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Abstract 

Previous theories have proposed that the amygdala is hyper-responsive to novel stimuli in 

persons with an inhibited temperament—a biologically-based predisposition to respond to 

novelty with wariness or avoidance behavior. In the current study, we used functional magnetic 

resonance imaging (fMRI) to assess amygdala blood-oxygenation-level-dependent (BOLD) 

response when viewing novel or recently familiarized faces in persons with an extreme inhibited 

or uninhibited temperament. In persons with an inhibited temperament, the amygdala showed 

increased BOLD response when viewing both novel and recently familiarized faces. In contrast, 

in persons with an uninhibited temperament, BOLD response in the amygdala was increased 

only when viewing novel faces. These findings suggest that inhibited temperament is 

characterized not by a simple exaggerated response to novel faces, but rather by a sustained 

increase in amygdala response to faces even after the faces have become familiarized. In 

individuals with an inhibited temperament, this sustained response may be related to the 

wariness of social situations that persists beyond initial exposure. 
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Introduction 

 

 Neuroimaging studies of adults with psychiatric disorders reveal the neurobiology of 

current disease states; however, to identify the neurobiological precursors of psychiatric 

disease, we must broaden our research focus to include studies of developmental risk factors. 

Temperament—defined as individual differences in emotions, cognitions, and behaviors arising 

in infancy—is a crucial developmental factor for further study because it is biologically-based 

(Kagan et al., 1988), heritable (Wilson & Matheny, 1986), and confers risk for adult psychiatric 

disorders (e.g., Caspi et al., 1996; Windle & Windle, 2006). Of the many temperament 

dimensions, inhibited temperament, a biologically-based predisposition to respond to novelty 

with wariness or avoidance behaviors (Kagan et al., 1987), may be especially important 

because of its well-established phenotype and demonstrated risk for both social anxiety 

(Chronis-Tuscano et al., 2009; Hirshfeld et al., 1992; Schwartz et al., 1999; Muris et al., 2009) 

and major depression (Beesdo et al., 2007; Caspi et al., 1996). While behavioral and 

physiological features of inhibited temperament have been well described (for a review see 

reference Fox et al., 2005), researchers are in the early stages of identifying the underlying 

brain regions that mediate these features. 

 The amygdala has been proposed as a neural substrate of inhibited temperament 

(Kagan & Snidman, 2004; Kagan et al., 1988; Kagan et al., 1987) because the amygdala 

mediates animal and human physiological responses during fear and anxiety (Davis & Whalen, 

2001). Relevant to inhibited temperament, the human amygdala also responds to novel stimuli 

such as new or unusual objects (Blackford et al., 2010) and novel human faces (Zald, 2003; 

Schwartz et al., 2003b). Consistent with a sensitivity to novelty, the amygdala response to faces 

habituates with repeated exposure in healthy adults (Breiter et al., 1996). Preliminary evidence 

for temperamental differences in amygdala responses to novel faces comes from two studies. In 

a pioneering functional magnetic resonance (fMRI) study, Schwartz and colleagues (2003a) 
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examined a group of young adults that had been characterized as extremely inhibited or 

uninhibited as toddlers. Inhibited participants had larger amygdalar blood-oxygenation-level-

dependent (BOLD) response to novel relative to newly familiarized faces, whereas the 

uninhibited participants had small amygdalar BOLD response to both novel and familiarized 

faces. Blackford and colleagues (2009) examined amygdalar BOLD response to novel versus 

newly familiarized faces in young adults who reported both past and current extreme inhibited or 

uninhibited temperament. Like the Schwartz study (Schwartz et al., 2003a), individuals with an 

uninhibited temperament had similar amygdalar BOLD responses to the novel and familiarized 

faces. In contrast to the finding of Schwartz et al. (Schwartz et al., 2003a), the Blackford (2009) 

study suggested that individuals with an inhibited temperament showed increased BOLD signal 

in the amygdala, relative to the uninhibited participants,  to both novel and familiarized faces, 

rather than a selectively increased response to novel faces. This finding raises the provocative 

idea that persons with an inhibited temperament may show an increased amygdala response to 

both novel and familiarized faces. 

 Whether inhibited temperament is characterized by a selectively greater response to 

novel faces versus a broader heightened responsiveness to both novel and newly familiarized 

faces has significant implications for understanding the construct of inhibited temperament. 

Previous theories of the amygdala’s role in inhibited temperament have focused on a 

heightened response to novelty, as avoidant response to novel stimuli is key to the 

temperamental construct (Kagan et al., 1987; Kagan et al., 1988; Kagan & Snidman, 2004). 

However, individuals with an inhibited temperament often describe prolonged social concerns 

that are not limited to situations in which they are meeting new people. Rather, they show a 

hyper-vigilance to social information and potential negative evaluations as reflected in the 

increased incidence of social anxiety disorder in persons with an inhibited temperament 

(Chronis-Tuscano et al., 2009; Biederman et al., 2001; Schwartz et al., 1999). Given such 

hyper-vigilance, an alternative theory may be proposed that in inhibited temperament, the 
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amygdala continues to show an increased response to social stimuli, such as faces, even after 

an initial familiarization. If supported, this theory would influence current conceptualizations of 

the role of amygdala neurobiology in inhibited temperament and related conditions.  

 While both prior studies of amygdala function in inhibited temperament (Blackford et al., 

2009; Schwartz et al., 2003a)  suggested important directions for further study, the studies had 

relatively small sample sizes and employed different experimental designs. Given that the only 

two published fMRI studies directly addressing this topic reached different conclusions, it is 

essential to conduct additional studies to more definitely address the critical role of the 

amygdala in inhibited temperament. In the current study, we use a larger sample size and 

improved experimental design to further test the hypothesis that persons with an inhibited 

temperament have heightened amygdalar BOLD responses to both novel and familiarized 

faces. 

Methods 

Participants 

 Thirty-three young adults with continuous, extreme inhibited (n = 18) or uninhibited (n = 

15) temperament from childhood and adulthood participated in the study. Participants had a 

mean age of 23.0 years (SD = 2.77 years, range 18-30) and 64% were female. The inhibited 

and uninhibited temperament groups were significantly different on both childhood and adult 

measures of inhibited temperament, but did not differ in age, gender, ethnicity or handedness 

(Table 1).  

 The Vanderbilt University Institutional Review Board approved the study and we 

obtained written informed consent after providing participants with a complete description of the 

study.  

Participant Selection 

 Potential study participants responded to advertisements seeking people who were 

“especially shy or outgoing as a child” for a larger study of temperament. We assessed child 
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and adult temperament using two questionnaires: the Retrospective Self-Report of Inhibition 

(RSRI) and Current Self-Report of Inhibition (CSRI). The RSRI is a 30 item instrument which 

asks about behaviors during childhood (1 – 5 likert scale, 1 = uninhibited, 5 = inhibited). The 

CSRI, a 31 item instrument, asks about current behaviors (1 – 5 scale). The RSRI and CSRI  

have good reliability and construct validity (Reznick et al., 1992) and high internal consistency in 

the present sample (Cronbach’s α = .94 for both). We used guidelines based on available 

normative data from the general population (Reznick et al., 1992) to select the top and bottom 

15% of potential participants (inhibited ≥ 2.6, uninhibited ≤ 1.9) for each of the instruments. Of 

the 163 participants who completed the screening, 77 (47%) were eligible, and the majority (n = 

65, 84%) completed the larger study of temperament. 

 From this larger study, we selected participants for the fMRI study who passed an MRI 

safety screen (e.g., no metal in body, no claustrophobia) and were free of: any current 

psychoactive medications, substance abuse in the past 6 months, major medical illness, and 

history of brain trauma. Participants were not excluded for presence or history of psychiatric 

illness because both inhibited and uninhibited temperament are associated with increased rates 

of psychiatric disorder (Schwartz et al., 1996). Of the 65 participants in the larger study, 51 

(78%) met these inclusion criteria for the fMRI study and 37 (73%) of those completed this 

study. Four participants were later removed prior to analysis (see fMRI data below) due to 

technical scanner issues or excessive movement, providing a final analytic sample of 33 

participants. 

 A trained clinical interviewer assessed psychiatric history using the Structured Clinical 

Interview for DSM-IV (SCID; Spitzer et al., 1992). Consistent with prior studies (Blackford et al., 

2009; Schwartz et al., 1996), persons in the inhibited group had higher rates of current 

internalizing disorders compared to the uninhibited group . Of the inhibited participants, six met 

criteria for at least one anxiety disorder: Social Anxiety Disorder (n = 5), Generalized Anxiety 

Disorder (n = 3), Specific Phobia (n = 1), and Anxiety Not Otherwise Specified (NOS; n = 2). 
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Two of these also met criteria for Dysthymia and one participant met criteria for only Dysthymia. 

Of the uninhibited participants, one met criteria for Post Traumatic Stress Disorder and one met 

criteria for Major Depression NOS and Anxiety NOS.  

fMRI Task  

 Stimuli. Stimuli were black and white human face images with neutral expressions, 

selected from two standard sets of emotional expressions (Gur et al., 2001; Lundqvist et al., 

1998). All stimuli were edited to ensure uniform face size, eye position, and nose position, and 

all extraneous features (e.g., shirt collars, hair) were removed. Stimuli were randomly selected 

for the novel or familiar group and balanced across gender and stimulus set. We used Eprime 

software (Version 1.1, Psychology Software Tools, Pittsburgh, PA) to present the stimuli. 

 fMRI Procedure. The fMRI protocol included a familiarization phase and a test phase. 

During the familiarization phase, participants were repeatedly shown a set of six faces while in 

the scanner. Faces were presented in four 18-second blocks, each separated by a 10-second 

break (e.g. fixation cross, face block, fixation cross) for a total of 122-seconds. Each block 

consisted of 12 1-second face presentations (two of each of the six familiarized faces per block) 

separated by a 0.5 second blank screen, with face order randomly determined. 

 In the test phase we randomly presented the novel and familiarized faces during four 

separate runs of 12 novel and 12 familiarized face presentations each (for a total of 48 novel 

and 48 familiar faces). Each of the six familiarized faces was presented twice within each run 

and each novel face was presented only once across all runs. Faces were presented for 0.5 

second with a 12 second average, jittered, inter-stimulus interval. Each run lasted approximately 

300 seconds. 

 In this study, we made three adaptations to the experimental design used in our prior 

study. First, due to our concerns of attentional overload, we changed the familiarization 

procedure from a single 96-second stream of faces to four blocks of faces interspersed with 

break periods to provide periods with low attentional demand. Second, in our previous study, 
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the interstimulus interval consisted of a blank screen with a fixation cross prompt prior to the 

face presentation. Because the sudden appearance of a visual cue might produce an orienting 

response that itself increases amygdala activity, here we used a grey circle to maintain visual 

orientation throughout the interstimulus interval, with a color shift (to white) as the cue. Finally, 

we increased the number of stimulus presentations to enhance statistical power. 

 Recognition Memory Procedure. To assess facial recognition memory for the presented 

faces and to verify that the participants were actively engaged in the task, participants 

completed a recognition memory task after the fMRI procedure. Participants were presented 

with 26 faces previously seen in the scanner (six familiarized faces and 20 faces that were seen 

once), and asked  to determine whether each face was seen once or many times before. 

 MRI data acquisition. Anatomical and echo planar imaging (EPI) images were collected 

on a 3 Tesla Phillips magnet (Philips Healthcare, Inc., Best, The Netherlands). High resolution 

T1-weighted anatomical images were collected (256 mm FOV, 170 slices, 1 mm slice thickness, 

0 mm gap). EPI images were acquired using a sequence optimized for the amygdala: 2 s TR, 

22 ms TE; 90° flip angle; 1.8 SENSE, 240 mm FOV; 3 x 3 mm in plane resolution using an 80 x 

80 matrix (reconstructed to 128 x 128), and higher-order shimming to limit susceptibility 

artifacts. Each volume contained 36 2.5 mm (.25 gap) axial oblique slices (titled 15˚ anterior 

higher than posterior relative to the intercommissural plane), which provided complete anterior-

posterior coverage and inferior-superior coverage from the bottom of the temporal lobe to the 

top of the cingulate gyrus. 

 MRI data processing. MRI data were pre-processed using SPM5 

(http://www.fil.ion.ucl.ac.uk/spm/) and Matlab (Version 7.1, The MathWorks, Inc, Natick, MA). 

Data were slice time corrected, realigned to the first slice, resampled to 3 x 3 x 3 mm voxels, 

spatially normalized into standard stereotactic space (MNI EPI template), and high pass filtered 

(128 s). Data were smoothed with a 6 mm FWHM Gaussian kernel to account for individual 

differences in brain anatomy.  
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 For each participant, motion was assessed and EPI images were visually inspected EPI 

images for artifacts, signal dropout, and coverage of the amygdala region of interest. Two 

participants had excessive motion (> 3 mm) and were removed from further analysis. For three 

participants, the last functional run was removed due to motion. The last two functional runs for 

two other participants were removed due to artifacts. 

 MRI data modelling. Using SPM5, the first-level (participant) general linear model 

(Friston et al., 1994) was estimated using the two stimulus types (novel and familiar) as 

regressors, with temporal and dispersion derivates included (Friston et al., 1998; Henson et al., 

2001). First-level contrast images were created for each of the conditions compared to baseline. 

Next, the second-level (group) general linear model was estimated with temperament group 

(inhibited/uninhibited) and face type (novel/familiar) as factors.  

Data Analysis 

 Demographic and Behavioral Data. To test for differences in demographic and 

behavioral variables, chi-square analyses were used for categorical variables and independent t 

tests for continuous variables (two tailed, α = .05). SAS statistical software (Version 9.1, SAS 

Institute Inc., Cary, NC) was used to perform these statistical analyses. 

 Amygdala Region of Interest. The bilateral amygdala region of interest (ROI) was 

defined using the AAL templates (Tzourio-Mazoyer et al., 2002) implemented in WFU Pick Atlas 

(Version 2.4; Maldjian et al., 2003). SPM5 was used to test for the interaction of temperament 

group and face type within the amygdala ROI. Cluster-based thresholding provided Type I error 

control. Based on simulations performed with AlphaSim 

(http://afni.nimh.nih.gov/pub/dist/doc/manual/AlphaSim.pdf), a voxel p-value of .05 and 

contiguous cluster size of 11 controlled for family-wise error across the amygdala at α = .05.  

 For significant clusters identified in the main analysis, percent signal change values were 

extracted using MarsBar (Brett et al., 2002).  Post-hoc analyses were performed using SAS 

(Version 9.1, SAS Institute Inc., Cary, NC). First, repeated measures ANOVAs were performed 
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to confirm the SPM findings, with temperament as the between-subjects factor and face type 

(novel/familiar) as the within-subjects factor.  Second, to examine possible behavior-brain 

relationships, correlation analyses were performed between the continuous temperament 

scores (child and adult) and the amygdala percent signal change values for the novel - familiar 

contrast. Finally, repeated measures ANOVAs were performed to test for effects of gender or 

temperament on lateralization of amygdala percent signal change.  

 Whole Brain Analysis. To determine if other brain regions also showed an interaction 

between temperament group and face type on BOLD response, exploratory whole brain 

analyses were performed. As with the ROI analyses, SPM5 was used to test for an interaction 

of temperament group and face type. For the whole brain, a voxel p-value of .005 and a cluster 

size of 25 provided family-wise error correction at α = .05. Statistically significant regions are 

presented in the Results, but are only discussed briefly because the analyses are exploratory. 

Results 

Recognition Memory 

 To test for temperamental differences in recognition memory, participants performed a 

recognition task following the scanning session. On average, participants had 97% accuracy in 

recognizing the familiarized faces and 71% accuracy in recognizing the novel faces. 

Performance was similar in the two temperament groups (see Table 1).  

Amygdala Region of Interest 

 To examine temperamental differences in amygdala responses when viewing faces, we 

compared change in amygdalar BOLD signal when viewing novel or familiarized faces in 

persons with an inhibited or an uninhibited temperament. The two temperament groups had 

significantly different patterns of bilateral amygdalar BOLD signal change when viewing novel 

compared to familiarized faces (temperament x face type interaction, p < .05 corrected, Figure 

1). Post-hoc analysis of variance for percent signal change confirmed the significant interaction 

of temperament group by face type in both the left and right amygdala, F(1, 31) = 4.36, p = .045 
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and F(1, 31) = 8.21, p = .01, respectively. Specifically, the inhibited participants had similar 

increases in left and right amygdalar BOLD signal when viewing both novel and familiarized 

faces (see Figure 2; both p > .10). In contrast, the uninhibited participants showed a significantly 

greater BOLD response when viewing the novel compared to the familiarized faces in the right 

amygdala, t(14) = 3.13, p = .01. BOLD response was also greater for novel faces in the left 

amygdala for the uninhibited participants, but the difference failed to reach significance. It 

should be noted that for the uninhibited participants, average amygdalar BOLD response to the 

familiar faces was lower than BOLD response to the baseline condition (i.e., deactivation), 

although the difference failed to differ significantly from baseline for either amygdala (both ps > 

.30). 

 Next, we examined the relationship between temperament scores and amygdala percent 

signal change scores (extracted from significant clusters; see Methods). Amygdala percent 

signal change was inversely correlated with both child temperament scores (left: r = - .38, p = 

.03; right: r = -.48, p = .005) and adult temperament scores (left: r = -.41, p = .02; right: r = -.46, 

p = .01).  Thus, larger differences in amygdalar BOLD response to novel relative to familiar 

faces were correlated with lower (more uninhibited) temperament scores (Figure 3), consistent 

with the between-groups analysis.  

 Finally, because previous studies have reported amygdala lateralization differences by 

gender (Zald, 2003; Cahill et al., 2004) or personality (Baeken et al., 2009), we tested for 

gender and temperament effects on amygdala lateralization. There were no main effects or 

interactions with gender or temperament on lateralization (all p’s > .45).   

 Whole Brain Analysis 

 We performed exploratory whole brain analysis to identify other brain regions that 

showed temperamental differences in BOLD signal when viewing novel compared to 

familiarized faces. Increased activation for novel relative to familiar faces differed by 

temperament group (temperament group x face type interaction, p < .05 corrected, see Table 
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2). Similar to the ROI analysis, the uninhibited group showed increased BOLD signal when 

viewing novel compared to familiarized faces across multiple brain regions. The brain regions 

included occipital cortex, prefrontal cortex, temporal cortex, insula, thalamus, caudate, and 

cerebellum, consistent with brain regions that show increased activation to novel stimuli (Kiehl 

et al., 2005). There were no brain regions where the BOLD signal for novel versus familiarized 

faces was greater for the inhibited participants.  

Discussion 

 The present study demonstrates that inhibited temperament is characterized by a 

sustained increase in amygdalar BOLD response to recently familiarized human faces, and not 

an exaggerated amygdala response to novel faces. Both inhibited and uninhibited groups had 

an increased amygdalar BOLD response to novel faces, consistent with a prior study of typical 

adults (Schwartz et al., 2003b). However, inhibited participants also showed an increased BOLD 

response to the familiarized faces, whereas uninhibited participants showed deactivation of the 

amygdalar BOLD response, consistent with amygdala habituation (Wright et al., 2001).  Thus, it 

was the familiarized faces, the “weaker” condition, and not the stronger, novel face condition, 

that elicited temperamental differences in amygdalar BOLD response. Similarly, clinical 

populations with anxiety disorders are characterized by anxious responses to small or 

ambiguous threats and not by overreactions to clear, unambiguous threats (Lissek et al., 2006).  

 Previous theories of inhibited temperament have proposed a hyper-reactive amygdala 

response to novel faces, consistent with the definition of inhibited temperament as wariness or 

avoidance responses to novelty. We propose instead that in inhibited temperament the 

amygdala fails to respond normally to recently familiarized stimuli; that is, the amygdala 

continues to show an increased response to familiar stimuli as though they were still novel. 

Importantly, recognition memory was not impaired, suggesting that the sustained response to 

the familiar faces was not due to memory deficits. 
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 Reeb-Sutherland and colleagues (2009) also report that individuals with an inhibited 

temperament have a sustained physiological response. In a study of fear-potentiated startle, 

both inhibited and uninhibited adolescents had an increased startle to the threat cues. However, 

when safety cues were presented, only the individuals with an inhibited temperament continued 

to have an increased startle response. Together with the findings from the present study, this 

suggests that individuals with an inhibited temperament have a sustained autonomic nervous 

system response, reflected by increased startle and amygdala activation, even after the stimuli 

have been demonstrated to be relatively safe. 

 Our findings differ from the findings of Schwartz et al. (2003a). In the present study and 

our prior study, the inhibited participants had increased amygdalar BOLD responses to both 

novel and familiarized faces, whereas the inhibited participants in the Schwartz study (2003a) 

had a heightened amygdalar BOLD response only to the novel faces. Differences in study 

design or samples may account for the disparity. In the Schwartz study (2003a), faces were 

presented in alternating novel and familiarized blocks, which may have reduced novelty both 

within a block (once participants saw the first few faces in a block, they knew the remaining face 

types) and within the study (once participants determined that blocks were alternating, they 

could anticipate the next type of faces). In our study, we randomly presented a single face at a 

time, removing potential confounding effects of predictability inherent in the design. If 

predictability is a critical source of differences in the two studies, it would suggest that the 

amygdala responses of those with an inhibited temperament may be directly linked to contextual 

factors such as predictability or uncertainty. Study samples also differed. In our study, we used 

retrospective and current self-report whereas Schwartz and colleagues (2003a) assessed 

temperament during childhood. While childhood assessments may more closely reflect an 

underlying biology due to less opportunity for environmental impact, adding current 

temperament measures has the advantage of selecting only those participants who are still 

inhibited, the group at highest risk for later psychopathology (Chronis-Tuscano et al., 2009; 
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Hirshfeld et al., 1992). It is also possible that the selection procedures for participants may 

critically impact the observed biological responses. Participants in the Schwartz study (2003a) 

were classified as behaviorally inhibited based on short-term responses to novelty as toddlers, 

which may have led to a sample with particularly high responses to novelty. In contrast, the self-

report measures provide a broad assessment of characteristics related to behavioral inhibition in 

both childhood and adulthood which, in contrast, place more emphasis on long-term, continued 

avoidance of novelty. 

 There are several limitations to the present study. First, as in the study by Schwartz 

(2003a) we experimentally manipulated familiarity to create familiarized faces. This procedure 

has the advantage of providing fully standardized stimuli across participants, but limits the 

stimuli to a superficial level of familiarization as participants do not learn any other 

characteristics about the individuals. In contrast, Beaton and colleagues (2008) used personally 

familiar faces versus novel faces in their study of a similar temperament dimension (shy/bold). 

Yet, consistent with the present study, shy people had increased amygdala BOLD response to 

both the personally familiar and novel faces. This makes it unlikely that the heightened response 

to recently familiarized faces in the present study are an artifact of the familiarization procedure. 

Second, we only examined amygdala response to human faces. It will be important for future 

studies to test responses to novel objects to determine whether the increased amygdala 

response is specific to faces or reflects a broader deficit to any stimulus. Third, both this study 

and prior studies have only compared two extreme temperament groups. It will be important to 

include a third group of average temperament in future studies to further clarify how these 

extreme groups differ from a typical group. 

 In conclusion, by studying brain function in two extreme groups of temperament, we may 

begin to identify the underlying mechanisms through which inhibited temperament confers risk 

for social anxiety.  In the present study, the inhibited participants did not have an exaggerated 

amygdala response to novel faces as previously thought, but instead showed a sustained 
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amygdala response to familiarized faces. Although the amygdala typically habituates following 

repeated face presentations, in inhibited individuals the habituation did not occur. Thus, a 

sustained amygdala response to newly familiar people may be one cause of elevated social 

anxiety in inhibited individuals. This finding may also have implications for prevention or 

intervention. For individuals with temperamental risk for social anxiety, increased exposure to 

human faces through traditional exposure therapy or through computer-based training may 

enhance amygdala habituation and reduce social anxiety. 
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Figure Legends 

 

Figure 1. Temperament modulates amygdalar BOLD response to novel and newly familiar 

faces. Amygdalar BOLD signal increased when viewing both novel and familiar faces for the 

inhibited participants, but only when viewing novel faces for the uninhibited participants. In both 

the left and right amygdala there were significant clusters for the contrast of uninhibited > 

inhibited for novel > familiar faces (cluster size = 22 voxels each). Activation maps for the left 

and right amygdala are superimposed on a coronal section of a single standard brain image 

(MNI canonical T1 image; left, y = -6; right, y = -3). The activation map is thresholded at p < .05 

and cluster > 11 voxels for the amygdala region of interest. 

 

Figure 2. Inhibited temperament group shows similar activation to novel and newly 

familiar faces. In the top panel, bar graphs show average percent signal change values 

(relative to baseline) for the familiar and novel faces for each temperament group. Lines 

represent standard error or the mean. In the bottom panel, the time course line graphs illustrate 

the average hemodynamic response functions by temperament group and face type, with 

arrows indicating when the face was presented (0.5 seconds).  

 

Figure 3.  Temperament scores correlate with amygdalar BOLD response. Both child and 

adult temperament scores inversely correlate with amygdala percent signal change values for 

novel relative to familiar faces.  Scatterplots illustrate the relationship for child temperament (top 

row) and adult temperament (bottom row) scores for both the left (left column) and right (right 

column) amygdalae.  
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