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Abstract

The recognition of emotional expressions is an irigya skill and relates to
social functioning and adjustment in childhood. Therent functional MRI study
investigated the neural processing of angry angpyé&cial expressions in 5- to 6-
year-old children and in adults. Participants wanesented happy and angry faces of
adults and children while they performed a non-eometelated task with low
cognitive load. Very similar neural networks wemgalved in the processing of angry
and happy faces in adults and children, includirgamygdala and prefrontal areas.
In general, children showed heightened amygdaleaaditin in response to emotional
faces relative to adults. While children showedrsger amygdala activation in
response to angry adult compared to angry childsfaadults showed stronger
amygdala activation for angry child faces. In bafje groups enhanced amygdala
involvement was found for happy peer faces relatvieappy non-peer faces, though
this effect was only a tendency in adults. Theifigd are discussed in the context of

the development of the social brain network.
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Children’s processing of emotions expressed byspaed adults: An fMRI study
The recognition and correct interpretation of e facial expressions is an
important skill as it relates to social functioniaigd social adjustment, including peer-
nominated social status in childhood (Leppanen &t&hen, 2001; Mostow, Izard,
Fine, & Trentacosta, 2002; Miller et al., 2005) r@@isingly, however, children’s
processing of emotional expressions of peers velat adults has not yet received
much attention in research. Taking into accounirtiygortance of peer-acceptance for
children’s social functioning it is reasonable tgpbthesize that children’s recognition
of emotional expressions of peers is at least asrate as the recognition of
emotional expressions of adults. Furthermore, theal processing of emotional peer
faces may recruit additional resources due to e $ocial relevance of emotional
expressions displayed by same-aged children. Thislra particularly true for the
amygdala which plays an important role in procegsimotions in adults (Adolphs,
2002; Moirris et al., 1996; Fitzgerald, Angstadtsdee, Nathan, & Phan, 2006) and
children (Thomas et al., 2001; Monk et al., 2008y& et al., 2008). The amygdala is
sensitive to the emotional significance and behavielevance of an emotional
expression (Sato, Yoshikawa, Kochiyama, & Matsum2@®4) and may therefore
respond differently to peer vs. other-age faceshildren and possibly in adults.
In the domain of face recognition an own-age hiasgnhanced recognition

of own-age relative to other-age faces, has betbleshed both for children and
adults (Anastasi & Rhodes, 2005). One explanatoihie own-age bias (and
similarly for the own-race bias) may be that exigerin face recognition depends on
the extent of exposure to certain groups, e.gdam may see other children
particularly often in kindergartens, while theyddsequently see a lot of elderly

people. Alternatively, there may be fundamentaiffedent processing strategies for



processing in-group vs. out-group faces with resfeage, including less automatic
processing of out-group faces (see also Anast&hédes, 2005). However, it has
not been investigated yet whether an own-age biasseor the recognition of
emotional expressions in children and adults anetidr potentially different
processing strategies for own-age and other-agss fe@n be associated with different
brain activation patterns.

In general, the recognition of emotional facial eegsions undergoes a
protracted development with gradual increases ildrem’s accuracy and speed in
emotion matching and labeling tasks from earlydtiolod to adolescence (see Gross
& Ballif, 1991; Herba & Phillips, 2004; Leppanenielson, 2006, for reviews).
Happy, angry and sad expressions are usuallyrtecbrrectly recognized and
labeled emotional facial expressions in ontogetigviged by fear, surprise and
disgust (Izard, 1971; Wellman, Harris, Banerje&Si&clair, 1995; Widen & Russel,
2003). The few studies investigating children’s @iomorecognition in peers have
provided evidence that children are very accuraidentifying happiness, anger and
sadness in peers and indicated that concurrentierpe might be crucial for emotion
recognition skills at a given age (Schwartz Felleptzarden, Carlson, Rosenberg, &
Masters, 1983; Reichenbach & Masters, 1983). Tiseaso some evidence that
adults are quite accurate in recognizing emotieraressions of children. They are
especially accurate in recognizing happy expresdut less accurate for angry
expressions (Carlson, Gantz, & Masters, 1983a).é¢¥ew no studies have directly
compared children’s and adults’ processing of sagest and other-aged emotional
faces or explored the neural correlates of emgirogessing in both age groups using
peer and non-peer faces as stimuli.

Very little is known about the development of néwsteuctures involved in the



processing of emotional facial expressions in chitd In adults cortical and
subcortical structures support the processing aftiemal faces. The inferior occipital
gyrus, fusiform gyrus and superior temporal gymgsgarticularly involved in visual
face processing (Kanwisher, McDermott, & Chun, 19®Hson, Puce, & McCarthy,
2000; Adolphs, 2002). Regions of the fusiform gyaws engaged in encoding the
identity of a face while superior temporal regi@meode the changeable aspects of a
face like gaze direction and emotional express{blaxby, Hoffman, & Gobbini,
2000, Pelphrey, Viola, & McCarthy, 2004). For ematl face processing the
amygdala is highly importaifAdolphs, 2002). The amygdala is most consistently
activated by fearful faces (Morris et al., 1996;jNwmier, Armony, Driver, & Dolan,
2003), but also by other emotional facial expressitke happiness, anger, sadness
and disgust (Fitzgerald et al., 2006). The specodfie of the amygdala in processing
emotional faces is still debated. While some awtihave demonstrated that the
amygdala is particularly involved in (social) leaugp situations (Whalen, 1998;
Hooker, Germine, Knight, & D’Esposito, 2006), th&sealso evidence that the
amygdala is sensitive to the emotional significazuece behavioral relevance of an
emotional expression (Sato et al., 2004).

One of the few fMRI studies which investigated eimal face processing in
children found that 10-year-olds recruit distineural networks for the processing of
expressions of sadness, disgust and fear (Lob&igbkon, & Taylor, 2006). Those
areas included the amygdala, insula, cingulateggyusiform gyrus and superior
temporal gyrus. This study provides evidence teatal structures for emotion and
face processing in adults are already involved-atg@ssing emotional expressions in
10-year-old children. There is, however, evidermreeiotion-specific differences in

amygdala activation between children and adultenka study neutral faces elicited



increased amygdala activation relative to feardicel in 11-year-old children, but the
opposite pattern was found in adults (Thomas e2@01). This might be accounted
for by the potential ambiguity of a neutral faceuttal faces are particularly difficult
to recognize for children (Herba & Phillips, 20@4)d the amygdala is involved in
processing the ambiguity of socially relevant, dtreelated stimuli (Whalen, 1998).
Two other recent fMRI studies with older participemvestigating passive viewing
of emotional faces found increased amygdala regsotasfearful vs. neutral faces for
adolescents (mean age 13 and 14 years) relatagulits, indicating functional
development of the amygdala during adolescencé@mway to adulthoofMonk et

al., 2003; Guyer et al., 2008).

The current study is the first to investigate el expression processing in
children as young as 5 to 6 years of age using fMW chose to test 5- to 6-year-old
children, because previous studies have showratigedt improvements of
performance in emotion recognition tasks betweand®6 years of age making this
period particularly interesting for investigatirtgetneural correlates of emotion
processing in childhood (Harrigan, 1984, Vicarijt®er Reilly, Pasqualetti, Vizzotto,
& Calagirone, 2000).

Happy and angry faces of 5- to 6-year-old childrad adults were presented
to adults and 5- to 6-year-old participants in otde(1) identify the brain regions
involved in emotion processing in young childre), i(vestigate whether emotional
faces of peers are processed differently than dalcdss by children and (3) whether
activation of the amygdala differs between childaed adults when the same
emotional faces are presented and the same tapblied. In the direct comparison
between children’s and adults’ brain responsesosed specifically on the amygdala

because of its outstanding importance for emotioegssing and the previously



observed developmental changes in amygdala invawenturing emotional face
processing (Thomas et al., 2001; Monk et al., 2@3yer et al., 2008).

An explicit non-emotion-related task with relatiyébw cognitive load was
applied in order to maintain the children’s attentwithout overstraining their
attentional resources. Happy and angry faces ws&eé as stimuli, since these
emotions are well recognized by preschool-agedidml (Herba & Phillips, 2004;
Gross & Ballif, 1991). Neutral faces were not irded, because children usually have
difficulty recognizing neutral expressions and nft®enfuse them with sadness (see
Gross & Ballif, 1991, for a review). Possibly, thilsding reflects the relative absence
of neutral expressions from relevant social leagrstuations (Carlson, Schwartz
Felleman, & Masters, 1983b).

Our hypotheses were as follows. (1) We predictatittie observation of
emotional faces would lead to activation in ardéas are involved in emotional
expression processing in adults and older childféese areas include the amygdala,
orbitofrontal gyrus, anterior cingulate gyrus angerior temporal gyrus (see
Adolphs, 2002, for a review). (2) Furthermore, wedthesized to find higher
activations in emotion-related structures for daees in children, because of the
relevance of emotion recognition in peers for ddaiactioning in childhood
(Mostow et al., 2002). However, in case of an owa-hias for emotional face
recognition it is also conceivable that the prorcessf own- and other-age faces may
recruit different neural networks reflecting diet processing strategies. (3)
Regarding the amygdala we predicted enhanced #Hotiv@ar angry adult compared
to angry child faces in both children and adults tluthe potentially greater
behavioral relevance of an adult’'s angry expresshkiternatively, taking into account

the importance of peer-acceptance in childhoodathggdala may respond more to



angry peer faces in children. Regarding the happgd we predicted higher

activations for peer faces relative to non-peeegan both children and adults.

Methods

Participants.The study was approved by the local Research Ethics
Committee. Parents of participating children gaveten informed consent and filled
in a questionnaire regarding operations, neurodgic psychiatric illnesses and
medications of their child and were also asked algyrtabout the results of mandatory
preventive medical check-ups of their child. Clelaligave verbal assent prior to the
scanning. None of the children had any known neggoal or psychiatric disease or
disorder or medical treatment affecting the cemtealyous system. Twenty-seven
typically developed children took part in the cetretudy. Nine children had to be
excluded from the final sample, because they geitetxperiment early (n=5), because
of too much movement (n=2), or because of anatdralmaormalities (n=2).
Movement correction was allowed up to 3 mm (oneaVoxf a child showed greater
movements in the first half of the experiment haloe was excluded from the
analyses. Data from children who showed movemezdtgr than 3 mm at a later
point of the experiment were cut just before theebtf the movement (see section on
fMRI Data Processing and Analysis). The remaini8garticipants were on average
6;2 years old (age range 5;1 to 6;11 years; 11 lkspaChildren received a toy for
participation and their parents were reimbursecatfoning to the institute.

Furthermore, 18 adult participants were recruitedifan existing database of
young adults who had expressed interest in paaticig in neuroscience research.
They had filled in a questionnaire regarding operest, neurological or psychiatric

illnesses and medications and had no known neugalbgr psychiatric disease or



disorder and received no medical treatment affgdtie central nervous system.
Adult participants were on average 24 years oleé fagge 20-30 years; 9 females).
They gave written informed consent and were paighésticipation. All participants

(adults and children) were right-handed.

Stimuli Adult face stimuli consisted of 5 male and 5 feeaucasian faces
from theNimStim Face Stimulus Set (www.macbrain.org; Tdtmn et al., 2009).
Happy and angry pictures were taken from all 10ractPictures of 5- to 6-year-old
children expressing happiness and anger were takée laboratory and then rated
by 19 adults. The children were asked to look falsay were happy/ angry” and if
necessary given examples (“As if you got a pregdat'the photographer or parents.
Children were not asked to mimic an expressiondogeone else, but rather to
express the emotion as if they felt it themselRzsents gave written informed
consent that the pictures may be used as stimudtsrial in the current experiment.
Pictures of 5 male and 5 female happy childrenmanthle and 4 female angry
children were included as stimulus pictures fordheent experiment (see Figure 1
for examples). One girl did not express angertecagnizable degree, i.e. < 63%
correct ratings in a multiple choice based taskaitger, happiness, sadness and fear
as response options. This picture was thereforegohitded in the stimulus set of the
current study. Furthermore, one realistic colomding of a chimpanzee’s face was
used for the button press task. All faces weregures! in full frontal view and were
equated for size.

- Insert Figure 1 about here -

Procedure
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Activation ParadigmParticipants underwent one fMRI run of 18 minutés o
length. Children and adult participants were présgewith 50 trials in each of the
four conditions, namely happy child, happy aduligry child and angry adult.
Furthermore, 24 ape faces were presented unprieljicRarticipants were asked to
press a button whenever an ape face was presenteddar to ensure maintenance of
attention. Each stimulus was presented for 200W0ittsan average inter-stimulus
interval of 2000 ms. The order of presentatiorhef pictures was randomized
including temporal jittering (1500 ms, 1750 ms, @@0s, 2250 ms, 2500 ms) and 40
null events consisting of a small fixation crosshia middle of the screen with a

duration of 2000 ms.

fMRI Data AcquisitionScanning was performed on a 3 Tesla scanner
(Siemens TRIO, Germany). For functional measuremengjradient-echo EPI
sequence was used with TE 30 ms, flip angle 90edsgiTR 2 s, acquisition
bandwidth 100 kHz. The matrix acquired was 64 w@xels, FOV 192 mm, in-plane
resolution 3 x 3 mm. 20 axial slices were recordéide thickness was 4 mm with an
interslice gap of 1 mm.

For registration, T1-weighted modified driven eduium Fourier transform
(MDEFT) images were obtained (Ugurbil et al., 1998])ditionally, a set of T1-
weighted spin-echo EPI images was taken with theesgeometrical parameters and
the same bandwidth as used for the fMRI data. Ratcemical data, a T1-weighted
3D magnetization-prepared rapid gradient echo (M¥SR) sequence was obtained.

Children participated in a mock MRI scanner sesaigouple of days before
the actual scanning in order to get familiar whk £xperimental setting, task, and

scanner noise. Each child underwent a simulatethgcaession including the task
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with stimuli similar but not identical to those pested during the fMRI
measurement. To practice lying still in the scanokildren got verbal feedback via
headphones during the session. Children who disdléago much movement or other
problems during the mock session were excluded frarurther study (n = 11).

After the fMRI scanning session children and agalticipants were asked to
identify all faces used in the experiments witharelgto the emotional expression on a
multiple-choice mode with the possibility to stdifferent emotions than listed and
neutral. Children were presented the pictures akddaverbally whether the face
looked as if the person was happy, angry, sadasfuleor something else and adults
filled in a questionnaire. No forced-choice taskswasen in order to reduce response

biases.

fMRI Data Processing and Analysis

Data processing and analyses were conducted usrgpftware package
LIPSIA (Lohmann et al., 2001). Functional data wa@tion-corrected offline with
the Siemens motion correction protocol (Siemensifaay). Movement correction
was allowed up to 3 mm (one voxel). Because oftoch movement, datasets of two
children had to be excluded from further analysesther five datasets of children
had to be cut after 305, 317, 340, 460, and 5ZBafrepetitions.

To correct for the temporal offset between slicaguared in one scan, a
cubicspline interpolation was applied. A temporighhpass filter with a cutoff
frequency of 1/120 Hz was used for baseline cdoe&nd a spatial Gaussian filter
with 7 mm FWHM was applied. To align functional @atices with a 3D stereotactic
coordinate reference system, a rigid linear regfistn with six degrees of freedom (3

rotational, 3 translational) was performed. Rotadicand translational parameters
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were acquired on the basis of the MDEFT (Norrigg®Q0Jgurbil et al., 1993) and
EPI-T1 slices to achieve an optimal match betwbesd slices and the individual 3D
reference data set. The rotational and transldtjperameters were subsequently
transformed by linear scaling to a standard sizaffach & Tournoux, 1988). The
resulting parameters were then used to transfoenfutiictional slices using trilinear
interpolation, so that the resulting functionatet were aligned with the stereotactic
coordinate system. This linear normalization precgas improved by a subsequent
processing step that performed an additional neatimormalization (Thirion, 1998).
The transformation parameters obtained were thpheaito the functional slices.
Slice gap values were interpolated using a trilineterpolation, generating output
data with a spatial resolution of 3 x 3 x 3 mm.

Adults and children were normalized to separatetatas because the use of
a common template for adults and children younigen &7 years of age is problematic
(Kang, Burgund, Lugar, Petersen, & Schlaggar, 2808uer & Friederici, 2007,
Brauer, Neumann, & Friederici, 2008; Wilke, Schroitt, & Holland, 2002) and thus
could produce artifactual functional results (MyzZitugani, Juhasz, Shen, &
Chugani, 2000). Nonlinear normalization of eachrbveas carried out on the most
average brain from the respective group. The tiereace brains for this procedure
were selected based on the normalization amousaiaf brain onto each other within
groups. Then, normalization was carried out forgdataset on the most average
brain in each group (see e.g. Thomas et al., 1999).

Functional data were analyzed for task-relatedrattin using the general
linear model for serially autocorrelated observadi¢Friston, 1994; Friston et al.,
1995a; Friston et al., 1995b) as implemented irSIAR In the design matrix,

regression coefficients were estimated for the &vent types (happy child/ happy
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adult/ angry child/ angry adult and nullevents)ditocked to the beginning of the
event. The design matrix was generated with a syictthaemodynamic response
function and its first derivative (Friston et dl998; Josephs, Turner, & Friston,
1997). The statistical evaluation was based omargélinear regression with pre-
whitening (Worsley et al., 2002).

For each participant 6 contrast images were gegrbrdhe four conditions
were first compared to baseline (including onlylengnts) in order to identify the
emotion processing framework activated in the curparadigm. Then for the happy
and angry conditions child and adult faces werdrested, respectively, and contrasts
are reported in both directions. Each individualdiional dataset was aligned with
the stereotactic group reference space. Individoatrast images from the single
subject analyses for each comparison were themeghiteo second level (random
effects) analyses to determine task-specific regjicgsponses using one-sample t-
tests. Subsequently, t-values were transformeestmees. To protect against false
positive activations, only regions with z-scoresager than 3.09 (p < 0.001;
uncorrected) and with a volume greater than 270 (M voxels) were considered.

In order to contrast functional activation in cihdd and adults directly, a
region of interest (ROI) analysis was conductedlieramygdala. The core centre
location of the amygdala was anatomically definedath groups separately in
normalized T1 group images in a coronal section=at8 for adults and y = -8 for
children. A spherical ROI of 7mm in diameter wadirtkrl for each hemisphere in
both groups. Implementing these masks on functidatd, individual activation
values were extracted and compared statisticaldybetween-group analysis for each

contrast.
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Results

Neuroimaging results

Children.The results for all baseline contrasts for thecchkdmple are
depicted in Figure 2. The perception of angry athdes led to activation peaks in
occipital areas, bilateral middle frontal gyrught pulvinar and uncus, left
parahippocampal gyrus and amygdala bilaterally &g@plementary Table 1). Happy
adult faces activated the occipital lobe, bilatguavinar, right ventral medial frontal
gyrus and left amygdala (see Supplementary Tablar®ry child faces led to
activations in occipital lobe, left pulvinar and dne frontal gyrus and right amygdala
(see Supplementary Table 3). Happy child faceg@dicesponses in occipital lobe,
right precuneus, right middle frontal gyrus anchtigmygdala (see Supplementary
Table 4). When contrasting activations for childds and adult faces the following
differences were found. Angry child faces relativengry adult faces elicited
increased hemodynamic responses in left parahippoalagyrus (x =-11, y = -40, z
= 0; 675mn; z-score = 3.92) and left cerebellum (x = -47, ¥4, z = -24; 297mfh
z-score = 3.53). In the reversentrast (angry adutt angry child faces) increased
activations were found in right occipital lobe, BA (x =28,y =-88,z =09;
38313mnd; z-score = 4.54) and left caudate (x = -14, y 723 3; 864mm z-score
= 3.56). Happy child faces compared to happy ddaks elicited responses in right
posterior cingulate gyrus (x = 4, y = -34, z = 297mnf; z-score = 4.27), cerebellum
(x = 43,y = -40, z = -27; 540minz-score = 3.43) and in the left insula (x = -¢E -
4,z = 9; 918mm) z-score = 3.63). The reverse contrast (happyt &icets > happy
children faces) elicited responses in left occlpdbe (x = -23,y =-94, z = 27,
378mnT; z-score = 3.58) and fusiform gyrus (x = -20, y79, z = -12; 18927minz-

score = 4.18).
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- Insert Figure 2 about here -

Adults.The results for all baseline contrasts for thdtaxhmple can be found
in Figure 3. Angry adult faces elicited activatiorright occipital lobe and precuneus,
bilateral middle frontal gyrus and inferior front@frus, right superior frontal gyrus
and left cerebellum and amygdala (see Supplemeiftarie 5). Happy adult faces led
to activation peaks in occipital lobe, bilateradatie frontal gyrus and superior frontal
gyrus, right precentral gyrus, temporal lobe anaddede and cerebellum (see
Supplementary Table 6). Angry child faces activatedoccipital lobe, the bilateral
precentral gyrus and middle frontal gyrus anddefterior frontal gyrus, inferior
frontal gyrus, superior temporal gyrus and cereinel{see Supplementary Table 7).
Happy child faces elicited activations in the odaldobe, the bilateral superior
frontal gyrus and left precentral gyrus and infefrontal gyrus (see Supplementary
Table 8). The contrasts between child and aduéidaevealed the following. For the
contrast angry child faces > angry adult facesratin was found in left angular
gyrus (x = -35, y = -76, z = 33; 999minz-score = 3.81) and left middle temporal
gyrus (x = -40, y = -70, z = 21; 513minz-score = 3.31). The reverse contrast (angry
adult faces > angry child faces) revealed activatieaks in various cortical areas
such as the right superior and medial frontal gybilateral cingulate gyrus, bilateral
superior and right middle temporal gyrus, left sugreparietal lobe, occipital lobe and
parahippocampal gyrus as listed in Supplementabyel@ The contrast happy child
> happy adult faces led to an increased BOLD respamright postcentral gyrus (x =
43,y =-19, z = 54; 621minz-score = 3.81 and x = 67, y = -10, z = 15; 276
score = 3.27), right middle temporal gyrus (x = 8% -64, z = 15; 1377minz-score

= 3.53), left superior temporal gyrus (x = -53, 49, z = 12; 324mth z-score =
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3.49), right parahippocampal gyrus (x = -32, y 2,-6= -6; 324mr) z-score = 3.98)
and cerebellum (x = 34, y = -55, z = -9; 2079inmscore = 3.49 and x = -2, y = -43,
z = -9; 324mm; z-score = 3.48). The reverse contrast (happyt ado@ppy child
faces) activated occipital areas (x = -8, y = -106,6; 36342mr}) z-score = 5.21),

left caudate (x = -2, y = 5, z = 18; 594fm-score = 4.13), left posterior cingulate (x
=-2,y=-37, z=18; 297minz-score = 3.34) and right medial frontal cortex(16,

y = 56, z = 6; 324mfh z-score = 3.42).

- Insert Figure 3 about here -

Direct group comparisorRResults of the ROI analysis for a direct comparison
of adults’ and children’s brain activation suppitw® single group data. The overall
pattern of amygdala involvement during the processif emotional faces shows
stronger amygdala activation in children than ialedfor all emotional face vs.
baseline contrasts (see Table 1). When considéragontrast of child angry faces
minus adult angry faces for the adult sample \escthild sample, adults showed
stronger activation in the right amygdala compacechildren. This effect is due to
children’s enhanced right amygdala activation fogrg adult minus angry child faces
(z-score = 2.22) while adults showed the oppodfexe(z-score = -1.30). In contrast,
statistical comparison revealed stronger amygdzlaation for children compared to
adults for the contrast of happy child faces vppyaadult faces in the left amygdala.
As expected, children showed heightened left amggaletivation for happy child
faces minus happy adult faces (z-score = 1.75)enddults showed a tendency in the
opposite direction (z-score = -0.6).

- Insert Table 1 about here -
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Face rating results (Post-tes@hildren classified 99 % of the happy child
faces and 99% of the happy adult faces correcthappy. Furthermore, children
recognized 64% of the angry child faces and 89%h®fngry adult faces as
displaying anger. Adult participants correctly ittead 95 % of the happy child faces,
97 % of the happy adult faces, 65% percent of tiggyachild faces and 97 % of the

angry adult faces.

Discussion

The current study investigated emotional face @seing in 5- to 6-year-old
children and adults comparing brain responses tatiermal peer-faces with brain
activations elicited by other-age faces. Our figdishow that crucial structures for
emotion processing are involved in very young aeifds perception of emotional
faces of peers and adults. All baseline contrastésnmtional faces showed strong
amygdala activations in children (see Figure 2erestingly, these activations were
stronger in children compared to adults. We wtladiss all contrasts for the children
sample and confine our discussion of the adult $ampthe direct comparison

between adult and children’s data in the ROI anslgbthe amygdala.

The amygdala in development

In previous research the amygdala has been idenhtfs a key structure for
detecting biologically relevant information in teavironment (Whalen, 1998;
Ohmann, 2005), fear-conditioning (Mineka & Ohma2d02), and also for complex
social judgment (Adolphs, 2003) and social learr{idgoker et al., 2006; Olsson &
Phelps, 2007). The importance of the amygdalavaluating the environment in

early ontogeny is fostered by lesion studies wifant rhesus monkeys (Amaral,
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2003). It has been suggested that a rapid subabfdice-detection system including
the superior colliculus, pulvinar and the amygdalhach has been studied mostly in
the context of fearful face processing in adultaiumier et al., 2003) may already
exist in newborn human infants (Johnson, 2005hngon (2005) has argued that this
subcortical pathway may not be restricted to fddetes in development, but rather
helps to establish the social brain network (seelptus, 2003) by enhancing the
cortical processing of socially relevant stimuls suggested by Lepp&nen and Nelson
(2009) the amygdala may be a key structure in husoaral development mediating
inherent perceptual biases to biologically salstmhuli and experience-dependent
fine-tuning of cortical areas specialized for tmegessing of social information. Our
study is the first to show amygdala and pulvinagagement in emotional face
processing in children as young as 5 to 6 yeaegef These activations were
observed both in response to angry and happy fatresgthening the notion that the
subcortical face detection pathway is not restii¢tethe processing of fearful or
threatening faces in early development, but enlatieeprocessing of socially
relevant stimuli both positive and negative in valke.

Results of a direct contrast of amygdala involvehietween children and
adults correspond to the single group analyseddf@i show stronger activation of
the left amygdala for the processing of emotioaakt than adults, demonstrating
children’s amygdala involvement in processing duppy and angry faces especially
when angry adult faces and happy child faces agepted. The lateralization of this
effect to the left hemisphere corresponds with nfimguent left lateralized amygdala
activations in previous research on the processimgnotional faces in adults (see
Baas, Aleman, & Kahn, 2004, for a systematic revoevthe lateralization of

amygdala activations).
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Some previous studies have found increased amygdtleation for
emotional (fearful) faces in adolescents compapetiults (Monk et al., 2003; Guyer
et al., 2008), though, to our knowledge, no sinmslaidy has been conducted with
preschool children. Increased amygdala activatibeanwiewing emotional faces
might indicate children’s increased sensitivityetaotional faces and/or less mature
cognitive control systems compared to adults. Gayer colleagues (2008) found
increased amygdala reactivity to fearful faces-ito9L7-year-olds compared to adults
during passive viewing. In addition, the authonsrfd stronger amygdala—
hippocampus connectivity in adults compared to estmnts. This was interpreted as
an indication of immature memory formation for eranal faces or immature
habituation to fearful expressions in adolescelmterestingly, the authors did not
find differences in amygdala activation to happy angry faces compared to fixation
between adolescents and adults. Taken togethethétpresent findings this suggests
that children’s amygdala is more responsive tharatfult amygdala to a broader set
of emotional expressions early in development, tieéines its sensitivity to fearful
faces in adolescence and finally becomes gendesltyresponsive to emotional faces
in adulthood. This pattern may relate to maturiagrative control and emotion
regulation mechanisms in the course of ontogersriBus research has demonstrated
the protracted development of prefrontal attenfieoatrol mechanisms during
childhood and adolescence and related theses §i@dmincreasing emotional control
and self-regulation (e.g. Lewis, Lamm, Segalowsizeben, & Zelazo, 2006; see
Happaney, Zelazo, & Stuss, 2004 and Posner & Rathi208 for reviews).
However, it has to be determined in future work thie increased amygdala
activation in children goes along with increasel@isported or physiologically

determined arousal which was not assessed in thentexperiment.
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The group contrast of angry adult minus angrydcfaktes revealed slightly
stronger activation of the right amygdala in cleldin contrast to adults who showed
the opposite effect with slightly stronger effefdsthe processing of angry child
faces compared to angry adult faces. The stromgponse in children’s right
amygdala for processing angry adult faces and uttsébr processing angry child
faces is a novel finding. The key for this resuigint be found in the relevance of the
detection of angry emotions for children in thegsof adults and possibly also for
adults in the faces of children. In previous reslkactivation of the right amygdala
has been associated with the experience of negatiation (Lanteaume et al., 2007)
while observing emotional facial expressions manesestently activates the left
amygdala (Baas et al., 2004). It is thus posshmdé the observed pattern of right-
lateralized amygdala activation in this study retato the participants’ experience of
negative affect in response to the display of amaface. From the onset of
locomotion in infancy children are regularly facgdh angry expressions of their
parents (Campos et al., 2000) which strongly infagechildren’s behavior (Vaish,
Grossmann, & Woodward, 2008) and often elicit gjraffective responses. These
experiences may still override the effects of assra or hostility displayed by peers
in preschool children, thus, eliciting stronger giigla responses for angry adult
faces compared to angry child faces. Adults, orother hand, have been shown to be
reluctant to label a child’s (genuine or simulatadyry expression as anger (Carlson
et al., 1983a). It has been speculated that achdtsshow some “intuitive
resentment” against this emotion in children artdewoften misinterpret a child’s
angry expression as sad. While an adult’s angry faay elicit either fear or anger in
an adult observer, a child’s angry expression nligit eancertainty or shiftlessness

and thus different neural processing.
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In concordance with our hypothesis, children shobaleghtly stronger effects
in the left amygdala for processing happy childeiacompared to happy adult faces
while adults showed slightly stronger effects fovgessing happy adult faces than for
happy child faces. Thus, for both age groups hagey faces elicited enhanced
responses in the amygdala, suggesting an increaspdnsiveness to and possibly
greater behavioral relevance of peer smiles.

However, these subtle differences between adutt<hiidren with respect to
amygdala effects in the child faces minus aduke$amontrasts were not revealed by
the single group contrasts, but only by the diggoup comparison. Thus, the
robustness of these effects remains open and Hesitwestigated in the future.
Nevertheless, with respect to the baseline costrdst ROI analysis could strengthen
conclusions from the single group analyses reggrdinygdala involvement in
children for the processing of happy and angrydaboreover, the ROl analysis
revealed a generally stronger amygdala involvenmeahildren for processing

emotional faces compared to adults.

Frontal areas of the social brain network in chibar

In addition to the amygdala, several frontal argah have been implicated
in social cognitive functions in adults were actedaduring the perception of
emotional faces vs. baseline in children. Thoughetkact functional development of
these areas has to be determined in future resteithresponsiveness to emotional
faces in the current study is noteworthy. For insga the ventromedial prefrontal
cortex (vmPFC) was responsive to happy adult agdyachild faces in children. The
vmPFC has been implicated in theory of mind (R&itRrith, 2001), joint attention

(Williams, Waiter, Perra, Perrett, & Whiten, 20@s)d the processing of self-relevant
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social signals (Schilbach et al., 2005).

A more dorsal portion of the prefrontal cortex aejat to the orbitofrontal
cortex (OFC) was activated by happy child faceshitdren. The OFC is sensitive to
the perceived attractiveness of a face (O’'Dohdrgt.e2003) and is more generally
involved in predicting rewards (see Walter, Abléraramidaro, & Erk, 2005, for a
review). Activation of this region in response tep smiles may relate to the
particular reward value a peer smile may providecfoldren.

Angry adult faces elicited lateral activations lo¢ tmiddle frontal gyrus in
children and also in adults. A previous study Has found middle frontal gyrus
activation during explicit processing of angry adates in adults (Scheuerecker et
al., 2007). The lateral prefrontal cortex has &leen implicated in volitional
suppression or down-regulation of emotional experee(Beauregard, Levesque, &
Bourgouin, 2001; Ochsner et al., 2004). It is palssihat children tried to down-
regulate their negative experience when viewingragry adult face by using
cognitive reappraisal mechanisms. Therefore, fustudies should also assess self-
reported or physiologically determined arousalesponse to emotional faces in
children. The investigation of children's cognitemotion regulation mechanisms

may also provide an interesting field for futureearch.

Contrasts of peer vs. other-age faces in children

We were also interested in the contrasts of peester-age faces both for
happy and angry expressions in children. As expegieesentation of all stimulus
categories activated the visual cortices of thepitat lobe in children as well as in
adults. However, adult faces elicited more actorathan child faces in visual

cortices. This might be accounted for by low-lepetceptual differences between
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adult and child faces in our stimulus sets. Thoogth sets of stimuli depicted full-
frontal view faces and were equated for size, wiendit equate luminance and
brightness which may affect early visual processhiternatively, the amygdala
which is known to affect visual processing in tx&rastriate cortex (Pourtois, Dan,
Grandjean, Sander, & Vuilleumier, 2005; Vuilleumi2®05) may have enhanced the
visual processing of adults’ emotional faces, #ytipossess a greater emotional
salience. However, this is rather unlikely, sinogygdala activations were not
consistently stronger for adult faces.

When children saw angry child faces relative torgraglult faces increased
activation was found in left posterior parahippogairgyrus and the cerebellum. The
parahippocampal gyrus is highly interconnected wWithamygdala and has been
implicated in emotional memory (Stein et al., 2005)rthermore, the
parahippocampal gyrus is activated by unpleasantbtsuch as dissonant music
(Blood, Zatorre, Bermudez, & Evans, 1999; Koelgaiitz, v. Cramon, Muller, &
Friederici, 2006) and aversive pictures (Lane ¢t1&8l97). Involvement of the
cerebellum in emotional processing and emotionlegigun has been demonstrated in
previous research (Schutter & van Honk, 2005) spetculations on its role in
emotion processing in childhood may be prematureesihere is still relatively little
research on cognitive cerebellar functions.

When children were presented with happy peer yspynadult faces
activations were found in right posterior cingulatertex, left insula and the
cerebellum. The posterior cingulate cortex (PCG)lteen implicated mostly in
episodic memory retrieval and pain, but also in gomoand facial expression
perception (see Nielsen, Balslev, & Hansen, 20@5afmeta-analysis). In particular,

the PCC is sensitive to the emotional saliencexpégmental stimuli (Maddock,
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1999). The insula is an important structure for gomal processing and the matching
between one's own sensations and the sensatiatises§. For instance, the anterior
insula is implicated in perceiving aversive odassaeell as disgusted emotional
expressions (Wicker et al., 2003), and in experenpain as well as empathy for
others' pain (Singer et al., 2004). Furthermore,itisula has been suggested as a
relay structure between action representationsnaftienal expressions in premotor
areas and the amygdala in adults and children (@a@wboni, Dubeau, Mazziotta, &
Lenzi, 2003; Pfeifer, lacoboni, Mazziotta, & Dapogt2008). Thus, in children happy
peer faces activated an important structure forispaffect more than happy adults

faces.

Behavioral emotion recognition

Finally, our behavioral results of the post-hoc &ororecognition task require
some discussion. The finding that children are na@@irate in recognizing happiness
in their peers relative to anger is in accordantthk previous findings (Carlson et al.,
1983Db). Interestingly, adults in previous studied e the current study are also
relatively inaccurate in recognizing angry expressiin children (Carlson et al.,
1983a). It is therefore possible that adults’ iasexl amygdala activation for angry
child faces relative to angry adult faces relatethé relative ambiguity of children’s
angry expressions (see Whalen, 1998, on the inmawe of the amygdala in the
disambiguation of threat-related stimuli). Carlsom colleagues (1983a) suggested
that adults may be reluctant to identify a chiléfotional state as anger and therefore
avoid this label for children’s emotional expressioThe accuracy for recognizing
happy and angry child expressions was slightly éidtut comparable to results from

a previous study using similar behavioral procesluvih 4- and 5-year-olds and
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adult participants (Schwartz Felleman et al., 1988 current behavioral results
yielded no evidence for an own-age bias in ematmognition using an emotional

labeling task on a multiple choice basis in childog adults.

Limitations of the current study

One limitation of the current study concerns thedrretion to happy and angry
emotional expressions and the exclusion of a nlecardrol condition. For instance,
fearful faces are very often examined in imagingl&s on the development of
emotion processing (e.g. Monk et al., 2003; Lobaeighl., 2006; Thomas et al.,
2001; Guyer et al., 2008). However, children in¢herent experiment were younger
than in previous studies and this is why we regdour study to those emotional
facial expressions which can be the most reliabtpgnized and labelled by pre-
school children: happy and angry faces (e.g. Welletaal., 1995; Widen & Russel,
2003 Herba & Phillips, 2004). The lack of a nonegianal control condition is
justified by the poor recognition of neutral facegyoung children which are often
confused with negative expressions (Carlson el @83b; Gross & Ballif, 1991).
However, one possibility would be to include lowensity happy or calm faces as a
baseline for highly emotional faces. This optionwdd be taken into account in future

research.

Conclusions

The current study demonstrates that important em@trocessing brain
structures are involved in emotional face perceptp 5 years of age. In particular,
the amygdala was strongly activated by happy agdyaexpressions of adults and

peers. Both age groups performed almost equallyimwbkehaviorally identifying
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emotional faces of children and adults, suggestmgwn-age bias in emotion
recognition for children and young adults. Howewithe neural level, interesting
differences in the processing of emotional peeptiser-age faces were observed.
While children showed stronger amygdala activatioresponse to angry adult faces,
adults showed stronger amygdala activation foryanobild faces. In both age groups
enhanced amygdala involvement was found for hapey faces relative to happy
non-peer faces. Though this effect was only a tecglen adults, the observed pattern
of results suggests an increased responsivenassl tgreater relevance of peer

smiles.
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Table 1. Results of a region-of-interest analysiglie amygdala implementing a
direct comparison of functional activation betweellts and children. Positive z-
scores correspond to stronger activation in childh@an in adults, negative z-scores
vice versa. Results are listed for the four basatontrasts and the direct contrast of
angry faces (child minus adult) and happy facesgdchinus adult) for the left (L)

and the right amygdala (R), respectively.

amygdala
Contrast Z score p-value
hemisphere
angry adult faces L 2.35 p <0.01
R 1.57 p =0.06
happy adult faces L 1.85 p <0.05
R <1
angry child faces L 1.55 p =0.06
R <1
happy child faces L 3.25 p <0.001
R <1
child angry faces minus
L -1.15 p=0.13
adult angry faces
R -2.39 p<0.01
child happy faces minus
L 1.98 p <0.05
adult happy faces
R <1
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Figure captions.
Figure 1: Examples of stimulus faces. From left to right: pgghild, angry child,

happy adult, angry adult.

Figure 2: Functional activation for children during the pretation of angry/happy
adult/child faces in baseline contrasts. The fidists two lateral views and a coronal
section trough the amygdala for each contrastvAtion is particularly found in
occipital visual areas and some prefrontal aresagedl as in the amygdala. For direct
comparison of amygdala activation between groups,Table 1. See Supplementary

Tables 1 to 4 for lists of activated regions.

Figure 3: Functional activation for adults during the praaéion of angry/happy
adult/child faces in baseline contrasts. The fidists two lateral views and a coronal
section trough the amygdala for each contrastvAtitn is found in occipital visual
areas, prefrontal areas, and in the amygdala. G@ele&nentary Tables 5 to 8 for lists

of activated regions.

39



Figure 1.
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Figure 2.
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Figure 3.
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Supplementary Material:

Supplementaryable 1. Contrast of angry adult faces vs. basétinehildren. Note

that Talairach coordinates indicate peak voxekllitables.

Talairach coordinates

Area (BA) X y z mm zZ score
Right Hemisphere

Middle Frontal Gyrus (46) 43 29 21 297 3.24
Thalamus, Pulvinar 19 -31 3 1809 3.84
Amygdala 19 -1 -15 2592 4.63
Limbic Lobe, Uncus (38) 25 2 -36 783 3.26
Cingulate Gyrus (31) 10 -28 36 297 -3.19
Insula (13) 31 23 6 1080 -3.55
Superior Temporal Gyrus (22) 55 -10 9 486 -3.33
Inferior Temporal Gyrus (20) 52 -10 -24 1242 -3.40
Cerebellum 31 -76 -30 5508 -3.34
Left Hemisphere

Middle Frontal Gyrus (6) -56 2 42 405 3.29
Occipital Lobe (17) -8 -85 0 98334 5.90
Parahippocampal Gyrus (27) -20 -31 -3 1539 3.83
Amygdala -17 -7 -15 1539 3.79
Inferior Parietal Lobule (40) -50 -43 36 2727 -3.77
Superior Temporal Gyrus (42) -65 -28 15 2430 -3.87
Cerebellum -14 -52 -18 729 -3.17
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Supplementaryable 2. Contrast of happy adult faces vs. baséinehildren.

Talairach coordinates

Area (BA) X y z mn z score

Right Hemisphere

Occipital Lobe (18) -2 -85 0 99927 5.68
Thalamus, Pulvinar 16 -28 6 5886 4.07
Medial Frontal Gyrus (11) -2 32 -12 1107 3.36
Inferior Parietal Lobule (40) 52 -43 39 405 -3.16
Parietal Lobe, Precuneus (39) 46 -70 36 702 -3.54
Insula (13) 37 20 6 972 -3.17
Superior Temporal Gyrus (22) 61 -46 12 756 -3.09
Precentral Gyrus (44) 64 11 9 270 -3.69
Insula (22) 43 -28 -3 540 -3.21
Fusiform Gyrus (20) 43 -25 -24 3402 -4.90

Left Hemisphere

Thalamus, Pulvinar -20 -31 3 2484 3.96
Amygdala -26 -4 -15 3429 4.05
Supramarginal Gyrus (40) -41 -43 36 2268 -3.67
Superior Temporal Gyrus (41) -35 -40 15 1080 -4.02
Caudate Tall -17 -40 15 702 -3.11
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Supplementaryable 3. Contrast of angry child faces vs. basdbnehildren.

Talairach coordinates

Area (BA) X y z mn z score
Right Hemisphere
Occipital Lobe (18) -2 -82 3 82377 5.36
Parahippocampal Gyrus (28),

16 -10 -12 1080 3.16
Amygdala
Cingulate Gyrus (31) 16 -34 36 648  -3.34
Cingulate Gyrus (24) 22 -16 42 1242 -3.35
Hippocampus 28 -43 9 810 -4.18
Fusiform Gyrus (20) 46 -31 -27 1782 -4.99
Cerebellum 19 -49 -30 540 -3.34
Left Hemisphere
Thalamus, Pulvinar -20 -31 9 4104 4.30
Medial Frontal Gyrus (11) -8 29 -12 1377 3.42
Cingulate Gyrus (24) -23 -13 36 972 -3.57
Insula (13) -47 -34 18 2376 -4.12
Superior Temporal Gyrus (22) -62 -52 12 459 -4.28
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Supplementaryable 4. Contrast of happy child faces vs. basdétnehildren.

Talairach coordinates

Area (BA) X y z mn z score
Right Hemisphere

Parietal Lobe, Precuneus (7) 25 -58 48 567 3.61
Amygdala 16 -7 -15 1701 3.69
Middle Frontal Gyrus (11) 16 41 -15 486 3.58
Supramarginal Gyrus (40) 58 -43 36 297 -3.11
Middle Temporal Gyrus (39) 52 -67 21 405 -3.72
Claustrum 25 23 12 999 -3.84
Cerebellum 31 -76 -42 3861 -3.51
Left Hemisphere

Occipital Lobe (17) -8 -85 0 96228 5.65
Superior Temporal Gyrus (41) -38 -40 9 756 -4.07
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Supplementaryable 5. Contrast of angry adult faces vs. basétinadult

participants.

Talairach coordinates

Area (BA) X y z mn z score

Right Hemisphere

Superior Frontal Gyrus (6) 13 35 54 486 3.53
Middle Frontal Gyrus (9) 52 5 36 12474 5.35
Parietal Lobe, Precuneus (7) 22 -55 48 5157 4.06
Occipital Lobe (18) 10 -76 -6 221076 7.02
Superior Frontal Gyrus (9) 10 62 30 1566 3.68
Superior Frontal Gyrus (10) 7 68 15 270 3.13
Inferior Frontal Gyrus (47) 34 29 -18 16308 4.70
Parietal Lobe, Precuneus (19) 34 -76 36 5589 -4.47
Supramarginal Gyrus (40) 58 -46 27 351 -3.65
Thalamus, Pulvinar 13 -37 18 783 -4.53
Fusiform Gyrus (20) 46 -34 -12 297 -3.27
Cerebellum 13 -94 -27 270 -3.40

Left Hemisphere

Middle Frontal Gyrus (8) -53 8 42 11151 4.49
Inferior Frontal Gyrus (47) -41 23 -6 3699 4.60
Parahippocampal Gyrus/

-35 -7 -15 405 3.59
Amygdala
Cerebellum -14 -73 -30 270 3.25
Cerebellum -20 -37 -36 783 3.32
Occipital Lobe (19) -41 -82 36 351 -3.65
Superior Temporal Gyrus (41) -50 -22 9 486 -3.41
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Cerebellum -23 -94 -27 297 -3.44
Supplementaryable 6. Contrast of happy adult faces vs. basé&inadult
participants.

Talairach coordinates

Area (BA) X y z mm Z score

Right Hemisphere

Superior Frontal Gyrus (8) 19 32 48 729 3.32

Middle Frontal Gyrus (6) 25 -10 45 351 3.15

Middle Frontal Gyrus (46) 52 23 24 10044 5.03

Precentral Gyrus (6) 46 -7 24 864 3.13

Caudate Body -2 5 15 648 3.10

Temporal Lobe (20) 49 -16 -18 675 3.46

Cerebellum 16 -40 -33 432 3.20

Inferior Parietal Lobule (40) 49 -55 45 5913 -51.4

Cerebellum 34 -85 -24 405 -3.28

Left Hemisphere

Middle Frontal Gyrus (9) -50 29 30 14526 4.82

Occipital Lobe (18) -11 -97 18 279234 7.21

Superior Frontal Gyrus (6) -8 14 48 486 3.18

Cerebellum -20 -37 -36 864 3.71

Supramarginal Gyrus (40) -62 -58 33 5913 -3.34

Superior Temporal Gyrus (22) -53 -37 -15 432 -3.34
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Supplementaryable 7. Contrast of angry child faces vs. basdbnadult

participants.

Talairach coordinates

Area (BA) X y z mm zZ score
Right Hemisphere

Occipital Lobe (18) 10 -76 -6 221724 6.85
Precentral Gyrus (6) 31 -7 51 648 3.28
Middle Frontal Gyrus (11) 28 32 -15 9126 4.58
Inferior Parietal Lobule (40) 49 -55 45 8640 -5.39
Cingulate Gyrus (31) 7 -28 36 297 -3.18
Anterior Cingulate (32) 1 41 12 378 -3.18
Superior Temporal Gyrus (22) 49 -25 -9 1539 -3.31
Superior Temporal Gyrus (22) 67 -22 0 351 -3.51
Left Hemisphere

Precentral Gyrus (4) -62 -7 24 4617 4.40
Superior Frontal Gyrus (9) -14 65 33 729 3.75
Middle Frontal Gyrus (9) -50 29 30 837 3.42
Inferior Frontal Gyrus (47) -41 26 -9 1701 5.07
Superior Temporal Gyrus (38) -41 14 -24 2565 4.48
Cerebellum -29 -40 -33 1890 4.13
Superior Parietal Lobule (7) -38 -70 51 8640 -5.39
Inferior Parietal Lobule (40) -56 -49 51 297 -3.54
Superior Temporal Gyrus (39) -59 -58 27 2457 -3.78
Superior Temporal Gyrus (41) -47 -25 9 972 -3.19
Middle Temporal Gyrus (21) -62 -28 -12 729 -3.41
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Supplementaryable 8. Contrast of happy child faces vs. basdébnadult

participants.

Talairach coordinates

Area (BA) X y z mm z score

Right Hemisphere

Superior Frontal Gyrus (6) -2 5 57 1107 3.53

Occipital Lobe (18) 13 -70 -3 289170 7.06
Superior Frontal Gyrus (8) 16 38 51 432 3.24
Superior Frontal Gyrus (10) 7 62 21 1674 3.64
Inferior Parietal Lobule (40) 49 -55 45 4590 -4.37
Cerebellum 28 -88 -27 1674 -4.17

Left Hemisphere

Precentral Gyrus (6) -47 -7 33 15498 4.27
Superior Frontal Gyrus (10) -17 68 27 513 4.35
Inferior Frontal Gyrus (47) -35 32 -15 3402 4.65
Inferior Parietal Lobule (40) -47 -67 48 513 -3.53
Superior Frontal Gyrus (11) -26 50 -27 2457 -4.22
Cerebellum -23 -94 -27 351 -3.57
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Supplementary Table 9. Contrast of angry adultdase angry child faces for adult

participants.

Talairach coordinates

Area (BA) X y z mm zZ score
Right Hemisphere

Superior Frontal Gyrus (6) 4 32 54 1242 3.82
Supramarginal Gyrus (40) 49 -49 33 1134 3.58
Cingulate Gyrus (32) 1 26 30 918 3.72
Superior Temporal Gyrus (22) 52 -52 18 702 4.43
Medial Frontal Gyrus (10) 7 65 6 3942 4.53
Precentral Gyrus (44) 58 14 6 729 3.42
Thalamus, Pulvinar 13 -28 3 486 3.38
Middle Temporal Gyrus (21) 49 -31 -3 405 3.91
Medial Frontal Gyrus (11) 1 53 -15 297 3.57
Left Hemisphere

Superior Parietal Lobule (7) -44 -64 51 594 3.40
Cingulate Gyrus (31) -5 -28 33 1755 3.96
Supramarginal Gyrus (40) -62 -55 36 1188 3.67
Occipital Lobe (18) -14 -97 -3 50085 5.88
Occipital Lobe, Precuneus (31) -14 -61 30 486 3.46
Middle Frontal Gyrus (10) -23 62 21 2187 3.82
Superior Temporal Gyrus (22) -65 -43 9 351 3.61
Parahippocampal Gyrus (30) -11 -31 -6 405 3.91
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