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Abstract

P vious nuroimaging studigs hav y1d imntifi id a naral sirsuat that 1s involv i 1 ympathy for pain. How @ i, thy t ymporal dynamiss of n wral
astiviti s und irlyig impathis pros jsss rvmains poorly und astood. This was mv stigatud in th surrint studyy y rsording wnt-ridatdy rain
potuntialsié RFs) from hialthy adults who w iy prisintyd with pistur s or sartoons of hands that w iy in pamful or nutral situations. _y justs
paform i a pamn judgm it task that rg, wir i att yntion to pain su s 1n thy stimuli or a sounting task that withdr gw th ar att mtion from th ¥ g sus.
Th# RPrsults show i Garly diff arintiationy) dtw yon painful and nutral sumuli ov o th frontal g jat 149 ms aftor s insory sumulation. A long-
latunsy ympathis risponsy was q) savd aft o 38 ms ovur thy s intral—pars fal rgions and was mor saliunt ov . thy1ft than right hymisph s,
Thy zarly and laty ympathis rspons s w iy, 14sp ¢t Jy, modulat .‘db y sont xtual rjality of stimuli andb y top-down att ition to thy pain sugs.

orpovyr, thymiaré Rramplitudis at 14918 ms wary sorrdatid with sy jwstivy roports of thy digryy of parsavid pam of othurs and of
Ivslalf—unpl Jasantngss. Th Rirergsults support a mod d of ympathy for pain sonsisting of jarly smotional sharing and laty sognitivy valuation.
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1. Introduction

uss ssful sosial int grastions ryg, wir ¢ thy sapasity to und a-
stald smotional and s wmsory xpdiasy of othy individuals.
In addition, appropriat y sosial sommunjsations andy Jhaviours
n¢ud visarious xp a1 sing of ymotions songru ynt with thos gof
othurs whil 4, ang awar yof thydistinstiony, «w yon thys df and
othgrs (B s ity & Jaskson, 299 4; By ity & amm, 299 6). This
g, lity, rf wrd to as mpathy, has pist }m(l)zlogl‘cal signifisans

b “saus vt provid s dir st stimat yof oth i’s possy 13 shaviours
and thy knowldg 4, out potintial prop urties of wmvironm ynts
(D3 _1gnymont & 1ngur, 209 6).

Y traditional ap%roa/eh to thy und astanding of psyshology
of umpathy riliis on sy jwstvy ratings of ympathis motion
atson, 1987) and sdf-ryport ., ugstionnairgs that masury
Jnpathy as a trait & ryant, 1987; Pavis, 1996).W hily this
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approash hps to sompr hind sy, j sty ymotional rjastion to
othurs’ fuding, thyrsults of this§studiss souldy influunsd
p Y intuntion of sJf-prisintation and sosial disirg, ility/8 arly
resqarshyrs triud to q) tamn physiologisal masurs of ympathis
risponsys )y rysording hlart raty or galvanis skin rispons
®raig & ow ay, 1969; @rr &  anz tta, 1989 ) and J stromyo-
graphyl'EL G) ( anz tta && rll‘ghs, 1989; aughan & anz dta,
19%9). uih W~ thy sy, jestivrports aﬁﬁ physmloéi‘cal m a-
sur s manif st th yfinal outsom yof n yural r $spons s to ymotions
of othur individuals ut tJl littl ¥ g, out th§ sognitv yand n wral
pros s ¢s of jmpathy.
R s it studi gs us W funstional magn dt1s rysonans  imaging
f RI) to xplorythynwral sy strat s of ympathy-rJlat.d pro-
s p, ¥ manipulating rpr s intation of oth s’ aff wtivy staty
and providud widnsy that syrtainy rain arjas ary yngag«d in
shar «d r pr s wntation of on ¢’s own and oth ars’ ymotional stat is.
or yamply, q saving disgust fas s and fying disgust on
sdf astivatd thy sam g sits 1n thy ant yrior msula and ant Jior
simgulaty sort x @8 =) (_1skr «# al., 290 3), whish w iy also
astivat .d wh yn partisipanits vi w ud fas is with pamnful &xpr ission
<E otvinisk « al., 290 S)M' or wov &, msula and ¥~ astivit1 is
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indus d )y pamnful fasis wory sorrdatid with sy, jwsts’ st-
mat s of intunsity of ) survd pain whirjas magnitud’ss of thy
wnsula and 1 ftinf aior frontal astiviti is sorr Jat d with sy j ssts’
sdf-rat.d ympathy (_aarJda & al., 209 7). Pas ption of pamn
stimulation appli«d £ hands or £ also g gatyd nsraasd
msula and = astivation that was sorrJdatud with sy jus-
trvy Jstimation of pain it msity (Jaskson,  Jdtzoff, & B s ty,
20 5; Jaskson, _ rung,  Jdtzoff, & D}c}}g/, 200 6; _orrison,

loyd, di Pl grino, q, «ts, 00 4% mpathy—r}xgt}d nu-
tal astivity has alsoy, ven mv stigat i 1n sonditions simulating
rial sosial sontxts. gy 4 al. (2394) ssannd fimal 3 vol-
unt s who athwr }§p a1ns d painful staimuli thims dvys or
watsh W sy, ols indrsating applisation of painful stimuli to
thar partns. Thy authors found that, oth noxious stimuli
appliid to thy sy, jts and pas ption of sym ols indisating
thypartnas’ pain rgsultid m astivation 1n th g insular and @~

waus 98~ 1s mvolv «d 1 soding thy aff wtiv 3 dim msion of
pain sush as sy, Jesttvdy pasavad unpl jasantn jss (Ramvilly,
Dunsan, Prrs®arri &, & ushnl, 1997), mga 4 al. (¢4)
proposd that ympathizing with pain 1s nvudiatyd )y astiva-
tion of ryrypristations of thy aff wtivy dimsion of pain.
Thy smsorimotor sortyx san . ¢ also mvolvyd in ympathys
rispons sy, wausy thy amplitud s of motor- wok W pot.ntials
1ndu/e'.db y transsranial magn s stimulation (T _ ) ovar thy
motor sort X w ir yr wdus \d whin sy, j sts q, s v s’ hands
p 4ng priskid ridatuvy to whin q saving q,juts sush as a
tomatoy, ang prisk «d (Avgnant,  u i1, Galati, & Aglioti, 209 5;
Av . manti, Faludlo, _ ufalar, &ighon, 2006). _1wing vid o
slips of painful stimuli d div & d to oth irs mer'.X; « thyampli-
tud ;s of somatos Jnsory- wok «d pot ;ntials Jrsit «dy) y nonpainful
P }ftrl «al sttmulation to thy 9 Sdav ;’I’S.’ wrist % }Jfalarl, Apnly,
Avnanti, d1 Russo, & Agliots, n prss). Th.sy findings sup-
port thy wistynsy of a sharyd nral ngwork for onys own
“motional or s nsory xpJriunsyand thyq) savation of oth us’
simular stat is.

R sarsh s havy trid to und astand ympathy as a pros ss
with whish an q, s v pursaves othas’ vmotional statis and
gugatys a similar muntal staty in thy sdf. ush approash
dywompos s thy pros iss of ympathy into /comp%n ats that ary

automatisally drsitidy y murypars jption of oth s’ ymotional
stats (1. ¢, ottom-up pros ss) and that d i ynd upon top-down

sontroll W pros isss. brgston and dy__aal (2@ 2) sugg Jst that

mvoluntarily trigg o «d pros ss¢s sush'as ymotion sontagion or
mmitation play a k roly mn und wstanding and sharing oth as’
“motion. This viw 1s supportdy, y thynuroimaging findings

that a shar i nral ngwork 1s ngagud i p s gption of oth-
as” ymotional stat s and 1 gy gration of ony’s own Jmotional

Xpai }fn‘e}(a otvinisk ¢ al., 20 5; Jaskson t al., @ 5; aarda

tal, 207, mga & al, 04). It has alsoy +in suPg st d

that ympathy §Sb as «d on an unsonssious and automatrs simula-
tion of thy sy, jystivity of othurs through th g funstion of mirror
nJurons (Gall sy & Goldman, 1998). In agryumnt with ths,
nroimaging studis q,swved impathy-rdatd nwral astvi-
t13s 1n assosiation with oth ws’ pain rygardl iss th g r dationship
b «Wddm an q suvyr and thyonyy ung g savad (g, lovd
ongsin _ingu Jtal., @4 or strang s in_ otvinisk it al., 209 5).
or wovur, th ys mnsorimotor astivity link (d to ympathis pros gss-



162 Y. Fan, S. Han / Neuropsychologia 46 (2008) 160-173

and amygdala astivations indus W y fasial xpr ssions of pamn
wry graatly rudusid whin sy justs paformid paim rr Jl want
task (%g., gwnd o judgm ynt).
ory reatly, Gu and Han (2@ 7) found that att mtion to
pal sugs 1n thy sumuli modulaty thy nral astivitigs link d
to ympathy. Thyy dsignd two tasks to manipulat y top-down
att yntron to pamn suygs 1 thy sttmuli i whrsh hands w s in
painful or n atral situations (s ¢¢ J4g. 1), 1. %, rating th g int msity
of pan fityy a modJ that rg uirid fosusd attuntion to thy
pain sus or sounting thy num, « of hands in thy stimulx that
draw attyntion away from oth as’ fyding. Gu and Han found
that, r'dativy to sounting ntral stimuli, rating pain int msity
of painful pisturys indus i mnsrjas W astivation 1n part of thy
pain matrix insluding 9 </parasingulaty, nsula, and thy 1t
middl ; frontal gyrus. How w &, th s ¢naral astiviti s wary wi-
dunt m th pain judgmnt taskp ut not n thy sounting task,
indisating that ympathrs r jspons ¢s strongly d ¢p ynd «d upon top-
down att imtion to thy ymotional sus. In addition, thyy found
that ympathy-rJat.d nural astvitiis wry also modulatidyy
th s sont xtual rality of stmuli. | y transforming thy paimnful
prstur ¢s 1nto sartoons so as to d ¢g /i wat y th ¢ jalism of stimuly,
Gu and Han (2@ 7) found that, r Jativ yto rating pain int wsity of
painful pistur s, rating pain int gnsity of painful sartoons fail id
to astivat ¢ th ¢ insula and produs | w jak 98~ astivity.
Th s ¢ findings sugg st that thyn ral sorr dat s of ympathy
ary strongly modulatud , y sosial rJations ) ¢w v mndividu-
als,, y thy voluntary fort to und wstand othars’ ymotion, and
b ¥ thyprior knowl gy of sont xtual riality of sumul. Frston
and dy _aal (299 2) propos i that Jarly on, automatis pros ss ;s
saus ,W stat yof individuals who xpur1ns zan qmotional staty
to Jisit a simular or ril vant statyn thy q, s v as. Top-down
sontroll i pros ssis may thun inhy it or fasilitaty this visar-
10us smotional staty. By ity and  amm (299 6) sugg st that
smpathy 1nvolv sy, oth ymotion sharing ¢ ottom-up information
prosgssing) and xgsutiv ¢ sontrol to rigulaty this xp a1 ansy
(top-down information prosssing), undwpinnid 'y spwifis
and it grasting n qural systyms. How W, 1t 18 unsl jar at whish
stagy of ympathis prosssing thy top-down sontroll \d m yh-
anisms (4.g., attntion and aluation of sosial rations and
p <haviours) ary mnvolvd i modulation of impathrs rspons .
Py 1gnymontand ing (299 6) sugg st two mod s to assount
for'th J modulation Sf visarious aff stiv § rspons s towards oth-
as” ymotion. Thy laty appraisal modJ propos s that ympathis
r.spons s ar yautomatisally astivat iy y thyp ars jption of ymo-
tronal su g whil sont xtual information 1s pros jss i 1n parall 1
50 as toy, ¢ mvolvd to modulaty thy mpathis rispons s at a
latw stagy Thy arly appraisal mod d, how Wy, sugg sts that
umotional sugs ary first waluatyd m a sont xt of xtynal and
mtgrnal information. Thy outsomy of thy sont yxtual appraisal
pros s 48 d & ormin is wh #th o ;ympathis r jspons ¢s tak yplas yata
latyr stag v, v arth d iss, pravious s varsh fail W to distinguish
dw i thisy two modils ) wausyy lood oxygun dipund .t
@ D) signals ryordd in f_RI studi s havya low tymporal
rsotution. M
Thy surr at study v stigatd s ral 1ssugs rygarding thy
sognitv yand nural m yghanisms und wlying ympathy for pain.
st w ¢ 1nv stigat W th g t ymporal dynamiss of nural m wha-

nisms und irlying vmpathy for painy, y rwording wmt-rJlatd
b rain pot ntialsig RFs) Jisit '.db y pistur ¢s of hands 1n painful or
nutral situations ( gg. 1)8 mpathis rispons s to pain of othur
indivaduals w o md Ky y thy diff sy ww il REs to
panful and nwtral sumuli, simular to that m praious f RI
studiys (Gu & Han, 290 7; Jaskson 4 al., 209 5). Of partM;llar
mtyrgst wary thy tymporal faturgs of this R diff r intiation
p W ¢en pamnful and ntral sumuls.

wondly, wy studiod whgth i and how impathis rspons s
ar’modulatdy y top-down attuntion to pamn sugs. imular to
our prwious f _RI study (Gu & Han, 29 7), w ¢ m§n1pulat}d
att yntion to parh su '.sb y asking sy J Wts to judg ¢ pain nt gsity
suppos «dly £t y thymod Jl or to sount thynumy, o of hands in
thy stimuli. Thy f ysts of task d ymands on ympathys rspons s
hip to distinguish, w i thy automatis and top-down son-
troll W pros ss of ympathy for pain. _p wifisally, thy automatis
prosiss 1s ndyxd yy thy rispons @ that ary not nflumns d
p Y task dmands, wh & as th top-down sontroll W prosgss 1s
rfl st d 1n thyrspons s that d yp nd upon task manipulations.
Although thy risponsys m®® = and msula way g, saved
thy pan judgmnt task j, ut not mn thy sounting task (Gu &
Han, 299 7), sush f RI rgults do not nyssarily mgan that
all ympathrs n wral'tyspons gs d g wnd upon task d ymands or that
thury ary no automatis ympathis rispons.s. It 1s possy, 15 that

0 D signals with low tymporal r solution, partisularly in th'
SIUJdI:S usingy ox-sar dsign (Gu & Han, 2@ 7; Jaskson & al.,
2005, 2006, ingy al., 29¢4), manly rl gt sustain i n ral
astivity r Jatyd to ympathy and ar ynot Afisasious to r w jal auto-
matis ympathis nral risponsgs that ary gss ntially transi mt
and ossur jarly and rapidly. Thy slow sustain ympathis nu-
ral rsponsis rwvialudy y £ RI studiys may sonsal thy rapid
transiynt ympathrs nral raspons 3.

Third, w g1nv jstigat i to what d ygr 3 th; automatis and son-
trolld prosssis of ympathy for pain ary modulatid y prior
knowl «dg ¢ of sont xtual riality of simuli. gy ntly found
that, although thy knowl gy of sonttual riality of stmuli
modulat i ympathis nqural rspons s, this ff yst was diff ot
from that produs }db y top-down att intion (Gu & Han, 299 7).
Fartisularly, ympathy-rJdat i msula astivity to painful sartoons
was Jdiminat id and @~ astivity was w qak yn id whn p as av-
1ng pain 1n sartoons sompar d with that in prstur is. How v o, th
right frontal astivity was not mfluuns Wy y thy sont ixtual ral-
1ty of stimuli. As mntion d g, ov % 1fy, rain ar Jas sush as9®»=
and msula und apin thy automatis  aff stivy sharing: prosss
(Taskson & al., 2005, 2006; inga tal, 304, _1ska #al,
200 3), 1t may}, hypoth js1z '.ﬁ, on thy ground of 'Gu and Han’s

s arvation, that thy prior knowl gy of sont ytual rality of
stimuli should modulaty varly automatis pros s of ympathy
for pain. To ass s this hypoth js1s, wy sompar «d nral astiv-
1t13s diff o ntiating painful v asus n atral prsturgs and painful
v asus natral sartoons, similar to our prgvious f _RI risarsh
(Gu & Han, 290 7). ¢ &p et wak ornural r}M)ns srdatd
to Jmpathy for pa}@(shown 1n sartoons than 1n pistur .

Jnally, wy xplorudid Rp sorrdats of sy juwtivy fuld-
ing g, out othus mn pam and sy, jwtvy fyding of ony’s own
unpl jasantn iss. _hily pravious f RI studiss show «d sorr Ja-
tion, «w v ~/msula astvity'and sy, j wtv yratings of pain
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of othyr individuals (Jaskson & al., 209 5; aarda & al., 2@7)
and}, Aw P ~/insula astivity and indiidual diff Tnesn
umpathy as mjasur i with ympathis sons an ssaly (_nga &
al., 2004), w4 know Iittl g, out thy r}latlonshlpb AW -
trophysiologisal astivity and sy, jwtiv § flling of ympathy for
pain. _p gsifisally, 1t 1s unknown wh ith & th  automatis or son-
troll & pros iss of ympathy for pain 1s mory slos Jdy rdat «d with
sy, J v ¢ fding of othurs” pain and s df-unpl jasantn iss.

2. Methods

2.1. Subjects

Thirty-on 3 halthy und wgraduaty and graduaty stud ynts (16 mal s and 15
fymal i) from wking _ niv asity partisipatyd in thy study as paid volunt gas.
Plv} of thi sy, justs (3 mals and 2 fimals) wry wsludd from data analysis

b waus yof s ssivgartifasts duringslé G rgsording. Th}b “havioural andéi® G
data w ir ¢ port ud from 26 sy, j usts (13 mal s, 13 fumal s, agudy, wwyin 18 and
25 ydars, mgan agy+ . B.=29.96+1.87). All SLbJ}ets had no n wrologisal or
psyshiatris history. N w & ¢ right-hand «d, had normal or sorr st «d-to-normal
vision, and w3 not solor , lind. Inform yd sons .t was 9 tamud from Jash
sy, J sty Sforythystudy. This study was approv dy y alosal ithis sommutt 45 at
th'y B gpartm it of Fsyshology, h}kmg_' nv asity.

2.2. Stimuli and procedure

1sual sumuli sonsist «d of 49 digital solor prstur is showing on ghand or two
hands 1n painful and nutral situations, similar to thos ¢ in our prvious f _RI
study (Gu & Han, 299 7). Thy pistur s w i ¢ shot from th § first-p arson p}%}c-
tvyand dissry) W assidnts that may happwn in wryday Iif, as illustratid in
pe 1. Faunful prsturgs mslud i situations sush as a hand trapp «d 1n a door or
suty y ssissors. Tw aty prstur s show id hands 1n painful situation (1 hand n 8
painful prsturgs and two hands in 12 painful pisturys). Th 14t and right hand
was, 1 isp vstv Jy, involv i 1n th g painful situations 1n half of th y painful stumuli.
18 ash painful prstur 3 was matsh W with a n tral prstur § that show «d on g or two
hands 1n situations that, although similar in sont xts, did not imply any pain. Th
pistur i w i ytransform id mnto a s it of sartoons using _ filt o — artistis — post i
gy toolof thysoftwar ¢ Photoshop. . Thus th ysartoons w ur ysumular to th ypis-
tur gstimuli n pr s intation of painful and n wtral situationsy, ut lask id th§solors
and t xtur s that w i g n ys ssary for r gpr s wntation of visual rzality. Thystimuli
waeprsatdimthysntaoofagry (128 cd/mz)b askground of a 21-1nsh solor
monitor® ash stmulus was 7 sm x 5.5 sm (width x haght), st twnding a visual
anglyof 4° x 3.15° at a vi wing distans yof 19@ sm.
i ashsy, ) wtpartisipat i in 16, losks of trials that var1 v« in sumuli and tasks.
In Jash foury losks of trals, sy, j usts (1) judgd pain virsus no-pain for hands
1n painful and n qutral pisturys; (2) sountd thy nuny, & of hands 1n painful and
natral prstur is; (3) judg «d pain v asus no-pain for hands in painful and n wtral
sartoons; or (4) sountyd thy nuny, « of hands 1n painful and nutral sartoons.
i ashy losk start «dwith th pr s mtation of instrustions for 3 s, whish d finid thy
task (1. 3., pain judgm ¢nt or sounting th}nurrb o of hands) for ',achb losk. Thury
w8 trailsn jashy losk. @n Gash trial thysumulus display was pr s it id for
200 ms at th st of th s ssryun, whish was follow }db y a fixation sross with a
duration varying randomlyy 4wy 8@ and 169@ ms. Thystimuliin '.,achb losk
of trials and thy four tasks w &y pres itud 1 a random ord i for jash Sy J Wt
Y, Jvst respondd to Jash stimulusy y ap, utton prissing using thy 1t or night
hd x fing ur.

2.3. ERP data recording and analysis

Thy A sstro s gphalogrami§id G) was sontinuously r word i from 62 ssalp
Astrod s that w oy mount W on an Jastis sap in assordans g to thy xtnd W
1029 systum (syy pe 2), with thy addition of two mastord ystrodys. Thy
Jdustrod g at thyright mastord was us i as rf arans s Thy A strod ¥ imp «dans
was kpt 13ss than 5 kohms@ y 3, Tinks and v yrtisal Jy ¥ mov im ints w iy mon-
ttorwd with U strod s losatid g ovy andy dow thy Iift Jy o Thy horizontal

g. 2. Thy diagram of 62-shannyl ssalp montagy uswd 1n thy prys it study.
i », thy ground dustrod 2.

dstro-osulogram was rysordid from dutrod s plasd 1.5 sm latral to thy
14t and right xtanal santhi. Th8i8 G was amplifi «d % and pass@.l-lg¢ Hz)
and digitiz «d at a sampling raty of 259 Hz. Th{ Rrs in ash sondition w iy
avirag W s paratdy off-liny with an Jposh jginning 2@ ms}, for stumulus
ons it and sontinuing for 126 ms. Trials sontaminat Wy, y W §, links, Jy ymov &
mnts, or mussly potntials xs yuding +59 . at any Jwtrody wary xslud o
from thy av ragy 8.89% of thy trials wary Xelud'.d duy to artifasts (prsturys:
pain judgm wt =9¢ %; sounting =9.3%; sartoons: pain judgm ynt = 8.5%; sount-
mng=28.8%).

i RFs at Jash dustrody waryryrfamsd to thyalgy rarsally somputid
avaagy of thy 14t and right mastoids b dory furthr analysis. Th}b asdiny
fofd R mjasurymunts was thy mian voltagy of a 2@ ms pr.stimulus int -
val and thy lat insy was mzasur « rdativy to thy sumulus ons ¢,  san voltag ¢
offd RFs wuay 9 tamid (a) at 2§-ms intavals starting at 8§ aft o stmu-
lus ons ¢ and sontinuing until 38 ms post-stimulus and q)) at 49 -ms 1t gvals
from 389 to 829 ms post-stimulus. _tatistisal analysis was sondustd at 13-
trod is s d ystod from th i frontal ( .z 97"z, 1”37 1’4”1;3,-4)’ s ntra®e =P “ry,

1), pari fal (Fz, B3-Fd), t ymporal (T7-T8, TH/-THS, /1),
ossipito-t ymporal (F@z, @z, FA3-rd4, FO7-FAY) r jgions.
Riastion um s (RTs) and rispons y assurasiis w sy, jwstud to ariplatd
m jasur ¢ analysis of varians (A @ _A) with Fein (painful vs. nutral sumuly),
Task (pain judgm it vs. sounting th Jnum, & of hands), _timulus R Zality (pistury
vs. sartoon) as within-sy, J wtind p ind it varig, 1. TRymjal Reamplitud s
wWad sy, Jotd to AN O As with thy faetorsb ang Fein, Task, timulus R al-
1ty, Hymisph a3 (d ;etr&i s ovar thyldft or ight hymisphary) as 1thin-sy, j Wt
mndpnd it varg) Iis., wausythyA @ Asof thle Rrdata show i similar
rsults at ant grior and post grior }Strolg }ﬂY\;v}(mly rgport « th ystatistisal r jsults
at d wtrod W94 and FHI7-1D8.

2.4. Measurement of subjective reports

Aftr thWié G rosording sission, sy, justs waryaskd to waluat g th it n-
sity of pain suppos wdly filtyy thymodidl in thy sumuli. _y justs wary also
askd to waluatyth ar own unpl Jasantn iss whn th iy q, s avd th ypainful stim-
uli. Thy waluations w iy mjasur «d using a 6-point ssal 3 (1 =no pain, 6=vxy
mush painful, or 1 =no unpl jasantn s, 6 = v &y mush unpl asant) with thy _as
rain_sal 7R wvisid ( r» -R) adaptud from thy asys Fun saly (191, Ryvy,

"han§plon, Addrsoat, &SZI wela, 19%), whish sontain «d 31§ photosopi W fas s
showing ntral to xtrymJy painful xpr ssion.
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Ty, 131
wan RTs (ms) and r spons y assurasy (%) (standard d gviation) 1 jash stimulus sondition
Fastury ®“artoon
Pain judgm mt Hands sounting Pain judgm mt Hands sounting
RTs
Fainful ©905 (51.56) 469.83 (49 94) 596.13 (43.52) 463.17 (38.66)
N atral 613.52 (58.33) 466.33 (389 6) @4.21 (49.57) 461.55 (37.37)
Assurasi s
Painful 75.95 (11.85) 96.15 (2.84) 81.47 (9.23) 96.25 (2.49)
N atral 84.77 (6.39) 97¢2(1.83) 87.19 (6.19) 96.97 (1.96)
3. Results (F(1,25)=16.457, p<e 60 1), 289 -3 ms (F(1,25)=15¢95,

3.1. Behavioural performance

Thy muan RTs and risponsy assurasigs 1n zash sondition
ary shown i Tg 1y 1. A @ As of RTs show.d signifisant
main f ysts of Task (F(f\,l25\{=30’7.12, p<eee1) and timu-
lus Rality (F(1,25)=1¢ .42, p<¢ @ 1). RTs w s long #”in thy
pain judgm it task than in thysounting task. _y, justsrispond «d
slow i to pistury than to sartoon stimuli. Thy A @ As pu-
formd on rspons ¢ assurasigs show «d 51gn1ﬁear]i\g main Af st
of Pen (F(1,25)=13¢2, p<e @ 1), Task (F(1,25)=157.39,
p<eee1), and tmulus Rality (F(1,25)=74.32, p<e 68 1).
R Jspons yassuravy was high i to th yn wtral than pamful stimuli,
high & 1n th sounting than pain judgm it tasks, and high & to
sartoon than to pistur y sumuli. Thiry was a rlig, 13 int rastion
of Pain x Task (F(1,25)=9¢7, p<e ¢ 1), sugg ssting thy daff a-
SN 1spons ¢ assurasyy {w yun pamnful and nutral stmuli
was larg & 1n th 3 pain judgm it task than in thy sounting task.

3.2. Electrophysiological data

Grand-av wag .8 RFs to prsturys and sartoons w oy som-
put W s gparat dy for vash stimulus sondition and ar y illustrat id
m ggs.3and4. timuliin all sonditions wok ud a nygativ ¢ som-
pon }ntb awenYy and 139 ms ( 119) ov « thy frontal—s ;tral
arj. Thy 11¢ was follow }dby a positivy d fl sstion dw yin
149 and 3@ ms (F18) ovar thy suntral arja and a ngativy
wav ¢ p',akmgb aw i 290 and 289 ms ( 24¢) ov a thy frontal
rygion. Th i ywas anoth o n jgativ ¢d ol MNion p<aking at 34¢ ms
(. 349) ovr thyfrontal ar ja follow i y a long-lat nsy positiv-

Yb Aw i 369 and 89@ ms (F3) with thy maximum amplitud
ov & thypari gal ar @% RFs ov i th jossipito-t gmporal ar ja w &y
sharastunzd with a positivity wavyy 4wy 8 and 149 ms
(Pl), a nigativy wavyy @w i 149 and 29 ms ( 179), and a
posit1v ¢ Wav}b Awyn 29@ and 459 ms (F329). A'long-lat insy
ngativ yd ol stion was also q, s av i ov ur th yossipito-t ymporal
dsstrod s. Thy voltag y topographi s in pes. 3 and 4 show thy
ssalp distry ution of Jjashé RFsompon nt.

3.2.1. ERPs to picture stimuli

3.2.1.1. Automatic versus controlled processes of empathy.
A @ As of thy muani Re amplitudys rywordyd at thy
fl’\gnt\ﬁ—c}ntral Austrodys show id a signifisant main f st of
Fein at 149-29@ ms (F(1,25)=14.832, p<e 9 1), 2028 ms

p<0 00 1), and 3¢9 669 ms (F(1,25)=39.384, p<g 90 1). R -
ativy to th nqutral stimuli, pamful stumuli Jisitid a positiv
shift of th{s RFs i thisy timy windows. Thy main ff st of
Task was signifisant at 19@ —289 ms ov i th y frontal—s intral ar ja
(F(1,25)=15¢ 61, p<e@ 00 1), sugg stng that th g pain judgm nt
task indus . a positiv g shaft i this im 3 window r dativ g to thy
sounting task. Th iy was also a signifisant main f yst of Task
at 469 —829 ms ov & th ; frontal—s intral arja (F(1,25)=116.442,
P<0 00 1),;, wausythy 3 was of larg o amplitud yin thy pain
judgm it task than that in thy sounting task.

To xamuny whthyr thy off sts of Feun wry modulatidy y
thy tasks, wy analyzd thy int wastion of Fein x Task. Thay
was arJdig, 1;1nt srastion of Fain x Task at 389 —59@ msovuthy
frontal—s yntral ara (F(1,25)=6.9 4, p<@ 05), sugg ssting that
th s painful stmuli Jisitd larg o amplitud s at thy ass sding
phas of th ¢ sompon int than th ¢n utral sumuli whn sy, j wts
p orform  th g pain judgm it task (F(1,25)=29.846, p<¢ ¢ 1)

p ut not whn thyy paformd thy sounting task (389 —46g ms,

F(1,25)=3.257, p>0 8 5).

Thas Ris ruordud at thy ossipito-tumporal  wtrod s
showud a sigmifisant main Af st of Fain awyan 42 and
669 ms (F(1,25)=9.4¢ 8,p <@ @ 1), du jto th yfast that th ypainful
stimuli dreityd larg g amplitudgs of thy dsending phasy of
thy F329 rdativy to thy natral stimuli. Thay was a signif-
rsant main f st of Task ovar thy ossipito-tymporal arja at
%932 ms (F(1,25)=18.383, p<¢ ¢ 1) and at 46g—78% ms
(F(1,24)=73.497, p<e 08 1), sugg sting that pain judgm umnt
disitd a positivy shift at 8 —329 ms rdativy to thy sounting
task, whyrdas thy sounting task wokud a larg & long-lat ynsy
n.gativity at 46978 ms.

1gnifisant nt gastions of Famn x Task wary g, savad ovar
th S ossipito-timporal aria at 229-9¢ ms (F(1,24)=5.378,
p<@ 05) and 429 58 ms (F(1,24)=6.691, p<@ 95), sugg st-
g strong & modulation of thy F32g amphtud:sb y thy pamn
judgm nt than thy sounting task. Post-hos analysis sonfirm W
that thy pain judgmunt task disitud largyr amplitudy at thy
ass nding phasy of thy 32§ assosiatd with thy naral stim-
uli than with th g pamnful stmuli (229 -39@ ms, F(1,25)=7.432,
P <@ @5) whyrias ary as ypatt gn was 9 savdinthydgss nd-
g phas yof thy P32 (429 -58 ms, F(1,25)=14.377,p<e 8 1).
How wr, thury was no sigmifisant diff arine gy w in painful
and nwtral stimuli 1n thy sounting task mn thsy two tmy
windows (229 -3¢ ms, F(1,25)=¢ @77, p>e.5; 429549 ms,
F(1,25)=9.296, p>8.5).
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(a) Picture
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g.3. (ald Ris to prsturystumuliin vash stimulus sondition® R to th ¢painful and n jutral prstur s r word Wd at
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480-520 mis ;l

— 34, r3—d, and MO7-8 w i yillustrat id. Th

voltag y topographi s illustrat y th yssalp distry ution of Jjasté Rresompon unt. ¢ % ~urr int sours yd isity salsulat d from thdiff ains g wavyq, tain iy, y sy, trasting

i RPs to ntral sumuli from thos to painful sumuly, {w y:n 5@ and 5% ms.

3.2.1.2. Hemispheric difference. A rilig 1y mam Afust of
Humsphay was 9 savud at S9—149 ms (F(1,25)="7.886,
p<eel), 2@-3G@ms (F(1,25=8518, p<eel), and
66932 ms (F(1,25)=6.5%, p<e @5) at thy frontal—s intral
dwstrod s, sugg sting that thy 119, 249 and  34¢ wayof
larg o amplitud s ovar thy rlgﬁ\g than Tt h;mlSMl &3, and thy
d s inding phasy of thy M3 show W larg o amplitud s ovar thy
1 4ft than right h ymisph ar .

Tha s was a highly signifisant int gastion of Fain x H ymus-
phuay at 389-79¢ ms (F(1,25)=25.726, p<e @@ 1) at thy
frontal—s yntral—par1 tal ar ja, sugg sting larg o diff o ins g 13
amplitud 4, @w yon thy pamnful and nutral sumuli ovar th 1t
than th g right h ymisph i is. S “paraty analysis show « that, ov

thy 14t hymisphary, thury was a r}haD 13 main fyst of Meun at
3% 790 ms (F(1,25)=9.853, p<e 00 1),}, waus ¢ thy painful
stimuly Jdisitd a larg o B8 rativ ¢ to thy nqutral sumuli. How-
~a, ova thy night hymisph oy, thy main Af st of Pein was
signifisant at 389 —54¢ ms (F(1,25)=12.290,p<0 @ l)b ut not at
549790 ms (F(1,25)=¢.551, p>@.5). Thisy rysults sugg st a
long & diff i intiation}, w yon painful and n'utral stmuli ova
th 314t than right h ymisph o is.

Thy A @ As also showud a riig 1y mtuaston of
Task x H¥nisph i yat 239 —3% ms (F(1,25)=19.619,p<e 80 1)
ova thy frontal-s mtral-pari tal arja, indisating larga dif-
fawmsyin thy 249 and 349 amplitudisy dwym thy pain
judgm at and M tountmlﬁ task ovar thy 1t than right hymi-
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Cartoon

2+

100 - 120 ms

Painful, Pain Judgm
cemmmneess Neutral, Pain Judgm

Painful, Counting
........... Naptaeh ! cvutiing

g. 478 Ris to sartoons 1n yash stimulus sonditionf¥ RPs to thy painful and nutral sartoons ryord «d at 19—4?‘3—4, r3-rd, and FO7-8 wur ¢ illustrat . Thy

voltag ¢ topographi s 1llustraty thy ssalp distry ution of iashé Rrsompon int.

sphurss.  paraty analysis sonfirmud a rilig) 1y main ff st of
Task ov}tsth} 1t hgmisph oy at 9@ -369 ms (F(1,25)=11.469,
P<e @ 1), waus ythypan judgm int task indus o a positiv ¢ shaft
of thld Rrs rativyto thysounting task. In sontrast, thy main
At gt of Task was signifisant at 29¢ —26¢ ms (F(1,25)=29.385,
p<e 00 l)b ut not at 269 —38 ms (F(1,25)=¢.3%.p>0.5) ovar
thy right hamisph &y, suggsting a long & duration of thy 1t
hymisph 1¢ dominans 3 1n pain judgm ts.

urthamory, A @ As showud a r}hao 1 mtrastion of
Fain x Task x Habisphiary at 429—79% ms (F(1,25)=732.895,
p<0001) ova thy frontal—sntral-parial arya. _Jparaty
analysis show.d that thuay was a riig 15 mtuaSuon of
rain x Hunisphwy at 42-78 ms 1n thy pan judgm it
task (F(1,25)=34.566, p<¢ @@ 1). urtha syparaty analysis
showd that, in thy pamn judgmunt task, thay was a sig-
nifisant main Afust of Fain ovy thy 14t hymisphay at
429-79¢ ms (F(1,25)=37.814, p<¢ 88 1), whirias sush pam
At was wvid 't only at 429-59@ ms ovar thy right hymi-
sphary (F(1,25)=4.195, p<@ ¢ 5). In sontrast, th intgastion
of Faun x Hymisph o was not signifisant in thy sounting task

(F(1,25)=¢.853, p>¢.5), although th main f st of Fain was
signifisant at 469 —66@ ms (F(1,25)=7.852,p<¢ @ 1).

Tharywas also arJig, 1yint wrastion of Task x Hmisph iryat
38 58 ms ov u th ossipito-t ymporal ara (F(1,25)=13¢32,
p<e@1), duy to a larga fut of task ovya thy right
than 1.t hymisphrys.  paraty analysis sonfirmyd a main
dfwt of Task at 42’55&' ms ova thy right hymisphay
(F(1,25)=22956, p<¢ 90 1) and at 49 —58 ms ova thy 1t
himisph o (F
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showu a mamm Afwt of Fan ova thy frontal—s ntral
arqa at 22928 ms (F(1,25)=6.475, p<¢ 85), 28 3@ ms
(F(1,25)=9.894, p<¢ @ 1) and 369629 ms (F(1,25)=28.382,
p<e 00 1), rfl wsting thy fast that, rdativy to thy nqutral stim-
uly, thy panful sumuli drsitid a positivy shift of thiE Rrs n
thisy tm g windows. Thy main f st of Task was signifisant
ov & thy frontal—s mtral arja at 189 —26@ ms (F(1,25)=15.163,
p<e 08 1) and 4G9—829 ms (F(1,25)=75.49 1, p<e 8@ 1), sug-
g sting that th pamn judgm it task mdus i a positiv ¢ shaft at
189 269 ms rdativy to thy sounting task, and thy F3 was of
larg o amplitud 3 in thy pain judgm int task than in thy sounting
task.

Thay was a r'.shaDlL' mtgrastion of Peun x Task ovy thy
frontal—s intral arja b Hwyn 32 ms and 549 ms (F(1,25)=
19.528, p<@ @ 1). _ paraty analysis sonfirm « that thy painful
sumul disitd a la§g & 13 sompon ¢t than n qutral stimuli in th
pain judgm it task (F(1,25)=31.494, p<e 00 1)}, ut not n thy
sounting tasky, Aw 38 and 54 ms (F(1,25)=2.793,p>0.1).

Ovx thy ossipito-t ymporal arja, thy main f st of Fain
was q, savd at 169 -390 ms (F(1,25)=15.822, p<e @@ 1) and
389 -629 ms (F(1,25)=22.524, p<e¢ @@ 1), indrsating that thy
painful stimuli wokud a positivy shift rlativy to thy nqu-
tral stimuli 1n thsy tim s windows. Thary was also a main

Af st of Task ovar thy ossipito-t ymporal arza at 129269 ms
(F(1,25)=26.975, p<eoeel), 28934 ms (F(1,25)=5.99,
p<@ 05),and 429 78 ms (F(1,25)=54.291,p<¢ 0@ 1), ssausy
th pain judgm it task disityd a positivy shift i th sy im’y
windows rdativ ¢ to thy sounting task.
orpovya, a signifisant ntgastion of Feun x Task was
avud ova thy ossipito-tymporal arja at 229-26g ms
(F(1,25)=12.129, p<¢ 9 1) and 38 —58 ms (F(1,25)=22.889,
pP<@ @0 1). wparaty analysis rwvald that thy panful stimuls
ok xd a sl i amplitud y at th yass ;nding phas yof F32¢ than
thynwtral sumul in thy pain judgm it task (F(1,25)=34.974,
P <0 00 1), utnotin thysounting task (F(1,25)=2.664, p>g.1).
How w u, thy painful stumuli wok «d a larg & amplitud 7 at thy
dssnding phasy of ¥32 than thy nutral sumuli in thy pain
Judgm nt task (F(1,25)=319 39, p <0 00 1), utnotn th ¢ sount-
ing task (F(1,25) =9 .629, p>¢ .5).

3.2.2.2. Hemispheric difference. Thury was a signifisant main
At st of Humisphury ovar thy frontal—s itral—par #al ara at
229360 ms (F(1,25)=6.343, p<0 85),}, wausythy 249 and
349 wayof larg o amplitud yov & th yright than th 31 4t h ymi-
phuris. Thy mamn ff st of Humisphory was also qsurvid at
669829 ms (F(1,25)=8.463, p<@ @ 1) sugg sting larg o ampli-

Painful, Countimmy

200 0

400 600 800 1000

Time

pe I “omparisony, w in th Jarlyé Repam ff ssts indus iy y pistur s and sartoons.
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Ty, 132
N Jan qu -R ssor s (standard d wiation) und & Jash sondition

Fainful stumuls atral sumuly

A " " - oth &’s pain)
Oth 1’s pain < Jdf-unpl Jasantn s
Pastur 436@.71) 4% @.74) 1.17 @.25)
® “artoon 4% 0.7 4230.7%) 1.220.29)

tudy of thy dyss inding phasy of thy M3 ova thy right than thy
14t h ymisph i s.

Thry was a rlig) 15t rastion of Feun x Himisphuryovar
thy frontal—s ntral-par1 tal arza b awen 38 and 749 ms
(F(1,25)=21.955, p<@ 80 1), suggsting a griata pamn Jff st
ov a thg14ft than right hymisph s,  gparaty analysis idisat
that thy paimnful stimuli indusyd a 12¥rgy ¥3 than thy nutral
stimuli ov & th 31 4t h ymisph i 3 (38 -669 ms, F(1,25)=39¢ 17,
P<0 60 1), ut not ova thy right hymisphay (590 -6 ms,
F(1,25)=1.998, p>@.1). Thuay was also a r}hao 1y 1t gastion
of Task x Hamisph gy ov i frontal—s ntral ar ja at 149 —429 ms
(F(1,25)=13.9%93,p<e @0 1) and 58 —82% ms (F(1,25)=11.995,
p<0 @ 1), sugg sting a larg & task Af st ovyr thy 14t than thy
right hgmsph ais. Thy task of pain judgmant disitud a pos-
1ty shuft rilativy to thy sounting task i oth timy windows
ova thy 14t humisphary (F(1,25)=21.175, p<e ¢@ 1). How-
W, thy ffwt of Task was sigmifisant only at 13§26 ms
and 58 —829 ms ovu thy right h amisph ary (F(1,25)=22.672,
p<eeel).

3.2.3. Effects of stimulus reality
To sonfirm wh #h i stimulus r jality influ yns i th ;automatrs
and sontroll W pros ss of ympathy for pamn, wy xaminud thy
mtwastion of Feun x timulus Rality and found signifisant
it grastion at X‘—Z%Sms (F(1,25)=4.394, p<¢ @5) ovua thy
frontal—s intral ar ja. Thyry was a signifisant main Af st of Fein
i this tim g windows for pisturys (F(1,25)=16.457, p<e ¢@ 1)
p utnot for sartoons (F(1,25) = 1.839, p>¢ .1). This indrsat ;s that
th yautomatis pros iss of ympathy for pain was wid it only for
prstury sumuls at this tm  window. g. 5 illustrat s th 3 diff -
ez thy Jarly automatis pros Sss of mpathy for painy dw v
prsturs and sartoons. A rig, 1t rastion of Task x _timulus
R zality was found at 12§ —169 ms ov a thy frontal—s }Tﬁral arza
(F(1,25)=5.559,p<0 85)y, waus ythy ff st of Task in this ttm 3
window was signifisant for prsturgs (F(1,25) =19 .272,p<e 9 1)
b, utnot for sartoons (F(1,25) =¢.572, p > .5), sugg sting thatthy
task modulat ; arly frontal—s ntral astivity only whn sy, 1 4sts
pars av W prstur g stimuly.

3.2.4. Subjective reports and their correlation with neural
activity

Thym an ssor s and standard d wiation of sy, j sstv yr yports
of thy dygryy of pusavud pan and sdf-unplasantnss ary
shown n Tg, 13 2. Th§ ssor s of pain mtunsity wary sy, jut to
A @ As with kain (painful vs. natral) and _timulus R jality
(pistlir g vs. sartoon) as main Jf yst. Th a3 was Bnly a signifisant
main fyst of Pein (F(1,25)=565.51, p<¢ 8@ 1), sugg sting
high & ssor s for painful than nwtral sumuli. Feir id-sampl y t-

tust sonfirm o that thary was no signifisant diff sy w i
thy ssorys rdat W to oth a’s pain and s df-unpl jasantn s (pis-
turs: t(25)=¢.545, p>@.5; sartoons: t(25)=¢.593, p>¢.5).
or v i, th ysvor s of rating oth s’ pain did not daff ) dtw sun
rstur ¢s and sartoons (1(25)=¢.782, p>¢.1), nor did thyssors
of rating s df-unpliasantngss (t(25)=¢.618, p>@.5). 3 also
salsulat id thysorr Jdationy, w yn thyssor s of oth }r’svfgun and
s Af-unpl ;asantn s and found a signifisant sorr Jlationy dw v
th§ two ssor sy oth whin watshing panful prstur s (r=¢.688,
p<e 00 1) and sartoons (r=¢.498, p<e @ 1).

To nvstigaty whighy thy Jstrophysiologisal astivity
drsitidy y thy pamnful sumuli was sorrflatd with sy, jwtivy
waluation of oth#’s pamn and thy s Af-unpl jasantn ;ss, wy sal-
sulatd thy sorr Jationy 4wy thy man amplitud ;s ofé Rrs
drsitidy y pamnful sumuliin jash tm§ window and thy 1» -R
ssor s, as illustratud i 3g. 6. _hn sy justs p arformd th 4[§am
Judgm it task, thym }atE Rr‘Mmphtud'.-s at 149 —18 msrdatd
to thypainful prstur s was signifisantly sorr Jlat i withy oth thy
ssor yof oth &’s pain (r(1,25) = —¢ .485, p <@ ¢ 5) and th ssor yof
s df-unpl Jasantn gss (r(1,25)=—9 .464, p<@ 85). How W, thy
mafé Rramplitudis wok udy y pamnful sartoons at 149 ~2@ ms
during thy pain judgm it task was signifisantly sorr dat«d with
thy ssory of othy’s pain (r(1,25)=-¢.641, p<e 00 1)}, ut not
with th gssor yof s Af-unpl ;asantn gss (r(1,25) = —¢.152,p>¢ .1).

orig, 1y vorr Jationy w v thyrating ssoryandé Reampli-
udis was q,survid m thy sounting task fory oth pisturys and
sartoons.

4. Discussion

Thy prisat study utilizd RrFs to mvstigaty tanporal
dynamyss of nral astivity und alying ympathy for pain. @ur
¥ Rrdata analysis fosus i on whn nral astiviti s start Jd to
diff o intiat ) ww yon p ars gption of pamnful and nutral sumuli
and whthr sush diff o intial astivity was modulatudy y task
dymands so as to 1d ;tify thy automatis and sontroll W sompo-
nants of ympathy-rJatd astivity. _ galso tystod th yhypoth isis
that ympathis nral rspons.s W modulatd pY sontxtual
rzality of stimuli using sartoons to manipulat ¢ sttmulus r jalism.

4.1. Sustained neural activity underlying the pain judgment
task

Th m3an risponsy assurasy was high for, oth pain judg-
m .t and sounting tasks, although thy form & was low & than
thlatt ®“onsist it with thyr sults of rispons y assurasy, sy, -
jests rgspond i slow o 1n thy pan judgmnt task than m thy
sounting task, sugg sting that pamn judgm it took mor ¢ tim g for
waluation of th zpain sugs in th g stimuli r dativ § to th g sounting
task. Th§® Rrs diff o ;ntiating thy pain judgm it and sounting
tasks 1ol gstod sustain «d n qural astivity assosiat i with thy task
dumand. Th Jarly task ff st ossurrid at 129 ms as ind x Wy y
a positv ¢ shift at 129 —28 ms ov & th ant g1or frontal—s atral
dstrod s indus d y thy pamn judgm nt rdativy to thy sount-
g task. Th pain judgm mt task was also sharast gz i with
larg & ¥3 amplitud s ov g thy postrior pari gal arja. _ost of
th pr wious l{ll' RI studigs of ympathy for pain sompatd na-
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pe @ ~orr Jation ¢wyn th% Rramplitud s and thy Pbs-R seor s for oth s pain and th ﬁis—R ssor s for s df-unpl asantn ss.

ral astiviti s Jisitedy y q) sarvations of pamnful and nonpainful
stimulation appli « to oth as (;L otvinisk #al., 23¢9 5; Gu & Han,
200 7; Jaskson tal., 205, 206; orrison < al., 04; nga
sal., 2904) and found wid ey 4 th y1nvolv ym mt of a% aural
ndwork msluding th insula, =, and thalamus 1n ympathrs
prosgsss for pain. Thy q, swvd astivations 1n thsy nural
strustur’ s w o ¢ Jlatud p ar s Stop, oth p s jption of panful sum-
ulation and th ytask of pain judgm it or waluation. Gu and Han
(20 7) xamind thy stimulus-1nd yp ynd nt naural sorr dat s of
pain judgm Lntb y somparing pain judgm it of painful stimuli
and hand-nurrb «sounting of painful stimuli. saus yth gvisual
stumuly ¢, oth visual f Jatur s and ymotional su.s) w o ¢1d wntisal
n}, oth sonditions, th}b rain astivations q savud m thy son-
trasty aw e thy two tasks (o g.,p lat ral 98 =/rarasigulaty,
thy right insula and inf gior frontal gyrus, right putamn, and
right muddl  frontal gyrus) mainly manifst thy nural astivity
und alying th g pain judgm unt task 1ts Af. How W, astivation of
this g, ram ar jas was also q) s v ud in thysontrasty {w vun pain
judgm nt of painful sumuli and hand-num, & sounting of non-
painful stumuli. Ths risults indisaty that thy nural n gwork
idnuficdin thyf  RIstudis possy ly mdiat sy oth thysogni-
v prosgss s and ymotional ryspons s rdatd to ympathy for
pan. Quié Rrer sults somplymnt thyf _RlIfindingsy y provid-
mg wid wms g that thy nural astiviti s Miatid to pain-judgm unt
sany, ydivid i into an Jarly sompon it ov i th frontal—s intral
ar ;a and a lat 3 sompon gt ov o thy pari ial arja. Th8 RPevolt-
ag ytopographi i sugg ssts that th ; Jarly and lat 3 sompon unts of
th yastivit1 ¢s assosiat id with pain-judgm ynt may aris ¢ from dis-
tinsty rain ar as, 1. v, th§ Jarly rispons ypossy, ly with an ant wior

frontal sours ywh ir Jas th ylat yr ispons ypossy, ly with a post uior
par1 tal soursy. In addition, oufé R data d qmonstrat W larg o
diff e 1 naral astviti s at 290 —389 msy, Aw g thy pamn
judgm ¢t and sounting tasks ov o th ¢1 ft than right h ymisph ur s,
sugg sting al #th ymisph jris dominans jin pain judgm it in this
tim y window.

Thy fsts of pain-judgmnt task wary q suvd ovar thy
ossipito-t ymporal arya as wll. A positivy shift was wid it
at 8 -329 ms ov & th ossipito-t ymporal  wtrod s to thy pamn
Judgm it task sompar i with th sounting task. Th RFsom-
pon ats 1n this tim y window inslud Wd arly visual astiviti ¢s sush
as th ¢l that show «d maximum amplitud s ov i, 1lat wral oss1p-
ital arjas.,, wausythy bl somponit wok .y y visual stimuli
aris¢s from thy latgal xtrastriaty sortx (Hillyard & Anllo-

.nto, 1998; angun,E uonosor y, Gir dl1, & Jha, 1998), 1t may
b <assumd M;t paying att yntion to thy pain su¢s 1n th g stimull,
as rg wrdy y thy pain judgm ot task, may rsult n modula-
tion of thy Jarly visual astivitigs. This 1s sonsistunt with thy
f _RIrgults that, r dativ to nqutral pistur gs or fas i, ymotional
stur s or fasial &xprgssions ghans i astivity 1n thy ossipital
sort X ( ang Jal., 1998; ato, Roshiyama, oshikawa, arto,
& atsumura, 209 4). @uid®> Rr sults also S’X:)W..d a mgll\llﬁ sant
t At m a laty umy window of 38958 ms at postgrior
Jdstrod . How o, unlik g th h gmisph wis asymm dris off gt
ov a thy frontal—s ntral ar ja, thy nral astivity disinguishing
pain judgm nt from hand-numy, & sounting was grat.ur at thy
right than 14t ossipital ustrod s, sugg sting diff ot funs-
tional rol s of thyhimisphryasymm ryy dw yn thy antror
and post jriory, rain aras in pamn judgm nt.
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4.2. Automatic versus controlled processes of empathy for
pain

A main purpos of thy surrynfé Riestudy was to 1solat y th
automatis pros gss from thy sontroll W pros ss of ympathy for
pain und o th yassumption that th jautomatis ympathis r jspons gs
may not, ymodulatudy y task dymands whrias thy top-down
sontroll | ympathis pros gss s d yp nd gr Jatly upon task r;'i, uIr
mnts. Qufs RPersults show «d a saliint pamn f st 1n a long
tim'y window from 14¢ to 669 ms, 1.3, pamnful sumuli Jisit Wd
a positivy shift of th{d R wav s riativy to thy ntral stm-
uli. This long-duration pain f yst souldy dmarsat.d into an
aarly and a laty stag ¢ 1in t ams of 1r}malrkaD 1y diff rsns s 1n th s
following asp Jsts.

rst, thy Garly pain of it at 14938 ms was not influ s «d
bY task d ymands. Th7 positivy shift at 149 —38 ms indus dpy
thy pamnful pretur gs r dativ § to th yn wtral sumuli was wvid it in
p Oth thpain judgm int and sounting tasks. Thylatypam f st
at 38 —59@ ms, how W, was promin ¢t 1n thy pamn judgm it
task ) ut was gruatly rudusid in th sounting task. It app lars
that thy long-latinsy pamn f @t was wiakimd or Jiminat d
whn sy, jsts’ attintion was withdrawn from thy pam sus mn
thy sumuli. _sondly, th§ R sompon ints that midiatd thy
arly pain 'ASF wt, sush as thy 1l¢ and 249, had maximum
amplitud s ov i th yant jior ftontal r}gl&\r{, as illustrat |y, y th
ssalp voltag y topographigs mm ggs. 3 and 4. Thy long-lat insy
& Rrsompon .ty arng thylatypam of st (13) show «d larg st
amplitud s ov & thy post wior pari #al arja. Thy jarly and laty
pain Af ssts w g ydiff o nt not only 1n t ymporal f jatur is;, utinthy
ssalp distry, ution as w L. Third, thy Larlyé R diff o intiation
b W< painful and nutral sumuli did not diffury wwyen thy
dstrod s ovar thy 1t and right h ymusph s, In sontrast, thy
long-lat ynsyid RP» diff r intiation |, w yon panful and nutral
stimuli 1n th ¥pain judgm it task was strong Jr at « yntral/pari Jtal
dstrod s ov o th 31 oft than right h gmisph irgs. gnally, th ym jan
amplitud s of thy short-lat ;neyé RI»sompon .nts that m Jdiat .
th Garly pamn ff st warysorr datud with thysy, jstivyrports
of}, oth othr’s pain and s df-unpljasantn ss. Thy long-lat sy
¥ RPsompon yts, how w &, did not show sush sorr Jations with
Sy, J stV ¢ Jports.

Thysl Reersults ary of griat signifisans y for und wstand-
g thy sognitivy and nral m whanisms of ympathy for pain.
Although 1t hasy ¥ propos i that thy pros ss of impathy san

b +dividd nto ay ottom-up and a top-down sontrollid pros ss
(D wty & amm, 29 6; Goy, at tal, 2905), pravious fRI
rsults soultd not dissosiaty thy two pros ssisy wausy of thy
low tumporal rsolution of _ @ B signals and lask of propa
task manipulations (; otvmr‘cik JJt al., 200 5; Jaskson it al., 209 3,
206, aarda #al., 2@7; inga & al., 3@4). Although w7y
ree }ntl§/ showud f RI wid '§i/c} that n aral astiviti s r dat«d to
umpathy for palrMI: thy nsula and 8~ wary wiak W whin
partisipants’ attyntion was withdrawn from thy pan sus mn
thy sumuli (Gu & Han, 209 7), sush modulation of sustain«d
astvity q, sarvidin an £ RI losk-d sign mamly rofl stid thy
“ff st of task d smands AU sould sons fal th trans: int automatis
umpathis rspons s. @uis RPer sults providy thy first p1ysy of
~vid s for thy dissosiation w yin thy automatis and son-

troll W prosyssys of ympathy for pain, indrsating that thy two
pros ss¢s ary diff rnt in tim g soursy, ssalp distry ution, and
funstional signifisans 3 Thy automatis sompon ¢t of ympathis
ryspons ¢s took plas § varly (as varly as 14¢ ms aft a s imsory stim-
ulation) ov u thy antyrior frontal arya wh s thy sontroll |
sompon .t of ympathis rysponsys ossurr o laty ovar thy pos-
tarior pari dal rygion. Thy sontroll i pros iss was also diff o it
from th yautomatrs pros gss 1n that th 31 ft h ymisph o ydomunat «d
th yright on y1n thyjudgm it of oth as’ pain.

Th7 sorr Jation analysis of sy jwtivyfydings and th# Rp
amplitud s has signifisant implisations for thy distinst funs-
tional rol s of thy jarly automatis and lat g sontroll id pros isss
of ympathy for pain._ aus ythy Jarly pain Af ;stat 149189 ms
was mdJpwndat of task dumands and nygativdy sorr dat d
with sy, jwtivy riport of mtunsity of pursyvid pan, wy pro-
pos that thy jarly automatis ympathis rspons s, rath o than
thy laty sontroll i/d ympathis rspons gs, und wliy ths dmotional
sompon nts of ympathizing. imular sorrjationy &w n nu-
ral astvities and sy, j wtivy £ulings of othyrs’ pamn hasy Jin
rgportudin f RIstudiis. (or amply, rissarsh o rport «d pos-
1y sorr Jationy tw yon W= astivity and sy, j wtv ¢ nt Jnsity
of pan rating (Jaskson t al., 200 5) orp, {w in P&~ astivity
and sy, j vy rport of distriss arising from sosial xslusion
i€ 1s }q) aga, 1'15 aman, & _1lliams, 29@ 3)put nygativ ¢ sor-
rdationy {w Jn th yastivaty Wihin ght v ntral pr frontal sort x
and thydgryvof distrss aftur sosial xslusion® 1sq, wgar
al., 200 3). _ush rsults support th proposal that th ¥ right v -
tral pr}frorﬁal astvity 1s wngag «d 1n rigulation or mnhy 1tion of
ngativ g aff yst._ ysaus g th g patt gn of sorr Jation shown in our

¥ RPrgsults 1s simular to thy right v ntral prfrontal astivity, it
may}, vsuggstud that thyamplitud s of th Jarlyé RFesompo-
nants, whish r fl wtd thy pain Af st, also manif st thy off st
of ymotional rygulation during th s ympathis pros s of oth as’
pain. This, how wr, nyuds toy, ¢ sonfirmyd in futury rs varsh.
or ¢ nt i stingly, w ¢ found that thy Jarlye R amplitud s in
vsam g um g window sorr Jat i« with oth sy, j wtiv yratings of
s Af-unpl ;asantn iss and sy, j wtiv ¢f viling of oth s’ pamn. This §
rysults 1and support to thy istns y of a m whamsm of ymo-
tional sharing in ympathy for pain, 1. 4., th yn gural r gpr ¢s intation
of othus’ pain san yautomatisally astivat«dy y pars jption of
oth irs 1n pain and at thy sam y tim g stimulat y on ¢’s own symilar
aff wtivyresponses. _hil ythyprvious f _RI findings show wi-
dns jthat n wral sy strat ;s und wlymg pam xp i1 uns ypartially
ov alap with thos yfor thy ympathis Xpa1msy % otvinisk tal.,
200 5; Gu & Han, 29@ 7; Jaskson tal., 2995, 209 6; aarda tal.,
207, inga tal.,29@4),oulé Rier sults indisat }S[hat pars av-
ing otfrs’ pain also ov wlaps with th g produstion of on s’ own
Jmotional ryspons.s 1n thy im g soursy. Thafory, motional
sharing’ during ympathy for pain1s m «diat «dy, y,, oth ov wrlapp «d
nJural strustur ;s and ov glapp «d tim 3 sours ; of th § pros issing
str ;am.

Th¥ laty sontroll i prosss ind 'y thy modulation of
thy ¥ somponnt strongly dypwndud upon thy task rg wiry-
m nts. Thym3 with larg st amplitud s ov ar th ypost jr1or par fal
arva has ) v suggstud to rfl st thy prosiss of sumulus
waluation and slassifisation that 1s, to a ¢ gamn dygryy, ind -
pd .t of rispons ysd wtion and & wution (Bunsan-/ohnson,
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1981; Bunsan-Johnson & Ropdl, 1981; ®~arthy & Donshin,
1981). Thy M3 somponnt with larg st amplitudys ova thy
frontal—s yntral arja, how war, 1s assosiat.d with thy walua-
tion of novd stimulr for sy, s % uat b “havioural astion (sgy
11 «dma® “ysowisz, & Ga fa, 2@ 1 for rviaw). @n th ;b asl1s
of ths funstional rol s of thy 3 sompon t, w y sugg st that
thy wlarg.d 3 to pamnful riatvy to nutral sumuli g, suv.d
i thy pain judgm nt task may .l st two diff orins sy Uw
th ypros s s of panful and n yutral stimuls. grst, althoughy oth
panful and nutral stmuli w 'y targ s for judgm ts, mor y
«twsvy waluation sould p § appliud to thy pamful stmuli
b <saus ¢ painful sumuli arymor yimportant than ntral stmuli
for survival. _gond, thy nov dty of pamnful sumuli was high u
than that of thy nwtral sumuli from thy wolutional point of
viaw, although thy prq, g, ility of pamnful and nutral stimuli
was g wvalt m thy surrat study. Thus thy painful stmuli
sould saptur ¢ att intion and indus 3 furth & valuation of stimu-
lus nov dty._ vsaus ¢th gastivity in th /8= nsula, and middl ¥
frontal sortx showJd a similar pattan of modulationy, y task
I'g Wrumnts,, ang pris .t in thypam judgm it tasky, ut Jim-
matd mn thy sounting task (Gu & Han, 2@ 7), 1t 1s lik dy that
thlaty sontroll i pros ss of ympathy for pain q, s wvd 1 our
i Rirosults durvid at ast partially from thisyy ram strus-
tur s. How v i, as"®= astvity also sorr Jat i with sy, jwstivy
fiding of oth s’ pain (Taskson it al., 20 5), 1t 1s possy, 15 that
thy, rain strustur ;s sush as®®= und ili sy oth thy ymotional
and sognitiv y sompon yts of ympathis pros isss of pamn. Thy
14t h gmisph wr1s dominans 3 for th ¥ lat g sontroll i pros iss s of
mpathy 1s sonsist nt with thyrant £ RI findings that th 31t
98~ | .ft inf a1or frontal sort x, andM;ft posts ntral sulsus ary
ngag W inp s pron of oth s pamnful xprssion (_aarda tal.,
200 7). How @ &, th 3s g gsults ar yinsongru gt with R = }ntb rain
13s1on study that rportd sorr Jationy, dw yin loss of ympathy
and 1sions of thy right hymisph oy (Rankin & al., 299 6). Thy
rsults of thypatiint study mainly rfl st od thy thavioural out-
som yofy, rain 1 sions rlat i to impathy rath i than th ysognitiv y
m swhanisms.

Thy visual astivity ov i th ossipital arja did not diff & nt-
aty thy painful and ntral stimuli until 24¢ ms afta s msory
stimulation, sugg.sting similar xtent of thy Jarly susory-
pasgptual prosgsing of thy pamnful and nwtral sumuli. In
addition, although th yn utral sumuli disit i larg o amplitud at
thyrising phas y of th 3 329 rdativyto thypanful sumuli in th 'y
pain judgm it task, this f st was opposit yto thatq, s uvudovar
thy frontal Justrods. Thisy risults indisat y that 1t 1s unlik 1y
that th Jarly pain ff st q, survd ovr thy frontal aros ¢ from
thy diffarinsin visual flaturesy dw e pamful and nutral
stimul.

Tak yn tog th o, oulé Rer jsults provid ¢ J wtrophysiologsal
wvidnsy for thy wistunsy of ) oth an automatis prosss and
a sontroll id pros ss of ympathy for pamn. Thy Jarly automatis
pros ¢ss, whish was 1nd yp ind it of thy task d ymands, wnsod W
thy ymotional sontunt of thy sumuli and undalay sy justivy
fyding of  oth othas’ pan and s df-unpliasantn iss. Thy laty
sontrollid pros jss was sharast iz« y th inlarg d 13 to pain
stimuly, 1l ssting whans i/ waluation and appraisal of stimuli
showing oth &s 1n pain.

4.3. Contextual reality of stimuli and empathic responses

To 1nv stigat how sont xtual r jality of stimuli aff st i pain-
rdatd vmpathis rispons s, w ypr s it ud sy  sts with sartoons
transform i from thy prstury sumuli, simular to our pr@ious
f RI rysiarsh (Gu & Han, 2097). 3 found that ympathre
M.spons'.s to thy painful sartoons w %dlff &t from thos 3 to
thypainful prstur s 1n s W ral asp usts. prst, although th ypainful
sartoons Jisitd a positiv ¢ shuft of thyn wral astiviti s ov ar thy
frontal—s yntral J ystrod s, simular to thy of st 9 savydonthy
painful prsturys, this #f st on sartoons startyd laty (229 ms
aftx stimulus ons &) than that g, suvd for thy pristury stim-
ul1 (149 ms aft g sttumulus ons #). As dissuss «d 3,0v % thy aarly
pain T yst was not modulat iy y task d ymands and r fl st od th
arly automatis somponant of ympathis pros ssys und alying
“motional sharing. Thrfory, thydiffarins ) w e ympathis
rspons s to thy painful pisturis and painful sartoons indrsaty
that th  sont xtual r zality of sttmuli w jak yn i or postpon W th
aarly impathrs pros s s of pain ovar thy frontal—s intral ar a.

wondly, thJ8 Rramphtuds wokudyy pamful sartoons at
49-200 ms wry sorrdatyd with thy ratings of othi’s pain,
possy ly rifl sung thy ff st of imotional rigulation on n-
ral astvity, similar to that q, s urvd for prsturis. How v, thy
fé Rrpamplitud s wok iy y painful sartoons w i ynot sorr Jat «d
with thy ssorgs of sdf-unpljasantnyss. This 1s diff & it from
thyrsults of thy painful pisturs in that th& Rreamplitud s in
this im g window to th ¢ panful prstur s sorr Jat «d with oth thy
sy, J wtv ¢f yding of oth ars” pam and s Af-unpl casantn iss. Third,
whil ythig RPamplitud s atan jarly tim gwindow (12§ —16g ms)
dreitid y prstury sumult was modulatyd  y task dmands,
task modulations offé RFs to sartoons startsd at a latyr timy
(189 —26@ ms).

Th ylat ysontroll W pros s of ympathy was similar for painful
sartoons and painful prstur s 1n that th g painful sartoons Jisit «d
larg & P8 amplitud s than n utral sartoons during th g pain judg-
mat task. _orovyr, this laty ympathis rispons s w ¢ mor y
sal it ov Mh 315t than right hymisph & s and w o ¢ dimunat «d
whn partisipants p aform i thg sounting task, similar to that
q, v with prstury sumuli. This 8 RPrisults sugg st that
sont xtual rality of stimuli produs o« littl g influ yns on th ¢lat
sognit1v ¢ sompon gt of ympathy for pain.

waal prior studis havy imploy W sartoons to study thy

mft ey of sontxtual riality of sumuli on nural sy, strats
und alying thypros iss'is of smotional and myntal stat s of oth-
as. _or instans y, Fegrani & al. (29@@) rJport d that p as jption
of ral hand astions astivat .d a visual spatial n #work msluding
th post wior pari #al sort x wh ur zas virtual-r jality hand astions
astivat i thy ossipital sort x. Han, liang, Humphr s, Zhou,
an® a1 (239 5) found that, whil 3 watshing movi g slips d Jpist-
g sosial mnt gastionsy, 4w ¢Jn humans automatisally indus i
st as i astvity 1 thyy ramn aria mdiating th ory-of-mind
g, ity (%.g., thy midial prifrontal sortx), watshing sartoon
slips d'.strb g similar situations fail W to astivaty this ) rain
ar 7. Instad, sartoons astivatud thy post Jior parital sortis s
p Haturally. As sartoons ary diff urint from moviy slips mn pry
s atation of a virtual rality, thy findings providy wid sy for
modulation of njural sy, strat s of thyp s jption of oth s’ m in-
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tal stat Jsy, y sont xtual r jality of sumuli. How &y, ar wtf _RI
study using sartoons d ypisting ymotional sosial sont ixts tound
umpathy-r Jatd astivity in®® =, parasingulaty, and th y amyg-
dala(_ollm tal., 299 6). Guand Han (29 7) 9 savadinsriasd
astivation in th 8 =/parasingulat yindus dy, y painful sartoons,
similar to thos 3 q, s v i 1n th g studi s using painful prstur s of
b ody parts (Jaskson tal., 209 5, 2@ 6) or fas s (B otvinisk tal.,
2005; aarda «al., 200 7). How W, painful sartoons fail i to
actlvatS; thy msula and indus i w jak 98~ astivation r Jativ
to panful prsturs., wausyit hasy yon suppos  that th /e~
and msula und ol s th yaff wtiv ysompon it of ympathy for pain
(ngy '« al., 204), Gu and Han’s f _RI risults indisat ; that
1§ck of sont xtual rality of stimul M;iy ridusd thy aff ystivy
umpathis r spons is.

As dissussd g ovy, thy Jarly¥ RPpamn ff st g saved n
thy surrint work possy, ly mudiatd thy aff stivy sompon int
of impathy for pain sush as ymotional sharing. Thus oufé Rr
rwsults ar y1n agr ygm gt with th yimplisations of th3f _RI find-
ngs}, waus thy arly rathor than thylatg pan {5 indus d
p Y panful sartoons wury dsriasid riauvy to thosy riatd
to pamnful prsturiys. urthgmory thy rysults of sorrdation
analysis idisat y that th y Jarly n ural astivity ~ok iy y pamnful
sartoons sontry utud to thy sy, jwtvy ratings of pam int msity
of oth s although th ysont xtual r jality of stimuli was r idus .

Wathdss, unliky thy risults of painful pisturys, thy Larly
dural astivity wokd )y panful sartoons did not sorrdaty
with sy jwtiv§ fidings of s df-unpl jasantn jss whn watshing
painful sartoons. This rysult has two implisations, 1.y, thy
darly risponsgs sould ) § rilatud to pan ntunsity judgmnt
rathyr than to an ymotional rysponsy from thy g, sava whn
sumulus ralty was dstroywd and sy jwtivy fulings of
othus’ pamn sould § dissosiatyd from sy, juwstivy filings of
s df-unpl jasantn jss. Thy modulation of ympathrs rispons s
p ¥ manipulation of sontxtual riality of sumult was diff arnt
from that | y manipulation of task dymands. Task dumands
shang i gratly thylaty sontroll i pros jss wh i Jas sont xtual
riality of stmuli modulatyd thy Jarly aff stivy somponnt of
impathy.

4.4. Conclusion

founds R wid s for an jarly ympathis rispons yov o

th Wirontal—s ntral sort i that was ind “pnd it of task d ymands
ut was modulat iy y thysont xtual r ality of sumuli. Th ymag-
nitud yof th Garly n wral astivity was sorr Jatd with sy, jwstivy
f4dings ofy oth oth s’ pain and s df-unpl jasantn ss, providing
wid ans § for thy funstional rol y of thy sarly umpathis rspons
m ymotional sharing. 5 also founds R wid sy for a laty
umpathis rspons ov¥ thys ntral-par1 Aal ar ja that was mod-
ulat iy y task d ymandsy, ut ind yp ind int of th ysont xtual r jality
of stimuli. Givn thy frontal—s intral fosus of thy Jarlyd Rr
sompon nts and th sorr Jationy, w yin th Garlyé RFsompo-
nnts and sy, j wtv ¢ fydings, 1t mayy, sp ysulat «d that thy arly
Jmpathi R f st may aris yfrom th §, ram ar jas sush as#»=
and 1nsula that und yh 5 th 3 aff st1v 3 sompon it of ;mpathy for
pamn (_ingy « al., 2@4; Jaskson & al., 2@5). Thy singulaty
and SLﬂ)pl Jmntary motor sortx might, ¥ igag.ud i thylaty
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“mpathis rspons yas sugg study y thyrsults of surrnt sours
d mnsity analysis.

ThJé R findings providy important implisations for thy
mod ds to assount for th 3 modulation of our visarious aff wtiv ¥
rJspons s towards oth grs” ymotion. Assording to By _1gn ymont
and 1ng . (290 6), whil }b ang sonfront«d with aylfmotlonal
’eontgxt, th}b rain pros s sont xtual mformation b foryor
aft o thy pars ption of ymotional sus i thy sontxt. This n
turn 1jads to modulations of umpathis rsponsys at atha an
arly or lata stagy. @ufé RPersults indrsaty that modulations
of ympathy for pain may ossur aty oth thy Jarly and laty stag s
of ympathrs rsponsgs. Thy varly modulationy y sont Xtual ral-
ity 1id to whans ym nt or w jak jning of sy, J wtvy fydings of
s Af-unpl ;asantn s indus iy y p ars ption of oth irs 1n painy ut
did not to influns§ sy jwtiv g ratings of pan mntnsity of othir
individuals. Thy laty modulation y task dvmands alturd thy
sogmitiv ¢ waluation of oth s’ pain, il yprwvious f _RI stud-
148 sugg st that ympathrs rjspons '.swrth} msula an “way
modulat iy y thyaff wtv ¢ linky ww o thy ympathiz i and thy
prson 1n pain (_ing . &t al., 200 6) andy y s Af-oth o duff o int1-
ation and cogn1§v} appraisal ]E amm,_ atson, & B ty, 2007),
thysurr g8 Rier sults d ymarvat «d th } umporal sours yof modu-
lation of ympathis rispons s y sont yxtual rality and top-down
attntion, oth inhansing thyprvious f _RIrsults and fining
th y t ymporal n qural m ywhanisms und }’r%g umpathy for pain.
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