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Abstract

Selective attention helps process the myriad of information constantly touching our bttdgnBogenous

and exogenous mechanisms are relied upon to effectively process this information, hinieveclear

how they relate in the sense of touch. In three tasks we contrasted endogenous and ekéderamas
behavioural effects. Unilateral tactile cues were followed by a tactilettatghe same or opposite hand.
Clear behavioural effects showed facilitation of expected targets both when thedicted targets at the
same (endogenous predictive task) and opposite hand (endogenous counter-predictive task)e and thes
effects also correlated with ERP effects of endogenous attention. In an exogenous taskewherevis
non-informative, inhibition of return (IOR) was observed. The electroplogiaal results demonstrated
early effects of exogenous attention followed by later endogenous attention nooduldtiese effects
were independent in both the endogenous predictive and exogenous tasks. However,lywalwetiing
attention away from a cued body part influenced the early exogenous marker (N8@udgeasts that the
two mechanisms are interdependent, at least when the task requires more demanding shifts ofTdtéention.
early marker of exogenous tactile attention, the N80, was not diretdted to IOR, which may suggest
that exogenous attention and IOR are not necessary two sides of the same coindytdddg valuable
new insight into how we process and select information presented to our bodyyghotti independent
and interdependent effects of endogenous and exogenous attention in touch.
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I ntroduction

Our largest organ, the skin, is constantly bombarded with an endless streamilefirttaimation.
Endogenous attention helps us focus on what information is relevant and to predict upsensioy
events. On the other hand, when something touches our body unexpectedly (e.g., a mosquito a),our ankl
we rely upon exogenous attention to process this new and unexpected information. In eifertfiag lis
naturally an interplay between endogenous and exogenous orienting. Howevessittiede of how, or to

what extent, these mechanisms tela

A common way to explore endogenous and exogenous spatial attention is using a cue-target (gagadigm
Posner, 180) whereby the cue predicts the location of a target (endogenous tals&)anetis unrelated to
where the upcoming target will appear (exogenous task). The typical behavioural euscdaster
response times (RTs) to attended compared to unattended targets in endogenous tasks. In an exogenous t:
the opposite pattern may be found with slower RTs for cued compared to unayetd, tktnown as
inhibition of return (IOR). This effect is only present in visiorthié interval between cue and target is
longer than about 300 ms. On the contrary, in touch, IOR has been observed at intshaizaas00 ms
(Lloyd et al., 1999). IOR is a behavioural effect by nature and found in all itreslgee Klein, 200 for
review) and often taken as a measure of exogenous attention, that attention is inhibéadrida a
previously attended location (e.g., Posnher et al., 1985). However, IOR haseatsattributed to a range of
other perceptual and cognitive processes (e.g., motor inhibition) (BerlucOi@). 20is becoming more
evident that, although IOR may in part be driven by exogenous orienting, @& &/nonymous with
exogenous attention. Further, it is not known how endogenous attention may influenceatndorel

exogenous orienting or IOR in touch.

To understand how the triad of endogenous attention, exogenous attention and I0RvweH&elated
potentials (ERPs) can add valuable information of the underlying processes in additionviousaha
outcome. Directing endogenous attention to the body has shown to affect somatosensori? IBBPs (
N140, Nd), typically with larger amplitude for the attended compared to unattendiés samuli (e.g.,

Eimer & Forster, 2003; Forster & Eimer, 2004; Zopf, et al., 2004). Much less is known about the neura
correlates of IOR and exogenous attention in touch. We recently investigatédiotines & Forster, 2012)

and found an exogenous cueing effect as early as the N80 (potentially primary somatosamsxy.
Moreover, we demonstrated a difference between cued and uncued trialsldiGivehen IOR was present

and no effect when absent. What i$ kimown is how voluntarily directing our attention influences the way

we process exogenous stimuli.

We used three tasks to investigate how endogenous attention influences exogembiags and/or IOR.

The cue was presented to either the left or right hand and the target appeditest #te same (cued) or
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opposite hand (uncued). In the exogenous task, the cue did not indicate the tatget (ps.50). In an
endogenous-predictive task the cue predicted targets to appear at the same locatiowlipst &)y third
endogenous counter-predictive condition, the cue predicted the target at the opposite hamnourBéhav
we predicted IOR in the exogenous task and facilitation of RTs in the endogesksis The ERP
predictions were less specific but broadly we expected exogenous attention to @fleary
somatosensory ERPs and endogenous attention to influence later components. Importantly, comwirasting
three tasks allowed us to isolate exogenous from endogenous effects, both in termslyihgnumiral
correlates and also behavioural performance. In other words, our aim was tdedbtamgendogenous

attention, exogenous attention and IOR operate in touch.

Methods

Participants

12 paid participants (10 right-handed) took part in this study and all gatenarformed consent prior to
their participation. The study conformed withihe Code of Ethics of the World Medical Association
(Declaration of Helsinki) and ethical approval was granted by City ddsity London ethics committee.
There were seven males and five females with a mean age of 25.6 years (range: 20-37 years).
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Figure 1 Experimental set-up and stimuli presentatioeft: Schematic view of the experimental set-up.
The two boxes in front of subject represent two tactile stimulators attached to the indexfiegch hand.
Right Schematic representation of events in a trial where cue and target amtgutest opposite sides
(uncued trial). In the exogenous task the schematic view represents an uncued triagnidotienous
predictive task an unexpected trial, and in the endogenous counter-prediskviheatrial would be
expected.

Stimuli and apparatus
Stimuli and apparatus were identical in the exogenous, endogenous predictive and endogenous countel

predictive tasks. Participants sat in a dimly lit, sound attenuated Faraday catje. Stawuli were
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presented using 12-V solenoids (5 mm in diameter). The two tactors wet€usiag medical tape) to the
left and right index finger and the hands were 640 mm apart (see Figure 1 for scheevatof
experimental set-up). White noise (58 dB SPL) was continuously present through two speakbr
located in a direct line behind each hand, to mask any sounds made by thetiaxtibors. Tactile cues
and targets consisted of a 50 ms single tap. Responses were made into a microphoneyqutigad di
front of the participant. A white fixation cross was presented on a mdodated directly in front of the
participant and a black cloth covered the participant’s hands to avoid any visual information of the tactile
stimulation. Stimuli were presented using E-Prime software on a PC in the ad@wento the Faraday
cage. From this PC triggers were also sent to a second PC which recorded the EE@giBrainsVision

Recorder (Brain Products Inc.).

Design and Procedure
The experiment consisted of 13 blocks, 5 for each of the two endogenous tasks and 3 bltduks for
exogenous task. The task order was counterbalanced across participants. The particicantéted a

practice block of each task.

In the endogenous predictive task, each block consisted of 112 trials out of mBiglrials, the cue and

target appeared to the same side (expected trial) and in 20 trials the targetdppe¢he opposite side to

the cue (unexpected trial) and 8 catch trials were there was no target but aa@detticues and 4 right).

A further 4 trials per block were ‘fast filler trials’ where the cue target interval was 400 ms for two trials

and 500 ms for two, rather than 750 ms as in all other cue-target trials. Tiaksesdrved to reduce
participant’s expectation of the target appearing at exactly 750 ms after cue presentation. These four trials

were all expected with cue and target appearing at the same location, twoetiv aimel ltwo to the right.
Disregarding filler and catch trials, the weighting between expected and unexpected trials was 80% vs. 20%
In the endogenous counter-predictive task there were the same number and ratgoas thi@lendogenous
predictive task. However, in this task the cue predicted the target to apfieaiopposite hand to the cue

in 80% of the trials and in 20% of the trials cue and target appeared at the same hand. In the exogenous tas
there were the same number of trials as the endogenous tasks (112), althouglagk tued (cue and

target appeared at the same location) and uncued trials (cue and target agipmapedite location) were
equally weighted, 50 cued and 50 uncued trials in each block. As in the other tsvth&askwere 8 catch

trials and 4 ‘fast filler trials’.
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Table 1. Design and terminology of cue and target conditionsin thethreetasks
Cue and Target locations

Task Cued (same side) Uncued (opposite side
Endogenous predictive Expected* (80%) Unexpected (20%)
Endogenous counter-predictive Unexpected (20%) Expected* (80%)
Exogenous Cued (50%) Uncued* (50%)

Note. Summary of the likelihood of the target appearing at the same or opposite sideussiththe three
tasks. The percentages refer to the likelihood of the target appearingatatien predicted by the cue.
So, when a cue appeared to the left in the endogenous counter-predictive task then tlaere308as
likelihood that the target would appear to the right hand. The conditions witheaislaate those predicted
to be fastest within each task. In the endogenous tasks this is due tati@cibf expected targets and in
the exogenous task, uncued trials are expected to be faster than cued due to IOR.

The stimuli presentation procedure for each trial was the same for alltésles (see Figure 1). Each trial
started with a 50 ms cue. This was followed by a 750 ms inter-stimulus irttefead a 50 ms target. The
participant was instructed to respond as quickly as possible by sayintp a microphone as soon as the
target appeared. Following their response there was a random inter-trial-itEjvaf 1000-2000 ms. If
no response was made within 1500 ms the trial terminated and the nekegaal after the ITI. In the
endogenous tasks the participant was instructed about the probabilities of ¢hepaearing at expected
compared to unexpected locations and to use this information to speed up RiEsexondenous task the
participant was informed that the cue would not predict the target locatiohenefote to ignore the cue
completely.

Behavioural analysis

Behavioural data (mean response times) were submitted to a 2x3 repeated measurdéswithQkie

factors Task (endogenous predictive, exogenous, endogenous counter-predictive), and Cue (cued, uncued
A Task*Cue interaction was followed up by separate analysis for each task.ahglddfcilitation and
inhibition on a behavioural level in the different tasks, the three tonsliexpected to be fastest were
subjected to an ANOVA with factor Cue (endogenous predictive cued (expected), exogenous uncued,
endogenous counter-predictive uncued (expected)) (see Table 1). Similarly thee@réliee slowest
conditions were subjected &repeated measures ANOVA with factor Cue (endogenous predictive uncued
(unexpected), exogenous cued, endogenous counter-predictive cued (unexpected). These predictions c
fastest and slowest conditions were based upon well established behaviourah refseaicg facilitation

for endogenously attended over unattended targets and IOR in an exogenous task (e.g., ILId@98}.a
Wherever the ANOVA assumption of Sphericity was violated, Greenhouse-Gadjgsted probability

levels were reported. The same adjustments were also made for the subsequentysSRP Tatads with

RTs less than 100 ms were excluded from analysis, resultangeimoval of 5% of trials in the endogenous

predictive, 3.7% in the exogenous and 6.0% in the endogenous counter-predictive task.
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ERP recording and analysis

Electroencephalography (EEG) was recorded using 32 Ag-AgCl electrodes arrangdiohgdodhe 10-20
system and referenced to the right earlobe. Horizontal electro-oculogram (HEO@caated from the
outer canthi of the eyes. Electrode impedance was kept below 5 kQ, earlobe and ground electrodes below 2

kQ, and amplifier bandpass was 0.01-100 Hz and digitization rate was 500 Hz. After recording the EE
was digitally re-referenced to the average of the left and right earlob@avEnage earlobe reference is
preferred with low density recordings because an average reference (meaeaidrditd electrodes) is not
as accurate under such conditions (Handy, 2005; Nunez & Srinivasan, 2006). Data \edswittera low
pass filter of 40 Hz. Then EEG was epoched offline into 300 ms periods starting 100 mabe 208 ms
after target onset for post target analysis. The time window wasredtrd 200 ms post target to diminish
contamination of the ERPs by behavioural responses. Baseline correction was perfd@techinperiod
preceding onset of target. Trials with eye movement$tage exceeding +40uV relative to baseline at
HEOG electrodes) or with other artifacts (voltage exceeding £80uV relative to baseline at all electrodes)
were removed prior to EEG averaging. Additionally, the residual HEOG defleetemesanalysed to make
sure no individual had a difference which exceeded 4uV between cue-left and cue-right trials (Kennett, van
Velzen, Eimer, & Driver, 2007). Further, all trials with behavioural errorsyedisas catch and filler trials,
were excluded from EEG analysis. This resulted in subsequent ERP analysisfuidbenous predictive
task and endogenous counter-predictive being based on an average of 346 and 313 expgcted trial
respectively. For unexpected predictive and counter-predictive analysis wasipasedb and 81 trials per
participant, for each task respectively. The exogenous task analysis was based on emaid&@&gued

and 128 uncued trials per participants.

ERP analysis epochs were averaged separately for task (endogenous predictive, exogenous, an
endogenous counter-predictive) and cue type (cued, uncued). ERP mean amplitudes were computed fo
measurement windows centred around the peak latencies (averaged across all comditithes)
somatosensory P45, N80, P100 and N140 components (38-58 ms, 68-88122 ®8 and 1360 ms
post-stimulus, respectively). To investigate longer-latency effects ofakgdiention, mean amplitudes

were also computed between 160-200 ms (Nd) after tactile stimulus onset. The time wigdevissed

upon the components width and are comparable with previous studies from different é&dtigatng
somatosensory ERPs (e.g., Eimer et al., 2003; Jones and Forster, 2012). A repeated measuwasaSNOV
conducted to compare attentional modulations with the factors Task (endogenousvpreshcgenous,
endogenous counter-predictive), Cue (cued, uncued), Electrode Site (CP1/2, CP5/6CTR4FC5/6,

T7/8) and Hemisphere (ipsilateral, contralateral). The electrode selectiobasad on electrodes close to

and around the somatosensory cortex where tactile ERPs are found and attention effectdeon tacti

processing were expected (e.g., Eimer et al., 2003; Jones and Forster, 2012 & 2013b).
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Any significant attention modulations were correlated with behavioural RTteffedurther investigate

any relationship between the two measures. The ERP effect was the average ampkiateeifetween

cued versus uncued trials at each component. The RT effect was sinaladiated as a difference in ms
between cued and uncued trials for each participant. Correlations were only analysed for components whicr
demonstrated a significant attention modulation. Moreover, if the attention effecverasontralateral

electrodes, then only contralateral electrodes would be correlated with RTs.

Significant Cue*Electrode site interactions are only reported when warrdoliogy-up analyses. That is,
when the effect of Cue was significant and asoue*Electrode site interaction, then this interaction was
not investigated further. Whilst a non-significant effect of Cue and a significar*Electrode site
interaction werefurther analysed, applying a Bonferroni correction. Partial eta squared (n%,) effect sizes are

reported.

Results

Behavioural performance

Analysis of participants’ RTs to target stimuli showed there was a significant Task*Cue interaction
(F(2,22)=36.82, p<.001, n%=.77) indicating RTs for cued and uncued trials were not the same across the
three tasks. However, we were specifically interested in investigatirgefsmn and IOR effects in each

task separately as opposite effects were predicted (Lloyd et al., 1999ysidnafl the exogenous task
demonstrated IOR as RTs for cued trials (338m&]l Standard Error of the Mean (SEM) 24.99) were
significantly slower compared to uncued trial (319.06 ms, SEM 22.80) (t(2B% p=.037, n°,=.34). For

the endogenous predictive task, RTs to cued targets (315.32 ms, SEM 28.25) weastignitster
compared to uncued targets (439148 SEM 45.54 (t(11)= 4.26, p=.001, n°=.62). Analysis of the
endogenous counter-predictive task showed that RTs to uncued targets (885SBM 20.13) were
significantly faster compared to cued targets (450.93 ms, B&(10)= 5.64, p<.001, n2p=.74) (see Figure

2). That is, endogenous orienting facilitated RTs at the expected location in both endogedictigepand
counter-predictive tasks. Errors were overall low, with slightly more errothd endogenous counter-
predictive task as expected. Responses to catch trials (false alarms) weneti®®ndogenous predictive,
16% in the endogenous counter-predictive, and 11.5% in the exogenous task. Trials in whggonse

was made (missed targets) were 1.6% in the endogenous predictive, 3.2% in the endogenous counter

predictive, and 1.7% in the exogenous task.
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Figure 2 Average response times (RTs in ms) and standard error bars displayed for eatheagkite

bars represent RTs for cued trials where cue and target were presenteshtoghi®and. Uncued trials are

when cue and target were presented to different hands (grey bars). In the endogeiiive pestt the

cued trials were expected and uncued unexpected. In the endogenous counter-predictive task the uncue
trials were expected and cued trials unexpected. In both endogenous tasks, attention sigfafidaated

RTs at expected locations. The exogenous task showed IOR as cued trials were sighificant
compared to uncued trials.

To explore the nature of facilitation and inhibition, and if these are separatanpeting mechanisms,
further analyses of the RTs were conducted (for similar analysis see dag,e€hl., 2006). The three
conditions expected (see Table 1) to show the slowest RTs in each task were compared Gremugxog
cued, endogenous predictive uncued, and endogenous counter-predictive cued conditions). Overall the thre
conditions were significantly different (F(2,22)=4.34, p=.047, nzp:.28). More specifically, exogenous cued

trials (338.71 ms) were significantly faster (p=.001, Bonferroni comctempared to endogenous
counter-predictive cued trials (450.93 ms). Exogenous cued trials (338.71 ms) were noastynfister

(p=.23, Bonferroni corrected) compared to endogenous predictive uncued trials (439.Anhnsjha

similar effect size. It can be concluded that exogenous inhibition (©89 not inhibit RTs as much as in
voluntary inhibition, which may not be surprising. Comparison of the three comligiredicted to show
fastest RTs within their respective tasks were compared to explore the &ftditttion, and these three
conditions showed no significant difference (p=.41). In particular, the comparisoednetxpected trials

in the two endogenous tasks (endogenous predictive cued vs. endogenous counter-predictiye uncued
showed no significant difference (p=.48, Bonferroni corrécted no sign of IOR for unexpected trials
(endogenous predictive uncued vs. endogenous counter-predictive cued; p=1, Bonferrondtofigste
suggested IOR did not affect or interact with endogenous attention, even wbenatnfe cues are
presented laterally. Taken together, the behavioural data showed no presence of IORtatl expe

unexpected locations.
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Effects of attentional orienting on ERPs

Figure 3 shows ERP waveforms in the exogenous task elicited by tactile targgitati cued (black line)
and uncued trials (grey line). The attention effect here was presémat BB0 component with enhanced
amplitude for uncued compared to cued trials at electrodes contralatenalp@itel) to target location
(marked out on the C3/4c electrode). Figure 4 and 5 show ERP waveforms elidiegets at expected
(black line) and unexpected locations (grey line) in the endogenous tasks. In the endogeiative pasi
(Figure 4), the N80 effect was similar to that in the exogenous task aviger|negativity for cued
compared to uncued targets at electrodes contralateral to target location. Follodviorg ¢ime N80 there
was a P100 attention effect in the endogenous predictive task, present at T7é8ladecdntralateral to
target presentation. In the endogenous counter-predictive task (Figure 5), the etatigehatffect was
also seen at the N80 component. However, this effect was opposite to the other $weittaghhanced
negativity for uncued compared to cued trials (marked out on electrode C3/4iatedt in Figure 5).
Following early somatosensory attention effects, both endogenous tasks showed modulations ad N140 an
Nd with larger negativity for expected compared to unexpected trials. For tppagamaps of the effects

see Figure 6.

P45
No significant main effects or interactions involving the factor Cue weradfdar the P45 analysis

window.

N80
Analysis of the N80 time window showed a Task*Cue*Hemisphere interaction (F(2,22)=21.39, p<.001,
n%=.66; as well as a Cue*Hemisphere F(1,11)=7.40, p=82.40 interaction). This interaction was

broken down further and each task was analysed separately.

The exogenous task showed a significant Cue*Hemisphere effect (F(1,11)=29.51, m%,@(fﬁ) and
separate follow-up analyses for each hemisphere showed a significant effect of ICLE£E(Q.01, p=.009,
nzp:.48) over electrodes contralateral to target location whilst no atteritemrt was seen over ipsilateral
electrodes. There was no correlation between contralateral attention moduldtiRi affect (=.04, n.s.).
In other words, there was no indication that larger attention modulatidre 80 related to a larger RT

effect across participants.

In the endogenous predictive task there was a Cue*Hemisphere (F(1,11)=12.00, m%p@(ﬂ’i)
interaction and separate follow up analyses for each hemisphere showed an atfectiowvesf electrodes
contralateral to target presentation only (Cue: F(1,11)=5.19, p:rﬁﬁm32). There was no significant

correlation between the contralateral attention modulation and RT eff&g?(n.s.).

10
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The endogenous counter-predictive task also demonstrated a significant Cue*Hemisfgraction
(F(1,11)=12.97, p:.004qu:.54) and separate follow-up analyses of each hemisphere demonstrated the
N80 attention effect to be present only at electrodes ipsilateral (Cue: Faﬂﬂ,)pz.023n2p=.39) to

target location. There was no significant correlation between ipsilatezatiatt modulation and RT effect
(r=.32, n.s.).

Exogenous task
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Figure 3 Exogenous task grand averaged somatosensory ERPs elicited on cued (black line) and uncuec
(grey lines) trials in the 200 ms following target onset. The left side sERPs over ipsilaterafi)
hemisphere and right are ERPs contralateral (c) to target side. The NB@rHaB&/4c indicates the
significant difference between cued and uncued trials at the N80 component ovdatevatralectrodes.

No other components showed significant cueing effects.

P100

The overall analysis including all three tasks at the P100 time window demonstratgdifizast
Task*Cue*Hemisphere interaction (F(2,22)=8.47, p=.00§p=.44; as well as Cue*Hemisphere
F(1,11)=15.95, p=.002;°,=.59) and follow-up analyses were conducted for each task separately. The
exogenous task showed a significant Cue*Hemisphere (F(1,11)=12.25, p®pe53) interaction.
However, separate follow-up analysis revealed no significant effect ofiattemteither hemisphere. In the
endogenous predictive task there was a Cue*Hemisphere F(1,11)=14.54, m%pﬁﬁz interaction and
separate follow-up analyses for each hemisphere showed a Cue*Electrode site interactdgralateral

electrodes (F(5,55)=7.07, p:.OO]fpz.BQ). This interaction was further broken down and separate attention

11
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analysis for each electrode pair was conducted demonstrating the P100 attentiowaffpresent over
contralateral T7/8 (t(11)=-3.48, p=.03, Bonferroni corrected). Analysis of ipsllaledrodes showed no
P100 attention effect. A correlation of the ERP attention modulation and behawetfecl showed no
significant relationship r€.25, n.s). Analysis of the endogenous counter-predictive task showed no

significant effects involving the factor Cue.

Endogenous predictive task
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Figure 4 Endogenous predictive task grand averaged somatosensory ERPs elicited on expected/cued (blacl
lines), and unexpected/uncued (grey lines) trials in the 200 ms followireg target. The left side shows

ERPs over ipsilateral hemisphere and right are ERPs contralateral to target side. The cdaipsinent

the C3/4 electrodes denote if the component was significantly modulated by attergjioificésit
difference between expected and unexpected trials).

N140
There was a Task*Cue*Hemisphere interaction (F(2,22)=7.05, p=08439), as well as a main effect of
Cue (F(1,11)=20.87, p=.00%%,=.66) and Cue*Hemisphere interaction (F(1,11)=16.27, p=42,60).

The significant interaction was further broken down into separate analysis for each task.

Exogenous task analysis of the N140 showed a significant Cue*Electrode site*Hemisphere interaction
(F(5,55)=3.34, p=.029q2p=.23) which was broken down into separate analyses for each hemisphere.
However, there were no significant effects including the factor Cue atoglestipsilateral or contralateral

to the target presentation, indicating no attention modulation at the N140 in the exogenous task.
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Analysis of the endogenous predictive task revealed a significant main eff€meofF(1,11)=16.95,
p=.002,n°,=.61) and also Cue*Hemisphere interaction (F(1,11)=21.53, p=1fJ$166). The interaction
was broken down revealing a significant effect of Cue, both for ipsilateral (fF£26.66, p<.00]nzp=.71)

and contralateral electrodes (F(1,11)=8.77, p=.Gi£3;.44) and both these effects showed enhanced
negativity for expected compared to unexpected trials (the interaction wes by larger effect size over
ipsilateral compared to contralateral hemisphere) (see Figure 4).sThla¢ iIN140 attention effect in the
endogenous predictive task was present over both hemispheres. Moreover, and imptireaathyas a
significant correlation between the ERP attention modulation and the behawduedfect, with larger
amplitude difference between expected and unexpected conditions for each participant odkateg RT

attention effectrE.69, p=.013) (see Figure 7 for a scatter plot of this relationship).

The endogenous counter-predictive task revealed the attention effect was, sintha endogenous
predictive task, bilateral as there was a significant effect of Eel(1)=5.16, p=.04412p=.32). There was

no significant correlation between ERP attention modulation and RT affe82(n.s.).

Endogenous counter-predictive task

b vy ~a
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Figure 5 Endogenous counter-predictive task grand averaged somatosensory ERPs elicited on
expected/uncued (black lines), and unexpected/cued (grey lines) trials in the 20iowisg target onset.

The left side shows ERPs over ipsilateral hemisphere and right are ERPs aratradatarget side. The
component labels on the C3/4 electrodes denote if the component was significantly mduddtedtion
(significant difference between expected and unexpected trials). In the cogttietive task the early

(N80) effect is ipsilateral to the target but contralateral to the cue.
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Nd

At this last analysed time window the overall task analysis demonstrated &Cu@dKemisphere
interaction (F(2,22)=8.29, p:.OOéf,p:.43, and also; Cue F(1,11)=11.02, p:.OGZ;.SO) and subsequently
each task was analysed separately.

The exogenous task revealed a Cue*Hemisphere interaction (F(1,11)=8.57, m%p@:lémy However,
separate follow-up analyses for contralateral and ipsilateral hemisphere yieldgghificant effects of

Cue.

The endogenous predictive task demonstrated an Nd effect which was over both hemispheres (Cu
F(1,11)=15.33, p=.002th=.58). Moreover, there was a significant positive correlation between attention

modulation and behavioural effect (r=.81, p=.001) (see Figure 7 for a scatter plot of ttiashkipji

The Nd in the endogenous counter-predictive task was seen over electrodes ipsilasegat location
(Cue F(1,11)=5.48, p=.039,2p=.33), following a significant Cue*Hemisphere interaction (F(1,11)=12.80,
p=.004,n2p=.54). Furthermore, there was a significant positive correlation between tla¢eiadibnttention
modulation and RT effect (r=.60, p=.041) (see Figure 7).

Endogenous Endogenous
predictive counter-predictive
Ja N

Exogenous

N80 | °

P100

1.5 W 1.5 WV

-4.5 uv opv
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Figure 6. Topographic maps of the attention effects at each somatosensory component. laeall thr
conditions uncued were subtracted from cued trials. The right hemisphere shows attdatitn ef
contralateral to the target side and the left hemisphere shows ipsilatergloatteffects. The N80
component showed larger negativity over contralateral hemisphere for uncugdntribké endogenous
predictive and exogenous task. The N8O effect for the endogenous counter-predictivectzsisesl with
larger negativity for cued over uncued trials, this effect present oviatépal hemisphere. The scaling fo

the N80 and P100 effect is -1.5 to 1.5 pV and for the N140 and Nd the amplitude rangesbé.5 to
4.5 pVv.
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Figure 7. Scatter plots of the relationship between attention effects shown behaviourally #mel i
somatosensory ERPs for each participant. yheis shows the difference between uncued and cued trials
averaged over somatosensory electrodes.x¥dmds shows the mean RT effect between uncued and cued
trials. The endogenous predictive task demonstrated a positive correlation betweeh dffecRand
cueing effect at the N140 and Nd components. In the endogenous counter-predictive task #i®rcorrel
was observedat the Nd component only. In other words, both endogenous tasks showed that larger
behavioural effect of attention correlated positively with a larger ERP effect of attenti

DISCUSSION

This study looked at how endogenous orienting influences exogenous attention andiortdéOQéh. As
predicted, the behavioural data showed facilitation of RTs for expected compared to i@ietqrgets in

both endogenous tasks whilst IOR in the exogenous task (see Figure 2). Intgresiemgl was no
indication of IOR at either expected or unexpected locations suggesting dORtdhfluence endogenous
orienting. This suggests that IOR and endogenous attention are not, when betmwoucerned,
interrelated mechanisms. The ERPs revealed both early effects of exogenous (N&Qg affibdts of
endogenous attention (N140 and Nd). Although IOR and endogenous attention were redatedeat a
behavioural level, endogenous orienting affected exogenous cueing effects. That is, endaitemous
influenced early exogenous processing, whilst there was no evidence of an exogenous effect on endogenot
processing. Moreover, the N80 cueing effect, demonstrated in the endogenous predictive and exogenou:
tasks, did not seem to relate to IOR, suggesting a dissociation betweemdG#Rogenous attentiowe
predicted that endogenous attention would affect later stages of processing. Wedtily demonstrate
endogenous attention modulations at these late components (N140 and Nd), but for the fafsbied a

direct relationship between neural correlates of endogenous tactile attention aridusahperformance
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In other words, the endogenous attention effects shown in the ERP datéy stoyrejated wittRT effects
providing compelling evidence for a direct link between behaviour and underlyingl peocesses. These
findings are discussed in more details below.

The behavioural results are in line with previous studies of tattiatimn showing IOR in the exogenous
task (Cohen et al., 2005; Lloyd et al., 1999; Jones & Forster, 2012), facilitataitenfled targets in the
endogenous predictive task (Cohen et al., 2005; Lloyd et al., 1999; Jones & Forster, @td3a)
endogenous counter-predictive task (Chica, Sanabria, Lupiafiez, & Spence, 2007). We did not demonstrate
a presence of IOR during endogenous attention, in accord with previous tactile stitllies similar
paradigm (Chica et al., 2007). Specifically, there was no difference between cueccaed tangets for
expected or separately for unexpected trials in the two endogenous tasks. Studies explairggiwiuli
have suggested IOR to be independent of endogenous orienting and these do not intesiathandask
demands are low (e.g., Berger, Henik, & Rafal, 2005; Lupianez et al., 2004). Our behaviaiisaticesot
confirm nor disconfirm this idea of independent effects. However, our fiadang that IOR does not
automatically exert an effect on endogenous attention when using peripheral cuegetadiat is either
absent or masked during endogenous orienting.

A better insight into how the triad of endogenous attention, exogenous attentiog®Raimderact may be
gained from closer inspection of the ERPs, together with the behavioural datasThetéble result was
that we did not find an ERP effect which directly represented IOR. Based ostl@Rs in visual attention
(McDonald, Ward, & Kiehl, 1999; Prime & Ward, 2004, 2006; Tian & Yao, 2008; WaschEipger,
2004, van der Lubbe, Vogel, & Postma, 2005; Prime & Jolicoeur, 2009) as well as our own pretileus tac
study (Jones & Forster, 2012) we predicted, if anything, the P100 to show an eftecatasl with IOR.
However, there was no cueing effect at the P100 in the exogenous task (see FifyareuBlexogenous
task was a near replication of our previous study (Jones & Forster, 2012, detek)iovetaan conclude
that the P100, at least on its own, is not a marker of IOR. The inability ltcatepthe P100 effect in the
present exogenous task could be extended to the visual literature and highlighé thatcueing effect
may not be a direct marker of IOR (e.g., Prime & Ward, 2006). That no studgthsisoyvn a correlation
between P1 cueing effects and RTs reflecting IOR also highlights this pbi@teXogenous task did
demonstrate an earlier exogenous attention effect on the N80, with larger ne@@tiuviicued compared
to cued targets (Figure 3). A very similar modulation was also preserg ienttogenous predictive task
(Figure 4). As these two tasks demonstrated opposite behavioural effects, yet siilaodlulations, it
suggests this is not a marker of IOR. Moreover, comparing the behavioui@mzarce, in the two
endogenous tasks showed no presence of IOR whilst they showed an N80 cueing effectufygésting
the N8O effect is simply not a marker of IOR masked by endogenous attention. NghN&8Q effect may

not be a marker of IOR, we suggest it to be a marker of exogenous attention. Aati@safilOR from
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exogenous visual attention has previously been argued (e.g., Berlucchi, 2006). For exsingplid/Fil,

Mayer et al. (2004) found exogenous attention (facilitation) and IOR activatiededt brain areas.
Furthermore, Fuchs and Ansorge (2012) showed that an unconscious cue that exogenously capture:
attention does not lead to IOR. It is likely that IOR is the end-resudtsveiral cognitive, perceptual and/or
motor processes, affecting multiple components. That IOR is not simplitesmianal phenomenon has

more recently been reported in visual attention literature (e.g., Satel2218). However, before drawing
parallels to other modalities it remains to be established whether IOR is msdatrar modality specific

phenomena. To note is that touch is a purely proximal sense and therein different to other modalities

The N80 component has been proposed to originate from primary somatosensory cordéatea@htio the
stimuli (Hari et al., 1984; Inui et al., 2004; Mima et al., 1998). In the endogenouzicpredictive task
the effect was absent at the contralateral N80 component, whilst there wasrse reffect over the
ipsilateral hemisphere (Figure 5 & 6). That is, there was largeriviégdior cued compared to uncued
targets in the counter-predictive task. This suggests that the early exogenkes waer influenced by
instructing people to orient their endogenous attention. Put differently, had théde80an exogenous
effect completely independent of endogenous orienting and task demands then we would &xeittet
same pattern in all three tasks. This contrasts in part a visual@aitettly by Chica and Lupianez (2009)
who concluded that the early exogenous effect on the P1 (which they attributed tod®©R)tvinfluenced
by endogenous attention. Although there may be several reasons which could explairce#ffbetween
the studies, our results do not go against the suggestion that IOR and endogenaus atteimilependent
mechanisms (e.g. Berger et al. 2005, Lupianez et al., 2004). A clear conceptual difetbateve found
our exogenous marker (N80) to be influenced by orienting endogenous attentiorcdnitber-predictive
task, whilst Chica and Lupianez found that their marker of IOR to not taffbeted by endogenous
attention. Therefore, it may be that IOR is independent from endogenous orienting whilst exogenous effects
are not. Taken together, comparing and contrasting the N80 in different cosdiéd to two main
conclusions. First, the N80 cueing effect to likely be a neural correlate oéredag attention and not
directly related to IOR, further supporting the idea that IOR is not synonywitdugxogenous attention.
That being said, to establish the independence between exogenous attention and IOR nmoreigesea
needed, in particular where the neural markers of IOR can be observed,isgmétith is yet to be
reliably established in any modality. The second conclusion from the N80 wakithatrly exogenous
effect, possible primary somatosensory cortex, can be influenced by orienting volatt&mion
suggesting an interaction between endogenous and exogenous attention at eady gtagessing tactile

information.

Somatosensory components independently modulated by endogenous attention followed the early

exogenous N8O effect. In the endogenous predictive task there was a P100 dffdarger positive
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amplitude for attended compared to unattended stimuli, an effect corroboratingupreactile attention
studies (Eimer & Forster, 2003; Zopf et al., 2004). The strongest indicators of endogenousyoniergi

seen at the following N140 and Nd components, which have also demonstrated attention effects in previous
tactile studies (Eimer & Forster, 2003; Forster & Eimer, 2004; Zopf et al., 20®4prantly, and
previously not demonstrated, is the presence of strong correlations betwednuyahand ERP attention
effects in both endogenous attention tasks (see Figure 7). That is, particigantargér behavioural
attention effects also demonstrated relatively larger ERP amplitude effects metwpected and
unexpected trials. This expands aprevious study (Forster & Eimer, 2005) which indirectly suggested a
similar link by showing analogous weighing of attentional orienting cost and bandRis and these later
latency attentional ERP modulations. The endogenous correlations developed slighaly ieathe
endogenous predictive task at the N140 (r=.69) which probably reflects the additiomatot orient
attention from one hand to the other, compared to keep focusing attention on the sambefolldviing

late negativity Nd) showed strong correlations in both endogenous predictive (r=.81) and counter-
predictive (r=.60) tasks. This indicates that increasing task andi@atteleimands, orienting from one hand

to the other instead of attention remaining on the same hand, delays the development of emdogenou
attention markers in the ERP trace. Interestingly, this delay was retteef in the behavioural
performance where there was no difference between the two endogenous tasks. As a whdiernttoé pat
early exogenous effects of attention (N80), followed by later markers of endogenousrafteéhtO and

Nd) is consistent with behavioural accounts based on visual attention proposiegapgnous attention
develops faster than endogenous attention (Muller and Rabbitt, 1989). Future researéshmayurther
explore the exact nature and relationship between behavioural performameueaddnarkers of attention

in touch. For example, it should be noted that the present study only used one S@#s);880 interval
chosen as IOR has previously been observed here in touch (Jones & Forster, 2012t Ghh&®05;

Lloyd et al., 1999). Unlike in vision, facilitation of exogenously cued targets hdseeat observed with
short cue-target intervals adetection task (Lloyd et al., (1999) found IOR with a 100 ms SOA). However,
similar to vision, the biphasic facilitation-lIOR pattern has been demonstrabesh targets are
discriminated instead of simply detected (for visual discriminatiok 4@e Lupianez et al., 1997; and in
touch see Miles, Poliakoff, and Brown, 2008). What would therefore be interestinguoe fesearch is
using a range of SOAs in a discrimination task to investigate how endogenous attdhiemtes both
exogenous facilitation and IOR in touch. Moreover, this would additionally prduitieer insight into

whether exogenous attention and IOR are independent or interrelated mechanisms.

In summary, behavioural performance showed facilitation of expected targkets éendogenous tasks and
IOR in the exogenous task. The electrophysiological results demonstrated early @ffegtsggenous
attention followed by later endogenous attention modulations. These effects were indejpehdtnthe

endogenous predictive and exogenous tasks. However, voluntarily directing attentiofrcawvay cued
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body part influenced the early exogenous marker (N80). This suggests the two mecham@sms
interdependent, at least when task demands require more demandsof stttention. The early marker of
exogenous tactile attention, the N80, was not related to the IOR effect shown betligvialthough the
neural markers of IOR remain elusive, at least in regard to the sense gf w@icbnclude exogenous
attention and IOR are not necessary two sides of the same cain.

Abbreviations
Event related potential (ERP), Inhibition of return (IOR), Response time (R8s onset asynchrony
(SOA)
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