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Abstract 

The recognition of emotional expressions is an important skill and relates to 

social functioning and adjustment in childhood. The current functional MRI study 

investigated the neural processing of angry and happy facial expressions in 5- to 6-

year-old children and in adults. Participants were presented happy and angry faces of 

adults and children while they performed a non-emotion-related task with low 

cognitive load. Very similar neural networks were involved in the processing of angry 

and happy faces in adults and children, including the amygdala and prefrontal areas. 

In general, children showed heightened amygdala activation in response to emotional 

faces relative to adults. While children showed stronger amygdala activation in 

response to angry adult compared to angry child faces, adults showed stronger 

amygdala activation for angry child faces. In both age groups enhanced amygdala 

involvement was found for happy peer faces relative to happy non-peer faces, though 

this effect was only a tendency in adults. The findings are discussed in the context of 

the development of the social brain network. 
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Children’s processing of emotions expressed by peers and adults: An fMRI study  

The recognition and correct interpretation of emotional facial expressions is an 

important skill as it relates to social functioning and social adjustment, including peer-

nominated social status in childhood (Leppänen & Hietanen, 2001; Mostow, Izard, 

Fine, & Trentacosta, 2002; Miller et al., 2005). Surprisingly, however, children’s 

processing of emotional expressions of peers relative to adults has not yet received 

much attention in research. Taking into account the importance of peer-acceptance for 

children’s social functioning it is reasonable to hypothesize that children’s recognition 

of emotional expressions of peers is at least as accurate as the recognition of 

emotional expressions of adults. Furthermore, the neural processing of emotional peer 

faces may recruit additional resources due to the high social relevance of emotional 

expressions displayed by same-aged children. This may be particularly true for the 

amygdala which plays an important role in processing emotions in adults (Adolphs, 

2002; Morris et al., 1996; Fitzgerald, Angstadt, Jelsone, Nathan, & Phan, 2006) and 

children (Thomas et al., 2001; Monk et al., 2003; Guyer et al., 2008). The amygdala is 

sensitive to the emotional significance and behavioral relevance of an emotional 

expression (Sato, Yoshikawa, Kochiyama, & Matsumura, 2004) and may therefore 

respond differently to peer vs. other-age faces in children and possibly in adults. 

In the domain of face recognition an own-age bias, i.e. enhanced recognition 

of own-age relative to other-age faces, has been established both for children and 

adults (Anastasi & Rhodes, 2005). One explanation for the own-age bias (and 

similarly for the own-race bias) may be that expertise in face recognition depends on 

the extent of exposure to certain groups, e.g. children may see other children 

particularly often in kindergartens, while they less frequently see a lot of elderly 

people. Alternatively, there may be fundamentally different processing strategies for 
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processing in-group vs. out-group faces with respect to age, including less automatic 

processing of out-group faces (see also Anastasi & Rhodes, 2005). However, it has 

not been investigated yet whether an own-age bias exists for the recognition of 

emotional expressions in children and adults and whether potentially different 

processing strategies for own-age and other-age faces can be associated with different 

brain activation patterns.  

In general, the recognition of emotional facial expressions undergoes a 

protracted development with gradual increases in children’s accuracy and speed in 

emotion matching and labeling tasks from early childhood to adolescence (see Gross 

& Ballif, 1991; Herba & Phillips, 2004; Leppänen & Nelson, 2006, for reviews). 

Happy, angry and sad expressions are usually the first correctly recognized and 

labeled emotional facial expressions in ontogeny followed by fear, surprise and 

disgust (Izard, 1971; Wellman, Harris, Banerjee, & Sinclair, 1995; Widen & Russel, 

2003). The few studies investigating children’s emotion recognition in peers have 

provided evidence that children are very accurate in identifying happiness, anger and 

sadness in peers and indicated that concurrent experience might be crucial for emotion 

recognition skills at a given age (Schwartz Felleman, Barden, Carlson, Rosenberg, & 

Masters, 1983; Reichenbach & Masters, 1983). There is also some evidence that 

adults are quite accurate in recognizing emotional expressions of children. They are 

especially accurate in recognizing happy expressions but less accurate for angry 

expressions (Carlson, Gantz, & Masters, 1983a). However, no studies have directly 

compared children’s and adults’ processing of same-aged and other-aged emotional 

faces or explored the neural correlates of emotion processing in both age groups using 

peer and non-peer faces as stimuli.  

Very little is known about the development of neural structures involved in the 
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processing of emotional facial expressions in children. In adults cortical and 

subcortical structures support the processing of emotional faces. The inferior occipital 

gyrus, fusiform gyrus and superior temporal gyrus are particularly involved in visual 

face processing (Kanwisher, McDermott, & Chun, 1997; Allison, Puce, & McCarthy, 

2000; Adolphs, 2002). Regions of the fusiform gyrus are engaged in encoding the 

identity of a face while superior temporal regions encode the changeable aspects of a 

face like gaze direction and emotional expressions (Haxby, Hoffman, & Gobbini, 

2000, Pelphrey, Viola, & McCarthy, 2004). For emotional face processing the 

amygdala is highly important (Adolphs, 2002). The amygdala is most consistently 

activated by fearful faces (Morris et al., 1996; Vuilleumier, Armony, Driver, & Dolan, 

2003), but also by other emotional facial expressions like happiness, anger, sadness 

and disgust (Fitzgerald et al., 2006). The specific role of the amygdala in processing 

emotional faces is still debated. While some authors have demonstrated that the 

amygdala is particularly involved in (social) learning situations (Whalen, 1998; 

Hooker, Germine, Knight, & D’Esposito, 2006), there is also evidence that the 

amygdala is sensitive to the emotional significance and behavioral relevance of an 

emotional expression (Sato et al., 2004).  

One of the few fMRI studies which investigated emotional face processing in 

children found that 10-year-olds recruit distinct neural networks for the processing of 

expressions of sadness, disgust and fear (Lobaugh, Gibson, & Taylor, 2006). Those 

areas included the amygdala, insula, cingulate gyrus, fusiform gyrus and superior 

temporal gyrus. This study provides evidence that neural structures for emotion and 

face processing in adults are already involved in processing emotional expressions in 

10-year-old children. There is, however, evidence for emotion-specific differences in 

amygdala activation between children and adults. In one study neutral faces elicited 
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increased amygdala activation relative to fearful faces in 11-year-old children, but the 

opposite pattern was found in adults (Thomas et al., 2001). This might be accounted 

for by the potential ambiguity of a neutral face. Neutral faces are particularly difficult 

to recognize for children (Herba & Phillips, 2004) and the amygdala is involved in 

processing the ambiguity of socially relevant, threat-related stimuli (Whalen, 1998). 

Two other recent fMRI studies with older participants investigating passive viewing 

of emotional faces found increased amygdala responses to fearful vs. neutral faces for 

adolescents (mean age 13 and 14 years) relative to adults, indicating functional 

development of the amygdala during adolescence on the way to adulthood (Monk et 

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

The current study is the first to investigate emotional expression processing in 

children as young as 5 to 6 years of age using fMRI. We chose to test 5- to 6-year-old 

children, because previous studies have shown the largest improvements of 

performance in emotion recognition tasks between 5 and 6 years of age making this 

period particularly interesting for investigating the neural correlates of emotion 

processing in childhood (Harrigan, 1984; Vicari, Snitzer Reilly, Pasqualetti, Vizzotto, 

& Calagirone, 2000).  

Happy and angry faces of 5- to 6-year-old children and adults were presented 

to adults and 5- to 6-year-old participants in order to (1) identify the brain regions 

involved in emotion processing in young children, (2) investigate whether emotional 

faces of peers are processed differently than adult faces by children and (3) whether 

activation of the amygdala differs between children and adults when the same 

emotional faces are presented and the same task is applied. In the direct comparison 

between children’s and adults’ brain responses we focus specifically on the amygdala 

because of its outstanding importance for emotion processing and the previously 
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observed developmental changes in amygdala involvement during emotional face 

processing (Thomas et al., 2001; Monk et al., 2003; Guyer et al., 2008). 

An explicit non-emotion-related task with relatively low cognitive load was 

applied in order to maintain the children’s attention without overstraining their 

attentional resources. Happy and angry faces were used as stimuli, since these 

emotions are well recognized by preschool-aged children (Herba & Phillips, 2004; 

Gross & Ballif, 1991). Neutral faces were not included, because children usually have 

difficulty recognizing neutral expressions and often confuse them with sadness (see 

Gross & Ballif, 1991, for a review). Possibly, this finding reflects the relative absence 

of neutral expressions from relevant social learning situations (Carlson, Schwartz 

Felleman, & Masters, 1983b).  

Our hypotheses were as follows. (1) We predicted that the observation of 

emotional faces would lead to activation in areas that are involved in emotional 

expression processing in adults and older children. These areas include the amygdala, 

orbitofrontal gyrus, anterior cingulate gyrus and superior temporal gyrus (see 

Adolphs, 2002, for a review). (2) Furthermore, we hypothesized to find higher 

activations in emotion-related structures for peer faces in children, because of the 

relevance of emotion recognition in peers for social functioning in childhood 

(Mostow et al., 2002). However, in case of an own-age bias for emotional face 

recognition it is also conceivable that the processing of own- and other-age faces may 

recruit different neural networks reflecting different processing strategies. (3) 

Regarding the amygdala we predicted enhanced activation for angry adult compared 

to angry child faces in both children and adults due to the potentially greater 

behavioral relevance of an adult’s angry expression. Alternatively, taking into account 

the importance of peer-acceptance in childhood, the amygdala may respond more to 
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angry peer faces in children. Regarding the happy faces we predicted higher 

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

 

Methods 

Participants. The study was approved by the local Research Ethics 

Committee. Parents of participating children gave written informed consent and filled 

in a questionnaire regarding operations, neurological or psychiatric illnesses and 

medications of their child and were also asked verbally about the results of mandatory 

preventive medical check-ups of their child. Children gave verbal assent prior to the 

scanning. None of the children had any known neurological or psychiatric disease or 

disorder or medical treatment affecting the central nervous system. Twenty-seven 

typically developed children took part in the current study. Nine children had to be 

excluded from the final sample, because they quit the experiment early (n=5), because 

of too much movement (n=2), or because of anatomical abnormalities (n=2). 

Movement correction was allowed up to 3 mm (one voxel). If a child showed greater 

movements in the first half of the experiment he or she was excluded from the 

analyses. Data from children who showed movement greater than 3 mm at a later 

point of the experiment were cut just before the onset of the movement (see section on 

fMRI Data Processing and Analysis). The remaining 18 participants were on average 

6;2 years old (age range 5;1 to 6;11 years; 11 females). Children received a toy for 

participation and their parents were reimbursed for coming to the institute.  

Furthermore, 18 adult participants were recruited from an existing database of 

young adults who had expressed interest in participating in neuroscience research. 

They had filled in a questionnaire regarding operations, neurological or psychiatric 

illnesses and medications and had no known neurological or psychiatric disease or 
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disorder and received no medical treatment affecting the central nervous system. 

Adult participants were on average 24 years old (age range 20-30 years; 9 females). 

They gave written informed consent and were paid for participation. All participants 

(adults and children) were right-handed. 

 

Stimuli. Adult face stimuli consisted of 5 male and 5 female caucasian faces 

from the NimStim Face Stimulus Set (www.macbrain.org; Tottenham et al., 2009). 

Happy and angry pictures were taken from all 10 actors. Pictures of 5- to 6-year-old 

children expressing happiness and anger were taken in the laboratory and then rated 

by 19 adults. The children were asked to look “as if they were happy/ angry” and if 

necessary given examples (“As if you got a present”) by the photographer or parents. 

Children were not asked to mimic an expression by someone else, but rather to 

express the emotion as if they felt it themselves. Parents gave written informed 

consent that the pictures may be used as stimulus material in the current experiment. 

Pictures of 5 male and 5 female happy children and 5 male and 4 female angry 

children were included as stimulus pictures for the current experiment (see Figure 1 

for examples). One girl did not express anger to a recognizable degree, i.e. < 63% 

correct ratings in a multiple choice based task with anger, happiness, sadness and fear 

as response options. This picture was therefore not included in the stimulus set of the 

current study. Furthermore, one realistic color drawing of a chimpanzee’s face was 

used for the button press task. All faces were presented in full frontal view and were 

equated for size.  

- Insert Figure 1 about here - 

 

Procedure 
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Activation Paradigm. Participants underwent one fMRI run of 18 minutes of 

length. Children and adult participants were presented with 50 trials in each of the 

four conditions, namely happy child, happy adult, angry child and angry adult. 

Furthermore, 24 ape faces were presented unpredictably. Participants were asked to 

press a button whenever an ape face was presented in order to ensure maintenance of 

attention. Each stimulus was presented for 2000 ms with an average inter-stimulus 

interval of 2000 ms. The order of presentation of the pictures was randomized 

including temporal jittering (1500 ms, 1750 ms, 2000 ms, 2250 ms, 2500 ms) and 40 

null events consisting of a small fixation cross in the middle of the screen with a 

duration of 2000 ms. 

 

fMRI Data Acquisition. Scanning was performed on a 3 Tesla scanner 

(Siemens TRIO, Germany). For functional measurements, a gradient-echo EPI 

sequence was used with TE 30 ms, flip angle 90 degrees, TR 2 s, acquisition 

bandwidth 100 kHz. The matrix acquired was 64 × 64 voxels, FOV 192 mm, in-plane 

resolution 3 × 3 mm. 20 axial slices were recorded, slice thickness was 4 mm with an 

interslice gap of 1 mm. 

For registration, T1-weighted modified driven equilibrium Fourier transform 

(MDEFT) images were obtained (Ugurbil et al., 1993). Additionally, a set of T1-

weighted spin-echo EPI images was taken with the same geometrical parameters and 

the same bandwidth as used for the fMRI data. For anatomical data, a T1-weighted 

3D magnetization-prepared rapid gradient echo (MP-RAGE) sequence was obtained. 

Children participated in a mock MRI scanner session a couple of days before 

the actual scanning in order to get familiar with the experimental setting, task, and 

scanner noise. Each child underwent a simulated scanner session including the task 
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with stimuli similar but not identical to those presented during the fMRI 

measurement. To practice lying still in the scanner, children got verbal feedback via 

headphones during the session. Children who displayed too much movement or other 

problems during the mock session were excluded from the further study (n = 11).  

After the fMRI scanning session children and adult participants were asked to 

identify all faces used in the experiments with regard to the emotional expression on a 

multiple-choice mode with the possibility to state different emotions than listed and 

neutral. Children were presented the pictures and asked verbally whether the face 

looked as if the person was happy, angry, sad or fearful or something else and adults 

filled in a questionnaire. No forced-choice task was given in order to reduce response 

biases. 

 

fMRI Data Processing and Analysis 

Data processing and analyses were conducted using the software package 

LIPSIA (Lohmann et al., 2001). Functional data were motion-corrected offline with 

the Siemens motion correction protocol (Siemens, Germany). Movement correction 

was allowed up to 3 mm (one voxel). Because of too much movement, datasets of two 

children had to be excluded from further analyses, another five datasets of children 

had to be cut after 305, 317, 340, 460, and 524 of 537 repetitions. 

To correct for the temporal offset between slices acquired in one scan, a 

cubicspline interpolation was applied. A temporal high-pass filter with a cutoff 

frequency of 1/120 Hz was used for baseline correction and a spatial Gaussian filter 

with 7 mm FWHM was applied. To align functional data slices with a 3D stereotactic 

coordinate reference system, a rigid linear registration with six degrees of freedom (3 

rotational, 3 translational) was performed. Rotational and translational parameters 
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were acquired on the basis of the MDEFT (Norris, 2000; Ugurbil et al., 1993) and 

EPI-T1 slices to achieve an optimal match between these slices and the individual 3D 

reference data set. The rotational and translational parameters were subsequently 

transformed by linear scaling to a standard size (Talairach & Tournoux, 1988). The 

resulting parameters were then used to transform the functional slices using trilinear 

interpolation, so that the resulting functional slices were aligned with the stereotactic 

coordinate system. This linear normalization process was improved by a subsequent 

processing step that performed an additional nonlinear normalization (Thirion, 1998). 

The transformation parameters obtained were then applied to the functional slices. 

Slice gap values were interpolated using a trilinear interpolation, generating output 

data with a spatial resolution of 3 x 3 x 3 mm.  

Adults and children were normalized to separate templates because the use of 

a common template for adults and children younger than 7 years of age is problematic 

(Kang, Burgund, Lugar, Petersen, & Schlaggar, 2003; Brauer & Friederici, 2007; 

Brauer, Neumann, & Friederici, 2008; Wilke, Schmithorst, & Holland, 2002) and thus 

could produce artifactual functional results (Muzik, Chugani, Juhasz, Shen, & 

Chugani, 2000). Nonlinear normalization of each brain was carried out on the most 

average brain from the respective group. The two reference brains for this procedure 

were selected based on the normalization amount of each brain onto each other within 

groups. Then, normalization was carried out for every dataset on the most average 

brain in each group (see e.g. Thomas et al., 1999).  

Functional data were analyzed for task-related activation using the general 

linear model for serially autocorrelated observations (Friston, 1994; Friston et al., 

1995a; Friston et al., 1995b) as implemented in LIPSIA. In the design matrix, 

regression coefficients were estimated for the five event types (happy child/ happy 
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adult/ angry child/ angry adult and nullevents) time-locked to the beginning of the 

event. The design matrix was generated with a synthetic haemodynamic response 

function and its first derivative (Friston et al., 1998; Josephs, Turner, & Friston, 

1997). The statistical evaluation was based on a general linear regression with pre-

whitening (Worsley et al., 2002).  

For each participant 6 contrast images were generated. The four conditions 

were first compared to baseline (including only nullevents) in order to identify the 

emotion processing framework activated in the current paradigm. Then for the happy 

and angry conditions child and adult faces were contrasted, respectively, and contrasts 

are reported in both directions. Each individual functional dataset was aligned with 

the stereotactic group reference space. Individual contrast images from the single 

subject analyses for each comparison were then entered into second level (random 

effects) analyses to determine task-specific regional responses using one-sample t-

tests. Subsequently, t-values were transformed to z-scores. To protect against false 

positive activations, only regions with z-scores greater than 3.09 (p < 0.001; 

uncorrected) and with a volume greater than 270 mm3 (10 voxels) were considered. 

In order to contrast functional activation in children and adults directly, a 

region of interest (ROI) analysis was conducted for the amygdala. The core centre 

location of the amygdala was anatomically defined in both groups separately in 

normalized T1 group images in a coronal section at y = -8 for adults and y = -8 for 

children. A spherical ROI of 7mm in diameter was defined for each hemisphere in 

both groups. Implementing these masks on functional data, individual activation 

values were extracted and compared statistically in a between-group analysis for each 

contrast.  
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Results 

Neuroimaging results  

Children. The results for all baseline contrasts for the child sample are 

depicted in Figure 2. The perception of angry adult faces led to activation peaks in 

occipital areas, bilateral middle frontal gyrus, right pulvinar and uncus, left 

parahippocampal gyrus and amygdala bilaterally (see Supplementary Table 1). Happy 

adult faces activated the occipital lobe, bilateral pulvinar, right ventral medial frontal 

gyrus and left amygdala (see Supplementary Table 2). Angry child faces led to 

activations in occipital lobe, left pulvinar and medial frontal gyrus and right amygdala 

(see Supplementary Table 3). Happy child faces elicited responses in occipital lobe, 

right precuneus, right middle frontal gyrus and right amygdala (see Supplementary 

Table 4). When contrasting activations for child faces and adult faces the following 

differences were found. Angry child faces relative to angry adult faces elicited 

increased hemodynamic responses in left parahippocampal gyrus (x = -11, y = -40, z 

= 0; 675mm3; z-score = 3.92) and left cerebellum (x = -47, y = -64, z = -24; 297mm3; 

z-score = 3.53). In the reverse contrast (angry adult > angry child faces) increased 

activations were found in right occipital lobe, BA 19 (x = 28, y = -88, z = 9; 

38313mm3; z-score = 4.54) and left caudate (x = -14, y = 23, z = 3; 864mm3; z-score 

= 3.56). Happy child faces compared to happy adult faces elicited responses in right 

posterior cingulate gyrus (x = 4, y = -34, z = 27; 297mm3; z-score = 4.27), cerebellum 

(x = 43, y = -40, z = -27; 540mm3; z-score = 3.43) and in the left insula (x = -41, y = -

4, z = 9; 918mm3; z-score = 3.63). The reverse contrast (happy adult faces > happy 

children faces) elicited responses in left occipital lobe (x = -23, y = -94, z = 27; 

378mm3; z-score = 3.58) and fusiform gyrus (x = -20, y = -79, z = -12; 18927mm3; z-

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

 

 Adults. The results for all baseline contrasts for the adult sample can be found 

in Figure 3. Angry adult faces elicited activation in right occipital lobe and precuneus, 

bilateral middle frontal gyrus and inferior frontal gyrus, right superior frontal gyrus 

and left cerebellum and amygdala (see Supplementary Table 5). Happy adult faces led 

to activation peaks in occipital lobe, bilateral middle frontal gyrus and superior frontal 

gyrus, right precentral gyrus, temporal lobe and caudate and cerebellum (see 

Supplementary Table 6). Angry child faces activated the occipital lobe, the bilateral 

precentral gyrus and middle frontal gyrus and left superior frontal gyrus, inferior 

frontal gyrus, superior temporal gyrus and cerebellum (see Supplementary Table 7). 

Happy child faces elicited activations in the occipital lobe, the bilateral superior 

frontal gyrus and left precentral gyrus and inferior frontal gyrus (see Supplementary 

Table 8). The contrasts between child and adult faces revealed the following. For the 

contrast angry child faces > angry adult faces activation was found in left angular 

gyrus (x = -35, y = -76, z = 33; 999mm3; z-score = 3.81) and left middle temporal 

gyrus (x = -40, y = -70, z = 21; 513mm3; z-score = 3.31). The reverse contrast (angry 

adult faces > angry child faces) revealed activation peaks in various cortical areas 

such as the right superior and medial frontal gyrus, bilateral cingulate gyrus, bilateral 

superior and right middle temporal gyrus, left superior parietal lobe, occipital lobe and 

parahippocampal gyrus as listed in Supplementary Table 9. The contrast happy child 

> happy adult faces led to an increased BOLD response in right postcentral gyrus (x = 

43, y = -19, z = 54; 621mm3; z-score = 3.81 and x = 67, y = -10, z = 15; 270mm3; z-

score = 3.27), right middle temporal gyrus (x = 37, y = -64, z = 15; 1377mm3; z-score 

= 3.53), left superior temporal gyrus (x = -53, y = -40, z = 12; 324mm3; z-score = 
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3.49), right parahippocampal gyrus (x = -32, y = -52, z = -6; 324mm3; z-score = 3.98) 

and cerebellum (x = 34, y = -55, z = -9; 2079mm3; z-score = 3.49 and x = -2, y = -43, 

z = -9; 324mm3; z-score = 3.48). The reverse contrast (happy adult > happy child 

faces) activated occipital areas (x = -8, y = -100, z = 6; 36342mm3; z-score = 5.21), 

left caudate (x = -2, y = 5, z = 18; 594mm3; z-score = 4.13), left posterior cingulate (x 

= -2, y = -37, z = 18; 297mm3; z-score = 3.34) and right medial frontal cortex (x = 16, 

y = 56, z = 6; 324mm3; z-score = 3.42). 

- Insert Figure 3 about here - 

 

Direct group comparison. Results of the ROI analysis for a direct comparison 

of adults’ and children’s brain activation support the single group data. The overall 

pattern of amygdala involvement during the processing of emotional faces shows 

stronger amygdala activation in children than in adults for all emotional face vs. 

baseline contrasts (see Table 1). When considering the contrast of child angry faces 

minus adult angry faces for the adult sample vs. the child sample, adults showed 

stronger activation in the right amygdala compared to children. This effect is due to 

children’s enhanced right amygdala activation for angry adult minus angry child faces 

(z-score = 2.22) while adults showed the opposite effect (z-score = -1.30). In contrast, 

statistical comparison revealed stronger amygdala activation for children compared to 

adults for the contrast of happy child faces vs. happy adult faces in the left amygdala. 

As expected, children showed heightened left amygdala activation for happy child 

faces minus happy adult faces (z-score = 1.75) while adults showed a tendency in the 

opposite direction (z-score = -0.6). 

- Insert Table 1 about here - 
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Face rating results (Post-test). Children classified 99 % of the happy child 

faces and 99% of the happy adult faces correctly as happy. Furthermore, children 

recognized 64% of the angry child faces and 89% of the angry adult faces as 

displaying anger. Adult participants correctly identified 95 % of the happy child faces, 

97 % of the happy adult faces, 65% percent of the angry child faces and 97 % of the 

angry adult faces.  

 

Discussion 

 The current study investigated emotional face processing in 5- to 6-year-old 

children and adults comparing brain responses to emotional peer-faces with brain 

activations elicited by other-age faces. Our findings show that crucial structures for 

emotion processing are involved in very young children’s perception of emotional 

faces of peers and adults. All baseline contrasts of emotional faces showed strong 

amygdala activations in children (see Figure 2). Interestingly, these activations were 

stronger in children compared to adults. We will discuss all contrasts for the children 

sample and confine our discussion of the adult sample on the direct comparison 

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

  

The amygdala in development 

In previous research the amygdala has been identified as a key structure for 

detecting biologically relevant information in the environment (Whalen, 1998; 

Öhmann, 2005), fear-conditioning (Mineka & Öhmann, 2002), and also for complex 

social judgment (Adolphs, 2003) and social learning (Hooker et al., 2006; Olsson & 

Phelps, 2007). The importance of the amygdala for evaluating the environment in 

early ontogeny is fostered by lesion studies with infant rhesus monkeys (Amaral, 
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2003). It has been suggested that a rapid subcortical face-detection system including 

the superior colliculus, pulvinar and the amygdala which has been studied mostly in 

the context of fearful face processing in adults (Vuilleumier et al., 2003) may already 

exist in newborn human infants (Johnson, 2005).  Johnson (2005) has argued that this 

subcortical pathway may not be restricted to fearful faces in development, but rather 

helps to establish the social brain network (see Adolphs, 2003) by enhancing the 

cortical processing of socially relevant stimuli. As suggested by Leppänen and Nelson 

(2009) the amygdala may be a key structure in human social development mediating 

inherent perceptual biases to biologically salient stimuli and experience-dependent 

fine-tuning of cortical areas specialized for the processing of social information. Our 

study is the first to show amygdala and pulvinar engagement in emotional face 

processing in children as young as 5 to 6 years of age. These activations were 

observed both in response to angry and happy faces, strengthening the notion that the 

subcortical face detection pathway is not restricted to the processing of fearful or 

threatening faces in early development, but enhances the processing of socially 

relevant stimuli both positive and negative in valence.  

Results of a direct contrast of amygdala involvement between children and 

adults correspond to the single group analyses. Children show stronger activation of 

the left amygdala for the processing of emotional faces than adults, demonstrating 

children’s amygdala involvement in processing both happy and angry faces especially 

when angry adult faces and happy child faces are presented. The lateralization of this 

effect to the left hemisphere corresponds with more frequent left lateralized amygdala 

activations in previous research on the processing of emotional faces in adults (see 

Baas, Aleman, & Kahn, 2004, for a systematic review on the lateralization of 

amygdala activations).  
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Some previous studies have found increased amygdala activation for 

emotional (fearful) faces in adolescents compared to adults (Monk et al., 2003; Guyer 

et al., 2008), though, to our knowledge, no similar study has been conducted with 

preschool children. Increased amygdala activation when viewing emotional faces 

might indicate children’s increased sensitivity to emotional faces and/or less mature 

cognitive control systems compared to adults. Guyer and colleagues (2008) found 

increased amygdala reactivity to fearful faces in 9- to 17-year-olds compared to adults 

during passive viewing. In addition, the authors found stronger amygdala–

hippocampus connectivity in adults compared to adolescents. This was interpreted as 

an indication of immature memory formation for emotional faces or immature 

habituation to fearful expressions in adolescence. Interestingly, the authors did not 

find differences in amygdala activation to happy and angry faces compared to fixation 

between adolescents and adults. Taken together with the present findings this suggests 

that children’s amygdala is more responsive than the adult amygdala to a broader set 

of emotional expressions early in development, then refines its sensitivity to fearful 

faces in adolescence and finally becomes generally less responsive to emotional faces 

in adulthood. This pattern may relate to maturing cognitive control and emotion 

regulation mechanisms in the course of ontogeny. Previous research has demonstrated 

the protracted development of prefrontal attentional control mechanisms during 

childhood and adolescence and related theses findings to increasing emotional control 

and self-regulation (e.g. Lewis, Lamm, Segalowitz, Stieben, & Zelazo, 2006; see 

Happaney, Zelazo, & Stuss, 2004 and Posner & Rothbart, 1998 for reviews). 

However, it has to be determined in future work whether increased amygdala 

activation in children goes along with increased self-reported or physiologically 

determined arousal which was not assessed in the current experiment. 
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 The group contrast of angry adult minus angry child faces revealed slightly 

stronger activation of the right amygdala in children in contrast to adults who showed 

the opposite effect with slightly stronger effects for the processing of angry child 

faces compared to angry adult faces. The stronger response in children’s right 

amygdala for processing angry adult faces and in adults for processing angry child 

faces is a novel finding. The key for this result might be found in the relevance of the 

detection of angry emotions for children in the faces of adults and possibly also for 

adults in the faces of children. In previous research activation of the right amygdala 

has been associated with the experience of negative emotion (Lanteaume et al., 2007) 

while observing emotional facial expressions more consistently activates the left 

amygdala (Baas et al., 2004). It is thus possible that the observed pattern of right-

lateralized amygdala activation in this study relates to the participants’ experience of 

negative affect in response to the display of an angry face. From the onset of 

locomotion in infancy children are regularly faced with angry expressions of their 

parents (Campos et al., 2000) which strongly influence children’s behavior (Vaish, 

Grossmann, & Woodward, 2008) and often elicit strong affective responses. These 

experiences may still override the effects of ostracism or hostility displayed by peers 

in preschool children, thus, eliciting stronger amygdala responses for angry adult 

faces compared to angry child faces. Adults, on the other hand, have been shown to be 

reluctant to label a child’s (genuine or simulated) angry expression as anger (Carlson 

et al., 1983a). It has been speculated that adults may show some “intuitive 

resentment” against this emotion in children and rather often misinterpret a child’s 

angry expression as sad. While an adult’s angry face may elicit either fear or anger in 

an adult observer, a child’s angry expression may elicit uncertainty or shiftlessness 

and thus different neural processing. 
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 In concordance with our hypothesis, children showed slightly stronger effects 

in the left amygdala for processing happy child faces compared to happy adult faces 

while adults showed slightly stronger effects for processing happy adult faces than for 

happy child faces. Thus, for both age groups happy peer faces elicited enhanced 

responses in the amygdala, suggesting an increased responsiveness to and possibly 

greater behavioral relevance of peer smiles. 

However, these subtle differences between adults and children with respect to 

amygdala effects in the child faces minus adult faces contrasts were not revealed by 

the single group contrasts, but only by the direct group comparison. Thus, the 

robustness of these effects remains open and has to be investigated in the future. 

Nevertheless, with respect to the baseline contrasts, the ROI analysis could strengthen 

conclusions from the single group analyses regarding amygdala involvement in 

children for the processing of happy and angry faces. Moreover, the ROI analysis 

revealed a generally stronger amygdala involvement in children for processing 

emotional faces compared to adults.  

 

Frontal areas of the social brain network in children 

 In addition to the amygdala, several frontal areas which have been implicated 

in social cognitive functions in adults were activated during the perception of 

emotional faces vs. baseline in children. Though the exact functional development of 

these areas has to be determined in future research their responsiveness to emotional 

faces in the current study is noteworthy. For instance, the ventromedial prefrontal 

cortex (vmPFC) was responsive to happy adult and angry child faces in children. The 

vmPFC has been implicated in theory of mind (Frith & Frith, 2001), joint attention 

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

A more dorsal portion of the prefrontal cortex adjacent to the orbitofrontal 

cortex (OFC) was activated by happy child faces in children. The OFC is sensitive to 

the perceived attractiveness of a face (O’Doherty et al., 2003) and is more generally 

involved in predicting rewards (see Walter, Abler, Ciaramidaro, & Erk, 2005, for a 

review). Activation of this region in response to peer smiles may relate to the 

particular reward value a peer smile may provide for children. 

Angry adult faces elicited lateral activations of the middle frontal gyrus in 

children and also in adults. A previous study has also found middle frontal gyrus 

activation during explicit processing of angry adult faces in adults (Scheuerecker et 

al., 2007). The lateral prefrontal cortex has also been implicated in volitional 

suppression or down-regulation of emotional experience (Beauregard, Levesque, & 

Bourgouin, 2001; Ochsner et al., 2004). It is possible that children tried to down-

regulate their negative experience when viewing an angry adult face by using 

cognitive reappraisal mechanisms. Therefore, future studies should also assess self-

reported or physiologically determined arousal in response to emotional faces in 

children. The investigation of children's cognitive emotion regulation mechanisms 

may also provide an interesting field for future research. 

  

Contrasts of peer vs. other-age faces in children 

We were also interested in the contrasts of peer vs. other-age faces both for 

happy and angry expressions in children. As expected, presentation of all stimulus 

categories activated the visual cortices of the occipital lobe in children as well as in 

adults. However, adult faces elicited more activation than child faces in visual 

cortices. This might be accounted for by low-level perceptual differences between 
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adult and child faces in our stimulus sets. Though both sets of stimuli depicted full-

frontal view faces and were equated for size, we did not equate luminance and 

brightness which may affect early visual processing. Alternatively, the amygdala 

which is known to affect visual processing in the extrastriate cortex (Pourtois, Dan, 

Grandjean, Sander, & Vuilleumier, 2005; Vuilleumier, 2005) may have enhanced the 

visual processing of adults’ emotional faces, if they possess a greater emotional 

salience. However, this is rather unlikely, since amygdala activations were not 

consistently stronger for adult faces.   

When children saw angry child faces relative to angry adult faces increased 

activation was found in left posterior parahippocampal gyrus and the cerebellum. The 

parahippocampal gyrus is highly interconnected with the amygdala and has been 

implicated in emotional memory (Stein et al., 2007). Furthermore, the 

parahippocampal gyrus is activated by unpleasant stimuli such as dissonant music 

(Blood, Zatorre, Bermudez, & Evans, 1999; Koelsch, Fritz, v. Cramon, Müller, & 

Friederici, 2006) and aversive pictures (Lane et al., 1997). Involvement of the 

cerebellum in emotional processing and emotion regulation has been demonstrated in 

previous research (Schutter & van Honk, 2005), but speculations on its role in 

emotion processing in childhood may be premature since there is still relatively little 

research on cognitive cerebellar functions.  

When children were presented with happy peer vs. happy adult faces 

activations were found in right posterior cingulate corrtex, left insula and the 

cerebellum. The posterior cingulate cortex (PCC) has been implicated mostly in 

episodic memory retrieval and pain, but also in emotion and facial expression 

perception (see Nielsen, Balslev, & Hansen, 2005, for a meta-analysis). In particular, 

the PCC is sensitive to the emotional salience of experimental stimuli (Maddock, 
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1999). The insula is an important structure for emotional processing and the matching 

between one's own sensations and the sensations of others. For instance, the anterior 

insula is implicated in perceiving aversive odors as well as disgusted emotional 

expressions (Wicker et al., 2003), and in experiencing pain as well as empathy for 

others' pain (Singer et al., 2004). Furthermore, the insula has been suggested as a 

relay structure between action representations of emotional expressions in premotor 

areas and the amygdala in adults and children (Carr, Iacoboni, Dubeau, Mazziotta, & 

Lenzi, 2003; Pfeifer, Iacoboni, Mazziotta, & Dapretto, 2008). Thus, in children happy 

peer faces activated an important structure for sharing affect more than happy adults 

faces. 

 

Behavioral emotion recognition 

Finally, our behavioral results of the post-hoc emotion recognition task require 

some discussion. The finding that children are more accurate in recognizing happiness 

in their peers relative to anger is in accordance with previous findings (Carlson et al., 

1983b). Interestingly, adults in previous studies and in the current study are also 

relatively inaccurate in recognizing angry expressions in children (Carlson et al., 

1983a). It is therefore possible that adults’ increased amygdala activation for angry 

child faces relative to angry adult faces relates to the relative ambiguity of children’s 

angry expressions (see Whalen, 1998, on the involvement of the amygdala in the 

disambiguation of threat-related stimuli). Carlson and colleagues (1983a) suggested 

that adults may be reluctant to identify a child’s emotional state as anger and therefore 

avoid this label for children’s emotional expressions. The accuracy for recognizing 

happy and angry child expressions was slightly higher but comparable to results from 

a previous study using similar behavioral procedures with 4- and 5-year-olds and 
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adult participants (Schwartz Felleman et al., 1983). The current behavioral results 

yielded no evidence for an own-age bias in emotion recognition using an emotional 

labeling task on a multiple choice basis in children or adults. 

 

Limitations of the current study 

One limitation of the current study concerns the restriction to happy and angry 

emotional expressions and the exclusion of a neutral control condition. For instance, 

fearful faces are very often examined in imaging studies on the development of 

emotion processing (e.g. Monk et al., 2003; Lobaugh et al., 2006; Thomas et al., 

2001; Guyer et al., 2008). However, children in the current experiment were younger 

than in previous studies and this is why we restricted our study to those emotional 

facial expressions which can be the most reliably recognized and labelled by pre-

school children: happy and angry faces (e.g. Wellman et al., 1995; Widen & Russel, 

2003 Herba & Phillips, 2004).  The lack of a non-emotional control condition is 

justified by the poor recognition of neutral faces in young children which are often 

confused with negative expressions (Carlson et al., 1983b; Gross & Ballif, 1991). 

However, one possibility would be to include low-intensity happy or calm faces as a 

baseline for highly emotional faces. This option should be taken into account in future 

research. 

 

Conclusions 

 The current study demonstrates that important emotion processing brain 

structures are involved in emotional face perception by 5 years of age. In particular, 

the amygdala was strongly activated by happy and angry expressions of adults and 

peers. Both age groups performed almost equally well in behaviorally identifying 
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emotional faces of children and adults, suggesting no own-age bias in emotion 

recognition for children and young adults. However, at the neural level, interesting 

differences in the processing of emotional peer vs. other-age faces were observed. 

While children showed stronger amygdala activation in response to angry adult faces, 

adults showed stronger amygdala activation for angry child faces. In both age groups 

enhanced amygdala involvement was found for happy peer faces relative to happy 

non-peer faces. Though this effect was only a tendency in adults, the observed pattern 

of results suggests an increased responsiveness to and greater relevance of peer 

smiles. 
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Table 1. Results of a region-of-interest analysis for the amygdala implementing a 

direct comparison of functional activation between adults and children. Positive z-

scores correspond to stronger activation in children than in adults, negative z-scores 

vice versa. Results are listed for the four baseline contrasts and the direct contrast of 

angry faces (child minus adult) and happy faces (child minus adult) for the left (L) 

and the right amygdala (R), respectively.  

Contrast 
amygdala 

hemisphere 
z score p-value 

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 

adult angry faces 
L  -1.15 p = 0.13 

 R  -2.39 p < 0.01 

child happy faces minus 

adult happy faces 
L  1.98 p < 0.05 

 R  < 1  
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Figure captions. 

Figure 1: Examples of stimulus faces. From left to right: Happy child, angry child, 

happy adult, angry adult.  

 

Figure 2: Functional activation for children during the presentation of angry/happy 

adult/child faces in baseline contrasts. The figure lists two lateral views and a coronal 

section trough the amygdala for each contrast. Activation is particularly found in 

occipital visual areas and some prefrontal areas, as well as in the amygdala. For direct 

comparison of amygdala activation between groups, see Table 1. See Supplementary 

Tables 1 to 4 for lists of activated regions. 

 

Figure 3: Functional activation for adults during the presentation of angry/happy 

adult/child faces in baseline contrasts. The figure lists two lateral views and a coronal 

section trough the amygdala for each contrast. Activation is found in occipital visual 

areas, prefrontal areas, and in the amygdala. See Supplementary Tables 5 to 8 for lists 

of activated regions.  
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Figure 1. 
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Figure 2. 
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Figure 3. 
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Supplementary Material: 

Supplementary Table 1. Contrast of angry adult faces vs. baseline for children. Note 

that Talairach coordinates indicate peak voxels in all tables. 

 Talairach coordinates   

Area (BA) x y z mm3 z 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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Supplementary Table 2. Contrast of happy adult faces vs. baseline for children. 

 Talairach coordinates   

Area (BA) x y z mm3 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 Tail -17 -40 15 702      -3.11 
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Supplementary Table 3. Contrast of angry child faces vs. baseline for children. 

 Talairach coordinates   

Area (BA) x y z mm3 z score 

Right Hemisphere      

Occipital Lobe (18) -2 -82 3 82377      5.36 

Parahippocampal Gyrus (28), 

Amygdala 
16 -10 -12 1080      3.16 

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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Supplementary Table 4. Contrast of happy child faces vs. baseline for children. 

 Talairach coordinates   

Area (BA) x y z mm3 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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Supplementary Table 5. Contrast of angry adult faces vs. baseline for adult 

participants. 

 Talairach coordinates   

Area (BA) x y z mm3 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/ 

Amygdala 
-35 -7 -15 405 3.59 

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 

 

 

Supplementary Table 6. Contrast of happy adult faces vs. baseline for adult 

participants. 

 Talairach coordinates   

Area (BA) x y z mm3 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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Supplementary Table 7. Contrast of angry child faces vs. baseline for adult 

participants. 

 Talairach coordinates   

Area (BA) x y z mm3 z 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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Supplementary Table 8. Contrast of happy child faces vs. baseline for adult 

participants. 

 Talairach coordinates   

Area (BA) x y z mm3 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 adult faces vs. angry child faces for adult 

participants.  

 Talairach coordinates   

Area (BA) x y z mm3 z 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 

 

 

 

 


