP (SSAP2) anthe post-intervention TOJ (TOJ2; see also figure 1).

Details of theexperimentswill be described in theparagraphs below.

Experimental group:
Cueing experiment

Baseline measure After-effects measure
Straight-Ahead Subjective Straight-Ahead Subjective
Pointing (SSAP1) experiment Pointing (SSAP2) experiment
Temporal Order Judgment Temporal Order Judgment
(TOJ1) experiment (TOJ2) experiment

Control group:
Backwards counting
experiment

Figure 1. Schematic representation of the experimental design.

This experiment has tested whether the independent variables Pointing tnd (left vs
right; SSAR, First Appearing Dot (left vs right; TOJ), Dot Position (left vs right; Cueing),

and Tactile Stimulus (tap vs no tap; Cueing) influencdethe dependent variables Time
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(pre- vs postintervention; SSAP and TOJ), Pointing Distance (rella to objective
mdlET An 331 0qgqh AT A 001 DI O0EI T OlTheAfestoahe FE OO O 8
OAOEAAT A 0 Ol biistd Rdsgonses Of the/ADJ é@rimdhts ene used to

compute the additional dependent variables PSS and JND.

Materials

The TOJ and cueingxperiments were executed on al920 x 1080 pixel 22 x 68.5cm)
Philips horizontally tilted tablet. The background of the seen was black, with a white
fixation cross 150 pixels below the center of tle screen(390 pixels from the bottom of
the screen;see also figure 2. To create the tactile stimulus aapping device was placed
on the dorsal surface of the second phalanx of both index fingerand fixated with
medical tape This tactile stimulus consisted of metallic pins with a diameter of 2 mm
and were applied using computer controlled miniature solenoid tappers (MSTC3 M&E
Solve, Rochester, UK). All taps Ha duration of 6 msand were given with an intensity
that was reportedly well above threshold (at 20% intensity) but not discomforting.
Participants wore noise-cancelling headphones during the experimentTheir feet were
placed on two foot pedals andthey responded by pressing down their left foot or their
right foot. For the SAP experiment, a sheet of paper measuring 420 x 297 mm (A3) and

greenand redink-pads were used.
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Figure 2. Schematic representation of the experimental setting.

Participants placed their hands, palms down, parallel to each other on the flatscreen. The distance between both middle
fingers was 37,5 cm (600 pixels). A fixation cross appeared 150 pixels below the center of the screen, and was followed
by the red dots (@ 70 pixels) with their center 70 pixels above the middle fingers, and at 300 pixels distance from the
fixation cross. Left and right visual stimuli (red dots) appeared asynchronously with variable SOAs (see also table 1).
Tapping devices were placed on the dorsal surface of both indexfingers, for use in the cueing task.

Experiments, simuli and procedure
Prior to the start of the experiment, the participants wererandomly assigned to the
experimental or the control condition. The participans would start by reading and
signing a written informed consent.Thereafter the participants were positioned in front
of the tablet, and the tapping devices we secured on the dorsal surface of the second
phalanx of both index fingers. The experimenter nde surethe participants could feel
the taps by manually applying two testtaps prior to the onset of the experiment on both
index-fingers.

SSAPExperimentAn A3 sheet of paper wa placed in the center of the tablet and
secured with tape on the top side of thesheet. The participans were instructed to close
their eyes and keep them closed throughout the SSAP1 experiment. The experimenter

instructed the participants to first point at themselveson the perceived body midline
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(saggital axis) on theirchest(first pointing) or would place the right index finger on the
bottom edge of the tablet, 110 mm to the right of the center (second pointingJhen the
participants extended their right arm and pressd their index finger on the paperat the
point where they believed their midline was reached. The same procedure was then
repeated with the left index finger. When finished, the experimenter flippedthe A3-
sheet before participants opened their eyes so the participans did not get any visual
feedback ontheir performance.

TOJlexperimentIn the TOJexperiments two red dots of @0 pixels appeared
besides the fixation crossat 300 pixels distance on wth sides. A OOEAEDAT @06
placed on the tablet with palms down and the top of the middle fingers at70 pixels
under the center of the dots so each dot appead in the PPS of one of both handsee
also figure 2.0 A OOE A E b A te@ladgd orEihdlfabtpeddls and the experimenter
checked if they were placed correctly. The participants were instructed to focus onthe
fixation cross, and keep theirhands still on the flatscreen throughout the TOJ1
experiment. Both dots appeaed on asynchronous onset, vih SOAsf -200 ms,-140 ms,
-90 ms,-60 ms,-30 ms,-20 ms,-16.7 ms, 16.7 ms, 20 ms, 30 ms, 60 m&0 ms, 140 ms,
and 200 ms,where negative values indicate that the left dot appe&d first. The SOAf
-16.7 ms and 16.7 mseplacedoriginally chosen SOAs ofl5 ms and-10 ms(replaced by
-16.7 ms)and 10 ms and 15 mgreplaced by 16.7 ms) because the refresh rate of the
tablet was not high enough to accurately display SOAs-d6 ms,-10 ms, 10 ms and
15 ms. The first appearing dot (Visial Stimulus 1; V1)lasted 210 ms, and appearedin
the PPS of either the left othe right hand. The second appearingot (Visual stimulus 2;
V2) appeared SOA later than V1 anldsted 210 - SOA mgsee also table 1), and appeared

in the PPS of the opposite hand of V1. Both dots disappedrat the same time. The

participants responded as fast as possibldy pressing down the left footpedal when

EAIT
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they believed V1 appeared left, and the right foopedal whenthey believed V1 appeared
right. The response of the participans was followed by an intertrial interval (ITI) of
random duration between 1000 ms and2000 ms (see also figure3). The duration of one
trial would range approximately between1020 ms and2210 ms depending on the SOA
and therandom ITI in the trial and the response time of the participans. Each SOA was
repeated 5 times per block, except for the SOAs16.7 ms and 16.7 mswhich were
repeated 10 times perblock because theyreplaced two originally chosen SOAs each,
resulting in a total of 80 visual trials per block with different SOAs appearing in random
order, and a total of 240 trials in 3locks. The first block was preceded by 16 randomly
chosen practice trials The total duration of the TOJ1 experiment wagpproximately 10

minutes.
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Table 1

Duration of Visual Simuli in the Temporal Order Judgmerixperiment.

First Appearing Stimulus Left First Appearing Stimulus Right

Duration  Duration Duration  Duration
SOA VL VR SOA VL VR
-16.7 2102 193.3 16.7 193.3 2102
-20 2102 190 20 190 2102
-30 2102 180 30 180 2102
-60 2102 150 60 150 2102
-90 2102 120 90 120 2102
-140 2102 70 140 70 2102
-200 2102 10 200 10 2102

Note.Each Stimulus Onset Asynchrony (SOA; ingesults in a duration of the left visual
stimulus (VL) in ms and a duration of the right visual stimulus (VR) in ms.
afirst appearing stimulus.

Fixation point
+ Stays throughout the entire trial

Visual stimuli
. + . First appearing dot V1: 210 ms
Second appearing dot V2: 210 - SOA ms

Response
+ Speeded response by pressing

footpedal

Intertrial interval (ITI)
Random duration between
+ 1000 ms and 2000 ms

Figure 3. lllustration of the time course of the Temporal Order Judgment.
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Queing experiment (experimental group only)in order to investigate visuotactile
prediction a cueingexperiment was performed, in which the probability of the tactile
stimulus occurring after the visual cue vas modulated for each hand. The cueing
experiment was performed in a setup similar to the TOJexperiment described above
except with only one of the dots (left or right) appearing instead of both dots and
consistedof three conditions: left - no tap (LNT; 50% of the trials), right - no tap (RNT;
10% of the trials) and right - tap (RT; 40% of the trials).In the no tap conditions (i.e.
LNT andRNT) the appearing dot wa not followed by a tactilestimulus (tap) and the
participant was not required to respond (see also figure 4A and 4Bn the RT condition
the right appearing dot wasfollowed by a tactile stimulus (tap) with a 150ms delay and
the participants were required to respond by pressingthe right footpedal which ended
the trial (see also figure 4C)The display of the dotwould last for 10 ms, and each trial
ended with a blank screen ITI with a random duration between 1000 ra and 2000 ms
(see also figure4). Participants were instructed to focus on the fixation cross and
respond only when feeling a tap, by pressing the footpedal corresponding to the hand
that has been tappedEach block consistd of 60 trials and a total of 3blocks were
completed. The first block wa preceded by l4randomly chosenpractice trials, and the

total duration of the cueing experiment wvasapproximately 9 minutes.
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A. Left dot - no tap (LNT) C. Right dot - tap (RT)
Fixation point Fixation point
+ Stays throughout the entire trial + Stays throughout the entire trial
Visual stimulus Visual stimulus
. + Dot appears 10 ms above left hand + . Dot appears 10 ms above right hand
Intertrial interval (ITI) Interstimulus interval

+ Random duration between

+ Fixed duration 150 ms
1000 ms and 2000 ms

Tactile stimulus

+ @ Tap of 6 ms appears on right hand

Response
+ Speeded response by pressing
footpedal

B. Right dot - no tap (RNT)

Fixation point Intertrial interval (ITI
+ Stays throughout the entire trial + Random duration between
1000 ms and 2000 ms

Visual stimulus
+ ‘ Dot appears 10 ms above right hand

Intertrial interval (ITI
+ Random duration between
1000 ms and 2000 ms

Figure 4. [llustration of the time course of the cueing experiment, with A: the left dot - no tap (LNT) condition;
B: the right dot - no tap (RNT) condition; and C: the right dot - tap (RT) condition.

BCC experiment (control group onlyAfter finishing the TOJ1 experiment the
control group participants were instructed to place their hands on the screen similar to
the hand placement in the TOJ1 experiment, and coubackwards from 750 to O by 3s.
They were told that they could be assigned to the tap condition, and thus receive taps
while counting, or the no tap condition. Howeveg none of the participantsreceived taps
during the BCC experiment. The total duration as approximately 9 minutes, similar to
the cueing experiment. Wien the participants had not reached 0 after approximately9
minutes, the experimenterwould interrupt the countingand end the experiment.

SSAP2 experimerifter participants in the experimental condition had finished
the cueing experiment, and participats in the control condition had finished the BCC
experiment, the participants closed their eyes and the A3heet was flipped back.The
following SSAP2 experiment wa performed identical to the SSAP1. After finishing the

SSAP2 experiment, theexperimenter flipped the A3-sheet again before participants
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opened their eyes, so the participand did not get any visual feedback ontheir
performance.
TOJ2 experimenffter finishing the SSAP2 experimenanother TOJ experiment
was performed to measure if there waan effect of the visuotactile prediction which was
cued in the cueing experiment. The TOJ2 experimentawperformed in the exact same
manner as the TOJ1 experiment. After finishing the TOJ2 experiment the tapping devices
were removed from the index fingers and the participans finished the experiment by
filling in a questionnaire (see appendix I, Il and Ill) to acquire demographic data aritie
DAOOEAEDPAT 060 AgPAAOAOCEITO T £ OEA pPOB®I OA 1T .

complete experiment wasapproximately 55 minutes.

Results

TOJ experiment®ata from the 15 practice trials were excluded from analysis.
7EOEET AAAE DPAOOGEAEDPAT O OEA bDOI PTI OOGEIT O1 AE
3/'h ATA 1T ETAAO OACOAOGOEIT xAO OOGAA O E£EO A
responses of the SOAs30, -20,-16.7, 16.7, 20 and 30 of botlpre- and post-intervention
TOJs (TOJ1 and TOJ2), where negative values indicate that the left dot appeared first.
AEAOA xAOA OEA 3/10 xEAOA OEA DOl PiI OOCETT (
distributed. This linear function was used to estimate the PSS (the S@Awhich the
DOl b1 OOETT O1IAEZO0 EO AEAEOOOS8 OAODPITOAO EO vum
measure that is comparable with the JND, which is frequently used to analyse TOJ
experiments) of TOJ1 and TOJ2 for each participant. A repeateasures anasis of
variance (ANOVA) was performed on the PSS data and on this Slope value with Time

(pre- vs. postintervention) as additional within-subjects factor, and Group

(experimental vs. control) as additional betweersubjects factor. The mean proportion
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can be seen in figure 5.

The mean PSS computed from the resultingata of the experiment shows a slight
shift of the PSS to the right side (stimuli were perceived as appearing simultaneously
when the right stimulus appeared first), as can be seen in figure 5. This indicates that

DAOOEAEDAT 0086 Ob A OyElditifromitie @BjdctOd derter of thescréein,E C E O



