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stresses often arise out of an immersive focus on the self (e.g.,
Buss, 1980; Hull, 1981; Pyszczynski & Greenberg, 1987; Scheier
& Carver, 1977; see review by Ingram, 1990), in the search for
mediation we



Dohrenwend, 1974; Holmes & Rahe, 1967; Kanner et al., 1981;
Lazarus, 1984).

As a result, daily stresses have emerged as a central focus in the
empirical literature, alongside the study of more chronic structural
stresses and traumatizing major life events. For example, in an
early study by Kanner et al. (1981), self-reported stress levels in
response to daily hassles, compared with those from major life
events, more significantly predicted both concurrent and subse-
quent somatic health status. In a similar vein, Monroe (1983)
found that whereas levels of major life-changing stress only mod-
erately correlated with individuals' psychological symptoms (e.g.,
sleep difficulties; measured by General Health Questionnaire
[GHQ], Goldberg & Hillier, 1979), levels of daily stress signifi-
cantly predicted psychological symptoms, even after controlling
for initial symptom levels.

Moreover, reports of daily stress appear to mediate the influen-
ces of more severe life events upon mental and physical well-
being (Caspi et al., 1987; DeLongis et al., 1982; Kanner et al.,
1981; Pearlin et al., 1981). For example, involuntary disruption of
a job might turn the more ordinary challenges of daily routines—
such as purchasing life necessities, keeping the home orderly, get-
ting the kids from school, and assisting with their homework—
into more significant sources of stress, and thereby significantly al-
ter personal well-being. Consistent with this reasoning, levels of
stress in response to daily hassles have been found to mediate, or
at least partially mediate, the impact of major life events on health
status and well-being (e.g., Eckenrode, 1984; Johnson & Sherman,
1997; Pearlin et al., 1981).

Grounded in the aforementioned studies of awe and stress, we
predicted that the experience of awe will reduce daily stress levels
by altering individuals’ appraisals of the self. Select studies set the
stage for our central hypothesis. In a recent investigation of veter-
ans and youth from underserved communities, an awe-inspiring
experience of white water rafting significantly reduced partici-
pants’ stress-related symptoms and boosted both short and long
term well-being one-week after the rafting trip (Anderson et al.,
2018). Trait level awe was found to be associated with reduced
levels of interleukin 6 (IL6), a biomarker of the body’s inflamma-
tion response, which covaries with levels of stress (Stellar et al.,
2015). People led to feel awe in laboratory experiments reported a
reduced awareness of day-to-day concerns (Shiota et al., 2007),
greater well-being (Rudd et al., 2012), and elevated parasympa-
thetic autonomic activation (Gordon et al., 2017), all indirectly
related to reduced daily stress.

The present work extends these studies in three ways. First,
whereas past studies have focused on awe felt in natural settings (e.g.,
Anderson et al., 2018), in the present investigation we tested the rela-
tionship between awe and stress using a diverse range of nature and
nonnature related elicitors, including narrative recall, evocative vid-
eos, and in vivo situations. Second, in light of recent concerns about
biases in memory reconstruction (DiGiovanni & Balcetis, 2018; Ross,
1989



Method
Participants and Procedure

One hundred twenty-three undergraduates (35 males) from a
public university in Spain participated in exchange for course
credit. The final sample size was determined in part from previous
diary studies on emotion (e.g., Gordon & Chen, 2016) and in part
by aiming to recruit as many participants as possible within two
weeks. We only analyzed results after all participants completed
the study. Participants ranged in age from 19-22 years ol =
19.67,5 D = .47). Participants filled out an online survey each
night for 14 consecutive nights. Reminders were sent out every
night at 8:00 p.m. Diaries completed after 8:00 a.m. on the follow-
ing day were excluded from analyses. In total, participants finished
1705 diaries. Using the sensitivity curve produced by simulations
from R package simr 1.5 (Green & MacLeod, 2016), we estimate
that we achieved 80% power to detect effects of approximately a
v-scored B = —.07, unstandardized B = —.05 or smaller (for more
details, see the online supplemental materials).

Measures

Defining Awe for Participants. Mindful of cultural biases
introduced by translation of single words (e.g., Bai et al., 2017;
Russell, 1989, 1994), we followed previous awe research (e.g.,
Bai et al., 2017) and oriented each participant to an understanding
of awe through a theoretical definition and a facial expression of
this emotion. Specifically, before the start of the daily diaries por-
tion of the study, participants were instructed to complete an
online survey in which we provided them with a general definition
of awe (derived from Keltner & Haidt, 2003): “People sometimes
experience the emotion of ‘awe’ when we are in the presence of
something amazing or breathtaking, something that we perceive as
being vast or that they do not fully understand in the moment,
something that can fascinate or impress us, but that can also make
us feel overwhelmed or a little bit frightened.” In addition to the
definition, participants also viewed a photograph of facial expres-
sion that has been found to communicate awe reliably across dif-
ferent cultures (Bai et al., 2017; Shiota et al., 2004).

Daily Measures. The daily measures were kept brief to
maintain motivation (Reis & Gable, 2000). Participants reported
how much they experienced & ¢ in addition to joy, anxiety, sad-
ness, contentment, pride, loneliness, gratefulness, anger, being
tired, and amusement Partici ants also responded to one statement
assessing their 4¢-L §74sS 405 (“Today 1 felt stressed, overbur-
dened or pressured ) All 1tems were measured on 11-point Likert
scales (1 =ue @ @ 11 =ay "J w'i'ds, s 4[740715)

Awe Narratlves. As part of the daily diary, participants
were also asked whether they experienced anything awe-eliciting
during the day. If the answer was yes, they were asked to describe
the awe-inducing daily event, including who they were with,
where they were, what they saw, and how they felt (for analyses of
the contents of the awe narratives, see the online supplemental
materials). If participants did not experience awe that day, they
were asked to write about a positive experience they had during
the day (in total, participants wrote 248 awe experiences; each par-
ticipant reported 2.02 awe experiences on average).

Results

The daily diaries consisted of multiple data points nested within
individuals as well as within each day (everyone completed the
diaries during the same two-week period), violating assumptions
of independence between subjects and days. Thus, we used a two-
level cross-classified model to conduct our analyses. Level 1 inter-
cepts were allowed to vary for the individual and day, and slopes
were allowed to va‘g/ for the individual. These analyses were con-
ducted using the " .r o package in the statistical program R;
degrees of freedom andj values were calculated using the Sat-
terthwaite method (Bates et al., 2015; Kuznetsova et al., 2017),
which yields 4, that are somewhere between the number of obser-
vations, individuals, and days depending on the relative variance
explained by each factor; this also explains why the degrees of
freedom varies from model to model. Finally, we report the signif-
icance of random effects using the rave a function from Imertest
which reports likelihood ratio tests comparing the model to a
model dropping the random effect being tested.

First, we examined whether the fluctuation of awe within the
same participant was associated with daily stress levels. To do so,
we predicted individuals’
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their own norm across the two-week period, they reported feeling
less stressed, B = —.20, 95% CI [—.26, —.14],; (78.52) = —6.84,
< .01 (Table I; for further analyses of within-subject variability,
see the online supplemental materials). To rule out the possibility
that the effect of daily awe experience on daily stress is actually
tapping into differences in daily positive experiences, we con-
trolled for the level of general daily positivity using an aggregated
value of the other positive experiences—joy, contentment, pride,
gratefulness, and amusement. As expected, the effect still held af-
ter controlling for general daily positivity, B = —.08, 95% CI
[—.13, —.02] (345.87) = —2.75,» = .01. Finally, to rule out the
possibility that daily awe led to reduced stress because of lower
levels of stress the day before, we also ran an analysis of daily awe
controlling for the daily stress level reported on the previous day
as a covariate and found that the significant effect still held, B =
—.18,95% CI [—.24, —.13]; (189.89) = —6.55, < .0L.

In addition, we also compared participants’ reported daily stress
on days when they reported an awe-inducing experience (for
detailed content analyses of awe diaries, see the online
supplemental materials) to their reported daily stress on days when
they did not. The contrast was significant, B = —.99, 95% CI
[—1.44, —.54]; (86.82) = —4.35,- < .01, suggesting that partici-
pants were less stressed on days when they encountered one or
more awe-inducing experiences. Furthermore, after controlling for
the level of general daily positivity, the effect still held, B = —.48,
95% CI [-.90, —.07]¢ (85.31) = —2.30, =.02.

Taken together, the results from Study 1 support our first hy-
pothesis that awe is associated with decreased daily stress. In
keeping with Hypothesis 2, self-reports of the intensity of daily
feelings of awe were significantly associated with individuals’
daily stress levels even after controlling for other positive states
(e.g., Fredrickson, 2001; Ruch, 2009). However, Study 1 was lim-
ited in certain ways. Our measure of daily stress was a single item
that did not explicitly measure reactions toward daily stressors.
Moreover, diary studies rely on retrospective self-reports, which
may reflect participants’ lay understanding of awe and daily
stresses rather than actual relations between the two (Nisbett &
Wilson, 1977; Parkinson & Manstead, 1992). In light of these con-
cerns, we turned to survey and experimental techniques testing the
relationship between awe and daily stress across both trait (Study
2) and state (Studies 3-6) levels.

Study 2: Dispositional Awe and Daily Stress

Study 2 was designed to test the hypothesis that individuals who
are more prone to experience awe will experience lower levels of
daily stress. Emotional traits reflect the frequency and intensity
with which individuals experience specific emotions (Keltner,
1996; Rosenberg, 1998) and often demonstrate similar effects on
social cognition as emotional states (for a review, see Keltner &
Lerner, 2010). In part justifying our second study, trait-based awe,
as measured by the Dispositional Positive Emotion Scale (DPES;
Shiota et al., 2006); was found to predict lower levels of proinflam-
matory cytokines—molecules that have a strong link with stress
(Kiecolt-Glaser et al., 2002; Stellar et al., 2015). Furthermore, to
test our hypothesis, we controlled for gender and ethnicity, both
associated with levels of stress and well-being (e.g., Contrada et al.,
2000; Nelson & Burke, 2002). To ascerto2 ew?2
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awe on a regular basis reported lower intensities of stress associated
with the 117 daily hassles, 8 = —.13y = —2.39, = .02. Lending
further support to our first hypothesis, even after controlling for dis-
positional amusement, age, gender (1 = male, 2 = female), and eth-
nicity (0 = nonwhite, 1 = white), trait awe was still significantly
associated with levels of stress associated with daily hassles, 8 =
—.14y = —-2.43, =.02 (for coefficients for each predictor, see the
online supplemental materials).

Building on previous studies linking trait-level awe to lower levels
of inflammatory cytokines (Kiecolt-Glaser et al., 2002; Stellar et al.,
2015); Study 2 found that trait-level awe was negatively correlated
with self-reported daily stress levels. Importantly, the relationship
between awe and daily stress was not merely a function of positive
affect (e.g., Shiota et al., 2006). We now turn to experimental
inductions to test awe’s causal effects on reduced daily stress
levels, possible mediators of this effect, and how this effect in
turn explains awe's relationship to elevated life satisfaction.

" 3 e R *‘A 3 i
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In Study 3, we experimentally induced awe and amusement in
the laboratory with videos of the natural world and compared their
respective impacts on daily stress, which we captured with a new
measure. More specifically, the hassles scale used in Study 2 was
potentially biased by subjective, idiosyncratic meanings (e.g.,
problems with aging parents have enormously different meanings
depending on the circumstances of a person’s life). Moreover,
some hassles are more central to personal goals and more closely
related to psychological functioning (Gruen et al., 1988; Mclntyre
et al., 2008; Vdzquez et al., 2001). Guided by previous research
(Gruen et al., 1988), each participant in Study 3 reported his or her
own central daily hassle—a stressor that reflects a major ongoing
problem on a daily basis—and rated their level of stress in relation
to this concern. We hypothesized that individuals who watched an
awe-eliciting video would report lower levels of daily stress com-
pared with the ones who watched amusing or neutral videos.

Finally, guided by an appraisal tendency-based approach (Lerner
& Keltner, 2000; 2001), we examined how awe reduces daily stress.
Within this framework, each emotion is defined by central appraisals
that in turn shape cognitive processes (Lerner & Keltner, 2000,
2001). For example, experiences of anger that arise from appraisals
of other people being in control of negative events increase the tend-
ency to perceive other individuals as responsible for subsequent
events (Keltner et al., 1993; Lerner & Keltner, 2000). Guided by this
framework, we posited that awe arises from an appraisal of vastness
(Bai et al., 2017; Keltner & Haidt, 2003) and then leads individuals
to construe daily stressors through the lens of small self-appraisals.
Specifically, we tested whether participants primed with awe were
more likely to reference the two small self-appraisals established in
past studies—vastness vis-a-vis the self and an insignificant sense of
the self—in their narratives of stress compared with participants in
the joy or neutral conditions.

h g
ih'

Participants

One hundred thirty-five college students at a major public west
coast university in the United States participated in exchange for

one course credit. The sample was determined primarily by aiming
to collect as much data as possible within one semester. We only
analyzed results after all participants completed the study. Seven
participants failed to follow the instructions (e.g., did not report
central hassles in the preonline survey) and were thus excluded
from all analyses. The final sample consisted of 128 college stu-
dents (25 male;” = 21.13 yrs,§ D = 3.59 yrs). According to post
hoc power sensitivity analysis using G¥*Power 3.1.9.2, our final
sample of 128 participants and a = .05 allows us to achieve 80%
power to detect effects of mp = .072 or larger for within-and-
between factor interactions in a repeated measures ANOVA with
two within (time) and three between (condition) factors (for more
details, see the online supplemental materials).The ethnic distribu-
tion in this sample was: 47% European American, 1% African
American, 11% US Latino, 26% Asian American, 2% Native
American, and 12% other.

Measures and Procedure

Participants were invited to participate in a study of emotional
experience. Before visiting the lab, they completed an online sur-
vey in which they reported what the central hassle is in their perso-
nal lives and its intensity. Within five days of completing this
presurvey, participants completed the lab session. Upon arrival at
the lab, participants were seated in individual testing cubicles
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Data Coding and Analysis

Coding of Appraisal Themes. After watching the video in
the lab, participants were instructed to describe their hassle again.
To test whether the manipulation triggered participants’ endorse-
ment of the two types of small self-appraisals when thinking about
their daily stress, we had two native English-speaking research
assistants coded the appraisals of each stressor. A third coder read
all the codes and settled discrepancies between the two coders. All
three coders were naive to the hypotheses.

Appraisals of Vastness Vis-a-Vis the Self. Two coders
coded each entry as including the presence or absence of some-
thing vast vis-a-vis the self (interrater reliability: Cohen’s k =
.94). For example, the following narrative reported by one partici-
pant was coded as referring to something vast in relation to the
self:
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Appraisals of an Insignificant Sense of the Self. Two
coders coded each entry for whether it referred to an insignificant
sense of the self (interrater reliability: Cohen’s k = .60). For exam-
ple, the following narrative reported by a separate participant
includes references to the insignificant perception of the self:
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Results and Discussion
Manipulation Check

Participants’ self-reported empotions confirmed that those who
watched the awe-inducing Vide& =6.33,5 D = .95) experienced
stronger feelings of awe compaged with participants who watched
the amusement-inducing video =.3.02,5 D = 1.47) as well as
those who watched the neutral Vide(glr =298, D =1.71), F(2,
125) = 7299, < .01, né = .55. Participants in the amusement
condition’r = 6.12,5 D = .83) experienced more amusement
~.compared with those in the aw& =4.21,5 D =2.03) and neutral
‘r = 3.32,5 D = 1.63) conditions, F(2, 125) = 35.14,
nf, =.36.

< .01,

Awe and Daily Stress Levels

To examine our prediction regarding awe's impact on daily
stress levels, we first examined participants’ reported levels of
daily stress in response to their own central daily stressor within a
3 (emotion condition: awe vs. amusement vs. neutral) X 2 (time:

r < 001 T]p

843

pre or post) assessment of daily stress levels) repeated-measures
ANOVA.? Results yielded a significant interaction between emo-
tion condition and time, F(2, 125) = 10.43,, < .001, né =.14 (see
Figure 1). Simple effects analyses revealed that people in all three
conditions were less bothered by their central daily hassle after
watching a video, but this, effect was much larger among partici-
pants in the awe conditim% =—-28.10,s E=2.77), F(1, 125) =

107.69, < .001, ’flp .46, compared with those in the amusement
condition®Y 4r = —19.76. s Egr = 2.60), F(1, 125) = 538,
» < .001, m3 = .30, or control condition = —10.82,5 Egf =

2.67), F(1,125)=16.73, <.001,m3=.12.

To further test the impact of emotion conditions on daily stress
reduction, we calculated each participants’ changes in daily stress
levels (a difference score calculated by subtracting their baseline
daily stress levels from their daily stress levels after watching the
video) and conducted two hypothesis driven contrasts.® In the first
“control contrast,” we tested whether participants primed with pos-
itive feelings—awe and amusement—reported higher reductions
in levels of daily stress than those in the neutral condition by com-
paring the awe and amusement conditions to the neutral condition
(coded as awe = 1, amusement = 1, neutral = —2). In the second
contrast (“awe and amusement contrast”) we compared the two
positive emotion manipulation conditions—awe and amusement
condition (coded as awe = 1, amusement = —1, neutral = 0). As
expected, the control contrast was significant, F(1, 125) = 16.12,
.11. Furthermore, whereas participants in the awe
condition reported lower scores of daily stress compared with
those in the amusement condition, the awe and amusement con-
trast did not surpass a conventional threshold for statistical signifi-
cance, F(1, 125) = 4.74,, = .03, n,z, = .04. These results suggest
that compared with both the control condition and amusement con-
dition, experiences of awe more significantly decreased partici-
pants’ current reports of the stressfulness of their hassle.

Supporting Hypothesis 2, across all three conditions, partici-
pants’ self-reports of awe were significantly correlated with
changes in daily stress levels, » = —.35,» < .001. In light of con-
cerns that emotion manipulations may elicit nontarget emotions
that drive the effect (e.g., Piff et al., 2015); we ran a regression
model in which we entered awe together with all the other emo-
tions—amusement, pride, sadness, fear, and anger—simultane-
ously as the predictor of changes in daily stress levels among
participants from all three conditions. Even after controlling for all
the other emotions collected, the intensity of the awe experience
still significantly correlated with the reduction of intensity of per-
ceived daily stress, 8 = —.30,5 E=.11,» =.008. The correlations
between changes in daily stress levels and other positive emotions

2 We also employed ANCOVA models to test the differences between
conditions. Detailed statistics can be found in the online supplemental
materials.

3 Orthogonal contrasts used in a-priori planned comparisons are viewed
by many statisticians as the gold standard for testing a researcher's theory
(Saville, 1990). These orthogonal contrasts explain unique variance in the
data, whereas non-orthogonal contrasts explain partially overlapping
variance in the data, i.e., a null for one test correlates highly with a null for
another test (Hancock & Klockars, 1996). Compared with other ways of
comparing the mean difference across conditions, orthogonal contrasts
require fewer tests and thus reduce the chance of both Type 1 and Type 2
errors.
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(amusement and pride) were not significant (coefficients for con-
trol emotions are presented in the online supplemental materials).

Awe and Appraisals of Daily Stressors

Of the participants in the awe condition, 50% referred to vast-
ness vis-a-vis the self-appraisals when talking about their daily
stressors, which is more than five times the frequency with which
appraised vastness was mentioned in the amusement (9.75%) and
neutral control (9.09%) conditions, y* = 26.29,» < .001. Further-
more, whereas 19.04% of participants in the awe condition
endorsed an insignificant sense of the self when talking about their
daily stressors, no participant in the amusement or neutral condi-
tion referred to this appraisal theme, x> = 17.28,» < .001. Con-
sistent with our prediction, participants in the awe condition more
frequently referred to both small self-appraisals—vastness vis-a-
vis the self and an insignificant sense of the self—in their narra-
tives of stress compared with participants in the amusement or
neutral conditions.*

In Study 3, then, after watching an awe-eliciting video, partici-
pants reported that they were significantly less stressed and both-
ered by a central daily hassle in their lives—issues at school, or
with their family, or the challenges of everyday life. Compared
with their counterparts in the amusement and neutral states, partic-
ipants in the awe condition reported the greatest reduction of daily
stress levels after the emotion manipulation (Hypothesis 1). More-
over, self-reports of feelings of awe, but not the other emotions,
were significantly correlated with reductions in daily stress levels
(Hypothesis 2). Finally, we found that the experience of awe was
accompanied by increased appraisals of vastness vis-a-vis the self
and an insignificant sense of the self. These descriptive data pro-
vide evidence consistent with Hypothesis 3, and in Studies 5 and 6
examine whether awe-related shifts in appraisals of the small self
help explain how awe reduces daily stress.

A critical limitation of Study 3 is our approach to ongoing
stress. Namely, participants recalled an ongoing hassle in the past

T 1

nt [

5 days. This means that participants could have been thinking
about a hassle from a few days ago, and our results more informa-
tive of how awe biases appraisals of recent but past stress rather
than ongoing stress(for additional analyses with ongoing stressors
only, see the online supplemental materials). Given this, in Study
4 we turn to in the moment, physiological reactions to talking
about daily stress.
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In Study 4 we experimentally manipulated the experience
of awe in the lab and asked participants to think and talk about
their daily stress afterward while stress-related physiology was
recorded. We predicted that participants in the awe condition,
compared with those in the neutral condition, would exhibit lower
levels of skin conductance (SCL), a measurement of changes in
eccrine (sweat) glands and a reliable marker of sympathetic
arousal during a stress response (Ax, 1953; Dawson et al., 2000;
Gross, 1998; Levenson, 2003; Mendes et al., 2007; Stemmler et
al., 2001). We also hypothesized that heart rate (HR) would show
a similar pattern of lower reactivity in the awe condition compared
with the neutral condition. Despite HR receiving inputs from both
the sympathetic and parasympathetic nervous system (Berntson et
al., 1997; Shaffer et al., 2014), it is another index of sympathetic
arousal during stress (Brosschot & Thayer, 2003; Kudielka et al.,
2004; Schubert et al., 2009; Sommerfeldt et al., 2019; Wager et

*We also conducted mediation models to test the indirect effect of the
two small self-appraisals on the main effect of awe condition on post-
manipulation daily stress levels after accounting for pre-manipulation daily
stress levels via residualizing the scores (for details, see the supplementary
materials). Consistent with Hypothesis 3, the indirect effect of the sense of
vastness vis-a-vis the self-appraisal was significant; while the indirect
effect of a sense of insignificant sense of the self was not significant (for
detailed statistics, see the supplementary materials).
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al., 2009). Finally, we also measured participants’ self-reported
stress levels at the end of the study. We predicted that these levels
would be lower in the awe condition compared with the neutral
condition.

h d
.q’hn ,
Participants

One hundred seventy-five college students at a major public
west coast university in the United States participated in exchange
for 1.5 course credit. This sample was driven by aiming to collect
as much data as possible within the time period covering summer
session and the following fall semester. We only analyzed results
after all participants completed the study. Among all participants,
four encountered procedural or tech-related problems (e.g., build-
ing construction interfering with study), three reported health con-
ditions (e.g., heart condition or coughing symptoms), five
participants’ data were missing, and eight participants failed to fol-
low instructions. The data were not merged or analyzed until after
data collection ewd. The final sample size consisted of 155 par-
ticipants (49 male;” 5. =20.61,5 D,,, =2.48). Using the sensitiv-
ity curve produced by simulations from R package simr 1.5
(Green & MacLeod, 2016), we estimate that we achieved 80%
power to detect effects of approximately e?r | =1.70 or more
extreme for SCL andJr | = 2.65 for HR (for more details, see
the online supplemental materials). The ethnic distribution of this
sample was: 18.1% European American, 58.1% Asian or Asian
American, 1.9% African American, 14.8% Latino/Latina, .6%
Native American, and 6.5% mixed race.

Procedure

Participants were invited to participate in a study of emotional
experience. Before visiting the lab, they completed an online pre-
survey in which they reported one personal central hassle and
rated the intensity of this hassle. Within 24 to 48 hr of completing
this online survey, participants completed the lab session. Upon ar-
rival at the lab, participants were seated in front of a computer and
a large 44-in. screen TV. The experimenter applied sensors to par-
ticipants’ skin in Lead II configuration to gather Electrocardio-
gram (ECG) signals, a belt was placed on the torso to assess
respiration, and two additional sensors were placed on the palmar
surface of the participant’s nondominant hand to measure skin
conductance. We used the MP150 hardware and Acgknowledge
4.4 software (Biopac Systems, Inc.) for data acquisition and subse-
quently analyzed the data in one-Minute epochs using Mindware
Technologies, LTD’s ECG and EDA analysis programs. Partici-
pants were comfortably seated in a chair with arm rests and were
instructed to maintain a similar posture throughout and minimize
movement.

During the lab session, participants completed brief self-report
measures of their general mood using a secure online survey pro-
gram. Then each participant was given five minutes to rest, which
allowed for habituation to wearing the physiological sensors. Par-
ticipants then watched a five-Minute awe-inducing video or a neu-
tral video (from Study 3). After watching the video, participants
talked about the central daily hassle that they had written about in
the presurvey. Each participant was given three minutes to prepare
for the talk and then three minutes to talk about their stress in front

of a camera. The experimenter left the room after starting the
video and remained outside during the task. Participants were
informed that the experimenter could still be contacted over inter-
com. After completing the stress talk, participants completed a
brief online survey in which they reported the level of stress they
felt from their central hassle and the degree to which they felt dif-
ferent emotions. After completion of the survey, participants were
instructed to rest for five minutes before the end of this study.

Measures

« d

E‘w“-m el Eﬂlﬂ_!ﬁ_ . Asin Study 3, in the presurvey
participants were first asked to recall a central hassle that was
most bothering them in the past two weeks and rated their level of
stress on a scale from 1 (ve grags u‘m;q be Mrsomg e a”to
100 (7 rd*e Vs rasspd ‘a‘iu; be w'*’éVs.‘m's). Afterﬂtalking about this
daily stress in the lab, they again reported the intensity of their
stres&t(&vard ghe hassle.

A i w_at . Data were acquired using the GSR100C
amplifier connected to the BIOPAC MP150 system at a rate of 2000
Hz in a noise-free environment. GSR was recorded by placing a pair
of silver-silver chloride electrodes with .05 M sodium chloride gel on
the thenar and hypothenar eminence of the nondominant palm. SCL
was assessed after the experiment using the EDA analysis software
from Mindware Technologies.

¢ & Raa. ECG recordings were sampled at 2000 Hz.
ECG signals were converted to beats per Minute to obtain HR.
Mindware Technologies, LTD’s HRV software was used for data
cleaning. The software automatically identifies R-spikes using a
proprietary algorithm. The resulting data are presented for visual
inspection and manual R-spike deletion or insertion using the soft-
ware’s tools. As a rule for data cleaning, we chose only to insert
R-spikes using the auto-midbeat function when one R-spike was
missing; otherwise we only kept the largest, continuous segment
of any one-Minute epoch. We set a threshold such that any 1-min
segment must have at least 30 sec of continuous beat-to-beat data
to qulz;lify for inclusion.

1 A 1. Participants reported the degree to which they
felt each of nine emotions during the experience they wrote about
(happiness, awe, joy, amusement, sadness, fear, anger, gratitude,
pride) on a 7-point scale (1 =ue ¢ a =N r", ';)
Data Coding and Analysis

Following the procedures of Study 3, video recordings of partici-
pants’ discussion of their daily stress were coded by rotating teams
of two coders (two research assistants were native Chinese speakers
and two research assistants were native English speakers®) for
small self-appraisals—the vastness vis-a-vis the self (intercoder
reliability: Cohen’s k = .60) and the insignificant sense of the self
(intercoder reliability: Cohen’s «k = .56). Any disagreements
between coders were settled by a third coder. All coders were naive
to the hypotheses.

5 Of the 155 participants, there were 22 participants who gave their
stress speech in Chinese. All these videos were coded by research assistants
who are native Chinese speakers. In addition, seven participants’ video
were not recorded or were delivered in other languages, yielding a total
sample of 148 coded videos.
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Awe and Decreased SCL

We first examined participants’ average SCL reactivity for each
phase—video, preparation, stress talk, and recovery (for full model
on minute-by-minute data, see the online supplemental materials).
To account for the repeated observations nested within subjects
with a random intercept model (Aguinis et al., 2013; Brauver &
Curtin, 2018; Pinheiro & Bates, 2000), we used a linear mixed
effects regression with condition (awe vs. control), phase (video,
preparation, stress talk, and the recovery), and their interactions
entered as fixed effects. In our model, we also included each par-
ticipant’s baseline skin conductance levels (defined as the last Mi-

wute of the baseline period) as a covariate (Cacioppo et al., 2007;
= 8.91;5 D = 7.19). These analyses were conducted using the
Imertest package in the statistical program R; degrees of freedom
and - values were calculated using the Satterthwaite method
(Bates et al., 2015; Kuznetsova et al., 2017). For reported B, weg -
scored continuous variables across all observations.

Results revealed that the main effect of phase was significant, F’
(3, 432.24) = 147.42,- < .01. The main effect of condition was
not significant, F(1, 147.83) = 3.64,- = .06, but, as expected, the
interaction between phase and condition was significant, F(3,
432.24) = 8.84,» < .0l. Following these results, we examined the
estimates of the within-phase differences by condition from the
multilevel model (see the online supplemental materials for more
details). These follow-up results revealed that when-participants
were watching the video, the conditions did not diffgr‘% =.76,
95% CI [—.42, 1.93], (287.76) = —1.25,» = .21, false discovery
rate (FDR; Benjamini & Hochberg, 1995°) adjusted- = .21, Bgir=
.10). However, clear differences emerged after the manipulation.
Compared with their counterparts in the control condition, partici-
pants in the awe condition exhibited significantly lower SCL reac-

tivity ~when thinking about their daily stressors (preparation
phase = —1.46, 95% CI [-2.63, —.28],; (287.91) = —2.41,
r =.02, F?()

R adjustedr = .03, Bgir = .19; when talking about
their daily stressors (stress talk phase)ﬁr —1.72, 95% CI
[ 2.89, —.54]4 (287.80) = —2.85; =.005, ;TDR adjusted- =.02,
—.22; and even during the recovery phase after the stress
talI{l‘r =—1.42,95% CI [-2.60, —.23]; (290.91) = —2.34, =
.02, FDgl'{ adjusted- =.03, B 4ir= —.18 (see Figure 2).
Furthermore, supporting Hypothesis 2 and replicating the results
from Studies 2 and 3, across conditions, participants’ self-reports
of awe were significantly negatively correlated with their SCL
reactivity in response to daily stress (an aggregated mean of SCL
reactivities across preparation and stress talk phrase), r = —.20,
= .01. More importantly, a regression analysis (as in Study 3)
revealed that even after controlling for all the other emotions, there
was still a trend indicating that the intensity of awe negatively pre-
dicts SCL among participants from both conditions, B = —.23,
s E = .11, = .04 (coefficients for control emotions are presented
in the online supplemental materials).

Awe and Decreased HR

A similar linear mixed effects regression analysis was con-
ducted with heart rate as the dependent variable.” Results revealed
that the main effect of phase was significant, F(3, 445.94) =
203.30, < .01. The main effect of condition was also significant,
F(1, 149.61) = 7.03, = .01, and the interaction between phase
and condition was 31gn1ﬁcant F(3, 445.95) = 3.94,- = .01. Fol-
lowing these results, we examined the within-phase differences by
condition based on the multilevel model. Results revealed that

BAI ET AL.

after watching the video, compared with those in the control con-
dition, awe condition participants’ HR was significantly lower
when thinking about their daily stress (preparation phase%r

—2.57, 95% CI [-4.40, —.73],t (406.56) = —2.72,- = .01, FDR
adjusted- = .01, By = —.21; when talking about their daily stress
(stress talk phase), = —3.56, 95% CI [—5.40, —1.72],¢
(408.59) = —3.77,» < .01, FDR adjusted- < .01, Bair = —.29.
Importantly, participants from the two conditions were observed
~. with similar HR activities when they were watching the video,
o o = —.72, 95% CI [-2.55, 1.12],; (408.44) = =76, = .56,

FDR adjusted
r =.03, Bgir = —.06; as well as during the recovery phase after the
stress talk, = —.55,95% CI [-2.39, 1.30]; (410.51) = —.58,

» =.56, FDR adjusted- =.56, B 4ir = —.04 (see Figure 3)8

Awe and Small Self-Appraisals

Converging with findings from Study 3, 20.27% participants in
the awe condition endorsed a vastness vis-a-vis the self-appraisal
when talking about their daily stressors after watching the video.
This proportion is more than two times than those in the neutral
(8.22%) conditions, )(2 = 4.49, = .03. Furthermore, whereas
17.57% participants in the awe condition and 12.33% participants
in the control condition referred to a diminished sense of the self
when talking about their daily stressors, the contrast did not reach
a conventional threshold for statistical significance, x> = .80, =
.37. These findings suggest that participants in the awe condition
more frequently refer to small self-appraisals, vastness vis-a-vis
the self especially, in their narratives of stress compared with par-
ticipants in the neutral conditions.

Awe and Self-Reported Daily Stress

Finally, we examined participants’ self-reported levels of daily
stress. A 2 (emotion condition: awe vs. neutral) X 2 (time: pre or
post) assessment of daily stress levels) repeated measures
ANOVA revealed that the interaction between condition and time
was not significant, F(1, 153) = .04, =.95.

In sum, after watching an awe-eliciting video, participants exhib-
ited lower SCL and HR compared with those in the control condition
when thinking and talking about their daily stressors. Moreover, con-
sistent with our second hypothesis, as participants reported more
intense experiences of awe, they showed lower sympathetic arousal
(SCL in this case). In addition, consistent with results from Study 3,
awe altered individuals’ appraisals of daily hassles: compared with
participants in the neutral condition, participants in the awe condition

S Mindful of the multiple comparisons and its potential likelihood of
enhancing TYPE I error, we used the false discovery rate method to adjust
our p values for our four comparisons (e.g., Benjamini & Hochberg, 1995).

7 Our data showed right-skew (skew = 1.86) in the first-level (i.e.,
measurement occasion) residuals of the model. The raw data approached
excessive right-skew as well (skew = 0.94). In light of this concern, we also
log-transformed heart rate and ran all the analyses again. The model with
log-transformed heart rate showed acceptable right-skew (skew = 0.74), as
did the log transformed raw data (skew = 0.10). The results are similar to
the untransformed model. All the statistics can be found in the
supplementary materials.

We conducted a similar correlation analysis on subjective awe
experience and HR. The correlation was not significant. For detailed
analyses and explanations, see the online supplemental materials.
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Jre .. SCL change scores were calculated by subtracting the last minute of the participants' baseline SCL from their current SCL. Error bars represent * 1

s E (Study 4). See the online article for the color version of this figure.

referred more frequently to vastness vis-a-vis the self, especially
when talking about their daily stressor.

Finally, whereas participants in the awe condition exhibited sig-
nificantly lower sympathetic arousal (SCL in this case) during the
recovery phase compared with their counterparts in the neutral
condition, their self-reported daily stress levels were not signifi-
cantly different than controls. This result clearly departs from our
hypothesis and the findings thus far, and may have been due to the
fact that participants reported on their stress after an emotional dis-
closure, an intervention that has been shown to decrease subjective
stressful reactions but not sympathetic arousal through enhanced
emotion understanding (Clark, 1993; Cordova et al., 2001; Green-
berg et al., 1996; Kennedy-Moore & Watson, 2001; Lepore et al.,
2000, 2004; Zech & Rimé, 2005).
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Thus far, we have seen that trait and state awe are associated
with decreased levels of daily stress. In Study 5, we induced awe
by asking participants to write about a prototypical experience of
the emotion (e.g., Griskevicius et al., 2010). These data allowed us
to test our hypothesis about awe and decreased daily stress in the
moment through a greater variety of elicitors of awe than just na-
ture, which has been a focus in the field thus far (e.g., Anderson et
al., 2018). To further ascertain awe's unique impact upon daily
stress, we contrasted the effect of awe with joy and pride. Joy, like
awe, is a positive emotion, often accompanied by reduced self-
related concerns, but it is not triggered by vastness and is often

contrasted with awe (Bai et al., 2017; Piff et al., 2015; Shiota et
al., 2007; Van Cappellen & Saroglou, 2012). Pride is also a posi-
tive emotion, but in contrast to awe, promotes self-focused atten-
tion (Bai et al., 2017; Tracy & Robins, 2004).

Finally, guided by the appraisal-tendency approach, we incorpo-
rated a measure that assessed both facets of the small self construct
—vastness vis-a-vis the self and an insignificant sense of the self
(Bai et al., 2017; Piff et al., 2015; Stellar et al., 2018)—and exam-
ined the role of each in driving the link between awe and reduced
stress. Based on studies of stress interventions (e.g., Chiesa & Ser-
retti, 2009; Grossman et al., 2004), we tested two competing predic-
tions about mediation. Whereas the literature on self-distancing
would suggest that appraisals of vastness vis-a-vis the self reduce
stress (Ayduk & Kross, 2010; Kross & Ayduk, 2011), studies of
narcissism find that an insignificant sense of the self might drive the
stress-reducing effects of awe (e.g., Cheng et al., 2013). Our analy-
ses, therefore, ascertain whether the reduction of daily stresses fol-
lowing from experiences of awe is produced by appraisals of
vastness vis-a-vis the self or an insignificant sense of the self.

| ]
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Participants

Two hundred twenty-one college students at a major public
west coast university in the United States participated in exchange
for one course credit. This sample was determined by aiming to
collect as much data as possible before the end of school year. We
only analyzed results after all participants completed the study.
Sixteen participants who failed more than one attention check (out
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of five) We excluded. The final sample consisted of 205 students
(64 male,” =21.17,5 D = 3.16). According to a post hoc power
sensitivity analysis in G*Power 3.1.9.2, our final sample of 205
participants and « = .05 achieves 80% power to detect effects of
nf, =.046 or larger for the within-between interaction in a repeated
measures ANOVA with two within (time) and three between (con-
dition) factors (for more details, see the online supplemental
materials). The ethnic distribution of this sample was as follows:
34% European American, 41% Asian or Asian American, 2%
African American, 10% Latino/Latina, 3% Native American, and
10% were mixed race.

Measures and Procedure

After giving consent, participants completed measures of base-
line daily stress levels, and then recalled and wrote about a perso-
nal experience of awe, joy, or pride. They then reported their daily
stress levels and their appraisals of the self.

Rl % . As in Study 3, participants recalled a central
hassle that occurred in the past month and rated their level of stress
on a scale from 1 (we §reossed mu; be 45Vs0 “.a aYto 10
(1 ri,‘ s ressp W g be ﬁrsoﬁ o).

R ﬂx BRI, 2" Y Partlclpants were randomly assigned
to déscribe af” experience that elicited awe, joy, or pride. Partici-
pants were provided with the definition of the target emotion (see
below) and an emoticon (see the Appendix) showing the prototyp-
ical facial expression of the target emotion (Bai et al., 2017).

Following Strack et al. (1985), the instructions emphasized focus-
ing on concrete, vivid, experiential aspects of the target emotion.
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_1 v‘ﬁ -ﬁ‘ri . Participants’ small self, the anticipated mediator

between awe and reduced daily stress levels, was measured with a
six-item scale derived from past studies (Bai et al., 2017; Piff et
al., 2015; Stellar et al., 2018). To measure the sense of the sense
of vastness vis-a-vis the self, participants indicated their agreement
with three items from 1 (g rrug'; fsagrae) to 7 (s rwg}agru).
Items included: “I feel the presence of something greater than
myself,” “I feel the greatness of something,” “I feel like I am in
the presence of something grand.” To measure the facet of an in-
significant sense of the self, participants indicated their agreement
with three items from 1 (g rowg'; fisagraz) 107 (g rwg;agvu).
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Items included: “I feel relatively small,” “I feel insignificant,” “I
feel my personal needs are not important.”

1 #¢ 4. Participants reported the degree to which they
felt each of nine emotions during the experience they wrote about
(happiness, awe, amusement, sadness, fear, anger, gratitude, pride)

. ~ 7
ona7-pointscale (1=we ¢ @ S 7=21rs & ';)

Data Coding

Two native English-speaking research assistants from the
United States were trained to code each entry as elicited by some-
thing in nature or not (interrater reliability: Cohen’s k = .97). A
third native coder read all the codes and settled discrepancies
between the two coders. All three coders were naive to the
hypotheses. In total, 36 of 66 awe narratives were coded as eli-
cited by something in nature.

w d wn
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Awe Experience and Decreased Daily Stress Levels

To examine our prediction regarding awe's impact on daily
stress levels, we first examined participants’ reported levels of
daily stress in response to the general hassle items within a 3
(emotion condition: awe vs. joy vs. pride) X 2 (time: pre or post)
assessment of daily stress levels) repeated measures ANOVA.
Results yielded a significant interaction between emotion condi-
tion and time, F(2, 202) = 3.39,- = .036, né = .03 (see Figure 4).
Simple effects analyses revealed that people in all three conditions
were less bothered by their central daily hassle after the recall
task, but this effect was much larger among participants in the awe
condition, F(1, 202) = 97.47,- < .001, 71123 = .33, compared with
those in the joy condition, F(1, 202) = 56.09,- < .001, nfn =.22,
or in the pride condition, F(1, 202) = 39.80, < .001, n%, =.16.
To explore the impact of emotion condition on changes in daily
stress levels (a difference score calculated by subtracting their
daily stress rating provided before emotion priming from their
daily stress rating after writing their emotional experience), we
conducted pairwise comparisons between the three conditions and
present the false discovery rate (FDR) corrected p-values. The
~pairwise comparisons reveal that individuals in the awe condition
& P —2.56,5 E = .28) demonstrated less stress than those in the
pride‘% .= —1.62,5 E = .15) condition § E = .37 = .01, FDR
adjusted- = .03). In addition, whereas individuals.in the awe con-
dition reported lower stress than those in the joy = —1.94,
s E = .20) condition, the comparison were not significantly differ-
ent§ E=.37, =.09, FDR adjusted- =.14). Finally, the compari-
son between the joy and pride conditions were also not
significantly different § £ = .37, = .39, FDR adjusted- = .39).
The overall results indicate there are differences, and the corrected
p-values suggest the trend is awe being different than pride and
joy, but given the trade-offs between Type I and Type II error
when correcting- values in multiple comparisons, a larger sample
size would be needed to compare all three conditions simulta-
neously.

To rule out the possibility that awe’s effect on daily stress levels
was only observed in response to nature elicitors, we compared
levels of stress of participants who recalled a nature-related awe
experience with those who recalled other elicitors of awe. Neither
the interaction between elicitor and time significant, F(1, 64) =

.05,» = .83, nor the main effect of elicitor, F(1, 64) = 3.08,, =
.09, were significant.

Supporting Hypothesis 2 and replicating the results from Stud-
ies 3 and 4, participants’ self-reports of awe were significantly cor-
related across conditions with decreases in daily stress levels, r =
—.18, =.01. Importantly, as in Studies 3 and 4, regression analy-
ses across participants from all three conditions revealed that after
controlling for other positive and negative emotions (happiness,
amusement, sadness, fear, anger, gratitude, pride), awe was the
only emotion that was significantly associated with changes in
daily stress levels, 8 = —.33,5 E = .11, = .002 (coefficients for
control emotions are presented in the online supplemental
materials).
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proposed mediating model using a bootstrapping procedure rec-
ommended by Preacher and Hayes (2004; 2008). Analyses were
conducted with the PROCESS macro for SPSS (Hayes, 2013)
using 5,000 bootstrap samples. This technique yielded a significant
indirect path with a 95% bias-corrected confidence interval that
did not include zero [—.13 to —.002], providing support for Hy-
pothesis 3 that the sense of vastness vis-a-vis the self helps to
explain awe’s impact on decreased daily stress levels. We then
treated the same model with the insignificant sense of the self facet
set as the mediator in the model. This time, bootstrapping results
revealed that the indirect effect was not significant (95% CI [—.02,
1),

The results of Study 5 extend our understanding of the relation
between experiencing awe and altered perspective of daily stresses
in the moment. First, awe's calming effect on daily stress is not
limited to immersion in nature, the source of awe in Studies 3 and
4. Moreover, consistent with Hypothesis 3, perceived vastness vis-
a-vis the self emerged as the significant statistical driver of the

e 5
Iﬁgemu’u P f'VSz “4y 5

Error bars represent =15 E (Study 5).

effects of awe on reduced hassle-related stress. Finally, Study 5
found that compared with two other positive emotions, joy and
pride, the experience of awe more significantly mitigated negative
appraisals of daily stressors in the moment. One limitation for
Study 5 is that the manipulation includes verbal description of
physical or social vastness, which might enhance participants’
endorsement of vastness vis-a-vis the self-appraisal in their written
response. In light of this concern, in our final study, we manipu-
lated awe by immersing participants to an in-vivo situation and
measured their stress and life satisfaction levels.
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In our final study, we studied the relationship between awe and
stress in a naturalistic setting. We predicted that: (a) when
immersed in the experience of awe in a natural setting, individuals
will report less stress associated with their daily hassles

Vastness Vis-a-vis
the Self

Awe

(vs. control)

Daily Stress Levels
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(Hypothesis 1); (b) the intensity of the subjective experience of
awe would significantly correlate with their daily stress levels (Hy-
pothesis 2); and (c) that awe’s attenuation of daily stress would be
explained by a sense of vastness vis-a-vis the self (Hypothesis 3).
Finally, guided by existing findings on both awe and daily stresses'
association with well-being (e.g., Lazarus, 1984; Rudd et al.,
2012; Stellar et al., 2015), we predicted that the positive effect of
awe on enhanced life satisfaction can be explained, at least par-
tially, by its impact on reduced daily stress levels (Hypothesis 4).

PN d
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Participants

Eighty-six college students at a major public west coast univer-
sity in the United States participated in exchange for one course
credit. This sample was determined primarily by aiming to collect
as much data as possible within a summer session. We only ana-
lyzed results after all participants completed the study. According
to a post hoc power sensitivity analysis in G*Power 3.1.9.2, our
final sample of 86 participants and a = .05 achieves 80% power to
detect effects of "‘]12: = .085 or larger for a repeated measures
ANOVA interaction of two within (time) and two between (condi-
tion) factors (for more details, see the online supplemental

.. materials). All our participants were college students (25 male;

=20.64 yrs,s D = 2.42 yrs) at a major public west coast univer-
sity who participated in the experiment in exchange for course
credit. The ethnic distribution of the sample was as follows:14%
were European American, 1% were African American, 54% were
Asian American, 20% were Latin American, and 12% were other
ethnicities.

Measures and Procedure

Participants were invited to participate in a study of emotional
experience. Upon arriving at the lab, participants filled out meas-
ures of daily stress levels and life satisfaction. Afterward, partici-
pants walked with the experimenter to the Campanile, a clock
tower at the center of the UC Berkeley campus with a height of
200 feet, where they were told to finish another set of question-
naires. Mindful of the potential confounding biases introduced by
the elevated height, we brought all participants to the top level
of the tower and then randomly assigned them to one of two condi-
tions. In the awe condition, participants looked out and enjoyed
the expansive view of the Bay, San Francisco, and the Golden
Gate Bridge. In the control condition, participants faced the inside
wall of the tower and were not allowed to look out of the tower
until they finished answering all the questions (see Figure 6). Par-
ticipants in both conditions were asked to report their emotional
experiences, sense of perceived vastness vis-a-vis the self, daily
stress level, as well as life satisfaction while standing at the top
level of the tower. Upon finishing, all participants were allowed to
tour around the tower and were then brought across campus back
to trh‘e lab rpom,._debriefed, thanked, and released.

1, Audg2 ¢ L& . Ona7-point scale from 1 (e ¢ Y
o7 (& re JL';), ﬁarticipants indicated the extent to which they
experienced amusement, happiness, awe, fear, and anger while
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viewing either the interior of the tower or the bay from the top of
the tower.

8 94 £ Participants reported upon vastness vis-a-vis of
- the self subscale with the same three items from Study 5 (« = .82,
oy =4.44,5 D =1.70).°

4P, ML _ . Participants reported upon central hassle-
related stress levels as used in Study 3 and the general hassle scale
as used in Study 2.

"‘f _ﬂ"ﬂ : “i“‘l' Participants reported on their life satis-
faction as measured with the Satisfaction with Life Scale (Diener
et al., 1985). This scale contains five items that measure global life
satisfaction judgments. Participants responded using a seven-point
Likert scale ranging from 1 (g rmg'; fisagrag) o 7 (g rmg‘
agrs.), indicating how much they agreed or disagreed with eacFY
item in the current moment (o = .Sd,& before = 4.79,5 Dyetore =
121, @ =.89, per =4.93.5 Dagier = 1.33).

W ‘ ’ W .
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Awe Experienced at the Top Level of the Tower

An independent samples; test showed that compared with the
participants who Ig:ed the wall in the interior of the Campanile
(control condition;” = 2.73,5 .= 1.62), participants who looked
out of the tower (awe conditior{;'r = 5.26,5 D = 1.48) reported

stronger feelings of awer (84) = —7.56, < .001, 4 =1.84.
Awe Decreases Daily Stress Levels

To examine our prediction regarding awe's impact on daily
stress levels, we first examined participants’ reported levels of
daily stress in response to the general hassle items within a 2
(emotion condition: awe vs. control) X 2 (time: pre- or postassess-
ment of general hassle-related stress) repeated measures ANOVA.
Results yielded a significant interaction between emotion condi-
tion and time, F(1, 84) = 13.21, < .001, nf, =.14. Simple effect
analyses revealed that people in both conditions reported lower
levels of daily stress in response to the general hassle items after
walking to the top level of the tower, which fits with what is
known about the benefits of being outdoors (e.g., Hartig et al., 2003;
Kohlleppel et al., 2002; Mayer et al., 2009; Mitchell & Popham,
2008; Nisbett & Zelenski, 2011). This effect, however, was much

~larger among participants who were assigned to the awe condition

’r air = —33.90,5 Ege = 4.59), F(1, 84) = 73.40,- < .001, mp = 47,
compared, with those individuals who were facing the inner side of
the towe%( air = —13.80,5 Egir = 3.16), F(1, 84) = 12.73, =.001,
T]f) =.13.

Next, we examined participants’ reported stress in response to
their personal central daily hassles within a similar 2 (emotion
condition: awe vs. control) X 2 (time: pre- or postassessment of
central hassle-related stress) repeated measures ANOVA. Again,
we discovered a significant interaction between emotion condition

K Following the same procedures used in Studies 3 and 4, participants’
discussion of their daily stress when they were standing on the top of the
tower were coded by teams of two coders for small self-appraisals—the
vastness vis-a-vis the self and an insignificant sense of the self. Consistent
with findings from Studies 3 and 4, we found that the ones in the awe
condition applied more appraisals of vastness vis-a-vis the self when
describing their daily stress. For detailed statistical analyses, see the online
supplemental materials.
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and time, F(1, 84) =18.99,, < .001, nf) =.18. Simple effects anal-
yses revealed that although people in both conditions were less
bothered by their central daily hassle after walking to the top level
of the tower, this effect was much larger among participants in the
awe conditiorﬁ aif = —3.40,5 E =2.18), F(1, 84) = 130.77, <
.001, n%, = .61, compared with the ones who were facing the inner
side of the tower ( 4 = —1.59,5 Eqir = 1.66), F(1, 84) = 29.91,
r <.001,mp=.26.

Awe Increases Life Satisfaction

To examine our predictions concerning awe and life satisfac-
tion, we conducted a 2 (emotion condition: awe vs. control) X 2
(time: pre- or postassessment) repeated measures ANOVA test
with self-reported life satisfaction as the dependent variable. Con-
sistent with our prediction, the interaction between emotion condi-
tion and time was significant, F(1, 84) = 9.56,- = .003, nlz, =.10.
Simple effect analyses of this interaction revealed that, after view-
ing the awe-inducing scenery at the level of the tower, partici-
pants’ self-reported life satisfagtion = 5.07,5 E = .21) was
significantly higher than beforé =4.67,5s E=.19), F(1, 84) =
11.56,» = .001, nf, = .12. On the other hand, when viewing the
inner side of the tower, participants’ life satisfaction did not
change from baseline, F(1, 84) = .90, = .35.

Feelings of Awe and Changes in Daily Stress Levels

To test Hypothesis 2, we calculated each individual’s daily
stress level by standardizing the scores of general hassle-related
stress level change (a difference score calculated by subtracting
participants’ baseline general hassle-related stress rating from their
general hassle-related stress rating after getting to the top level of
the tower) and central hassle-related stress level change (a differ-
ence score calculated by subtracting their baseline central hassle-
related stress rating from their central hassle-related stress rating
after getting to the top level of the tower from their central hassle-
related stress rating before emotion priming) and averaged these
two standard scores. Supporting Hypothesis 2, participants’ self-
reports of awe across conditions were significantly correlated with
the changes of daily stress levels, r = —.29;, = .006.

Awe, the Small Self, Decreased Daily Stress Levels, and
Increased Life Satisfaction

In our final analyses, we tested our mediation model on awe’s
effect on daily stress levels and its impact on increased life satisfaction
in two ways. Figure 7 illustrates the mediational model and provides
path coefficients. In the first model, we replicated our findings in
Study 5, supporting the model that awe, through an elevated sense of
vastness vis-a-vis the self, reduced daily stress levels. Following a
similar bootstrapping procedure, using the SPSS PROCESS macro
provided by Hayes (2013), we found a significant indirect effect of
awe (in contrast to the control condition) on changes in daily stress
levels through the sense of vastness vis-a-vis the self (95% CI [—.19,-
.03]. The direct effect of awe on lowering daily stress levels reduces
the effect (95% CI [—.47, —.15]) when the sense of vastness vis-a-vis
the self was included in the model, in line with Hypothesis 3.

In a second set of analyses, we investigated the model in which
awe, through decreased daily stress levels, leads to increased life
satisfaction (Hypothesis 4). Following the same bootstrapping pro-
cedure, we discovered a significant indirect effect of awe (in con-
trast to the control condition) on life satisfaction change through
decreased daily stress levels (95% CI [.03, .21]). The direct effect
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Stress shapes both mental and physical health (e.g., Antonov-
sky, 1987; Folkman, 2013; Kanner et al., 1981). In the literature
on stress, increasing attention has been paid to daily stresses—
everyday hassles—that often predict mental and physical health in
surprisingly powerful ways (e.g., DeLongis et al., 1982; Folkman
& Lazarus, 1985; Kanner et al., 1981). In the present investigation,
we focused on how awe reduces daily stresses.

The results of the current six studies lend direct support for this
central hypothesis: experiencing awe is associated with immediately
decreased levels of daily stress. This relationship was observed in the
context of everyday life (Study 1), at the trait level (Study 2), after
viewing awe-inducing video clips (Studies 3 and 4), when recalling a
past experience of awe (Study 5), and in venturing outdoors and
immersing oneself in an awe-inspiring setting (Study 6). Lending
support to our second hypothesis, participants’ reports of their experi-
ence of awe significantly correlated with reduced daily stress levels,
even after controlling for other positive and negative emotional expe-
riences (Studies 1-6). This finding is in line with studies showing
that the experience of an emotion tracks emotion-specific in



daily stress usually correlates with stress in response to major life
events (Caspi et al., 1987; Kanner et al., 1981), many scholars of
early stress intervention work conceptualized them as isomorphic
and confounded them in measurement. Given evidence uncovering
the unique causes and consequences of daily stress, we focused on
daily stress and found that altered self-appraisals produced by experi-
ences of awe can reduce the levels of stress felt toward daily events.
It will be important for future research to test whether awe similarly
attenuates the stress associated with major life events and conditions
(e.g., death of a loved one, poverty, incarceration)—and why it may
or may not work.

Our investigation also lends further credence to recent concep-
tual approaches that advocate the examination of distinct states
within the broader family of positive emotions (Shiota et al.,
2017). Although researchers have long been interested in differen-
tiating negative emotions (e.g., anger, fear, and disgust), research
on discrete positive emotions is more recent (e.g., Ekman, 1994; Fre-
drickson, 2001; Shiota et al., 2004). Our findings support earlier
research on positive states generally predicting decreased levels of
stress (e.g., Folkman & Moskowitz, 2000; Fredrickson, 2001). At the
same time, by comparing awe to other positive emotions such as
amusement (Study 2), joy (Studies 3 and 5), and pride (Study 5)—all
of which are known to buffer stress and improve well-being (e.g.,
Fredrickson, 2001; Thorson et al., 1997)—our findings suggest that
awe exerts unique influences upon daily stresses through introducing
a sense of perceived vastness vis-a-vis the self. It will be important
for future research to test other discrete positive emotions (e.g., con-
tentment; Cordaro et al., 2016) and the mechanisms by which they
mitigate stressful responses.

Finally, our findings advance the emerging science of awe,
which has received increasing attention (e.g., Stellar et al., 2017).
Past studies have focused on the influences of awe upon social—
cognitive processes and behaviors, including a diminished sense
of self (Bai et al., 2017), increased religious intentions (Van Cap-
pellen & Saroglou, 2012), expanded time perception (Rudd et al.,
2012), agency detection (Valdesolo & Graham, 2014), and
increased prosocial behaviors (Piff et al., 2015). Our investigation
is the first to explore systematically awe’s impact on mental health
and well-being, providing evidence suggesting that beyond alter-
ing social cognitions, awe serves an important role in buffering
individuals’ daily stress and improving overall well-being (see
also Anderson et al., 2018).

\ . wn .
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Although we used a variety of methodological approaches to
explore the link between awe and daily stresses, several limitations
should be noted. We did not compare awe to other more prosocial
positive emotions, such as gratitude and compassion, which may
yield similar results as those obtained here given how they shift
the individual’s attention away from the self.

Additional work should further elucidate
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2004). For example, some studies have documented that veterans
with posttraumatic stress disorder (PTSD) experience difficulties
in daily striving and more easily experience stress on daily basis
(e.g., Kashdan et al., 2010). Findings in the current study point to
a potential remedy for vulnerable groups, such as veterans, who
experience high stress from daily hassles, through developing
treatments incorporating awe experiences.
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In the presence of something vast that transcends one’s under-
standing of the current context, we are often in the state of awe.
As this profound feeling may shift our attention away from focus
only on the self toward the vastness vis-a-vis the self, the bother-
some daily concerns seem to be less salient and daily stress
becomes less intense, as Emerson long ago observed.
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Appendix
Emoticons Used in Study 5

Emotion

Emoticon

Awe

Joy

Pride

D
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