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the ontogenetic development of men 1 perspective #king in
infints 4nd young children (e.g. Leslie, 1987). In terms of
psychopf thology, the concept of 4 disturbed theory of mind






mAtuftion @nd Rrge litter size; Joffe, 1997). Prin#tes,
however, 4re extreme K-stitegists, tht is, their offspring
grows slowly, multiple births 4re unusudl, 4nd birth
intervdls 4re long. Moreover, the 4lreddy consideible
extension of the juvenile period in prinfdtes redches 4
mAximum in hum® ns. Interesting in this regdrd is the fct
thdt the length of the juvenile period in prin#tes is 41so
positively correR ted with the size of the non-visud1 cortex in
the & me wadyas group size is; it does not correR te with the
length of gest@tion, Bc#tion, 4nd reproductive life spin.
This finding could be interpreted4 s supporting4 reRtion of
slow mtuition to constfints of the socil environment
(Joffe, 1997). For exdmple, the extension of the juvenile
period in prinf tes mf y & ve been cruci1 to4 cquire the v st
4mount of possible socil beldvio®l ‘stidtegies’ (pro-
cedu I rules)4 nd when to employ these st tegies (here, the
term ‘stdtegy’ does not necesstrily imply conscious
A wdreness; Schmitt and G mmer, 1997). This process is
not merely time-consuming. The retl-life opportunities of
testing possible consequences of such soci#l stidtegies 4re
limited in number. It is, therefore, conceivd ble thd t the need
for men®1 simuMtion of soc#l intefction might Hve
speeded up the evolution of theory of mind. If men®l
simultion is involved (see below), then theory of mind not
only comprises the represen#tion of the men®l s@tes of
other individudls, but 4lso one’s own mentd] stdte
@t@chment theorists M ve termed this 4bility ‘reflective
functioning’; Ford gy, 1997).

3. On-ogen, of -heor, of mind

At birth, hunfn infdnts 4re essentidlly imn# ture. The



compAred with children whose pArents use such terms less
often. In4ddition, the presence of older siblings speeds up
young children’s 4 ppreci tion of other minds (overview in
Cirpenddlednd Lewis, 2004). Furthermore, it is noteworthy
thd t, predic@bly from the evolutiordry fi& mework outlined
4bove, these developmentl steps of theory of mind
constitute 4 humdn universtl. Although cross-cultul
evidence is still limited, Avis 4nd Harris (1991) hve
cleirly shown thdt unders@ nding f1se belief emerges 4t 4
similr 4ge in children of the Mk4, prelitete hunter-
g therers in southed st (4 meroon.

Fim1ly, it is noteworthy th&t the development of theory
of mind is cledrly pA i lleled by R ngud ged cquisition. In f ct,
unders®nding 4 spetker’s intention is 4 precondition of
leArning new words. As Frith 4nd Frith b4 ve pointed out,
@ ndom4ssoct tions of utte nces with objects @ rely occur
when young children leédrn to spetk (Frith 4nd Frith, 2003)
4nd 4 child begins to use words undoubtedly referring to
men®] s@tes such 4s ‘I think’ 4t the 4ge of four—the
watershed of distinguishing between own 4nd other’s
ment] s tes.

In cont@st to our growing unders@nding of children’s
4 cquisition of theory of mind4bilities, firly little is known
4bout the development of theory of mind in 4 dult hun# ns.
Due to the fundd men®1 role of subjective experience 4nd
rectll of pist socil intedctions in theory of mind
performA nce, we would expect4 continuous refinement of
men@] s@te 4ttribution throughout the 4dult hunfn life
spAn. On the other Mnd, selection pressure declines with
4ge (pArticulrly with respect to the post-reproductive life
spAn). It is therefore conceivdble thdt4 ging does not spAre
socil cognitive 4bilities. Two studies of theory of mind
4bilities in older people ¥ ve revedled conflicting results.
Ha ppé etdl. (1998) found thAt people with4d mednd ge of 73
yedrs, 4lthough slower in performf nce, were superior on 4
theory of mind ®sk compAred to 4dolescents 4nd young
4 dults of4bout 14 yedrsdnd 22 yedrs ofd ge, respectively. In
contist, 4 recent study revedled the opposite, M mely 4
successive decline in theory of mind in4 dults4 ged between
604nd 74,4nd between 754nd 89, respectively, compAred
to younger 4dults (Maylor etdl., 2002). Thus, 4t this s ge
there is still controversy whether 4nd how theory of mind
A pAcities chdnge over the 4 dult hum? n life spAn.

4. CNS-represen-a-ion of -heor, of mind

If primdte bfins, pArticulrly neocorticdl structures,
enkrged over evolutiordry time due to selection pressures
from the socil environment, where exdctly is theory of
mind locdted in the humfn b#in? Evidence comes from
vArious sources. CompA @ tive neurcd i tomy 4 nd neurophy-
siology informs us which bfin 4reds 4nd corresponding
functions ¢dme under selection pressure in non-hunfn
primf tes to evolve into the neu®l correRtes of theory of
mind in modern humfdns. In 4ddition, functiordl b®in

imA ging studies4 nd lesion studies in pAtients suffering from
b in injuries or stroke nAy help loctlizing the bi in circuits
underlying theory of mind.

Mefore sumn@rizing some of the most imporfdnt
empirict1 studies, it is neces#ry to point out thdt divergent
theoreticd 1 conceptid liZ4tions of theory of mind exist. To
some degree, this & s consider ble imp ct on how empirict 1
findings 4re interpreted. (1) D@ wing on Fodor’s (1983)
concept of 4 modulr orgd niA tion of the hun# n mind, some
theorists4 dvoci te the existence of4 sepd i te theory of mind
module (e.g. Scholl 4nd Leslie, 1999). Like other don? in-
specific cognitive ¢4 pAcities represented in the b in, which
process only 4 cerflin cRss of infornftion, the theory of
mind mechnism is supposed to process inform#tion
restricted to soc#l inference. Cognitive mechdnisms 4re
4ssumed to work reldbly, efficiently, 4nd economicilly.
According to the modulRr hypothesis, the development of
theory of mind m#inly depends on neurologict 1 md tur tion
of the biin structures involved. Experience, on the
contiry, nmAy trigger the 4ction of the theory of mind
mechnism, but does not determine the mikeup of the
mect®nism. (2) The ‘me#representior]’ theory—theory
(e.g. Perner, 1991) of theory of mind is somewh#t distinct
from the modulR r model. As FR vell (1999) s sumn® rized,
the theory—theory propostl holds, similr 4s the moduRr
theory does, thdt the entities 4nd the cAustl principles of
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Now, whit ddn we lédrn from primdte resedrch 4bout
theory of mind, in light of the fAct tht there is no
unequivoctl evidence of menf®l s@te 4ttribution in non-
hum n prinf tes in genel,4nd4 virtud14bsence of theory
of mind in monkeys? Single cell recordings in non-hundn
primftes convey impor#nt inform#tion 4bout dndiddte
cerebi | represent tions of cognitive precursor ¢4 pA cities of
what we A1l ‘true’ theory of mind in hunmfns (the term
‘precursor cApAcities’ by no meins ought to suggest 4
teleologictl interpre@tion, i.e. thdt something evolves in
order to Mter suit4 cer@in purpose).

A number of A ndiddte structures & ve been identified in
non-hundn prinfte bidins thdt M ve undergone 4 d ptive
modifict tions to constitute in humdns 4 neul network of
theory of mind. Single cell recordings in m# & que monkeys
M ve revedled thdt neurons in the middle portion of the
tempor®1 lobe, pArticuRrly in the superior tempoml sulcus
(STS), selectively fire when monkeys observe the gize
direction of other monkeys. These neurons 4re 41so 4 ctive
when the 4ninfls observe gotl-directed beld vior (Gi1lese
4nd Goldm#n, 1998). In hunfns, functior®] b in inA ging
studies Mve revedled thdt 4 homologous 4red of the
tempor1 lobe is dctivdted by observdtion of seemingly
purposeful movements of inf nind te objects @s opposed to
@ndom movements), 4nd even when still photogi phs
depict ‘implied’ motion (Kourtzi4 nd K4 nwisher, 2000). For
exdmple, such4ctivity could be elicited by showing hunfn
subjects pictures of 4 discus thrower in 4 ction, whereds no
such 4 ctivity could be med sured when the discus thrower
wasat rest. Activity in pArts of the STS, therefore, is linked
to the obserw tion of intentiond 1 movements. Although this
does not imply conscious 4 wareness, the represend tion of
‘intentions’ is cer®inly4 critict 14 spect of theory of mind. In
% variety of functiord] infging studies during theory of
mind @ sk perfornfnce the blood flow incredsed in4n 4 red
of the STS 4dficent to the pArt thdt was dctivdted by
monitoring biologict1 motion (Grossmdn4nd M ke, 2002).

The tempor I lobes of non-hum# n prim# tes4Iso con® in4
specific type of cells ctlled ‘mirror neurons’ due to their
unique qudlity to dischdrge during both the execution of 4
cerin M nd or mouth4ction or by the mere observd tion of
the 4 me bel# vior A rried out by 4 nother individud 1. These
neurons Mve 41so been found in gredter density in the
vent® ] premotor cortex of md 4 que monkeys,4ndred thatis
possibly homologous to the Mroc® 4réd in hunfns (R llese
%nd Goldm?n, 1998). In4n ingenious series of experiments,
the group of RizzoR tti & s demonst® ted th& t mirror neurons
selectively fire when monkeys observe4 . nd movement of
which the termind1 pArt is hidden from their view. In other
words,4 subset of mirror neurons is4 ctive when the monkey
c&n only ‘infer’ or predict the result of the incompletely
visible 4ction (Umil® et 41., 2001). Mirror neurons ndy
therefore be cruci lly involved in unders® nding4 ction-got 1
s@tes. In hunfns, FAdigd etdl. (1995) ve shown in4n
experiment using t®nscinid] nd gnetic stimul tion (TMS)
thht the observdtion of 4 gotl-directed M nd movement

elicited ent® nced motor evoked potent# Is (MEP). Nofd bly,
these enhd nced MEPs could be me sured precisely in those
muscles the observer would use when cdrrying out the
4 ction himself.

The discovery of mirror neurons in humfns offers 4n
expRmition of how the 4bility to imi#te the 4ctions of
others could M ve evolved into the ¢4 pAcity to simuRte the
men®]l s#tes of other individwdls (i.e. theory of mind)
(Willdms etdl., 2001). However, 4s Frith4 nd Frith (1999,
2001) k4 ve pointed out, for theory of mind it is not sufficient
to represent got 1-directed 4 ctions. It is41so necessdry to be
4ble to distinguish between beld vior geneited by self or
others. And indeed, there 4re 4t 14 st two other imporé nt
b in regions involved in theory of mind. We believe that
simul ting other people’s menf#1 s# tes does not necesd rily
involve conscious reflection, but is retdily 4wviRble to
conscious 4wareness. For exdmple, tinsference 4nd
counter-t@ nsference in dyddic psychothe peutic settings
4]wa ys implict te the muttd 1, B rgely unconscious4 ttribution
of men® 1 s@ tes such4 s intentions, desires4 nd beliefs,4nd it
is the gotl of psychodym mic 4pprodches to unveil these
unconscious processes 4nd to n® ke them 4 ccessible to the
conscious mind. For conscious reflection on one’s own4nd
other’s men®l s@tes 4n individudl needs compuf tiord]
resources beyond the ddpAcity for imiftion 4nd 4ction
simul tion,4nd4 ndiddte structure involved in this @ sk is
the inferior pArie® 1 cortex. Recent resed rch using functiord 1
b in ind ging M s reved led thé t the left4 nd right hemisphere
4re differentdlly involved in first versus third-person
perspective. First-person perspective was shown to4ctivd te
the left inferior pArie®l cortex, whereds third-person
perspective 4 ctivd ted the corresponding region on the right
side of the humdn b#in (Ruby 4nd Decety, 2001).
Interestingly, when4 subject imi# tes the 4 ction of 4 nother
person, more 4 ctivd tion is found in the left inferior pArie@1
cortex, but more 4ctivdtion is found on the opposite side
when subjects view their 4ctions being imifted. These
experimen®] results support the 4 ssumption thdt the right
inferior pArie®l cortex mAy be criticdl for consciously
representing others’ minds, whered s the left inferior pArie@1
cortex mAy be involved in representing one’s own men#1
s@tes (Decety 4nd Cha mird de, 2005).

The other b indred thdt s consistently been shown to
be engdged in theory of mind is the 4nterior cinguRted
cortex (ACC). The ACC receives input from the motor
cortex 4nd the spiml cord, from the ipsildterdl]
prefron®] cortex, 4nd from the thBmus 4nd biinstem
nuclei (P us, 2001). It is highly heterogeneous in terms of its
cytddrchitecture 4nd functiond] orgdniz tion. The ACC is
now conceived of 4s 4n impor@nt meditor of motor
control, cognition, 4nd 4roustl regultion (P us, 2001). In
monkeys, for exd mple, the most rost®1 pArt of the ACC is
4ctive prior to the execution of self-init®ted movements
(Frith4 nd Frith, 1999). Most interesting from4n evolution-
4ry viewpoint4nd with respect to theory of mind is thdt the
4nterior ACC inconsistently forms 4 pii#cingulte sulcus



Table 1

Overview of b in im? ging studies of theory of mind in chronologict1 order

Author(s); S mple (n) Mein Sex m/f  Min in# ging ToM method/# sks Activdted b indreds in ToM @ sks
published 4dge technique
Goel et4l., 1995 9 hetlthy subjects 24.7 5/5 PET [°O]H,0 Present tion of A milidr4nd unf mil@r objects

requiring inference of others’ 4 ttribution of their
function (i.e. ToM). One non-ToM condition
involving inference of function of unf mil#r
objects from their form. Two control conditions:
vistd14nd sem® ntic 4 ttributes of known objects.



Table 1 (continued)




that is present in only 30-50% of individudls 4nd possibly
still under selection pressure (PAus, 2001). This 4red



to go beyond the lite®]1 med ning of utte nces by inferring
what the spetker 4ctidlly might Mve intended (H&ppé,
1994; I4ngdon et41., 2002b).

In 4dults with psychopthologictl conditions, short
stories involving double bluff, mis#kes, persidsions or
white lies (HAppé, 1994), dirtoons or other visudlly
presented mAterid]l l& s been used to 4ssess theory of mind
4bilities. In theory of mind reseédrch in schizophren#, for
ins#@nce, short stories with or without use of props 4nd
picture sequencing @ sks h# ve been given to pAtients,4s well
4, tests of comprehension of hints behind indirect speech,
me® phor 4nd irony. Over the yedrs, the pictori#] theory of
mind nAterid] s been modified in order to better control
for interference with 4ttention, memory, ‘genef1’ intelli-
gence, 4nd verbAliAtion. One problem in eéirly studies in
schizophren wis thdt pAtients not only performed poorly
on theory of mind ®sks, but4lso often fiiled to correctly
respond to the
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(I#ngdon etdl., 2001; Pickup 4nd Frith, 2001; overview in
Frith, 2004). TH t is, these deficits4re probd bly independent
of other cognitive dysfunctions such 4s 4ttention, set-
shifting Aphcity, genel intelligence 4nd so forth (Lee



the results could Rrgely be expRined by this confound
@ther thin by 4 specific theory of mind deficit in AD.

By contist, the fronfl vdrdnt of frontotemporl
dement#® (fvFTD) is chd i cterized by ch® nges in persordI-
ity 4nd soc#l beld vior while most cognitive domfins 4re
reRtively preserved, 4t leédst in the etrly s#ges of the
disorder. From4 clinicd I perspective this could be indict tive
of 4 selective theory of mind deficit in FTD. In 4 study,
comptring pAtients with fvFTD with mild AD 4nd hed Ithy
control subjects Gregory et41. (2002) found fvFTD pAtients
to perform significd ntly worse on 411 theory of mind @ sks
with incred sing impAirment reR tive to # sk complexity. AD
prtients 4gdin fdiled only on the more cognitively
demdnding second order flse belief ®sks indictting 4n
interference with cognitive performdnce @ther thdn
impAired theory of mind per se. Interestingly, theory of
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