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Abstract 

Awe is an emotional response to perceptually vast stimuli that transcend one’s current frames of 

reference. The psychological form and function of awe differ between two types: positive-awe, 

which arises from perceptually aesthetic experiences (e.g., the beauty of nature, spiritual 

experiences, or the virtue of a leader), and threat-awe, which is triggered by threatening stimuli 

(e.g., natural disasters, wrathful god, or a leader’s coercive charisma). Here, using functional 

magnetic resonance imaging, we investigated common and distinct neural responses to 

experiences of positive- and threat-awe, elicited by watching awe-inspiring videos. We found 

that both awe experiences deactivated the left middle temporal gyrus (MTG) in contrast to 

control conditions (positive-awe vs. amusement; threat-awe vs. fear), which suggest that awe 

experiences generally involve the “schema liberation” process since the left MTG plays a critical 

role in matching existing schema to events. In addition, positive-awe was associated with 

increased functional connectivity between the MTG and the anterior/posterior cingulate cortex, 

which are associated with the aesthetic reward process, and the supramarginal gyrus (SMG), 

which is involved in the self-other representation. Threat-awe was associated with increased 

functional connectivity between the MTG and amygdala, which detects and processes threat 

stimuli, as well as between the amygdala and SMG. These findings suggest that the neural 

mechanisms underlying the complex psychological processes of awe vary as a function of the 

type of awe. The implications of these results regarding our understanding of the neural basis of 

awe and the future directions of human social cognition research are discussed. 

Keywords: awe, positive-awe, threat-awe, functional magnetic resonance imaging 
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Neural representations of awe: Distinguishing common and distinct neural mechanisms 

Awe has been defined as an emotional response to perceptually vast stimuli that 

transcend one’s current frames of reference (Keltner & Haidt, 2003). The emotional concept of 

awe has been studied for a long time in philosophy, sociology, and religion (Keltner & Haidt, 

2003), and more recently in psychology, where it has attracted attention (e.g., Bai et al., 2017; 

Gordon et al., 2017; Piff, Dietze, Feinberg, Stancato, & Keltner, 2015). An important finding is 

that there appear to be two types of awe that have distinct effects on human cognition and social 

behaviors: positive-awe, which arises by being exposed to perceptually aesthetic experiences 

such as beautiful nature, spiritual phenomena, and the virtue of charismatic leader; and threat-

awe, which is triggered by threatening stimuli such as natural disasters, a punitive God, and a 

leader’s coercive charisma (Gordon et al., 2017). While several studies investigated the 

psychological structures and functions of awe, little is known about its neural bases. However, 

previous studies suggested that distinct neural mechanisms underlie the various functions of the 

two types of awe (Gordon et al., 2017). Therefore, the present study aimed to investigate the 

common and distinct neural mechanisms underlying these two types by examining neural 

responses during awe experiences using functional magnetic resonance imaging (fMRI). The 

results of this investigation have valuable implications regarding the psychological concepts of 

awe. 

Based on theoretical and philosophical underpinnings, it has been proposed that awe 

consists of two common features: a perception of vastness, which is the sense that one has 

encountered something immense in size, social status, or complexity; and the need for 

accommodation, which is the process by which a person revises one’s mental schemas or 

creates a new one to account for the deviation between the stimuli and one’s current 
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understanding of the world (Gordon et al., 2017; Keltner & Haidt, 2003). Furthermore, awe 

alters the content of the self-concept by shifting attention away from the self towards vast 

stimuli (Shiota, Keltner, & Mossman, 2007). The experience of awe diminishes self-focused 

attention and increases feelings of being small or insignificant (Bai et al., 2017; Piff et al., 

2015). In a study of emotion narratives, participants’ self-reported experiences of awe, but not 

of other positive emotions (e.g., love and gratitude), were uniquely associated with reports of 

feeling “small” (Campos, Shiota, Keltner, Gonzaga, & Goetz, 2013). This research suggests 

that the sense of a smaller self is an important psychological process of awe (Shiota et al., 

2007).  

A previous relevant study investigated the relationship between individual differences in 

dispositional awe (an emotional disposition pertaining to one’s latent tendency to experience 

awe) and brain structural parameters (Guan, Xiang, Chen, Wang, & Chen, 2018). The 

researchers found that individual differences in dispositional awe are negatively correlated with 

three brain regions; the left middle temporal gyrus (MTG), the anterior cingulate cortex (ACC), 

and the posterior cingulate cortex (PCC). Their findings suggest that the MTG is instrumental 

regarding the detection and resolution of incongruity during awe experiences, as this area is 

associated with humor comprehension involving gaps and incongruences between information 

(Bartolo, Benuzzi, Nocetti, Baraldi, & Nichelli, 2006), and that the ACC and PCC are 

associated with the reward-related process of awe. Guan et al. (2018) conducted a study to 

provide evidence for a structural neural basis of awe, focusing on the positive form of awe 

(example item for dispositional awe: “I see beauty all around me”; Shiota, Keltner, & John, 

2006). The next step in this research progression would be to investigate how these identified 

brain regions respond to awe-inspiring stimuli and whether or not and how the response differs 
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between positive- and threat-awe. Therefore, in the present study, we examined the functional 

neural responses of participants whilst they watched videos of positive- or threat-awe stimuli in 

the fMRI scanner. 

Although brain structural evidence does not always predict functional imaging findings, 

according to the findings of Guan et al. (2018), the neural mechanisms of awe involve the left 

MTG, ACC, and PCC. The central feature of awe is thought to be a vast stimulus that cannot be 

assimilated into current knowledge structures (Keltner & Haidt, 2003). The left MTG, 

especially the posterior area, plays a key role in matching an existing knowledge framework to 

an event (Davey et al., 2016). For example, Davey et al. (2015) found that transcranial magnetic 

stimulation, which can inhibit a small area of the brain below the coil, to the left MTG 

disrupted thematic judgments for weak associations between concepts (e.g., a picture of slipper 

with a word “hospital”). Consistent with these researches, Guan et al. (2018) suggested that the 

left MTG is involved in detecting and solving incongruities in the process of experiencing awe. 

Therefore, we predicted that the left MTG would be involved in awe experiences regardless of 

the type of awe (i.e. a common neural mechanism), playing a central role in the psychological 

meaning of awe. 

Experiences of positive-awe involve a perception of aesthetics or beauty (Silvia, Fayn, 

Nusbaum, & Beaty, 2015). In addition, it is typically considered a positive emotion, which is 

strongly associated with reward (Shiota et al., 2006). The cingulate cortex serves as a gateway 

among cortical regions that integrate reward-related information (Hayden & Platt, 2009). For 

example, the ACC is associated with the reward process during an aesthetic judgment of 

landscape stimuli (Kawabata & Zeki, 2004). Furthermore, PCC activity reflects the subjective 
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value of the reward (Levy & Glimcher, 2011). Thus, we predicted that the ACC and PCC 

would be key areas involved in positive-awe experiences.  

In contrast, although no neuroimaging study has focused on threat-awe, which is 

characterized by the perception of a threat (Gordon et al., 2017), we predicted that the amygdala 

would be involved in threat-awe experiences since it plays an important role in detecting and 

processing various threat-related stimuli (e.g., Öhman, 2005; Rodrigues, LeDoux, and 

Sapolsky, 2009). The amygdala activates the sympathetic nervous system, which facilitates 

rapid behavioral responses. Gordon et al. (2017) indicated that greater skin conductance and 

higher heart rate were associated with higher ratings of threat during an awe experience. In 

addition, the amygdala sends signals to other regions that are responsible for appraisal or 

regulatory aspects of emotional responses (e.g., Lindquist, Wager, Kober, Bliss-Moreau, & 

Barrett, 2012; Nomura et al., 2004; Whalen, 2007). Therefore, we expected the amygdala to be 

involved in threat-awe experiences. 

Similar to admiration and compassion, awe is defined as a self-transcendent emotion, 

which encourages one’s feeling of a connection to others (Stellar et al., 2017). For example, the 

supramarginal gyrus (SMG), which is located in an anterior part of the temporoparietal junction 

(TPJ), is engaged during experiences of admiration and compassion (Immordino-Yang, 

McColl, Damasio, Damasio, 2009), consistent with previous findings that the TPJ facilitates the 

recognition of another’s perspective (e.g., Decety & Sommerville, 2003). Therefore, we 

hypothesized that the SMG would be involved in positive-awe experiences, along with the left 

MTG. However, considering the evidence that self-transcendent emotions, such as compassion, 

can also be experienced as a negative state (Stellar et al., 2017), the SMG could also play an 

important role in the experience of threat-awe. Given that positive- and threat-awe have 
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different effects on social attitudes (Sawada & Nomura, 2020), we further hypothesized that the 

SMG would be differently involved in awe-inspiring experiences, depending on the type of 

awe. 

In summary, in the present investigation, we tested the following four hypotheses (see 

Table 1): 

Hypothesis 1: Both positive- and threat-awe experiences would be associated with 

the left MTG. 

Hypothesis 2: Positive-awe experiences would be associated with the ACC and 

PCC. 

Hypothesis 3: Threat-awe experiences would be associated with the amygdala. 

Hypothesis 4: The SMG would be differently involved in experiences of awe, 

depending on their types of awe. 

 

Table 1 

Summary of brain areas that would be associated with positive- and threat-awe experiences and 

their predicted roles. 

 

Both types of awe   Positive-awe   Threat-awe 

Left 
MTG 

Match knowledge 
structure to events. 

  ACC 
Reward process. 

  
Amygdala Threat detection. 

 PCC   

  SMG Self-other representation  
(Differently associate with each type of awe). 

Note: MTG = Middle Temporal Gyrus, ACC = Anterior Cingulate Cortex, PCC = Posterior 
Cingulate Cortex, SMG = Supramarginal Gyrus. 
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Materials and Methods 

Participants 

 Thirty-eight right-handed Japanese university students (aged 20–27 years), with normal or 

corrected vision, participated in this study. After screening for excessive head motion during 

fMRI (>3 mm), 36 participants were included in the analyses (18 males and 18 females, mean 

age = 22.42 years, SD = 1.59). The local institutional review board approved this study, and all 

participants provided written informed consent prior to participating in the study. The sample 

size was based on a previous study that examined individual differences in neural responses to 

emotional video stimuli (e.g., Straube et al., 2010; N = 40). The effect size of the correlation 

between subjective anxiety ratings and brain activation was r = 0.50, which has sufficient 

analytic power, β = .94 (Straube et al., 2010, p. 41).  

Stimuli  

Per previous studies (Gordon et al., 2017; Piff et al., 2015), we compared both positive- 

and threat-awe responses to a non-emotional control state (neutral), as well as to general positive 

and negative emotional states (amusement and fear). This experimental design assists the 

revealing of awe-specific neural responses by strictly controlling for valence. During each of two 

scans, participants watched five 120-s video clips from inside the MRI scanner. In total, there 

were two video clips for each of the five emotional conditions. Positive-awe clips comprised 

nature clips from the BBC’s Planet Earth series and starry skies recorded with time-lapse 

cameras, which have often been used in studies of awe (e.g., Piff et al., 2015). Threat-awe clips 

comprised scenes of natural disasters, such as volcano eruptions, tornados, lightning storms at 

night, and avalanches (modified from Gordon et al., 2017). Amusement clips comprised nature 

clips from the BBC’s comedic series, Walk on the Wild Side, which show animals in their natural 
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habitats acting in humorous ways (Piff et al., 2015). Fear clips comprised scenes from the 

movies, The Shining and The Blair Witch Project, which were obtained from a standardized 

database of brief video clips (Schaefer, Nils, Sanchez, & Philippot, 2010) and have been used 

regularly in fMRI studies (Straube et al., 2010). Neutral clips comprised company promotional 

videos. All video clips were edited to be exactly 120 s in length and encoded with 1280 × 720 

resolution.  

Self-reported validation of stimuli  

To validate our expected results, we conducted two pilot surveys. Adults (pilot study 1, N 

= 27; pilot study 2, N = 19) watched each video and reported their emotions, valence, and arousal 

on 9-point scales, and familiarity on a 7-point scale. As predicted, the mean awe scores were 

higher for positive- and threat-awe videos than for videos of other conditions (positive-awe: 

mean: 5.52 ± SD: 1.47; threat-awe: 5.51 ± 1.97; other conditions: < 3.50 ± < 1.68). In addition, 

the mean scores of amusement (5.52 ± 2.23) and fear (6.71 ± 2.27) were highest in the amusement 

and fear conditions, respectively. The results of these pilot studies and the video stimuli (except 

for neutral videos) are available at https://osf.io/nxy7a/.  

Procedure  

We used a block design in the two functional scans, with five emotional blocks in each 

scan (positive-awe, threat-awe, amusement, fear, and neutral; see Fig. 1). Within a scan, the set of 

the five videos was fixed. However, the order of the sets and emotional blocks were 

counterbalanced across participants. During the first rest block, a fixation cross was shown for 15 

s, followed by the task instructions, which were displayed for 5 s. In the remaining rest blocks, a 

fixation cross was shown for 25 s. Participants watched the videos, which were projected onto a 

https://osf.io/nxy7a/
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white screen through a mirror mounted on the head coil, and listened to the soundtrack through 

MRI-compatible earphones or headphones. 

 

Figure 1. The sequence for one scan in our experimental paradigm. The fMRI experiment 

consisted of two functional scans, each lasting 12 min 20 s. Please refer to the online article for 

the color version of this figure. 

 

After scanning, the participants re-watched the video clips outside the scanner and reported 

the extent to which they experienced thirteen emotional states, including awe [mean scores of ikei, 

ifu (awe in Japanese), wonder, and sublime; αs > .72; Gordon et al., 2017], fear, amusement, etc., 

using 9-point Likert scales (1 = not at all, 9 = extremely) (details are available in Table S2). The 

order of the ten video clips was randomized. In addition, to assess whether they felt a small sense 

of self, participants were presented with a series of seven circles and asked to select options that 

best represented their perceived self-size (Figure S1; Bai et al., 2017).  
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fMRI Data Acquisition  

All MR images were acquired using a Siemens 3.0 Tesla Verio scanner with a 32-channel 

phased-array head coil, located at the Kokoro Research Center, Kyoto University. Structural data 

were acquired with a high-resolution magnetization-prepared rapid acquisition gradient-echo T1-

weighted sequence [208 axial slices; no gap between slice acquisition; repetition time (TR) = 2250 

ms; echo time (TE) = 3.51 ms; field of view (FOV) = 256 mm; matrix = 256 × 256; voxel size: 1.0 

× 1.0 × 1.0 mm; flip angle = 9°]. Functional data were acquired with a gradient-echo echo-planar 

imaging sequence [39 axial slices; slice thickness = 3.0 mm with a 25% (0.75 mm) slice gap; 

TR/TE = 2500/30 ms; FOV = 192 mm; matrix = 64 × 64; voxel size: 3.0 × 3.0 × 3.0 mm; flip angle 

= 90°].  

fMRI Data Pre-processing  

The fMRI data were analyzed using SPM12 (Wellcome Department of Imaging 

Neuroscience, London, UK), implemented in MATLAB R 2018a (Math Works, MA). Before data 

processing and statistical analyses, we discarded the first four volumes to allow for T1 

equilibration. All remaining volumes were slice-timing corrected, realigned to the mean volume 

to correct for head motion, normalized and resliced to 2 × 2 × 2 mm voxels in a common brain 

space [Montreal Neurological Institute (MNI) T1 template], and smoothed with an 8 mm full-

width, half-maximum Gaussian filter. Low-frequency noise was removed by applying a high-pass 

filter (cutoff period = 128 s) to the fMRI time series at each voxel.  

Behavioral Data Analysis  

Statistical analyses of the behavioral data were conducted in IBM SPSS Statistics 22.0 

(SPSS Inc., Chicago, IL, USA). One-way repeated-measures analyses of variance (ANOVAs) 
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were conducted to assess differences among the five emotional conditions in terms of the 

emotional state ratings and feelings of a small self.   

fMRI Data Analysis (Univariate Analysis)  

We first conducted univariate analyses using the general linear model (GLM) in SPM12. 

To examine the neural responses specifically associated with positive-awe, threat-awe, and both 

awe experiences, three contrast images were created for each participant: 1) a contrast image for 

positive-awe blocks (vs. amusement blocks), 2) a contrast image for threat-awe blocks (vs. fear 

blocks), and 3) a contrast image for both awe blocks [vs. control blocks (amusement and fear)]. 

We additionally created three contrast images for positive-awe, threat-awe, and awe blocks versus 

neutral blocks (for results, see Tables S3-5). These contrast images were submitted to a second-

level analysis. 

In the second-level analysis, whole-brain activation maps were created. Individual contrast 

maps were included in a group-level analysis using one-sample t-tests. For the univariate analyses, 

the statistical threshold was set at voxel-wise p < 0.001 (uncorrected) and cluster-wise p < 0.05 

[family wise error (FWE)-corrected for multiple comparisons].  

fMRI Data Analysis (Functional Connectivity Analysis)  

Seed-to-region of interest (ROI) functional connectivity (FC) analyses were performed 

using generalized psychophysiological interaction (gPPI) models, implemented in the CONN 

toolbox v18.a (Whitfield-Gabrieli and Nieto-Castanon, 2012), which is available for resting-state 

data as well as task-related designs (Breukelaar et al., 2018; Pozzi et al., 2019). The seed region 

for the gPPI analysis was chosen based on the univariate findings, which showed a strong 

relationship between the experience of awe and left MTG deactivation. To investigate the FC of 

the left MTG, we selected eight ROIs based on previous studies (Gordon et al., 2017; Guan et al., 
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2018; Immordino-Yang et al., 2009; Table S1): bilateral amygdala, ACC, PCC, and bilateral 

anterior and posterior supramarginal gyrus (SMG). A denoising procedure was applied to remove 

the effects of confounding factors (main task effects, white matter, cerebrospinal fluid, and motion). 

The signal was high-pass filtered above 0.008 Hz to retain higher-frequency information related 

to the task (Wierzba et al., 2018). The same three contrasts as those in the univariate analyses were 

created for the PPI. For the FC analyses, the two-sided statistical threshold was set at p < 0.05, 

false-discovery rate (FDR)-corrected for multiple comparisons. 
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Results 

Behavioral Results 

Repeated-measure ANOVAs revealed significant differences among emotional 

conditions, Fs (4, 140) > 27.29, η2
p > 0.44, ps < .001 (Fig. 2A & 2B). Participants felt 

significantly more awe, and a smaller sense of self in both awe conditions than in other 

conditions, |ts| (35) > 3.15, |ds| > 0.74, ps ≤ .01. In addition, participants felt more fear in the fear 

condition than in other conditions, |ts| (35) > 8.26, |ds| > 1.55, ps < .001, and more amusement in 

the amusement condition than in other conditions, |ts| (35) > 5.78, |ds| > 1.32, ps < .001. Other 

differences in the ratings of the emotional response and a small sense of self emerged as well 

(Table S2).  

 

Figure 2. Mean (A) emotional ratings (awe, amusement, and fear) and (B) ratings of a small sense 

of self are shown for each emotional condition. Error bars represent standard errors. See the online 

article for the color version of this figure. 
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In keeping with Hypothesis 1, the awe vs. control contrast revealed decreased activation 

in the left MTG for both awe conditions relative to that in the control conditions (center at MNI 

coordinates x = -46, y = -62, z = 4; Fig. 3). Almost the same cluster was observed for the 

positive-awe vs. amusement contrast (center at MNI coordinates x = -50, y = -66, z = 4; Table 

S4), but not for the threat-awe vs. fear contrast (Table S5). In addition, there seems to be 

differences in parameter estimates of the left MTG for positive-awe and threat-awe condition 

(see Fig. 3B). Therefore, to further investigate whether this left MTG cluster was less active in 

both the positive- and threat-awe conditions and this deactivation differs between positive- and 

threat-awe conditions, we performed ROI analyses for the contrasts of positive-awe vs. 

amusement, threat-awe vs. fear, and positive-awe (-amusement) vs. threat-awe (-fear), using 6 

mm spheres focused on the center of the left MTG cluster from the awe vs. control contrast (note 

that these were additional and confirmatory analyses). The ROI analyses were performed using 

Marsbar software (http://marsbar.sourceforge. net/). We found that the left MTG activity was 

significantly decreased in both positive- and threat-awe conditions compared to that in the 

respective control conditions (FWE-corrected cluster-level p < 0.05; Table S6). In addition, this 

deactivation is more prominent in the positive-awe compared to the threat-awe conditions. Thus, 

we used this left MTG cluster (a 6-mm sphere) as the seed region in the subsequent FC analyses. 

Other regions of (de)activation for the three contrasts also emerged (Table S3-5).  
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Figure 3. Brain activations related to the experience of positive- and threat-awe. (A) Decreased 

brain activations were observed in the positive- and threat-awe conditions relative to that in the 

amusement and fear conditions. A higher intensity of blue reflects greater deactivation during the 

positive- and threat-awe conditions. (B) Bar chart showing lower activity in the left middle 

temporal gyrus (MTG) in the awe (positive- and threat-awe) conditions than in the control 

(amusement and fear) conditions (p < 0.05, FWE corrected). Error bars represent standard errors. 

Please refer to the online article for the color version of this figure.  

 

fMRI Results (functional connectivity analysis)  
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the ACC and PCC compared to that in the amusement condition (Fig. 4A). In contrast, consistent 

with Hypothesis 3, the threat-awe vs. fear contrast indicated that the FC between the left MTG 

and left amygdala was higher in the threat-awe condition than in the fear condition (Fig. 4B). 

Since we did not find any significant FC changes between the left MTG and SMG, we conducted 

two additional and exploratory seed-to-ROI analyses. Firstly, we examined whether the left 

MTG was functionally connected with the SMG at an uncorrected threshold (p-value < 0.05). In 

keeping with Hypothesis 4, the results showed that the FC between the left MTG and right 

anterior SMG (aSMG) was greater in the positive-awe condition than in the amusement 

condition (Fig. 4A). Secondly, we conducted FC analyses that defined the left amygdala as the 

seed region (p < 0.05, FDR corrected), and found that the FC between the left amygdala and 

right aSMG was greater in the threat-awe condition than in the fear condition, in line with 

Hypothesis 4 (Fig. 4B). All significant FC results remained when the effect of the neutral 

condition was controlled. 

 

Figure 4. Functional connectivity (FC) differences between emotional conditions are shown. (A) 

FC between the left middle temporal gyrus (MTG) and anterior cingulate cortex (ACC), posterior 
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cingulate cortex (PCC), and right anterior supramarginal gyrus (aSMG) was increased in the 

positive-awe condition relative to that in the amusement condition. (B) FC between the left MTG 

and left amygdala, and between the left amygdala and right aSMG, was increased in the threat-

awe condition relative to that in the fear condition. With the exception of left MTG-right aSMG 

FC (p < 0.05, uncorrected), all FCs are significant (p < 0.05, FDR corrected). Please refer to the 

online article for the color version of this figure. 
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Discussion 

The present study is the first to focus on brain function during the experience of two 

types of awe (positive- and threat-awe), and reveals neural mechanisms that are common or 

distinct to the type of awe. We found that left MTG deactivation serves as a common neural 

mechanism. We also identified distinct neural mechanisms, whereby FCs between the MTG and 

the ACC, PCC, and right aSMG are associated with positive-awe experiences, whilst MTG-

amygdala, and amygdala-aSMG FCs are associated with threat-awe experiences. 

In both the positive- and threat-awe conditions, we observed a decreased activation of the 

left MTG relative to that in the amusement and fear conditions, which indicates that left MTG 

deactivation is common to the experience of both types of awe. This result is in line with the 

findings of Guan et al. (2018), in which dispositional awe was negatively correlated with gray 

matter volume in the left MTG. Several recent studies have demonstrated that awe is elicited by 

information-rich stimuli (e.g., panoramic nature and works of art), and increases self-diminishing 

attention (Keltner & Haidt, 2003; Shiota et al., 2007). Furthermore, the theoretical framework of 

awe suggests two core features: perceptual vastness and the need for accommodation (e.g., 

Keltner and Haidt, 2003). Thus, our findings suggest that the left MTG plays a role in "schema-

liberation" processes of awe, since it has been implicated in matching "existing schemas" to 

events (Davey et al., 2016), as well as in detecting and resolving incongruity during humor 

comprehension (Bartolo et al., 2006). Taken together, the present findings expand the theoretical 

understanding of awe to include a mechanism by which awe experiences induce the adaptation of 

a schema that no longer exists to fit the perception of current events.  

Interestingly, the left MTG's activation level was low in the positive-awe condition in 

contrast to the threat-awe condition. This result is consistent with previous studies demonstrating 
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different functions of positive- and threat-awe in terms of self-related processes (i.e., not 

injurious to one’s self-worth and accompanying negative feelings of the self, respectively) 

(Gordon et al., 2017; Piff et al., 2015). Given that positive-awe increases the tolerance of others’ 

norm violations, while threat-awe does not (Sawada & Nomura, 2020), in our study, the 

differential deactivation on MTG within awe suggests that positive-awe might liberate one’s self-

schema more flexibly, while threat-awe might not or might perform this function to a lesser 

degree. 

Importantly, our findings would also have contributions to the understandings of the 

emotional uniqueness of awe. For example, awe is differentiated from surprise caused by 

temporary unpredicted events that do not require effortful assimilation (Valdesolo, Shtulman, & 

Baron, 2017). In addition, as some researches indicate that awe is triggered by an entity that is 

vast and challenges one's worldview (e.g., Stellar et al., 2017), our results suggest that higher 

levels of schema (e.g., worldviews, values) might be liberated through experiencing awe. Future 

research should investigate whether and how the neural processes of awe are different from those 

of surprise. 

It also should be noted that our findings would have implications for neuroaesthetic 

researches. Another research investigating neural correlations of awe, which did not focus on 

threat-awe, indicated that the default mode network (DMN), which has been thought to be 

associated with self-reflective thought, was less activated during positive-awe experiences (van 

Elk, Gomez, Zwaag, Schie, & Sauter, 2019). Conversely, the DMN were positively activated 

during trials in which the artworks were highly-rated, suggesting that certain artworks can 

“resonate” with an individual's sense of self in terms of neuroaesthetics (Vessel, Starr, & Rubin, 

2013). Thus, to the decision to engage in self-related processing might distinguish aesthetic 
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experiences from positive-awe experiences, which is consistent with our results that awe might 

involve schema-liberation processes. Although our study did not aim to investigate the 

relationship between awe experiences and the DMN, our findings encourage further investigation 

of neural networks including DMN during awe experiences in comparison to aesthetic 

experiences.  

Specific responses that occurred during positive-awe experiences included increased FC 

between the left MTG and the ACC and PCC relative to that in the amusement condition. 

Positive-awe enhances the tendency to perceive intention and human agency in random events 

(Valdesolo & Graham, 2014). For example, watching clips of nature induces a decreased 

tolerance for uncertainty, which, in turn, increases the tendency to infer the hand of human 

agency in random numerical patterns. Our findings suggest that there might be psychological 

processes that enable humans to find resolution and meaning in unprecedented experiences by 

liberating existing schemas. 

In addition, considering the fact that positive-awe experiences often cause an aesthetic 

perception (Silvia et al., 2015), the present results are consistent with evidence that both the ACC 

and PCC are associated with reward-related processes during aesthetic experiences (Kawabata & 

Zeki, 2003; Yeh, Lin, Hsu, Kuo, & Chen, 2015). Previous studies have indicated that positive-

awe, in contrast to threat-awe, improves subjective well-being and stress-related symptoms 

(Gordon et al., 2017; Rudd, Vohs, & Aaker, 2012). This effect is not only momentary, but 

remains one week later (Anderson, Monroy, and Keltner, 2018). Therefore, positive-awe 

experiences are not limited to temporary reward processes, but might have more abstract and 

cathartic effects that involve MTG-ACC FC. 
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Interestingly, threat-awe experiences increased the FC between the left MTG and 

amygdala relative to that in the fear condition. The amygdala is involved in the rapid processing 

of relevant stimuli, allowing fast responses (Cunningham & Brosch, 2012). For example, the 

amygdala is associated with decreased reaction times to a target face after subliminal priming 

with an angry face (Nomura et al., 2004) and increased response bias (referred to as a “framing 

effect”) during a decision-making task (De Martino, Kumaran, Seymour, & Dolan, 2006). Thus, 

the amygdala is involved in rapid decision-making and behavioral responses. It is also widely 

known that similar responses result from time pressure (e.g., Evans and Stanovich, 2013), such 

that awe-related phenomena cause reductions in the time to display helping behaviors toward 

strangers during threat-awe experiences (Guan, Chen, Chen, Liu, & Zha, 2019). 

Importantly, the right aSMG was functionally connected with the left MTG during 

positive-awe experiences (however, the significance threshold was uncorrected). The right 

aSMG is a part of the TPJ that integrates information regarding self and others (Ionta et al., 

2011), and is associated with empathic responses to others’ pain (Luo et al., 2015). Positive-awe 

experiences increase a feeling of spirituality and a connection with the world or with others 

(Shiota et al., 2007; Van Cappellen & Saroglou, 2012). Therefore, the present results suggest that 

positive-awe experiences may blur self-other boundaries via right aSMG involvement. On the 

other hand, the SMG was co-activated with the amygdala during threat-awe experiences. Threat 

stimuli, such as death and disease, increase amygdala activity and generally increase in-group 

favoritism and out-group derogation (Jonas et al., 2014). Although the right SMG, which is 

located in an anterior part of the TPJ, plays a role in metalizing, the right TPJ is associated with 

various sympathetic responses, depending on whether the target is an in-group or out-group 

member (Cheon et al., 2011; Luo et al., 2015; Rilling, Dagenais, Goldsmith, Glenn, & Pagnoni, 
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2008). Therefore, the present results suggest that, during threat-awe experiences, the right aSMG 

promotes subsequent defensive behaviors by coordinating with the amygdala.  

Our research extends the study of awe from evolutionary perspectives by investigating 

specific neutral mechanisms of threat-awe. Current results suggest that threat-awe experiences 

involve the amygdala, which is a part of the primary structures within the limbic system. 

Theoretically, the threatening variant of awe, which is referred to as primordial awe, and from 

which other variants emerged, has evolved into an emotional reaction towards high-ranking 

leaders, motivating patterns of cognition, and into an action that can enable lower-ranked 

individuals subordinate their self-interest and conform into the social hierarchies of the groups to 

which they belong (Gordon et al., 2017; Keltner & Haidt, 2003; Weber, 1968). In addition, 

residents of areas prone to natural disasters (e.g., Japan or China) have higher tendencies to 

experience the negative side of awe, suggesting that threat-awe experiences motivate people to 

connect with others in interdependent contexts in order to alleviate negative emotions (Nomura, 

Tsuda, & Rappleye, in press). Thus, our findings might explain the processes of how historical or 

cultural differences of awe have emerged.  

It is worth noting several limitations of the present study, as well as the directions for 

future research. Since our awe stimuli mainly comprised scenes of nature, it is important to 

examine whether the results can be generalized to other awe-inspiring stimuli, such as great 

achievements of others. In addition, as a previous study on daily awe experiences demonstrated 

that self-relevant experiences are a common source of awe for participants in the United States 

but not for Chinese participants (Bai et al., 2017), future work should consider variations in the 

sources of awe between individualistic and collectivist cultures. Nevertheless, current research 

offers important insights into social functions of emotions (e.g., Keltner & Haidt, 1999). Future 
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research should focus on similar and different neural mechanisms between awe and other self-

transcendent emotions (e.g., compassion, gratitude). 

In conclusion, the present study is the first to reveal common and distinct neural 

mechanisms associated with positive- and threat-awe. Our findings provide neural evidence that 

may have demonstrable behavioral implications for social cognition. Understanding the neural 

basis of awe expands our knowledge regarding the socio-cognitive mechanisms underlying the 

recognition of the “self” and “others” in humans.  
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