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ABSTRACT

EXAMINING THE NUANCED EFFECTS OF AWE ON DEPRESSION: AN ECOLOGICAL

MOMENTARY ASSESSMENT STUDY

Research on awe has largely focused on its benefits for well-being, particularly its ability
to diminish self-focus in relation to something larger, known as the “small self.” These findings
have led to growing interest in awe’s potential clinical utility for depression, a mental health
condition characterized by excessive self-referential processing. However, emerging evidence
suggests that awe can include elements of fear or threat, which raises questions about its effects
in such populations. The present study examined contexts in which awe elicits positive and/or
negative affect (PA/NA), as well as whether awe alleviates or exacerbates depressed mood via
“small self” mechanisms in individuals with a depressive disorder (n = 37) and healthy controls
(n =43). Using ecological momentary assessment, participants reported on momentary affect,
awe, aspects of the “small self” (personal insignificance, insignificant concerns), rumination, and
depressed mood five times a day for 14 days, including self-initiated reports of awe experiences.
Results were mixed. Correlational analyses revealed that awe was consistently associated with
PA across groups, whereas associations with NA varied by group and context. Multilevel and
multigroup analyses revealed that awe was not associated with concurrent changes in “small
self” processes in either group. However, personal insignificance was associated with higher
momentary rumination, particularly among depressed individuals, and rumination, in turn, was
associated with higher depressed mood across groups. No evidence was found for indirect effects

of awe on depressed mood through the “small self” or rumination. Model comparisons indicated
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overall group differences, with the pathway from personal insignificance to rumination
differing between groups. Overall, awe experienced in daily life was reliably associated with PA
but did not predict depressed mood through “small self” processes. These findings suggest that
awe may not operate as expected in daily life, particularly among individuals with depression.
Future research should clarify the mechanisms through which awe influences cognition and

mood, given the lack of support for “small self” pathways.
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CHAPTER 1: INTRODUCTION

Awe may be a feeling we experience as we marvel at an extensive grove of redwood
trees, admire the details and intricacies of a piece of art, or even feel overwhelmed by nature’s
capacity for destruction. It is a complex, yet mysterious emotion that pervades the human
experience when we encounter something ineffable. Defined by the Oxford English Dictionary
as “a feeling of reverential respect mixed with fear or wonder” (Oxford University Press, n.d.),
only recently has awe been empirically investigated as a psychological construct. Keltner and
Haidt (2003) proposed that awe is evoked by perceiving vastness and needing to accommodate
an awe-eliciting stimulus. In other words, people feel awe when they experience a sense of
expansiveness that challenges their usual frame of reference. For some people, this experience
can feel liberating and transformative; for others, however, the experience could feel
overwhelming and subjugating.

Research on awe has primarily focused on its effects on health and well-being, largely
finding that it boosts well-being, reduces stress, and increases prosocial behaviors (e.g., Bai et
al., 2021; Monroy et al., 2023; Piff et al., 2015; Rudd et al., 2012; Sturm et al., 2022). Research
has also indicated that awe produces the “small self,” which is a phenomenon that not only
enables people to perceive themselves as smaller but also reduce focus on themselves and
towards something larger instead (Bai et al., 2021; Piff et al., 2015; Shiota et al., 2007). These
findings have prompted researchers to suggest that awe may have clinical implications for
mental health treatment (Chirico & Gaggioli, 2021), particularly for depression as excessive self-
referential thinking is highly characteristic of this condition (Pyszczynski and Greenberg, 1987;

Ingram, 1990; Mor and Winquist, 2002). Yet, evidence exists showing that awe may be



threatening in certain contexts, consistent with its literary definition. Emerging evidence of a
threat-based version of awe may actually have counteractive effects for people with depression,
as these individuals tend to harbor negative cognitive biases (LeMoult & Gotlib, 2019). If
researchers are considering awe in a treatment context for depression, then bridging and
reconciling these varying findings on the link between awe and depression is not only essential
in clarifying the consequences of awe, but also to ensure client safety. As such, the present study
aims to examine whether awe alleviates or exacerbates depressive symptoms in daily life and to
elucidate the underlying “small self” mechanisms involved in these relationships among
individuals with a depressive disorder and healthy controls.
Understanding Awe

A seminal paper by Keltner and Haidt (2003) propelled awe into a more rigorous subject
of study within the field of psychology. They proposed that awe has two key features: a
perceived sense of vastness and a need for accommodation. Perceived vastness refers to
experiencing a stimulus as being much larger than one’s usual frame of reference (either
physically or conceptually). Perceptions of vastness may occur when someone is in the presence
of a grand landscape such as the Grand Canyon or even witnessing a magnanimous act of
kindness. Having a need for accommodation, a borrowed term from Jean Piaget, refers to the
modification of one’s existing knowledge of that stimulus. For instance, city dwellers visiting the
Grand Canyon may need to adjust their usual understanding of what landscapes may look like, or
people who hold negative schemas (e.g., “people can’t be trusted”’) may begin to revise them
when encountering a magnanimous act of kindness. Keltner & Haidt (2003) suggested that

appraising something as vast in isolation of accommodation may result in feelings of deference,



and engaging in accommodation alone may result in feelings of surprise. Having both these
features is what comprises the feeling of awe.

Building on Keltner and Haidt’s (2003) foundational definition of awe, Yaden and
colleagues (2018) reviewed additional features of awe that have been examined in prior studies
but were not formally integrated into the existing theory, suggesting that conceptualizations of
awe may extend beyond its core components. In developing a state measure of awe, they
differentiated these aspects to examine awe’s latent structure, identifying components such as
altered time perception (e.g., feeling time slow down), self-diminishment (e.g., a sense of one’s
self becoming smaller), connectedness (e.g., feeling connected towards all living things), and
changes in physical sensations (e.g., experiencing goosebumps).

More broadly, awe has been associated with a host of well-being outcomes such as
increased life satisfaction, psychosocial flourishing, and subjective well-being, as well as
decreased stress, presence of inflammatory markers, and negative emotionality over time (Bai et
al., 2021; Monroy et al., 2023; Rudd et al., 2012; Stellar et al., 2015; Sturm et al., 2022; Sun et
al., 2023; Zhao et al., 2022). Importantly, diminished self-focus has been proposed as a pathway
in which awe improves physical and mental well-being (Monroy & Keltner, 2023). Therefore,
researchers have proposed that experiencing awe may play a potentially therapeutic role in a
mental health condition like depression (Chirico & Gaggioli, 2021; Paulson et al., 2021), given
that excessive self-focus is a core feature of this condition (Pyszczynski & Greenberg, 1987;
Ingram, 1990; Mor & Winquist, 2002).

Functions of Awe
Understanding the evolutionary theories underlying awe’s adaptive functions provide

insights into the mechanisms by which awe confers its effects. Evolutionary accounts of awe



have posited that awe functions to reinforce social hierarchies, promote prosocial behaviors,
generate meaning-making, promote “reflective” cognitive processing, and increase creativity
(Lucht & van Schie, 2023). Several of these functions represent a social adaptation that points to
awe’s ability to facilitate group cohesion and cooperation, whereas others represent a cognitive
adaptation that points to awe’s ability to promote of an approach to thinking that is more
thoughtful and deliberate.

Evidence supporting social theories of awe find that awe reduces people’s personal
conviction about their beliefs, thereby decreasing perceived polarization in the U.S. (Stancato &
Keltner, 2019). Awe also leads people to adopt more multicultural identities and experiences via
curiosity (Zhang et al., 2022). Similarly, studies have shown that awe broadens individuals’
ingroup identity (Lv et al., 2023; Seo et al., 2023), as well as increases collective engagement
and moral concern for others (Bai et al., 2017; Song et al., 2023; Wang et al., 2022). Awe has
also been found to increase altruistic behaviors (Guan et al., 2019; Piff et al., 2015; Wu et al.,
2024) and prosocial emotions such as humility, gratitude, compassion, and love (Nelson-Coffey
et al., 2019; Stellar et al., 2018). Indeed, the notion that awe promotes prosociality has been
widely supported in many cross-sectional and experimental studies across cultures and ages
(Jiang & Sedikides, 2022; Li et al., 2019; Luo et al., 2022; Stamkou et al., 2023). Further,
evidence suggests that awe facilitates meaning-making processes, albeit in complex ways (Dai et
al., 2022; Li et al., 2019; Rivera et al., 2020; Yuan et al., 2023; Zhao et al., 2019). Given these
findings, awe is considered to be a self-transcendent emotion, which is a family of emotions
typically elicited during other-focused appraisals, shifting attention towards the needs and

concerns of other individuals or entities rather than the needs and concerns of the self (Stellar et



al., 2017). Self-transcendent emotions have also been deemed as “transient mental states of
decreased self-salience and/or increased feelings of connectedness” (Yaden et al., 2017, p. 144).

Cognitive theories suggest that awe promotes “reflective” processing, which is
characterized by thoughtful and deliberate cognitive engagement, rather than “reflexive”
processing, which is automatic and immediate (Lucht & van Schie, 2023; Richesin & Baldwin,
2023). Studies have found that awe, compared to other positive emotions, reduces the
persuasiveness of weak arguments and reliance on heuristics (Danvers & Shiota, 2017;
Griskevicius et al., 2010). In addition, awe has been associated with more tolerance of
uncertainty, along with greater scientific thinking and interest (Gottlieb et al., 2018; McPhetres,
2019; Shiota et al., 2007; Valdesolo et al., 2016). As such, these studies suggest that awe
facilitates more thoughtful consideration of incoming information. Indeed, in their evolutionary
account of awe, Richesin and Baldwin (2023) proposed that “awe leads to a more systematic
form of curiosity” by making unknown or uncertain stimuli more approachable and reducing an
impulsive search for information (p. 23). Another cognitively adaptive function prompted by awe
is enhanced creativity (Lucht & van Schie, 2023), which has been supported by several studies
utilizing cross-sectional, experimental, and daily diary methodologies (Chirico et al., 2018; Rudd
et al., 2018; Zhang et al., 2021). These findings have led researchers to also conceptualize awe as
an epistemic emotion, which is a category of emotions that typically arises when there is a
discrepancy between new and existing knowledge and/or beliefs such as interest, surprise, or
confusion (Vogl et al., 2021).
Elicitors of Awe

Feelings of awe are evoked by a wide range of elicitors and examining them can provide

valuable insights into awe-producing contexts. Keltner and Haidt (2003) suggested five themes



within social, physical, and cognitive domains that may give rise to awe: threat, beauty, ability,
virtue, and supernatural causality. They indicated, for example, that a perceived encounter with
God is a social elicitor of awe with virtuous and supernatural features. Another example is being
in the presence of a grand vista, considered to be a physical elicitor of awe with features of
beauty. In an early study examining awe’s elicitors, it was found that nature and art/music were
the most reported events (Shiota et al., 2007). Similarly, when people’s written experiences of
awe were examined, Yaden and colleagues (2019) found that beauty was the most frequent theme
(just over 60%) and ability as the second most frequent theme (just under 20%). Further, when
they asked people to specify what elicited their awe experience, natural scenery arose as the most
common trigger (over 30%). Interestingly, the second most common trigger of awe (under 20%)
was denoted in an “other” category, which prompted participants to write their own elicitors.
These elicitors included childbirth, great skill, encounter with God, great virtue, building or
monument, powerful leader, grand theory or idea, music, art, and epiphany. This finding
highlights the importance of capturing awe’s contextual factors, which may contribute to its wide
ranging psychological effects.
Awe and Depression

In considering the various effects that awe has on well-being, researchers have suggested
that awe may be beneficial in treating depression by reducing excessive self-focused thinking
(Chirico & Gaggioli, 2021; Monroy & Keltner, 2023; Paulson et al., 2021). Depression is a
highly prevalent mental health condition characterized by subjective feelings of sadness,
anhedonia, weight/appetite changes, restlessness, psychomotor slowing, sleep difficulties,
decreased energy, subjective feelings of worthlessness or guilt, and suicidal ideation (American

Psychiatric Association, 2013). Research has shown that excessive self-referential thinking,



particularly ruminative thinking, is a factor consistently associated with the onset and
maintenance of depressed mood (Mor et al., 2010; Nolen-Hoeksema, 1991; Nolen-Hoeksema,
2000; Nolen-Hoeksema & Morrow, 1993). Rumination is a style of thinking that involves
excessive and perseverative focus on a person’s own negative mood, thoughts, and behaviors
(Nolen-Hoeksema, 1991; Smith & Alloy, 2009), and several reviews have supported rumination
as an important feature of depression (e.g., LeMoult & Gotlib, 2019; Lyubomirsky et al., 2015).

Awe’s implications for potentially reducing the ruminative qualities of depression have
unfolded across studies examining the “small self,” which is a phenomenon described as a
reduction in self-focus by shifting attention towards something larger or greater than the self (Bai
etal., 2017; Bai et al., 2021; Piff et al., 2015). Studies show that people induced to feel awe were
less likely to agree with items such as “I focus on the impression I am making on the other
person” or “I focus on what I will say or do next,” as well as a greater tendency to endorse
collective engagement, measured by the extent to which a “self” circle overlapped with a
“community” circle (Bai et al., 2017). Similarly, studies have shown that experiencing awe has
led people to feel smaller or insignificant, along with feeling as though they are a part of
something bigger or grander than themselves (Nelson-Coffey et al., 2019; Piff et al., 2015;
Rivera et al., 2020). These findings suggest that the “small self” phenomenon may not solely be
due to confronting something vast in scale but also enabling individuals to diminish their own
self-interests/concerns towards more collective interests or concerns, thus producing more
humility, connectedness, and prosociality (Bai et al., 2017; Bai et al., 2021; Piff et al., 2015;
Stellar et al., 2018).

In a more formal proposal, Chirico and Gaggioli (2021) examined the potential

therapeutic role of awe for depression by reviewing possible pathways (e.g., psychological and



existential changes) that link the two. They stated that awe’s ability to promote self-
diminishment and expand tolerance for uncertainty may have treatment implications for people
with depression, given that these individuals tend to engage in rumination and/or perceive a
decreased sense of meaning or order in the world. They also stated that awe’s ability to increase a
sense of connectedness and self-transcendence, as well as “deconstruct existing expectations of
the world and others” have treatment implications for the condition, given that these individuals
often experience loneliness, meaninglessness, and/or rigid beliefs about themselves and the
world.

Returning to Keltner and Haidt’s (2003) definition of awe and its expanded
conceptualizations (e.g., Yaden et al., 2018), perceiving vastness and engaging in cognitive
accommodation together should promote shifts in attention and schematic knowledge (whether
that is self-related or stimulus-related). As such, experiences of awe should draw attention and
cognition towards one’s environment as a result of perceiving vastness, as well as enable a
greater tendency to adjust existing beliefs about the self and/or world as a result of
accommodation. Early studies testing these hypotheses indicated that people tend to endorse
items such as “I felt the presence of something greater than myself” and “I was unaware of my
day-to-day concerns,” along with a greater likelihood to indicate membership of a larger group
(e.g., “an inhabitant of the Earth” vs. “one-of-a-kind”) after being induced to feel awe (Shiota et
al., 2007), highlighting changes in attention and the self-focused thinking. In addition, many
studies have shown that people with greater levels of dispositional awe also tend to have greater
levels of openness to experience (Dong & Ni, 2021; Lin et al., 2021; Shiota et al., 2006; Silvia et

al., 2015). Openness is a personality trait that is generally associated with higher tolerance for



ambiguity, lower degrees of dogmatism, need for variety, and unconventionality (McCrae, 2014)
— all of which speaks to a greater willingness to revise existing beliefs.

Processes related to attention and schematic knowledge are what goes awry in
depression. Attention becomes excessively engaged in self-related processes, and a negativity
bias “colors” existing schemas, resulting in viewing one’s self, their world, and their future
through a more negative lens (LeMoult & Gotlib, 2019). Despite such proposals that awe may be
beneficial for a mental health condition like depression, there does not appear to be any empirical
studies examining awe’s effects on clinical depression to date. Importantly, there is emerging
evidence indicating that some experiences of awe can be appraised as threatening, which may
actually be detrimental for those with depression.

Awe as a Mixed Emotion

Given that awe has been linked with and produces a wide range of well-being outcomes,
awe has largely been treated as a positive emotion. Indeed, Yaden and colleagues (2019) found
that the valence of awe experiences were “strongly positive” (approximately 65%) when
individuals were asked to rate a recent, intense awe experience. However, emerging evidence
suggests that a small portion of awe experiences may also contain negative valences. In fact,
Keltner and Haidt (2003) stated that “an adequate account of awe must explain how awe can be
both profoundly positive and terrifyingly negative” (p. 303).

In what researchers have termed “threat-awe,” Gordon and colleagues (2017)
investigated this “negative variant of awe” in a series of cross-sectional, experimental, and
longitudinal studies. They found that over 20% of written awe experiences included appraisals of
threat — incidents such as September 11 or the Challenger Space Shuttle disaster eliciting “the

horrified, shocked, and dumbfounded sort of awe” (p. 314). They also found that a threat-based



awe induction produced greater skin conductance and heart rate (i.e., activation of the
sympathetic nervous system and typically associated with fear and/or anxiety; Dawson et al.,
2000; Levenson, 2003; Stemmler et al., 2001), whereas a positive awe induction produced
greater resting sinus arrhythmia (i.e., activation of the parasympathetic nervous system and
typically associated with calmness and/or tonic positive affect; Kok et al., 2013, Oveis et al.,
2009). Further, they found that threat-awe actually decreased well-being and was unrelated to
daily increases in well-being (compared to positive awe) in daily diary and experimental
laboratory studies. In fact, it was revealed that there was a greater sense of powerlessness in
threat-awe experiences compared to positive awe experiences in the daily diary study, and that
differences seen in well-being in the experimental study were due to these feelings of
powerlessness. As such, Gordon and colleagues (2017) documented what may have been the first
pieces of evidence suggesting that some variants of awe experiences can be experienced as
threatening.

This mixed profile of awe has continued to yield interesting findings in the literature. For
instance, through a variety of awe-eliciting videos (i.e., awe-related videos that contained stimuli
involving nature, non-nature, and threat), awe was found to increase feelings of happiness and
smallness; however, although this increase in happiness positively predicted meaning in life, the
increase in smallness negatively predicted meaning in life (Rivera et al., 2020). Further, contrary
to ideas that awe may alleviate excessive self-focus, another study found that feelings of
smallness and awe were both positively associated with state rumination after an awe induction
(Sung, 2023). Interestingly, North Americans were more likely to experience awe’s positive
valence, whereas Japanese people were more likely to experience its negative valence,

suggesting that cultural context may shape the valence of awe experiences (Nakayama et al.,
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2020). For instance, compared to positive awe, threat-awe promoted interdependent worldviews
(i.e., believing that it is important to help one another) as a function of increased powerlessness
in Japanese individuals (Takano & Nomura, 2023).

Notably, Chaudhury and colleagues (2021) revised Gordon and colleagues’ (2017)
conceptualization of threat-awe to propose that threat-awe is not so much a “negative variant of
awe,” but rather a mixed emotion that has distinct appraisal profiles containing both awe and
fear. In addition to examining appraisals of vastness and need for accommodation, they
investigated the following appraisals proposed by Smith and Ellsworth (1985): pleasantness (i.e.,
valence), certainty (i.e., degree of comprehension), self-other responsibility/control (i.e.,
attributing events to oneself or someone else), and situational control (i.e., attributing events to
external circumstances) between threat-awe, awe, and fear. Findings revealed that threat-awe had
less appraisals of personal control, other control, certainty, and pleasantness, as well as more
appraisals of situational control compared to awe. They also found that threat-awe had similar
appraisals to fear in terms of personal control, other control, certainty, need for accommodation,
and self-diminishment. However, threat-awe had more appraisals of situational control, vastness,
and pleasantness compared to fear. As a result of these findings, they concluded that threat-awe
had a distinct profile from awe and fear.

Of note, Gordon and colleagues (2017) do acknowledge this mixed emotional profile of
awe, stating that “threat-based awe represents a mixed state, combining awe with feelings of
fear” (p. 325). Either way, both authors recognize that threat-awe involves a combination of awe
and fear, but the difference appears to lie in the emphasis on whether threat-awe should be
labeled as a “negative variant of awe” or as a mixed emotion. It may be important to clarify this

distinction for the purposes of an improved theoretical and conceptual understanding of awe
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within the field of affective science, but the notion that threat-awe even exists at all may be more
important for the field of clinical/counseling psychology to address, particularly given the fact
that researchers have suggested that awe may be beneficial in treating depression.

Implications of Awe as a Mixed Emotion for Depression

Given these varying findings, it is important to consider the full extent of awe’s
implications for depression. As mentioned, prior studies examining threatening or negative
aspects of awe indicate that awe may produce feelings of smallness, powerlessness, and fear — all
of which may already be incredibly salient in depression. These feelings may interact with the
heightened negativity bias commonly observed in people with depression (LeMoult & Gotlib,
2019), potentially amplifying the impact of a negative valenced awe and thus exacerbating
depressive features such as rumination and depressed mood.

In addition, the “small self” has been considered to be beneficial due to its ability to
promote a shift away from self-focus towards a broader perspective, leading researchers to
suggest that these feelings of smallness may reduce the ruminative qualities of depression
(Chirico & Gaggioli, 2021; Paulson et al., 2021). However, it is possible that individuals with
depression may interpret the “small self” differently. In an effort to provide operational clarity
behind the “small self” construct, Tyson and colleagues (2021) conducted an exploratory factor
analysis and found that the structure of the “small self” contained three dimensions: vastness
related to the self (e.g., “I feel the presence of something greater than myself”), self-size (e.g., “I
feel insignificant”), and self-perspective (e.g., “In the grand scheme of things, my own issues and
concerns do not matter as much”). Given that depressed individuals often hold negative schemas,

it is uncertain how these “small self” feelings from awe may interact with depression. It is
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possible that feeling both personally insignificant and that one’s concerns are insignificant while
having depression may inadvertently increase ruminative thinking, and thus depressed mood.
Interestingly, one study utilizing a cosmic perspective induction (by showing a video
illustrating the smallness of Earth in comparison to the universe) found that people with low self-
esteem responded to this induction with more negative affect, whereas people with high self-
esteem responded with more positive affect (Hornsey et al., 2018). Notably, the study also
revealed that the mechanism behind this difference among the two groups was self-
diminishment. High self-esteem people reported feeling more diminished, whereas low self-
esteem people did not, which explained differences seen in positive and negative affect. The
authors suggested that those with high self-esteem welcomed feeling diminished in a way that
made their day-to-day concerns feel relatively trivial, whereas those with low self-esteem
resisted those feelings as a way to protect against self-erasure in the face of the vast universe.
While this study did not examine depression specifically (although there is strong support
indicating that low self-esteem leaves people vulnerable to developing depression; Orth &
Robins, 2013; Sowislo & Orth, 2013), its findings suggest that the cognitions and feelings
brought upon by the “small self,” particularly around insignificance and triviality surrounding
one’s concerns, have different effects for different people. Further, the need for accommodation
subscale on the Awe Experience Scale (AWE-S; Yaden et al., 2019) includes items such as “I felt
challenged to mentally process what I was experiencing” and “I found it hard to comprehend the
experience in full,” possibly enhancing these feelings of insignificance for individuals with
depression, generating ruminative thinking in order to make sense of the awe experience, and
therefore increasing depressed mood. Indeed, Valdesolo (2021) stated that “any theory touting

the benefits of awe, wonder, or other epistemic emotions (i.e., emotions relevant to the
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acquisition of knowledge or understanding) must also involve an accounting of their potential
psychological costs” (p. 2). Despite these considerations, limited research has explored the
nuanced effects of awe, along with its “small self” mechanisms, particularly in the context of
depression.
Examining Awe via Ecological Momentary Assessment

To date, many studies examining awe have largely been cross-sectional or experimental,
limiting a more comprehensive understanding of awe. Utilizing momentary sampling
methodologies like ecological momentary assessment (EMA; Stone & Shiffman, 2008) enables
researchers to leverage intensive repeated assessments to capture momentary fluctuations in
people’s emotions, thoughts, and behaviors, along with their associated contexts. Importantly,
these assessments also occur in real-time, allowing researchers to observe participants in their
natural environments (often via smartphones), thus increasing the ecological validity of findings.
Further, EMA methodologies enhance the generalizability of findings by reducing recall bias,
often seen in more global or single-event measures that rely exclusively on retrospective
reporting. Recall bias can present issues such as the exaggeration of the magnitude of emotional
experiences (Thomas & Diener, 1990), tendency to recall information congruent with the
person’s current affective state (Bower, 1981; Snyder & White, 1982), and variability in recall of
the emotional experiences over time (Robinson & Clore, 2002). In addition, given that the
present study includes people with depression, utilizing a naturalistic approach is important as
these individuals consistently show a negative recall bias (e.g., Gotlib & Joormann, 2010;
Williams et al., 2007).

It appears that awe has yet to be examined using EMA. Existing studies utilizing

intensive longitudinal designs have been conducted via daily diaries (Anderson et al., 2018; Bai
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etal., 2017; Bai et al., 2021; Gordon et al., 2017; Monroy et al., 2023; Stellar et al., 2018), but
these studies still rely on retrospective recall and do not capture awe’s momentary fluctuations or
contextual influences. While there is a near infinite number of experiences that could elicit awe,
employing EMA would not only capture these elicitors but also their concurrent and sequential
associations. Thus, EMA would be well suited to grasp the nuances of how awe presents in
everyday life, allowing a closer examination of whom and under what conditions awe and its
consequences are experienced.

Aims of the Present Study

The overarching goal of the present study is to examine whether experiences of awe may
alleviate or worsen depressive mood, as well as to elucidate the underlying “small self”
mechanisms involved in these relationships among individuals with a depressive disorder and
healthy controls using EMA. Building upon prior research highlighting awe’s potential
therapeutic role in depression, this study offers to provide a nuanced understanding of how awe
manifests in daily life and its implications for well-being, particularly given evidence that awe
encompasses both positive and negative valences.

The first aim of the study is to explore contextual factors associated with awe. By
investigating contexts that elicit awe and their associated positive, negative, or mixed aspects, the
study hopes to provide additional insight into the complex nature of this emotion and its
consequences. The second aim of the study is to uncover whether there pathways linking awe
and depression differ based on depression status. Specifically, aspects of the “small self,”
including a sense of personal insignificance and insignificant concerns, may have distinct
implications for rumination and depressed mood. Therefore, the study examines whether awe

exerts an indirect effect on depressed mood through concurrent changes in personal

15



insignificance, insignificant concerns, and rumination, and whether these indirect pathways differ
between individuals with or without a depressive disorder.
Hypotheses

Hypothesis 1: Awe will be positively associated with both positive and negative affect at
the between- and within-person levels.

Hypothesis 2: Awe will have an indirect effect on depressed mood through concurrent
changes in personal insignificance and rumination at the within-person level depending on group
membership (see Figure 1). Specifically, for those with a depressive disorder, awe will have a
weak positive association with personal insignificance (Hypothesis 2a), which in turn will have a
moderate positive association with rumination (Hypothesis 2b), and in turn have a moderate
positive association with depressed mood (Hypothesis 2c). Therefore, awe will exhibit a
moderately positive, indirect effect on depressed mood through personal insignificance and
rumination. For healthy controls, awe will have a weak, negative association with personal
insignificance (Hypothesis 2d), which in turn will have a weak positive association with
rumination (Hypothesis 2e), and in turn have a weak positive association with depressed mood
(Hypothesis 2f). Therefore, awe will exhibit a weakly negative, indirect effect on depressed
mood through personal insignificance and rumination.

Hypothesis 3: Awe will have an indirect effect on depressed mood through concurrent
changes in insignificant concerns and rumination at the within-person level depending on group
membership (see Figure 1). Specifically, for those with a depressive disorder, awe will have a
weak positive association with insignificant concerns (Hypothesis 3a), which in turn will have a
weak negative association with rumination (Hypothesis 3b), and in turn have a moderate positive

association with depressed mood (Hypothesis 3c). Therefore, awe will exhibit a moderately
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positive, indirect effect on depressed mood through insignificant concerns and rumination. For
healthy controls, awe will have a weak negative association with insignificant concerns
(Hypothesis 3d), which in turn will have a weak positive association with rumination (Hypothesis
3e), and in turn have a weak positive association with depressed mood (Hypothesis 3f).
Therefore, awe will exhibit a weakly negative, indirect effect on depressed mood through

insignificant concerns and rumination.

Figure 1
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Exploratory Aims

In addition to the primary hypotheses, the present study included exploratory aims to
further examine the relationship between awe and depressed mood and the potential “small self”
mechanisms underlying these associations. First, while Hypotheses 2 and 3 focused on the
indirect effects on depressed mood via personal insignificance and rumination, as well as via
insignificant concerns and rumination, a direct effect of awe on depressed mood was included to
explore whether the proposed serial (i.e., double) mediation pathways fully accounted for this

relationship. Second, positive and negative affect were added in the models to test the uniqueness
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of awe’s effects on depression, which determined whether awe's influence on depressed mood is
distinct from general fluctuations in positive and negative emotional states. Finally, time-lagged
effects of the proposed models were explored to examine the temporal ordering of the
hypothesized pathways. Specifically, variables measured at time /1 (awe, “small self”
constructs, and rumination) were used to predict outcomes at time # in a stepwise manner (e.g.,
awe at t—1 — “small self” at ¢, “small self” at /1 — rumination at ¢, rumination at r~1 —
depressed mood at ¢,) This approach provides an initial test of temporal precedence, which would

allow for stronger causal inferences.
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CHAPTER 2: METHODS

Participants

Participants were undergraduate students recruited through a psychology department
research pool at a large public university in the Rocky Mountain region in exchange for course
credit. Eligibility criteria included being over the age of 18, being proficient in the English
language, and owning a smartphone. Additional eligibility criteria included meeting criteria for
one of two groups as defined by the Diagnostic and Statistical Manual of Mental Disorders (5
ed.; DSM-5; APA, 2013). For the depressed group, participants were required to be in a current
major depressive episode as a part of the diagnosis for MDD or persistent depressive disorder
(PDD). Participants in partial remission for either MDD or PDD were included in this group.
Given that depressive disorders are highly comorbid with anxiety disorders (Kessler et al., 2003),
participants with a current comorbid anxiety disorder were also eligible for this group. For the
control group, participants were required to have never experienced a depressive or anxiety
disorder. Participants in full remission of MDD or PDD were included in this group. Exclusion
criteria included a bipolar I or II diagnosis, current or past symptoms of psychosis, and active
suicidality.

A total of 524 individuals responded to an online screening survey. Following the
screening and enrollment process, 86 participants enrolled into the EMA study. During data
cleaning, it was found that six participants who met criteria for a current anxiety disorder were
misclassified into the control group. They were therefore excluded from primary analyses. The
final analytic sample consisted of 80 participants (Muge = 19.8, SD = 3.4, range = 18-36) with a
current depressive disorder (n = 43) or without a depressive or anxiety disorder (n = 37). The

sample identified as 21.2% male, 76.2% female, and 2.5% who declined to answer. Gender
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identity was 60.0% cisgender woman, 1.2% transgender woman, 22.5% cisgender man, 13.8%
non-binary, and 2.5% declined to answer. Racial identity was 3.8% Asian or Asian American,
1.2% Black, 1.2% Native, 91.2% White, and 1.2% “other” or mixed race. Ethnically, 13.8%
identified as Hispanic and 86.2% as non-Hispanic. A summary of participant characteristics by

group are presented in Table 1.

Table 1

Demographic and Clinical Characteristics by Group

Variables Depressed Group (n = 37) Control Group (n =43)
Demographics
Age (M, SD) 20.0 (3.3) 19.6 (3.4)
Sex (% female) 73.0% 79.1%
Gender
Cisgender woman 54.1% 65.1%
Transgender woman 0.0% 2.3%
Cisgender man 27.0% 17.4%
Non-binary 18.9% 9.3%
Declined to answer 0.0% 4.7%
Race
Asian or Asian American 2.7% 4.7%
Black 0.0% 2.3%
Native 0.0% 2.7%
White 89.2% 93.0%
“Other” or mixed race 5.4% 0.0%
Declined to answer 0.0% 0.0%
Ethnicity
Hispanic 18.9% 9.3%
Non-Hispanic 81.1% 90.7%
Clinical Characteristics (M, SD)
Depressive symptoms (PHQ-9) 12.5 (4.1) 7.1 (4.4)

Note. PHQ-9 = Patient Health Questionnaire—9.
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Power Analysis

An a priori power analysis was conducted using simulated data via the Monte Carlo
feature of Mplus 8.1 (Muthén & Muthén, 1998-2017) in order to determine a sample size
sufficiently powered to detect the hypothesized indirect effects. Normal distributions were
assumed to utilize conventional effect size estimates, and within-person variance was specified at
50%. One of the main aims of the study was to investigate the within-person indirect effect of
awe and depressed mood through personal insignificance/insignificant concerns and rumination;
however, only a few studies have examined these pathways (with the exception of the
relationship between rumination and depressed mood). Despite this, effect size estimates can be
extrapolated from cross-sectional, experimental, and naturalistic studies of awe. Previous
research suggests that awe will have a small to large effect on personal insignificance and
insignificant concerns (.06—.65; Bai et al., 2017; Takano & Nomura, 2023, Wu et al., 2024).
While pathways from personal insignificance/insignificant concerns to rumination have not been
empirically tested, research suggests that rumination will have a relatively moderate effect on
depression (.35—.49; Nolen-Hoeksema, 2000). Based on the limited research that estimates
comparable within-person effects, along with the notion that between-person effects tend to be
larger, the following conservative effect sizes were chosen: small effects from the effect of awe
on personal insignificance/insignificant concerns (8 = .06), personal insignificance/insignificant
concerns on rumination (f = .05), as well as rumination on depressed mood (f = .25).

Results of the power analysis using 10,000 replications revealed that a sample of 100
participants with 70 observations each would be sufficiently powered to detect the hypothesized
indirect effects. The sample would continue to be sufficiently powered even at 80% compliance,

which is the recommended compliance rate for EMA studies (Stone & Shiffman, 2002; Turner et
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al., 2017; Wray et al., 2016). Using the chosen effect sizes, power estimates for both direct and
indirect paths ranged from .99—1.0 at the within-person level. However, power estimates for both
direct and indirect paths ranged from .00—.70 at the between-person level, indicating that these
effects were underpowered. Despite this, examining the significance of between-person paths is
not a primary aim of the present study. Further, the final model will have a number of covariates
(such as day of the week and days elapsed in the study, see Analysis Plan) that will likely
increase the power of the study as they will account for additional residual variance not
estimated in the model.

After data collection was completed, a sample size of 80 participants was obtained, which
fell below the planned sample size of 100 individuals. Given the observed compliance rate of
approximately 60%, the Monte Carlo simulation-based power analysis was conducted using
10,000 replications to estimate the minimum detectable effect size at this final sample size (80
participants with 42 observations each, totaling 3,360 observations). At the within-person level,
results indicated that power estimates for an effect of .06 ranged from .93—.99 for direct paths
and .59—-.86 for indirect paths, whereas power estimates for an effect of .07 ranged from .98-1.0
for direct paths and .86—.96 for indirect paths. At the between-person level, power estimates for
an effect of .30 ranged from .79—-.95 for direct paths and .27—.61 for indirect paths, whereas
power estimates for an effect of .31 ranged from .82—.96 for direct paths and .32—.67 for indirect
paths, indicating that indirect paths would remain largely underpowered. As such, the obtained
sample size would be sufficient to detect an effect of .07 for both within-person direct and

indirect paths, as well as sufficient to detect an effect of .31 for between-person direct paths.
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Procedure

Participants completed an online screening survey that included informed consent, trait-
level measures, and additional measures assessing the likelihood of a person’s eligibility for the
study. Those deemed ineligible based on their screening responses were sent an email regarding a
debrief of the screening survey, a list of community mental health resources, and confirmation
that their research credit had been applied. Potentially eligible individuals were invited to an in-
person laboratory session where they completed informed consent regarding the laboratory
session and EMA protocol, as well as participated in relevant modules (i.e., mood, anxiety, and
psychotic screening modules) of the Structured Clinical Interview for DSM-5 (SCID-5; First et
al., 2015) to formally determine which of the two study groups they were eligible for. For those
who were eligible, participants downloaded the ExpiWell mobile application

(https://www.expiwell.com/) onto their smartphones and trained on its functions, content, and

timing of surveys. The ExpiWell randomly prompted participants to fill out surveys within 3-
hour blocks (e.g., 12-3PM) over the course of the day from 9AM to 12AM for 14 days, resulting
in five random surveys per day. These surveys asked participants to report on their emotions and
thoughts over the past 30 minutes. Additional variables not directly related to the primary aims of
this study were included in the surveys. The EMA protocol also included event-contingent
surveys in which participants were trained to self-initiate surveys whenever they experience a
moment of awe during the EMA portion of the study. These surveys contained the same
questions as the random surveys, with the addition of a free-response text box to describe their
awe experience in detail. At the laboratory session, the following definition of awe was explained

to participants for the purposes of these self-initiated surveys:
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“People sometimes experience the emotion of ‘awe’ when we are in the presence of
something that is so vast that our current understanding of our world, our surroundings, or

ourselves is challenged in some way” (Bai et al., 2017).

Participants were provided examples of awe experiences reported in previous studies
such as witnessing panoramic views in nature, childbirth, another person’s accomplishment, or
large-scale disasters (Bai et al., 2021; Gordon et al., 2017; Shiota et al., 2007; Yaden et al.,
2018). At the end of the laboratory session, participants were asked a “test” question regarding
the definition of awe to ensure comprehension. The EMA protocol began the day after the
laboratory session, and participants could view their survey progress (i.e., percentage of surveys
completed to date). To encourage compliance, participants received additional research credit if
they completed at least 90% of the random surveys. Reminder messages about current survey
completion rates were sent to participants via ExpiWell approximately four days and again eight
days into the study period. After the study concluded, participants received an email containing a
debriefing of the study, a list of community mental health resources, and confirmation that their
research credit had been applied.

Measures
Baseline Measures

Depressive Symptoms. The Patient Health Questionnaire (PHQ-9; Kroenke et al., 2001)
was utilized to assess the presence of depressive symptoms (e.g., depressed mood, anhedonia)
over the past two weeks. The measure included nine of the depressive symptom criteria, and
participants will rate the presence of these symptoms on a 4-point scale ranging from 0 (not at

all) to 3 (nearly every day). Participants who endorsed four symptoms that are present at least
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“more than half the days” were invited to the in-person laboratory session to assess more
formally whether they belonged in the depressed group. Although an endorsement of the
symptom assessing for suicidal ideation (i.e., “thoughts that you would be better off dead or
hurting yourself””) counted towards these four symptoms regardless of duration, individuals who
scored at least a 2 (more than half the days) was excluded from the study. Those who endorse
less than four symptoms were also invited to the laboratory session to assess whether they
belonged in the control group.

Trait Rumination. The Rumination Response Scale (RRS; Nolen-Hoeksema & Morrow,
1991) was used to assess for one’s tendency to focus on their negative mood (e.g., “Why do I
always react this way?”), along with its causes and consequences (e.g., “I won’t be able to do my
job if I don’t snap out of this”). The measure contained 22 items in which participants indicated
their agreement with them on a 4-point scale from 1 (almost never) to 4 (almost always).
Previous studies have shown that the measure has good internal consistency (a = 0.89; Nolen-
Hoeksema & Morrow, 1991) and test-retest reliability (» = 0.8; Nolen-Hoeksema et al., 1994).

Dispositional Positive Emotions. The Dispositional Positive Emotions Scale (DPES;
Shiota et al., 2006) includes 38 items was used to assess participants’ disposition towards feeling
joy (e.g., “I often feel bursts of joy”), contentment (e.g., “I am generally a contented person”),
pride (e.g., “I feel good about myself”), love (e.g., “Other people are generally trustworthy”),
compassion (e.g., “It’s important to take care of people who are vulnerable), amusement (e.g.,
“I find humor in almost everything), and awe (e.g., “I often feel awe”). This measure contained
seven subscales with five or six items each. Participants rated their agreement with the items on a
7-point scale ranging from 1 (strongly disagree) to 7 (strongly agree). Each scale has been shown

to have acceptable to high internal consistencies among a diverse sample of undergraduate
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students (joy, a = 0.82; contentment, oo = 0.92; pride, a. = 0.80; love, a = 0.80; compassion, o =
0.80; amusement, a. = 0.75; awe, a = 0.78; Shiota et al., 20006).

Trait Positive and Negative Affect. [tems from the PANAS-X subscales (Watson &
Clark, 1994) and Larsen and Diener’s affect circumplex model (Larsen & Diener, 1992) were
used to assess for positive and negative affect they generally feel on a 5-point scale from 1 (very
slightly or not at all) to 5 (extremely). Positive affect items included happy, excited, calm,
relaxed, and grateful. Negative affect items included sad, anxious, angry, lonely, and scared.
These items were averaged into positive and negative affect composite scores for their respective
valences.

Demographics. Participants’ demographic information was obtained which included age,
sex, gender identity, and race/ethnicity.

Ecological Momentary Assessment Measures

To calculate the reliability of the EMA items used at the within-person level, McDonald’s
omega (w; McDonald, 2013) was utilized by following procedures suggested by Geldhof and
colleagues (2014). As a ratio of common variance to total variance, McDonald’s ® is an index of
internal consistency that utilizes a factor analytic approach to partition common variance from
unique variance among items in order to determine the general factor saturation of the test (Dunn
et al., 2014).

Context. For both random and self-initiated (i.e., event-contingent) surveys, participants’
contexts were assessed by asking where they are (e.g., home, nature) and who they are with (e.g.,
alone, friends).

State Positive and Negative Affect. [tems from the PANAS-X subscales (Watson &

Clark, 1994) and Larsen and Diener’s affect circumplex model (Larsen & Diener, 1992) were
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used to assess for state positive affect (PA) and negative affect (NA) over the past 30 minutes on
an 11-point scale from 0 (not at all) to 10 (extremely). PA items included happy, excited, calm,
relaxed, and grateful. NA items included sad, anxious, angry, lonely, and scared. These items
were averaged into moment-mean composite scores for their respective valences. Previous
research has shown internal consistencies that would support their use in EMA (Emery &
Simons, 2020; Emery et al., 2022; Hoeppner et al., 2014). The PA scale exhibited good internal
reliability at both the within- (w = .82) and between-person level (w = .88) in the current sample.
Similarly, the NA scale exhibited acceptable internal reliability at the within-person level (o =
.76) and excellent internal reliability at the between-person level (w = .90).

State Depression. The State Depression Scale (SDS; Connolly & Alloy, 2017) is a three-
item measure that participants used to rate the extent of their depressed mood, anhedonia, and
irritability over the past 30 minutes on an 11-point scale ranging from 0 (not at all) to 10
(extremely). The SDS was partly modeled after a scale utilized in an experience sampling study
on rumination and negative affect conducted by Moberly and Watkins (2008a). It has been
shown to have good reliability (o = 0.77) and be strongly correlated with baseline depression
scores (» = 0.50) among a sample of undergraduate students (Connolly & Alloy, 2019). This
scale exhibited acceptable internal reliability at the within-person level (@ = .75) and good
reliability at the between-person level (w = .82) in the current sample.

State Rumination. Adapted from Ruscio and colleagues (2015), participants rated the
extent to which they have been ruminating over the past 30 minutes using two items that capture
perseverative thinking about one’s personal negative attributes (“I was dwelling on my mistakes,
failures, or losses”) and negative events that have occurred in the past (“I kept thinking about

something negative that has happened”) on a scale from 0 (not at all) to 10 (extremely). These
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items were averaged into a single state rumination variable, which has previously exhibited good
reliability (a = .89) and strong associations with commonly used scales measuring trait
rumination in an EMA study examining rumination and stressful life events among individuals
diagnosed with Major Depressive Disorder and/or Generalized Anxiety Disorder (Ruscio et al.,
2015). These items demonstrated good internal reliability at the within-person level (w = .87)
and excellent reliability at the between-person level (o =.99) in the current sample.

Personal Insignificance. Based on Tyson and colleagues’ (2021) factor analysis of
previously used “small self” items, a single item “I feel insignificant” from their self-size
dimension was used to capture momentary feelings of personal insignificance on an 11-point
scale over the past 30 minutes from 0 (not at all) to 10 (extremely). Although this item was the
third highest loading item on its dimension (.71), the item was chosen given that it had the most
meaningful relation to depression.

Insignificant Concerns. Similarly, a single item “In the grand scheme of things, my own
issues and concerns do not matter as much” from the self-perspective dimension of the “small
self” (Tyson et al., 2021) was used to capture a momentary state of having insignificant concerns
on an 11-point scale over the past 30 minutes from O (not at all) to 10 (extremely). This item was
chosen as it was the highest loading item on its dimension (.71).

State Awe. A shortened six-item version of the Awe Experiences Scale (AWE-S; Yaden et
al., 2019) was used to assess the extent momentary experiences of awe over the past 30 minutes
on an 11-point scale from 0 (not at all) to 10 (extremely). The original AWE-S is a 30-item
measure comprised of six subscales: altered time perception, self-diminishment, connectedness,
vastness, physical sensations, and need for accommodation. To reduce participant burden, one

item per subscale was selected based highest factor loadings or face validity per
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recommendations by Widaman and colleagues (2011). The items were the following: “I noticed
time slowing,” “I felt that my sense of self was diminished,” “I had the sense of being connected
to everything,” “I perceived vastness,” “I had chills,” and “I felt challenged to mentally process
what I was experiencing.” This measure demonstrated good internal reliability at the between-
person level (w = .80) but poor reliability at the within-person level (w = .55). Given these
results, multilevel exploratory and confirmatory factor analyses were conducted to evaluate the
measure’s structure (see “Psychometric Evaluation of State Awe” in the Results section). The
resulting three-item “core awe,” comprising of vastness, connectedness, and a single-item awe
measure (“To what extent did you experience awe?”), was used as the primary indicator of state
awe in subsequent analyses (@Wwimin-person = .67; Wperween-person = -80).

Analysis Plan

Preliminary Analyses

Preliminary analyses were conducted to determine the ranges and distributions of all
variables. Scatterplots were also inspected to evaluate linearity assumptions. A visual
examination of between-person influence statistics (e.g., Cook’s distance) did not identify any
participants as potential outliers that may have exhibited significant influence on model
estimates.

Measurement Strategy of State Awe. Given that the adapted six-item state awe scale
exhibited poor within-person internal reliability, a series of multilevel exploratory and
confirmatory factor analyses were conducted to examine whether the measure reflected a
unidimensional construct at the within-person level or whether multiple latent dimensions better
characterized momentary experiences of awe. Eigenvalues were evaluated to examine the within-

and between-person level factor structures. Model fit was evaluated using the following
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goodness-of-fit indices: the comparative fit index (CFI), Tucker-Lewis index (TLI), root mean
square error of approximation (RMSEA), and standardized root-mean-square residual (SRMR).
Guidelines suggest that CFI and TLI values ranging from .90 to .95 indicate acceptable fit
(Bentler, 1990), and CFI and TLI values close to or greater than .95 suggest relatively good fit
(Hu & Bentler, 1999). RMSEA was used to accommodate for chi-square sensitivities to sample
size (Steiger and Lind, 1980), and a value close to .06 or below indicates relatively good fit (Hu
& Bentler, 1999). SRMR, which includes both within- and between-level values, has been shown
to be a more appropriate model fit index for multilevel factor analyses as CFI and RMSEA were
proposed in the context of evaluating a single-level CFA (Kim et al., 2016; Ryu & West, 2009).
SRMR values less than .05 indicate better fit (Byrne, 1998; Diamantopoulos and Siguaw, 2000),
though values as high as .08 have been deemed as acceptable (Hu & Bentler, 1999). All
goodness-of-fit indices were included for ease of interpretation and evaluated holistically. The
resulting state awe measure was used as the primary indicator for primary analyses.
Primary Analyses

Data were analyzed using multilevel structural equation modeling (MSEM) with random
intercepts using MLR in Mplus 8.1 (Muthén & Muthén, 1998-2017). The data were modeled
using a two-level structure in which momentary observations (Level 1 [L1]) were nested within
persons (Level 2 [L2]). This approach accounts for the non-independence of observations that
occurs from the nesting of time-varying observations via within-person momentary random
assessments (L1). It also separates within-person and between-person variance by allowing L1
variables to be decomposed into latent variables at both levels using repeated measures data
(Muthén & Muthén, 1998-2017; Preacher et al., 2010). Therefore, awe, personal insignificance,

insignificant concerns, rumination, and depressed mood were treated as continuous latent
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variables. Variables were also lagged within-day in order to focus on next-moment associations
and to avoid between-day lags as a confound.

To test the hypothesized mediation effects, a 1-1-1 mediation MSEM approach (Preacher
et al., 2010) was used because the predictor (awe), mediators (personal insignificance,
insignificant concerns, and rumination), and outcome (depressed mood) were all measured at the
momentary, within-person level. Although Hypotheses 2 and 3 are separate serial mediation
pathways (awe — personal insignificance — rumination — depressed mood and awe —
insignificant concerns — rumination — depressed mood), both pathways were included in the
same model to control for their mutual influence. This approach provides a more rigorous test of
the hypothesized indirect effects. Also, given that the product of two regression slopes is not
normally distributed, evaluating the strength of indirect effects can be challenging. This violation
in the normality assumption can reduce statistical power for more traditional approaches in
testing mediation (e.g., Sobel test). To address this challenge, asymmetrical confidence intervals
(ACIs) are recommended, as they more accurately represent the distribution of the product of
coefficients (MacKinnon et al., 2002). AClIs that do not include zero are considered statistically
significant. Days elapsed in the study (i.e., study day), along with six orthogonal day-of-the-
week indicators, were included as exogenous covariates with direct paths to all endogenous
variables at L1. Including study day for potential participant reactivity to repeated assessments
over time, while day of the week controls for any daily variation in affect and reduces potential
serial autocorrelation across days (Eisele et al., 2023; Mohr et al., 2001).

Finally, to test whether hypothesized effects differ based on group membership,
multigroup MSEM was conducted across two groups: individuals with a depressive disorder and

healthy controls. Overall group differences were evaluated by comparing a model in which all
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parameters were freely estimated across groups (unconstrained model) to a model in which
parameters were constrained to be equal across groups (constrained model). Model comparisons
were conducted using a chi-square difference test based on loglikelihood values and scaling
correction factors obtained from the MLR estimator, providing a more robust comparison of
nested models while adjusting for non-normality in the chi-square distribution (Satorra, 2000;

Satorra & Bentler, 2001).
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CHAPTER 3: RESULTS

Descriptive Statistics

A total of 3,439 random surveys were completed out of 5,600 possible surveys (5 random
surveys per day for 14 days across 80 participants), producing an average compliance rate of
61.4% (SD = 22.3%, range = 7.1-97.1%). This compliance rate fell below the recommended
threshold of 80% for EMA studies (Stone & Shiffman, 2002; Turner et al., 2017; Wray et al.,
2016). This lower-than-expected compliance may have been influenced by a server issue with
ExpiWell, which temporarily compromised notifications for one to two days and impacted at
least six participants. During this time, participants either did not receive any notifications or
were sent multiple notifications in close succession which likely interfered with response
consistency. Consistent with other EMA studies conducted with clinical populations (Liu et al.,
2023; Ruscio et al., 2015; Schoevers et al., 2021; Thompson et al., 2021), compliance rate did
not significantly differ by group as participants in the depressed and control group had an
average survey completion rate of 60.5% and 62.1%, respectively (#(77.72) = .32, p =.75). In
addition, a total of 112 self-initiated surveys were completed (M = 2.7, SD = 3.3, range = 1-15).
Participants in the depressed group completed 47 of these surveys (M = 2.2, SD = 1.7), while
those in the control group completed 65 of these surveys (M = 3.3, SD = 4.4). There was no
significant difference in the average number of completed self-initiated surveys between groups
(1(24.21) = .95, p = .35).

Bivariate correlations and group comparisons (#-tests and ANOVAs) were conducted to
examine between-person, temporal, and contextual factors. At the between-person level,
compliance was not significantly associated with age, sex, or baseline levels of depression. For

temporal factors, compliance did not significantly differ by day of the week, indicating that
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compliance rates were similar across Sunday through Saturday. Compliance also did not
significantly differ by time of day, indicating that survey completion was consistent over the
course of the study reporting windows (e.g., 9—-12PM, 12-3PM). Compliance had a weak,
positive association with day in the study, suggesting that participants completed more surveys as
the study progressed. For contextual variables, compliance did not significantly differ by
location, indicating that participants were equally likely to complete surveys across a variety of
contexts (e.g., home, work, school, recreational place). Similarly, compliance did not
significantly differ by whether participants were alone vs. with others. A summary of these

findings is presented in Table 2.

Table 2

Analysis of Compliance Rate and Between-Person, Temporal, and Contextual Variables

Variables Test Statistic Value

Between-Person

Age Correlation r=.13,p=.25

Sex Correlation r=-10,p=.38

Depressive symptoms (PHQ-9) Correlation r=-03,p=.78
Time

Day of the week ANOVA F(6,3571)=1.06,p=.30

Time of day ANOVA F(4,3568)=.57,p=.68

Study day Correlation r=.11, p <.001
Context

Location ANOVA F(9,3486) = .74, p = .67

Alone vs. with others t-test t(3209)=-1.51,p=.13

Note. PHQ-9 = Patient Health Questionnaire—9. ANOVA = analysis of variance. Bold indicates a

significant association.
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Means and standard deviations of the study variables by group are presented in Table 3.
In the random surveys, awe intensity was generally low. Approximately 16—17% of observations
were deemed as moderately high levels of awe (+1 SD above the mean), 4% as very high levels
of awe (+2 SD), and less than 2% as peak awe (+3 SD) in both groups. In contrast, self-initiated
surveys captured substantially higher levels of awe, with average intensity ranging from 7.3—7.7
in both groups. Awe intensity across random and self-initiated surveys by group are presented in

Table 4.

Table 3

Means and Standard Deviations by Group

. Depressed Group (n = 37) Control Group (n = 43)
Variables
M (SD)
Awe 1.5(1.8) 2.2(1.9)
Personal insignificance 2.8 (2.6) 2.0(2.4)
Insignificant concerns 3.0(2.5) 23124
Rumination 3.1(2.8) 1.8 (2.4)
Depressed mood 2.6 (2.3) 1.3 (1.7)
Positive affect 4.0(2.2) 5.0(1.9)
Negative affect 2.5(2.1) 1.7 (1.8)

Note. Means obtained from random surveys.
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Table 4

Awe Intensity Across Random and Self-Initiated Surveys by Group

Survey Type Obs  M(SD) o, Above 1 SD) (% Above 12 SD) (% Above 13 sD)
Depressed
Random 1568  14(1.5)  2.9(16.1%) 4.4 (4.4%) 6.0 (1.5%)
Self-Initiated 47 7321 9.4(10.6%) 0% 0%
Control
Random 1871 22(1.8) 4.0 (17.6%) 5.7 (4.0%) 7.5 (0.7%)
Self-Initiated 65  77(1.6) 93 (9.2%) 0% 0%

Note. Obs = observations. Percentages indicate proportion of surveys at each SD threshold, calculated as
the group mean +1, +2, or +3 SD from random surveys. No self-initiated surveys exceeded +2 or +3 SD

thresholds.

In random surveys, awe occurred at similar frequencies across days of the week for both
groups, with each day accounting for approximately 12—15% of observations. Higher levels of
awe occurred on the weekends for both groups. Awe was most frequently reported at home,
comprising more than half of observations in both groups. Although natural outdoor
environments were among the least frequently reported contexts, they revealed the highest levels
of awe across both groups. In self-initiated surveys, awe frequency and intensity showed greater
variability across contexts. Awe was most frequently reported on Wednesdays in the depressed
group and on Thursdays in the control group, though the highest levels of awe occurred on
Saturdays in both groups. Self-initiated surveys also captured more intense awe experiences
compared to random surveys, with average intensity ranging from 4.3 to 9.8 across locations in
the depressed group and from 4.0 to 9.0 across locations in the control group. Distributions of
awe frequency and intensity across contexts for random and self-initiated surveys are

summarized in Table 5 and Table 6, respectively.
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Table 5

Means, Standard Deviations, and Frequencies of Awe Across Contexts by Group (Random Surveys)

Depressed Group Control Group
Variables (obs = 1,568) (obs = 1,871)
M (SD) % of Total Obs M (SD) % of Total Obs
Day of the week
Sunday 1.2 (1.3) 12.4 22 (1.7) 12.6
Monday 1.3(1.4) 14.3 2.2(1.8) 15.3
Tuesday 1.3(1.6) 14.6 2.0 (1.6) 14.8
Wednesday 1.4 (1.5) 15.2 2.0 (1.7) 15.4
Thursday 1.3(1.4) 15.1 2.0 (1.8) 14.5
Friday 1.4 (1.6) 15.4 2.3(2.0) 14.0
Saturday 1.7 (1.7) 12.9 2.3(1.9) 13.4
Location
Home 1.3 (1.5) 63.9 2.1(1.7) 54.8
Another person’s home 1.5 (1.6) 5.0 2.5(1.8) 7.4
Work 1.4 (1.8) 2.6 1.7 (1.4) 52
School 1.4(1.4) 16.5 2.0 (1.7) 18.3
Outdoors in urban area 1.7 (2.0) 3.8 2.9 (1.8) 3.4
Outdoors in natural area 3.4(2.5) 0.3 4.3 (2.6) 0.9
Recreational place 2.3(2.0) 1.4 2.5(2.2) 2.4
Religious place 1.9 (0.8) 0.2 3.72.3) 0.4
In transit 1.9 (1.8) 2.4 2.6 (1.9) 4.0
Other 1.5 (1.5) 3.8 2.3(2.0) 3.1

Note. Obs = observations.
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Table 6

Means, Standard Deviations, and Frequencies of Contextual Variables by Group (Self-Initiated Surveys)

Depressed Group Control Group
Variables (n=21, obs =47) (n =20, obs = 65)
M (SD) % of Total Obs M (SD) % of Total Obs
Day of the week
Sunday 5.1(2.2) 12.8 6.7 (3.8) 10.8
Monday 7.4 (1.7) 10.6 6.6 (0.5) 12.3
Tuesday 6.8 (2.8) 19.1 73 (2.4) 13.8
Wednesday 8.2 (1.3) 234 7.7 (0.7) 13.8
Thursday 7.2 (1.7) 8.5 7.6 (1.6) 18.5
Friday 7.7 (2.6) 17.0 8.4 (1.3) 15.4
Saturday 8.6 (1.8) 8.5 8.5(1.9) 15.4
Location

Home 7.8 (2.1) 17.0 7.9 (2.1) 9.2
Another person’s home - 0.0 4.0 1.5
Work 4.3 2.1 - 0.0
School 7.3 (3.3) 4.3 6.9 (0.5) 7.7
Outdoors in urban area 7.1 (1.6) 14.9 8.5(1.0) 7.7
Outdoors in natural area 6.8 (1.9) 14.9 7.8 (2.6) 3.1
Recreational place 8.7 2.1 7.7 (0.9) 3.1
Religious place - 0.0 9.0 1.5
In transit 5.7(4.2) 4.3 8.8 (1.2) 3.1
Other 9.8 (0.2) 4.3 7.0 1.5

Note. Means without standard deviations reflect categories with only 1 observation.

At the within-person level, correlations among study variables indicated that personal
insignificance, insignificant concerns, state rumination, and depressed mood were positively
correlated with one another, with effects ranging from weak to strong. State awe had a weak
positive correlation with insignificant concerns and weak negative correlations with rumination
and depressed mood; however, it was not significantly related to insignificant concerns. At the

between-person level, personal insignificance, insignificant concerns, rumination, and depressed
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mood were positively correlated, with effects ranging from moderate to very strong, whereas awe
was not significantly related to any of these variables. A full correlation matrix is presented in

Table 7.

Table 7

Correlations of Variables

Variables 1 2 3 4 5 6 7
1. Awe - -.03 Q7% gFFF _DFHAER Y3AAE DRk
2. Personal insignificance 18 - STxsx o gDFEk ARk _DQHEEk QB
3. Insignificant concerns 10 RS lolo - 28FFEk 0 PRAAkE [ FRAk DRAHE
4. Rumination .03 O7FEE SQFE - O5FHE  _AFFEE - GOFKF
5. Depressed mood 21 OTFHE O S5HEE BOHA* - —S51xkx gQHE*
6. Positive affect S2HH -15 —14  —40%*x  _24* - —53%k
7. Negative affect 22 O6FHF S3AAEk Rk gOHHk -.20 -

Note. Correlation coefficients above and below the diagonal represent within-person and between-person,

respectively.

*p<.05,** p<.01, ¥** p<.001

Examining Awe’s Correlations with Positive and Negative Affect

To address the first aim of the study and test Hypothesis 1, correlations between awe and
PA and NA were examined at both within- and between-person levels. Overall, awe had a
moderate positive correlation with PA at both levels, weak negative correlation with NA at the
within-person level, and not significantly related to NA at the between-person level. These
correlations are presented in Table 7.

More specific contextual correlations between awe and affect were examined. In the
depressed group, awe was positively correlated with PA, with effects ranging from moderate to

strong, across home, work, school, urban and natural outdoor environments, recreational settings,
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in transit, and other settings. Correlations between awe and PA were non-significant at other
people’s homes and religious settings. Awe was unrelated to NA across home, work, school,
urban and natural outdoor environments, recreational settings, in transit, and other settings. The
correlations between awe and NA in religious settings was not estimable due to a lack of
observations.

In the control group, awe was positively correlated with PA, with effects ranging from
weak to strong, across all contexts. Awe had a weak positive correlation with NA at home and
other people’s homes, and awe had a strong negative correlation with NA in religious settings.
Awe was unrelated to NA in the remaining contexts, including work, school, urban and natural
outdoor environments, recreational settings, in transit, and other settings. All correlations
between awe and PA and NA across contexts are shown in Figure 2. Overall, support for
Hypothesis 1 was mixed: awe showed consistent positive correlations with PA, but correlations

with NA varied by group and context.
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Figure 2

Correlations of Awe, Positive Affect, and Negative Affect Across Contexts

Home Other's home Work Schooel Qutdoors (urban) Outdoors (natural)  Recreational Religious In transit Other
@
r=.69*
]
(o]
o
=
=
=)
o
w
i
-
o™
~
=
Affect Type
- NA
b" == PA
o (o]
e AL
o “r=.61
w
E o
@
o
=
P @
w
o
@
[=%
o
o
w
i
o
[=>]
[o:]
® o0
8 ooe
e %
o 42 P 4? QQB() A2 DA% bQQQ 0 o 4% QQQQ 0% D 4% BQQQ 72 P 4? QGQQ 1% D 42 boﬁo 92 P 4? QQQQ a® D 4° e°0° 02 o A% QQQQ a2 o ,\<:> )
Awe

Note. Obs = observations. Observations include both random and self-initiated surveys.
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Psychometric Evaluation of State Awe

Multilevel exploratory and confirmatory factor analyses were conducted to evaluate the
factor structure of the state awe items.
Multilevel Exploratory Factor Analyses

Using an oblique (geomin) rotation with maximum likelihood estimation with robust
standard errors (MLR) in Mplus 8.1, multilevel exploratory factor analysis (EFA) was conducted
on the six items assessing state awe. Within-level eigenvalues were 1.87, 1.14, .91, .79, .70, and
.59, suggesting a two-factor solution. Between-level eigenvalues were 3.14, .90, .84, .51, .40, and
.22, suggesting a single dominant factor. Number of factors retained were based on eigenvalues
greater than 1, model fit indices, and theoretical interpretability. A 1-factor within/1-factor
between solution demonstrated poor fit (%~ = 228.09, df = 18, p <.001, CFI1=.67, TLI = .45,
RMSEA = .06, SRMR-within = .06, SRMR-between = .09), whereas a 2-factor within/1-factor
between solution demonstrated improved but still inadequate fit (x> = 123.37, df = 13, p < .001,
CFI = .83, TLI =.60, RMSEA = .05, SRMR-within = .03, SRMR-between = .08). Standardized

factor loadings and factor correlations for these solutions are presented in Tables 8 and 9.
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Table 8

Standardized Factor Loadings from I-Factor Within / I1-Factor Between Multilevel EFA Solution (Six-

Item State Awe Scale)

Factors
Items Within-Level Between-Level
1 1
I perceived vastness. 57 57
I had the sense of being connected to everything. 47 .50
I felt that my sense of self was diminished. 42 45
I felt challenged to mentally process what I was experiencing. 42 55
I noticed time slowing. 27 91
I had chills. 31 .80

Note. Bold indicates primary factor loadings (>.30).

Table 9

Standardized Factor Loadings from 2-Factor Within / 1-Factor Between Multilevel EFA Solution (Six-

Item State Awe Scale)

Factors
Items Within-Level Between-Level

1 2 1
I perceived vastness. .61 .01 59
I had the sense of being connected to everything. .61 -13 52
I felt that my sense of self was diminished. 33 14 45
I felt challenged to mentally process what I was experiencing. 31 .16 .56
I noticed time slowing. -.01 .58 90
I had chills. .09 47 .79
Within-Level Factor Correlations
Fl1 - 31* -
F2 - -

Note. Bold indicates primary factor loadings (> .30).

* p<.05,** p<.01, *** p <.001
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Given the continued inadequate model fit, the single-item measure of awe was added and
the multilevel EFA was re-estimated. After including this item, within-level eigenvalues were
2.17,1.22,1.01, .81, .70, .64, and .46, suggesting a two- or three-factor solution. Between-level
eigenvalues were 3.56, 1.15, .88, .53, .42, .29, and .17, suggesting a one- or two-factor solution.
Four models were therefore estimated: 2-factor within/1-factor between, 3-factor within/1-factor
between, 2-factor within/2-factor between, and 3-factor within/2-factor between. Although the 2-
factor within/2-factor between solution demonstrated the best fit among the four models (y~ =
196.97, df = 16, p <.001, CFI = .85, TLI = .60, RMSEA = .06, SRMR-within = .04, SRMR-
between = .07), the second between-level factor produced a standardized factor loading of 1.39,
which suggests overfactoring (i.e., extracting more factors than are supported by the data) and
improper solution (Chen et al., 2001). Therefore, the 2-factor within/1-factor between solution
was retained because it demonstrated comparable fit and clearer theoretical interpretability. A
comparison of model fit indices across all solutions is provided in Table 10, and standardized
factor loadings and factor correlations for models including the single-item awe measure are

presented in Tables 11-14.
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Table 10

Comparison of Model Fit Indices Across All Multilevel EFA Solutions

SRMR-  SRMR-

. 2
Solutions X df CFI TLI RMSEA within between

Six-Item State Awe

1W/1B 228.09 18 .67 45 .06 .06 .09
2W/1B 123.37 13 .83 .60 .05 .03 .08
Seven-Item State Awe

2W/1B 258.72 22 .80 .62 .06 .04 10
3W/1B 340.76 17 73 33 .07 .02 10
2W/2B 196.97 16 .85 .60 .06 .04 .07
3W/2B? 1316.42 11 .00 -3.2 18 .02 .07

Note. y* = chi-square test of model fit (all results were p < .001). df = degrees of freedom. CFI =
comparative fit index. TLI = Tucker-Lewis index. RMSEA = root mean square error of approximation.
SRMR = standardized root-mean-square residual. W = within-person. B = between-person. * This solution
yielded improper fit indices, which is suggestive of poor model fit and likely overfactoring at the

between-level.

In the 2-factor within/1-factor between solution, the first within-person factor exhibited
loadings ranging from .49-.76, indicating moderate to strong associations with items reflecting
vastness, connectedness, and the single-item awe measure. The second within-person factor
exhibited loadings ranging from .50—-.56, indicating moderate associations with items reflecting
chills and altered time perception. The remaining items did not load strongly on any factor (<
.25). At the between-person level, the single factor exhibited loadings ranging from .47—.80,
reflecting more stable characteristics of awe. Therefore, the two within-person factors were
labeled as “core awe” and “sensory experience,” respectively. The single between-person factor

was labeled as “trait awe.”
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Table 11
Standardized Factor Loadings from 2-Factor Within / I-Factor Between Multilevel EFA Solution (Seven-

Item State Awe Scale)

Factors
Items Within-Level Between-Level

1 2 1
I perceived vastness. .76 .02 73
I had the sense of being connected to everything. 49 -.01 .63
I felt that my sense of self was diminished. .16 25 47
I felt challenged to mentally process what I was experiencing. .19 23 52
I noticed time slowing. —-.06 .56 .80
I had chills. .04 S0 5
To what extent did you feel awe? .67 -.01 .67
Within-Level Factor Correlations
F1 - 33 -

F2 - -

Note. Bold indicates primary factor loadings (> .30).

*p<.05,** p<.01, ¥** p<.001
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Table 12
Standardized Factor Loadings from 3-Factor Within / I-Factor Between Multilevel EFA Solution (Seven-

Item State Awe Scale)

Factors
Ttems Within- Between-
Level Level

1 2 3 1
I perceived vastness. 23 .62 .003 73
I had the sense of being connected to everything. 29 38 -11 .63
I felt that my sense of self was diminished. .56 -.04 .02 47
I felt challenged to mentally process what I was experiencing. 42 .03 .06 52
I noticed time slowing. .02 -.01 .54 .80
I had chills. .000 .09 53 J5
To what extent did you feel awe? —-.01 .76 .06 .67
Within-Level Factor Correlations
F1 - .29 3wk -
F2 - 17 -

F3 - -

Note. Bold indicates primary factor loadings (> .30).

*p<.05,** p<.01, *** p<.001
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Table 13

Standardized Factor Loadings from 2-Factor Within / 2-Factor Between Multilevel EFA Solution (Seven-

Item State Awe Scale)

Factors
Items Within-Level Between-Level
1 2 1 2

I perceived vastness. .76 .02 46 32
I had the sense of being connected to everything. 49 -.01 41 .26
I felt that my sense of self was diminished. .16 .25 46 -.04
I felt challenged to mentally process what I was experiencing. .20 23 .60 -11
I noticed time slowing. —-.06 .56 92 —-.003
I had chills. .04 50 73 17
To what extent did you feel awe? .67 —-.01 .000 1.39
Within- and Between-Level Factor Correlations
F1 - 33 - ¥

F2 - -

Note. Bold indicates primary factor loadings (> .30).

*p<.05,** p<.01, ¥** p<.001
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Table 14

Standardized Factor Loadings from 3-Factor Within / 2-Factor Between Multilevel EFA Solution (Seven-

Item State Awe Scale)

Factors
Ttems Within- Between-
Level Level
1 2 3 1 2

I perceived vastness. 22 .62 .004 45 .33
I had the sense of being connected to everything. .29 38 -11 41 27
I felt that my sense of self was diminished. .56 —-.05 .02 46 -.03
I felt challenged to mentally process what I was experiencing. 42 .03 .06 .60 —11
I noticed time slowing. .02 -.01 .54 92 -002
I had chills. .000 .09 53 73 18
To what extent did you feel awe? -.01 75 .06 .00 1.36
Within- and Between-Level Factor Correlations
F1 - 29 3wk 31
F2 - 17 -
F3 - - -

Note. Bold indicates primary factor loadings (> .30).

*p<.05,** p<.01, *** p<.001

Multilevel Confirmatory Factor Analyses

A multilevel confirmatory factor analysis (CFA) was conducted to test a 2-factor structure

at the within-person level and 1-factor structure at the between-person level. While conducting

exploratory and confirmatory models using the same sample may not be appropriate, such an

approach is considered acceptable when the aim is to clarify the underlying structure of a

construct (Schmitt et al., 2018). Estimating the 2-factor within/1-factor between model

demonstrated improved overall fit (y*> = 43.15, df= 9, p < .001, CF1 = .96, TLI = .91, RMSEA =

.03, SRMR-within = .01, SRMR-between = .09). Fit appeared excellent at the within-person
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level but slightly weaker at the between-person level. Standardized factor loadings and factor

correlations for the multilevel CFA are presented in Table 15.

Table 15

Standardized Factor Loadings from 2-Factor Within / I-Factor Between Multilevel CFA (Five-Item State

Awe Scale)
Factors
Items Within-Level Between-
Level

12 2° 1
I perceived vastness. .74 - .76
To what extent did you feel awe? 1 - g7
I had the sense of being connected to everything. 48 - .67
I had chills. - .70 |
I noticed time slowing. - 42 |
Within-Level Factor Correlations
F1 - J1E* -

F2 - -

Note. Bold indicates items that load onto each factor. ® core awe, ® sensory experience.

*p<.05,** p<.01, *** p<.001

Internal reliability was examined for the two within-person factors to guide selection of
the primary indicator for the main analyses. The “core awe” factor demonstrated acceptable
reliability at the within-person level (w = .67) and good reliability at the between-person level (@
= .81). In contrast, the “sensory experiences” factor demonstrated poor reliability at the within-
person level (w = .45) and good reliability at the between-person level (w = .86). Given that the
“core awe” factor indicated stronger within-person reliability and reflected more central features

of the construct, it was selected as the main indicator of state awe for the primary analyses.
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Multilevel Structural Equation Model Analyses

Intraclass correlations were .01 for state awe, .43 for personal insignificance, .45 for
insignificant concerns, .40 for state rumination, and .49 for state depression. These values
indicate that only 1% of the variance in state awe occurred at the between-person level, with the
remainder reflecting within-person fluctuations. In contrast, 40-49% of the variance in the other
variables occurred at the between-person level. Overall, these values suggest that state awe is
primarily a within-person construct in the present sample, whereas the other variables exhibited
sufficient within- and between-person variability to warrant the use of multilevel modeling.
Overall Model

An MSEM was estimated using MLR in which state awe had direct paths to personal
insignificance and insignificant concerns, which in turn predicted rumination, and finally
depressed mood. At L1, study day and day of the week were included as covariates to all
endogenous variables. At L2, sex was included as a covariate to all endogenous variables. This
model allowed simultaneous estimation of within- and between-person associations among all
study variables. The model revealed the following fit indices: > = 266.59, df =8, p < .001, CFI =
.86, TLI = .37, RMSEA = .10, SRMR-within = .04, SRMR-between = .21. While SRMR values
suggested acceptable fit at the within-person level, other indices revealed model misfit. However,
global fit indices such as CFI, TLI, and RMSEA are known to perform more poorly in MSEMs
that have greater model complexity and lower degrees of freedom (e.g., Kenny et al., 2015;
Marsh et al., 2004).

Modification indices were examined to evaluate whether freeing additional constrained
parameters could improve model fit. Guidelines recommend evaluating indices one at a time,

with values greater than 3.84 (corresponding to p < .05 for 1 degree of freedom), suggesting a
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statistically meaningful improvement in model fit (Saris et al., 2009; S6rbom, 1989). Results
suggested a potential additional path from state awe to depressed mood via personal
insignificance (MI = 238.91) and was therefore added to the model. A re-estimation of the model
revealed improved fit: y* = 11.72, df = 6, p <.001, CFI = .99, TLI = .98, RMSEA = .02, SRMR-
within = .01, SRMR-between = .21.

Direct Effects of Awe on Depression. At L1, state awe was not significantly associated
with personal insignificance or insignificant concerns. In contrast, both personal insignificance
and insignificant concerns were positively associated with state rumination, with personal
insignificance showing a moderate effect and insignificant concerns showing a weak effect.
These relationships, in turn, had a strong positive association with depressed mood. An
additional path, suggested by modification indices, indicated that personal insignificance had a
weak positive association with depressed mood. No covariate effects were significant with any of
the study variables, with the exception of a weak negative association between study day and
insignificant concerns.

At L2, state awe was not significantly associated with personal insignificance or
insignificant concerns. Personal insignificance had a strong positive association with state
rumination, whereas insignificant concerns did not. In turn, rumination had a strong positive
association with depressed mood. Personal insignificance also had a weak positive association
with depressed mood. No covariate effects were significant with any of the study variables, with
the exception of a weak positive association between sex and rumination. Standardized within-

and between-person estimates for direct effects are presented in Table 16.
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Table 16

Direct Effects of Awe on Depression in Overall MSEM Model

Path s SE 95% CI p
L1 (within-person)
Awe — personal insignificance 0.01 3.10 [-6.07, 6.08] 1.00
Awe — insignificant concerns —0.05 3.24 [-6.41, 6.30] .99
Personal insignificance — rumination 0.38 0.04 [0.30, 0.45] <.001
Insignificant concerns — rumination 0.09 0.04 [0.02, 0.16] .02
Personal insignificance — depressed mood? 0.23 0.03 [0.17, 0.29] <.001
State rumination — depressed mood 0.56 0.03 [0.50, 0.62] <.001
Study day — awe 0.01 0.02 [-0.03, 0.05] .64
Study day — personal insignificance -0.11 0.12 [-0.28, 0.05] 18
Study day — insignificant concerns -0.13 0.06 [-0.26,—0.01] 04
Study day — rumination 0.01 0.03 [-0.05, 0.08] .68
Study day — depressed mood -0.02 0.07 [-0.15, 0.11] 75
Day of the week — awe —-0.01 0.02 [-0.04, 0.03] 1
Day of the week — personal insignificance —0.04 0.03 [-0.10, 0.01] 10
Day of the week — insignificant concerns 0.01 0.02 [-0.03, 0.05] .67
Day of the week — rumination -0.02 0.02 [-0.07, 0.02] 33
Day of the week — depressed mood —-0.03 0.02 [-0.07, 0.02] 25
L2 (between-person)
Awe — personal insignificance 0.01 1.21 [-2.37,2.38] 1.00
Awe — insignificant concerns —-0.01 1.17 [-2.29, 2.28] 1.00
Personal insignificance — rumination 0.63 0.19 [0.25, 1.01] 001
Insignificant concerns — rumination 0.04 0.19 [-0.33, 0.40] .83
Personal insignificance — depressed mood? 0.25 0.12 [0.01, 0.48] .04
Rumination — depressed mood 0.64 0.11 [0.43, 0.84] <.001
Sex — awe 0.01 32.88 [-64.44, 64.46] 1.00
Sex — personal insignificance 0.04 0.20 [-0.35,0.42] .85
Sex — insignificant concerns 0.02 0.28 [-0.54, 0.57] .95
Sex — rumination 0.12 0.06 [0.00, 0.24] .04
Sex — depressed mood 0.06 0.06 [-0.07, 0.18] .37

Note. N = 80. L1 observations = 3,366. Sex was 0 = male, 1 = female. * Path added based on modification

indices; not part of original hypothesized model.
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Indirect Effects of Awe via Mediators. Indirect effects were examined to test whether

state awe predicted depressed mood through the following serial mediation pathways: (1) awe —

personal insignificance — rumination — depressed mood, and (2) awe — insignificant concerns

— rumination — depressed mood. At both the within- and between-person level, neither of these

mediation pathways was significant. Similarly, the total indirect effect on depressed mood was

not significant at either level. Of note, indirect effects at the between-person level were

underpowered based on the power analysis, but they are reported and should be interpreted with

caution. Standardized within- and between-person estimates for indirect effects are presented in

Table 17.

Table 17

Indirect Effects of Awe on Depression via Mediators in Overall MSEM Model

Path b SE 95% CI p

L1 (within-person)

Awe — personal insignificance — rumination — depressed mood  <0.001  0.002  [-0.004, 0.004] 1.00

Awe — insignificant concerns — rumination — depressed mood  <0.001 0.001  [-0.001, 0.001] .99

Awe — personal insignificance — depressed mood® <0.001 0.002 [-0.01, 0.01] 1.00

Awe — depressed mood (total indirect effect) <0.001  0.005 [-0.01, 0.01] 1.00
L2 (between-person)

Awe — personal insignificance — rumination — depressed mood 0.02 3.21 [-6.27, 6.30] 1.00

Awe — insignificant concerns — rumination — depressed mood  —0.001  0.20 [-0.39, 0.38] 1.00

Awe — personal insignificance — depressed mood® 0.01 1.96 [-3.83, 3.85] 1.00

Awe — depressed mood (total indirect effect) 0.01 3.40 [-3.83, 3.85] 1.00

Note. N = 80. L1 observations = 3,366. ? Indirect effect includes a path (personal insignificance — depressed mood)

that was added based on modification indices; not part of original hypothesized model.
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Multigroup Model

A multilevel multigroup analysis was conducted to test whether the associations among
state awe, personal insignificance, insignificant concerns, state rumination, and depressed mood
differed between the depressed and control groups. Attempts to estimate multigroup models at
the between-person level were unsuccessful due to estimation issues, including unstable
parameter estimates. However, the study was largely underpowered to detect between-person
effects, and the study’s primary focus was on within-person associations. Therefore, only within-
person results are reported. To test overall group differences, a chi-square difference test based
on loglikelihood values with the MLR scaling correction was conducted comparing constrained
and unconstrained models. Results indicated that constraining parameters to be equal across
groups significantly worsened model fit (Ay?(6) = 117.30, p <.001), suggesting overall group
differences.

Direct Effects of Awe on Depression in Depressed Group. State awe was not
significantly associated with personal insignificance or insignificant concerns, which did not
support Hypotheses 2a and 3a. Personal insignificance had a moderate positive association with
state rumination, which supported Hypothesis 2b. In contrast, insignificant concerns were not
significantly associated with rumination, which did not support Hypothesis 3b. Rumination, in
turn, had a strong positive association with depressed mood, which supported Hypothesis 2c and
3¢, though the effect was stronger than expected. In addition to these pathways, personal
insignificance had a weak positive association with depressed. Regarding covariates, study day
had weak negative associations with personal insignificance and insignificant concerns. No other
covariate effects were significant. Standardized within-person estimates for these direct effects

are presented in Table 18, with key pathways in Figure 3.
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Indirect Effects of Awe on Depression in Depressed Group. There was no evidence of
an indirect effect of state awe on depressed mood through the proposed mediators. Specifically,
the indirect effects of awe on depressed mood through personal insignificance and state
rumination, as well as insignificant concerns and state rumination, were not significant. The total
indirect effect of awe on depressed mood was also not significant. Unstandardized within-person
estimates for these indirect effects are presented in Table 19.

Direct Effects of Awe on Depression in Control Group. State awe was not significantly
associated with personal insignificance or insignificant concerns, which did not support
Hypotheses 2d and 3d. Both personal insignificance and insignificant concerns had weak positive
associations with state rumination, supporting Hypotheses 2e and 3e. Similar to the depressed
group, rumination, in turn, had a strong positive association with depressed mood, supporting
Hypotheses 2f and 3f, though the effect was larger than expected. In addition to these pathways,
personal insignificance had a weak, positive association with depressed mood. Regarding
covariates, day of the week had weak negative associations with personal insignificance and
rumination. No other covariate effects were significant. Standardized within-person estimates for
these direct effects are presented in Table 18, with key pathways shown in Figure 3.

Indirect Effects of Awe on Depression in Control Group. Findings were similar to
those in the depressed group, as there was no evidence of an indirect effect of state awe on
depressed mood through either of the proposed mediators. The total indirect effect of awe on
depressed mood was also not significant. Unstandardized within-person estimates for these

indirect effects are presented in Table 19.
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Table 18

Multigroup Direct Effects of Awe on Depression and Difference Tests (Within-Person Only)

Depress_ed Group Contro_l Group Difference Test
Path (n=37) (n=43)

p SE 95% Cl p p SE 95% CI P b SE 95% CI p
Awe — personal insignificance 0.03  0.06 [-0.08, 0.14] 57 -0.01 0.04 [-0.09, 0.07] .80 <0.001  <0.001  [-0.000, 0.000]® .54
Awe — insignificant concerns -0.06 0.03 [-0.12, 0.01] .10 —-0.06 0.06 [-0.18, 0.06] 31 <0.001  <0.001  [-0.000, 0.000]® .94
Personal insignificance — rumination 046  0.05 [0.37, 0.56] <.001 0.24 0.06 [0.13, 0.35] <.001 -0.27 0.09 [-0.44,-0.10] .002
Insignificant concerns — rumination 0.06 0.04 [-0.02, 0.14] 15 0.13 0.06 [0.01, 0.25] .04 0.08 0.08 [-0.09, 0.24] 37
Personal insignificance — depressed mood* 0.26 0.03 [0.19, 0.32] <.001 0.18 0.05 [0.09, 0.27] <.001 —0.08 0.05 [-0.17,0.01] .09
Rumination — depressed mood 0.56  0.04 [0.49, 0.64] <.001 0.56 0.03 [0.49, 0.63] <001 -0.02 0.05 [-0.11, 0.08] 75
Study day — awe 0.04 0.02 [0.00, 0.08] .08 —-0.001 0.03 [-0.05, 0.05] .98 - - - -
Study day — personal insignificance -0.15 0.06 [-0.28,-0.03] .02 -0.07 0.05 [-0.17,0.02] 13 - - - -
Study day — insignificant concerns -0.19 0.06 [-0.30,-0.08] .001 —-0.08 0.06 [-0.19, 0.04] .19 - - - -
Study day — rumination 0.03  0.04 [-0.05, 0.12] 46 0.02 0.04 [-0.07,0.11] .63 - - - -
Study day — depressed mood -0.01 0.04 [-0.08, 0.07] .81 -0.03 0.03 [-0.09, 0.04] 38 - - - -
Day of the week — awe 0.02  0.03 [-0.03, 0.07] 41 -0.02 0.02 [-0.06, 0.03] 40 - - - -
Day of the week — personal insignificance -0.02  0.03 [-0.08, 0.04] 49 -0.06 0.03 [_8;12 ]’ - .03 - - - -
Day of the week — insignificant concerns 0.05 0.03 [-0.01, 0.11] 13 -0.02 0.03 [-0.08, 0.03] .40 - - - -
Day of the week — rumination 002 003 [004007 .58  —0.07  0.03 I—g:éf], - 03 ; - - -
Day of the week — depressed mood -0.03 0.02 [-0.08, 0.01] 17 -0.03 0.03 [-0.07, 0.02] .38 - - - -

Note. N = 80. L1 observations = 3,366. Bold indicates significant findings. * Path added based on modification indices; not part of original hypothesized model. ® Values were extremely small

and approached zero.
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Table 19

Multigroup Indirect Effects of Awe on Depression and Difference Tests (Within-Person Only)

Depressed Group Control Group .
Difference Test
Path (n=37) (n=43)
b SE P b SE P b SE p

Awe — personal insignificance — rumination — depressed mood  <0.001  <0.001 .58 <0.001 <0.001 .80 <0.001 <0.001 .54
Awe — insignificant concerns — rumination — depressed mood <0.001 <0.001 .30 <0.001 <0.001 .34 <0.001 <0.001 .63
Awe — personal insignificance — depressed mood?® <0.001 <0.001 .57 <0.001 <0.001 .80 <0.001 <0.001 .54
Awe — depressed mood (total indirect effect) <0.001 <0.001 78 <0.001 <0.001 .65 <0.001 <0.001 S1

Note. N = 80. L1 observations = 3,439. Bold indicates significant findings. Confidence intervals not reported as they all reflected near-zero values.  Indirect

effect includes a path (personal insignificance — depressed mood) that was added based on modification indices; not part of original hypothesized model.
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Figure 3

Multigroup Within-Person Direct Effects of Awe on Depression

Depressed Depressed
Mood Mood
0.03 (0.06) 0.26 (0.03)** / -0.01 (0.04) 0.18 (0.05)™*
0.56 (0.04)"** 0.56 (0.03)**
\ Personal \ Personal
-0.06 (0.03) Insignificance 0.46 (0.05)"** -0.06 (0.06) Insignificance 0.24 (0.06)***
\ 0.06 (0.04) 0.13 (0.06)*
Insignificant Insignificant
Concerns Concerns
Individuals with a Depressive Disorder Healthy Controls

Note. Standardized estimates are presented, with standard errors in parentheses. Significant paths are presented in blue. Study day and day of the
week were included as covariates with paths to each variable but were omitted for clarity.

*p<.05,** p<.01, *** p <.001
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Difference Tests. Given that overall group differences were found, tests of individual
path differences were subsequently conducted to examine whether specific associations differed
across groups. Results revealed that personal insignificance — state rumination was significantly
different between groups. The remaining paths were not significantly different from one another:
awe — personal insignificance, awe — insignificant concerns, insignificant concerns —
rumination, personal insignificance — depressed mood, and rumination — depressed mood.
Unstandardized within-person estimates for results of these difference tests are presented in
Tables 18 and 19.

Exploratory Analyses

Several exploratory analyses were conducted to further elucidate the relationship between
awe and depressed mood and their underlying “small self” mechanisms. These analyses included
adding a direct path from awe to depressed mood to test whether the proposed serial (i.e.,
double) mediation pathways fully accounted for this association, including PA and NA in the
models to examine the uniqueness of awe’s effects on depressed mood, and examining time-
lagged models to evaluate the durability of awe’s effects on depressed mood.

Addition of Direct Path from Awe to Depressed Mood

To examine whether the proposed indirect pathways fully accounted for the association
between awe and depressed mood, a direct path from state awe to depressed mood was added to
the model. A re-estimation of the model with the overall sample revealed that this path was not
significant at L1 (f = 0.02, SE = 0.03, 95% CI [-0.03, 0.08], p =.35) or L2 (= 0.18, SE = 0.19,
95% CI [-0.19, 0.54], p = .34). The total indirect effect was also not significant at L1 (b < 0.001,
SE =<0.001, 95% CI [-0.000, 0.000], p = .45) or L2 (b =1.14, SE = 1.15, 95% CI [-1.11, 3.38],

p = .32). Multigroup analyses yielded a similar pattern. The direct effect was not significant at L1
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in either group (depressed: = 0.03, SE =0.03, 95% CI [-0.03, 0.08], p = .29; control: f=0.02,
SE =0.03, 95% CI [-0.05, 0.09], p = .53). The total indirect was also not significant in either
group (depressed: f = <0.001, SE = <0.001, 95% CI [-0.000, 0.000], p = .38; control: f =
<0.001, SE =<0.001, 95% CI [-0.000, 0.000], p = .71). For both overall and multigroup models,
inclusion of the direct path did not meaningfully change the magnitude or significance of the
remaining pathways.

Uniqueness of Awe’s Direct and Indirect Effects on Depressed Mood

PA and NA were included as covariates in all models to test whether the direct and
indirect effects of awe on depressed mood remained after accounting for general affective states.
Specifically, state PA and NA were included as within-person predictors of state awe, personal
insignificance, insignificant concerns, state rumination, and depressed mood. Trait PA and NA
(variables assessed at baseline) were also included as between-person covariates.

Direct Effects of Awe on Depression in Overall Model. At L1, several within-person
associations remained significant after adding state PA and NA as within-person covariates.
These included positive associations between personal insignificance and rumination, personal
insignificance and depressed mood, and in turn rumination and depressed mood. However, it
attenuated the associations between insignificant concerns and rumination, as well as study day
and rumination, to non-significance. State PA had a weak negative association with rumination,
whereas state NA had moderate to strong positive associations with personal insignificance,
insignificant concerns, rumination, and depressed mood.

At L2, adding trait PA and NA as between-person covariates also attenuated several
associations to non-significance, which included associations between personal insignificance

and rumination, personal insignificance and depressed mood, and rumination and depressed
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mood. Sex was also no longer significantly associated with rumination. Trait PA had a weak
negative association with insignificant concerns only, whereas trait NA had weak positive
associations with personal insignificance, rumination, and depressed mood. Standardized within-

and between-person estimates for these direct effects of the overall sample are presented in Table

20.
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Table 20

Direct Effects of Awe on Depression in Overall MSEM Model with PA and NA Covariates

Path p SE 95% CI )4
L1 (within-person)
Awe — personal insignificance <0.001 3.55 [-5.84, 5.84] 1.00
Awe — insignificant concerns —-0.06 2.18 [-3.65, 3.54] 98
Personal insignificance — rumination 0.13 0.03 [0.09, 0.18] <.001
Insignificant concerns — rumination 0.04 0.03 [-0.01, 0.10] 17
Personal insignificance — depressed mood® 0.13 .04 [0.06, 0.20] .001
Rumination — depressed mood 0.30 0.05 [0.22, 0.38] <.001
Study day — awe 0.02 0.02 [-0.02, 0.05] 53
Study day — personal insignificance -0.08 0.11 [-0.27,0.10] 45
Study day — insignificant concerns -0.11 0.10 [-0.26, 0.05] 26
Study day — rumination 0.02 0.04 [-0.04, 0.08] .65
Study day — depressed mood -0.02 0.02 [-0.05, 0.02] 42
Day of the week — awe —-0.001 0.03 [-0.04, 0.04] 98
Day of the week — personal insignificance -0.02 0.02 [-0.06, 0.02] 44
Day of the week — insignificant concerns 0.02 0.02 [-0.02, 0.06] .36
Day of the week — rumination <.001 0.05 [-0.07, 0.07] 1.00
Day of the week — depressed mood -0.01 0.05 [-0.09, 0.07] .82
PA — awe -0.01 0.02 [-0.05, 0.03] .64
PA — personal insignificance -0.12 0.06 [-0.22, -0.03] .03
PA — insignificant concerns 0.002 0.04 [-0.07, 0.07] 97
PA — rumination -0.13 0.05 [-0.21, —0.05] .01
PA — depressed mood -0.18 0.09 [-0.33, —-0.03] .05
NA — awe 0.001 0.03 [-0.05, 0.05] 97
NA — personal insignificance 0.49 0.04 [0.42, 0.55] <.001
NA — insignificant concerns 0.36 0.07 [0.25, 0.48] <.001
NA — rumination 0.64 0.03 [0.59, 0.69] <.001
NA — depressed mood 0.44 0.04 [0.38, 0.51] <.001
L2 (between-person)
Awe — personal insignificance 0.11 0.12 [-0.12, 0.35] .34
Awe — insignificant concerns 0.02 0.11 [-0.18, 0.23] .82
Personal insignificance — rumination -0.03 23 [-0.48, 0.43] .90
Insignificant concerns — rumination 0.33 0.22 [-0.10, 0.77] 13
Personal insignificance — depressed mood?® 0.27 0.17 [-0.06, 0.60] A1
Rumination — depressed mood 0.07 0.16 [-0.23, 0.38] .64
Sex — awe 0.14 0.09 [-0.03, 0.30] 12
Sex — personal insignificance —0.13 0.10 [-0.34, 0.07] 21
Sex — insignificant concerns -0.10 0.11 [-0.32, 0.12] .36
Sex — rumination -0.04 0.09 [-0.22, 0.14] .66
Sex — depressed mood 0.04 0.11 [-0.17,0.25] .68
PA — awe -0.05 0.11 [-0.26, 0.17] .68
PA — personal insignificance -0.02 0.11 [-0.24, 0.20] .84
PA — insignificant concerns -0.20 0.10 [-0.40, -0.01] .04
PA — rumination 0.05 0.13 [-0.21,0.31] .70
PA — depressed mood 0.06 0.11 [-0.15, 0.27] .55
NA — awe 0.16 0.13 [-0.10, 0.42] 23
NA — personal insignificance 0.27 0.12 [0.04, 0.50] .02
NA — insignificant concerns 0.20 0.12 [-0.03, 0.44] .09
NA — rumination 0.27 0.13 [0.02, 0.53] .04
NA — depressed mood 0.28 0.12 [0.04, 0.51] .02

Note. N = 80. L1 observations = 3,439. Sex was 0 = male, 1 = female. PA = positive affect. NA = negative affect. PA and NA are

trait-level variables assessed at baseline. * Path added based on modification indices; not part of original hypothesized model.
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Direct Effects of Awe on Depression in Multigroup Model. Similar to the primary
analyses, a chi-square difference test based on loglikelihood values with the MLR scaling
correction was conducted to test overall group differences by comparing constrained and
unconstrained models, which found that constraining parameters to be equal across groups
significantly worsened model fit (Ay*(6) = 77.22, p <.001), suggesting overall group differences.

In the depressed group, several within-person associations remained significant after
adding state PA and NA as covariates, including positive associations between personal
insignificance and rumination, personal insignificance and depressed mood, and in turn
rumination and depressed mood. Study day continued to remain significant with both personal
insignificance and insignificant concerns in the negative direction. Including PA and NA in the
multigroup model also introduced additional significant associations. Awe had a weak positive
association with insignificant concerns, and personal insignificance also had a weak positive
association with rumination. Study day had a weak negative association with awe. Regarding
affective covariates, PA had weak negative associations with personal insignificance, rumination,
and depressed mood. In contrast, NA had moderate to strong positive associations with personal
insignificance, insignificant concerns, rumination, and depressed mood.

In the control group, the positive association between rumination and depressed mood
was the only one that remained significant. Including PA and NA in the model also attenuated the
following associations to non-significance: personal insignificance and rumination, insignificant
concerns and rumination, personal insignificance and depressed mood, day of the week and
personal insignificance, as well as day of the week and rumination. However, there were
additional significant associations that arose. Awe had a weak positive association with

insignificant concerns, and PA had a moderate positive association with awe. Like the depressed
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group, NA had moderate to strong positive associations with personal insignificance,
insignificant concerns, rumination, and depressed mood. Standardized within-person estimates
for these direct effects across groups are shown in Table 21.

Difference Tests. Tests of individual path differences were conducted to examine whether
specific associations differed across groups after the inclusion of PA and NA as covariates.
Results showed that personal insignificance — rumination was attenuated to non-significance,
with the remaining paths continuing to remain non-significant. While overall group differences
were found alongside non-significant individual path differences, this pattern suggests that group
differences are likely distributed across multiple pathways, rather than driven by a few effects.
Unstandardized within-person estimates for results of these difference tests are shown in Table

21.
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Table 21

Multigroup Direct Effects of Awe on Depression and Difference Tests with PA and NA Covariates (Within-Person Only)

Depr T ntrol Gr .
Path P (ens sjgg oup Co (n 0: 4G3)0 up Difference Test

g SE 95% CI P g SE 95% CI P b SE 95% CI p
Awe — personal insignificance 0.06  0.05 [-0.06, 0.17] 21 0.16 0.13 [-0.17, 0.49] 22 0.11 0.17 [-0.22,045] .52
Awe — insignificant concerns 0.12  0.05 [0.01, 0.24] .01 0.18 0.06 [0.03, 0.33] .003 0.05 0.09 [-0.13,0.23] .57
Personal insignificance — rumination 0.16 0.04 [0.06, 0.27] <.001 0.07 0.06 [-0.08, 0.23] 23 —0.11 0.09 [-0.28,0.06] .20
Insignificant concerns — rumination 0.05  0.02 [0.00, 0.10] .02 0.06 0.04 [-0.03, 0.15] .09 0.01 0.05 [-0.09,0.11] .83
Personal insignificance — depressed mood?* 0.15 0.03 [0.08, 0.22] <.001 0.08 0.06 [-0.08, 0.24] 17 —-0.08 0.06 [-0.19,0.04] .20
Rumination — depressed mood 0.23  0.05 [0.10, 0.36] <.001 0.34 0.07 [0.17, 0.52] <.001 .06 0.07 [-0.08,0.19] .41
Study day — awe -0.11  0.04 [-0.20,-0.02] .001 -0.01 0.04 [-0.10, 0.08] .80 - - - -
Study day — personal insignificance -0.08 0.04 [-0.18, 0.02] .04 -0.07  0.05 [-0.19, 0.05] 15 - - - -
Study day — insignificant concerns -0.12  0.04 [-0.23,-0.02] .01 -0.06  0.05 [-0.20, 0.07] 22 - - - -
Study day — rumination 0.03  0.03 [-0.05, 0.11] 32 0.01 0.03 [-0.06, 0.09] .63 - - - -
Study day — depressed mood 0.01 0.03 [-0.07, 0.08] .80 -0.03 0.03 [-0.12, 0.05] 31 - - - -
Day of the week — awe 0.01  0.02 [-0.04, 0.05] 78 0.01 0.02 [-0.04, 0.06] .57 - - - -
Day of the week — personal insignificance 0.000 0.02 [-0.05, 0.05] .96 -0.03 0.03 [-0.11, 0.05] .37 - - - -
Day of the week — insignificant concerns 0.04 0.03 [-0.03, 0.10] 11 0.000 0.03 [-0.07, 0.07] .99 - - - -
Day of the week — rumination 0.03  0.02 [-0.02, 0.07] .10 -0.03  0.02 [-0.08, 0.02] 13 - - - -
Day of the week — depressed mood -0.01 0.02 [-0.05, 0.03] 41 -0.01 0.02 [-0.06, 0.04] .66 - - - -
PA — awe 0.56  0.06 [0.42,0.70] 22 0.52 0.06 [0.38, 0.66] <.001 - - - -
PA — personal insignificance -0.20 0.04 [-0.30, —0.09] <.001 -0.20 0.10 [-0.46, 0.05] .04 - - - -
PA — insignificant concerns 0.01 0.05 [-0.11, 0.12] 91 —0.11 0.10 [-0.36, 0.13] 24 - - - -
PA — rumination -0.14 0.03  [-0.22,-0.06] <.001 -0.08 0.07 [-0.26, 0.10] 24 - - - -
PA — depressed mood -0.15 0.04 [-0.25,-0.04] .001 -0.18  0.09 [-0.42, 0.06] .06 - - - -
NA — awe 0.06  0.05 [-0.06, 0.17] 22 0.10 0.10 [-0.14, 0.35] .29 - - - -
NA — personal insignificance 0.51 0.04 [0.42, 0.60] <.001 0.36 0.15 [-0.04, 0.76] .02 - - - -
NA — insignificant concerns 0.45  0.05 [0.32, 0.57] <.001 0.32 0.12 [0.02, 0.62] .01 - - - -
NA — rumination 0.60 0.04 [0.50, 0.71] <.001 0.64 0.04 [0.54, 0.74] <.001 - - - -
NA — depressed mood 0.48 0.05 [0.36, 0.61] <.001 0.38 0.04 [0.27, 0.48] <.001 - - - -

Note. N = 80. L1 observations = 3,439. Bold indicates significant findings. * Path added based on modification indices; not part of original hypothesized model.
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Examining Time-Lagged Effects

Time-lagged analyses were conducted to examine temporal ordering among the proposed
variables. A series of lagged within-person models were examined in a stepwise fashion in which
each segment of the hypothesized pathway was tested separately: awe at time #—1 predicting
personal insignificance/insignificant concerns at time ¢, personal insignificance/insignificant
concerns at time /1 predicting rumination at time #, and rumination at time /1 predicting
depressed mood at time ¢. In addition, a direct path from personal insignificance at time 71 to
depressed mood at time ¢ was examined. Although a fully lagged model would provide a more
rigorous test of temporal sequencing (e.g., awe at time /3 — “small self” variables at time -2
— rumination at time 71 — depressed mood at time ¢), this approach was not conducted due to
concerns about reduced power and loss of observations given the study’s sampling structure.
Using the stepwise lagged approach would provide the initial tests of temporal ordering across
the proposed pathways. Autoregressive effects of each variable were included in the models to
control for temporal stability in each construct, allowing lagged associations to reflect within-
person change over time, rather than between-person differences or carryover effects from one
moment to the next.

Overall Model. Estimating the overall model revealed the following fit indices: ¥* =
253.41,df=24, p <.001, CFI = 91, TLI =.79, RMSEA = .05, SRMR-within = .06, SRMR-
between = .34. While RMSEA and SRMR-within suggested relatively acceptable fit at the
within-person level, SRMR-between indicated poor fit at the between-person level. However,
between-person effects were not reported or interpreted because the aim of this exploratory
analysis emphasized within-person temporal associations. In addition, TLI fell below

conventional thresholds for acceptable model fit. However, global fit indices such as TLI are
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known to be less reliable in MSEMs with greater complexity and lower degrees of freedom (e.g.,
Kenny et al., 2015; Marsh et al., 2004). Results revealed that awe (1) was not associated with
personal insignificance (7). However, it was weakly associated with decreases in insignificant
concerns (7), such that higher levels of awe predicted lower subsequent insignificant concerns.
Neither personal insignificance (z—1) nor insignificant concerns (z—1) were associated with
rumination (7). In contrast, personal insignificance (—1) was weakly associated with increases in
depressed mood (¢), such that higher levels of personal insignificance predicted greater
subsequent depressed mood. A similar pattern was found for rumination (1) and depressed
mood (¢), such that higher levels of rumination predicted greater subsequent depressed mood.
With regard to autoregressive effects, awe, personal insignificance, insignificant concerns
showed relatively weak stability, with higher levels at the previous moment predicting small
increases at the subsequent moment. Rumination and depressed mood demonstrated moderate
stability, with higher levels at the previous moment more strongly predicting higher levels at the
subsequent moment. With regard to covariate effects, study day had weak negative associations
with awe, personal insignificance, and insignificant concerns, whereas day of the week had a
weak positive association with awe. Standardized within-person estimates for these lagged

associations in the overall sample are presented in Table 22.
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Table 22

Lagged Within-Person Associations in Overall Sample

Path S SE 95% CI p
Lagged “small self” predictors
Awe (t—1) — personal insignifiance () -0.02 0.02 [-0.06, 0.02] .40
Awe (-1) — insignificant concerns (?) -0.05 0.02 [-0.10,-0.01] .01
Lagged rumination predictors
Personal insignificance (#~1) — rumination (¢) 0.04 0.03 [-0.02, 0.10] 23
Insignificant concerns (#~1) — rumination () 0.03 0.03 [-0.02, 0.08] .29
Lagged depressed mood predictors
Personal insignifiance (1) — depressed mood (7)* 0.05 0.03 [0.00, 0.10] .03
Rumination (1) — depressed mood (?) 0.12 0.04 [0.03, 0.20] 01
Autoregressive effects
Awe (t-1) — awe (?) 0.20 0.03 [0.14, 0.26] <.001
Personal insignificance (1) — personal insignificance (7) 0.29 0.03 [0.22, 0.36] <.001
Insignificant concerns (#—~1) — insignificant concerns (7) 0.28 0.04 [0.20, 0.36] <.001
Rumination (#~1) — rumination (7) 0.41 0.04 [0.33, 0.48] <.001
Depressed mood (+—~1) — depressed mood (7) 0.31 0.05 [0.21, 0.42] <.001
Covariate effects
Study day — awe —-0.06 0.02 [-0.13, -0.02] .01
Study day — personal insignificance -0.04 0.02 [-0.13,-0.01] .02
Study day — insignificant concerns —-0.09 0.03 [-0.15,-0.03] 01
Study day — rumination -0.01 0.03 [-0.06, 0.05] .85
Study day — depressed mood -0.03 0.03 [-0.08, 0.03] .30
Day of the week — awe 0.05 0.02 [0.02, 0.09] .003
Day of the week — personal insignificance —0.04 0.02 [-0.07, 0.000] .05
Day of the week — insignificant concerns 0.01 0.02 [-0.02, 0.05] .54
Day of the week — rumination -0.03 0.02 [-0.07,0.01] .14
Day of the week — depressed mood -0.05 0.02 [-0.09, -0.00] .03

Note. N = 80. L1 observations = 3,322. Bold indicates significant findings. * Path added based on modification indices; not part of original

hypothesized model.
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Multigroup Model. To test overall group differences, the chi-square difference test
comparing constrained and unconstrained models found that constraining parameters to be equal
across groups did not significantly worsen model fit (Ay*(10) = 2.89, p = .97), suggesting no
overall group differences. Results from the constrained multigroup model are reported, reflecting
effects that were equivalent across groups. Findings were largely consistent with those of the
overall model. However, the association between awe (#1) and insignificant concerns (#) was no
longer significant. Covariates (e.g., study day) were included in all models and freely estimated
across groups, as the primary focus was on group differences in the lagged associations. These
effects are not reported because they were not constrained and are not directly comparable within
the constrained model. Standardized estimates for these lagged associations showed slight
differences across groups that reflected scaling differences, rather than true parameter
differences. Unstandardized estimates were equivalent across groups and are therefore reported

in Table 23.
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Table 23

Lagged Within-Person Associations in Constrained Multigroup Model

Path

SE 95% CI p

Lagged “small self” predictors

Awe (t—1) — personal insignifiance () —0.001 0.11 [-0.28, 0.28] .99

Awe (t—1) — insignificant concerns () -0.04 0.03 [-0.12, 0.04] 24
Lagged rumination predictors

Personal insignificance (#~1) — rumination (¢) 0.07 0.04 [-0.03,0.16] .06

Insignificant concerns (#~1) — rumination () 0.03 0.03 [-0.03, 0.09] 23
Lagged depressed mood predictors

Personal insignifiance (1) — depressed mood (7)* 0.06 0.02 [0.004, 0.11] 01

Rumination (1) — depressed mood (?) 0.10 0.03 [0.03, 0.17] <.001
Autoregressive effects

Awe (1) — awe (?) 0.19 0.06 [0.07, 0.30] 0.002

Personal insignificance (#—1) — personal insignificance (7) 0.31 0.06 [0.16, 0.46] <.001

Insignificant concerns (¢—1) — insignificant concerns (7) 0.25 0.04 [0.15, 0.36] <.001

Rumination (#~1) — rumination (7) 0.42 0.04 [0.31, 0.54] <.001

Depressed mood (-—1) — depressed mood (7) 0.26 0.04 [0.17, 0.35] <.001

Note. N =80. L1 observations = 3,322. Bold indicates significant findings. * Path added based on modification indices; not part of original

hypothesized model.
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Difference Tests. Despite limited evidence of overall group differences, tests of
individual path differences were still conducted using the unconstrained model to explore
whether specific patterns of associations differed across groups. In both groups, rumination (1)
was weakly associated with increases in depressed mood (7) in both groups, such that higher
levels of rumination predicted greater subsequent depressed mood. No other lagged associations
were significant in the depressed group. In contrast, in the control group, awe (z—1) was weakly
associated with increases in personal insignificance (), such that higher levels of awe predicted
greater subsequent personal insignificance. Similarly, personal insignificance (1) was weakly
associated with increases in rumination (¢) and depressed mood (¢), such that higher levels of
personal insignificance predicted greater subsequent rumination and depressed mood. Regarding
autoregressive effects, all variables demonstrated temporal stability across time in both groups,
with the exception of the autoregressive effect of depressed mood in the depressed group. Small
covariate effects were observed in the depressed group, in which study day had a weak negative
association with awe and insignificant concerns. Small covariate effects were also observed in
the control group, in which day of the week had a weak positive association with awe and weak
negative associations with rumination and depressed mood. Importantly, tests of individual path
differences revealed that none of these associations significantly differed between groups.
Unstandardized within-person estimates for the unconstrained model and results of these

difference tests are presented in Table 24.

72



Table 24

Lagged Within-Person Associations in Unconstrained Multigroup Model and Difference Tests

o Deprossed Group Control Group Difference Test
s SE 95% CI p s SE 95% CI P b SE 95% CI )4

Lagged “small self” predictors

Awe (t—1) — personal insignifiance (7) -0.03  0.03 [-0.09, 0.04] 46 0.06 0.03 [-0.01, 0.09] .04 0.09 0.09 [-0.09,0.26] .33

Awe (—1) — insignificant concerns (¢) 0.03 0.03 [-0.03, 0.10] 34 -0.05 0.03 [-0.11, 0.01] .08 -0.10 0.15 [-0.40,0.21] .53
Lagged rumination predictors

Personal insignificance (#~1) — rumination (7) 0.06 0.05 [-0.04, 0.17] 24 0.09 0.03 [0.03, 0.16] .01 0.04 0.06 [-0.08,0.16] .55

Insignificant concerns (#1) — rumination (7) 0.03 0.05 [-0.06, 0.12] .50 0.02 0.03 [-0.03, 0.08] 40 -0.02 0.11 [-0.23,0.20] .87
Lagged depressed mood predictors

Personal insignifiance (1) — depressed mood (¢)* 0.05 0.04 [-0.03, 0.13] 26 0.11 0.03 [0.04, 0.18] .001 0.04 0.12 [-0.19,0.27] .71

Rumination (#~1) — depressed mood (7) 0.17 0.06 [-0.05, 0.29] .01 0.15 0.06 [0.04, 0.26] .01 0.01 0.19 [-0.37,0.38] .96
Autoregressive effects

Awe (t-1) — awe (7) 0.19 0.03 [0.12, 0.25] <.001 0.20 0.03 [0.14, 0.25] <.001

Personal insignificance (1) — personal insignificance (7) 0.37 0.05 [0.28, 0.47] <.001 0.39 0.05 [0.28, 0.50] <.001 - - - -

Insignificant concerns (~1) — insignificant concerns (7) 0.28 0.04 [0.19, 0.36] <.001 0.32 0.05 [0.22, 0.43] <.001 - - - -

Rumination (~1) — rumination (7) 0.48 0.05 [0.39, 0.56] <.001 0.44 0.05 [0.33, 0.54] <.001 - - - -

Depressed mood (~1) — depressed mood () 0.31 0.06 [0.17, 0.45] <.001 0.29 0.05 [0.19, 0.39] <.001 - - - -
Covariate effects

Study day — awe -0.11  0.03 [-0.17,-0.04] .001 -0.02  0.03 [-0.09, 0.05] .60 - - - -

Study day — personal insignificance -0.09 0.04 [-0.18,-0.01] .04 -0.03  0.03 [-0.09, 0.05] 41 - - - -

Study day — insignificant concerns -0.13  0.04 [-0.21,-0.04] .004 -0.04 0.04 [-0.12, 0.04] .30 - - - -

Study day — rumination 0.002  0.03 [-0.07, 0.07] .96 0.001  0.02 [-0.05, 0.05] 97 - - - -

Study day — depressed mood -0.02  0.04 [-0.11, 0.06] .56 -0.02  0.03 [-0.08, 0.03] 42 - - - -

Day of the week — awe 0.05 0.03 [-0.01, 0.10] .10 0.05 0.02 [0.01, 0.09] .01 - - - -

Day of the week — personal insignificance -0.02 0.03 [-0.07, 0.03] 46 -0.04 0.02 [-0.08,0.004] .07 - - - -

Day of the week — insignificant concerns 0.04 0.03 [-0.01, 0.09] 15 —0.01 0.02 [-0.05, 0.03] .54 - - - -

Day of the week — rumination 0.004  0.03 [-0.05, 0.05] .88 -0.04  0.02  [-0.09,-0.003] .04 - - - -

Day of the week — depressed mood -0.03  0.03 [-0.10, 0.03] 34 -0.05 0.02 [-0.09,—-0.01] .02 - - - -

Note. N = 80. L1 observations = 3,322. Bold indicates significant findings. * Path added based on modification indices; not part of original hypothesized model.
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CHAPTER 4: DISCUSSION

The purpose of the present study was twofold. Given that awe can involve positive,
negative, and mixed valences, the study first examined awe’s contextual factors in which these
valences occur. Specifically, correlations between PA and NA were examined at the within- and
between-person level and then subsequently examined in relation to awe across different location
contexts that were reported. Second, the study aimed to examine whether there are distinct
“small self” pathways that link momentary experiences of awe and depressed mood based on
depression status. Specifically, the study tested whether feelings of personal insignificance and
insignificant concerns were differentially related to rumination and, in turn, depressed mood, and
whether awe exerted indirect effects on depressed mood through these pathways.

Awe and Mixed Affective States Across Contexts

Generally, awe was more robustly and consistently associated with PA across both
depressed individuals and healthy controls in most contexts. This finding suggests that awe
experiences largely include positive valences regardless of depression status or location, aligning
with previous research indicating that most people find experiences of awe to be largely positive
(Yaden et al., 2019). This finding also extends this work by demonstrating that associations
between awe and PA persist even among people who are depressed. In contrast, awe and its
associations with NA were weak and much more variable across groups and contexts. For
depressed individuals, awe was largely unrelated to NA across location contexts, with the
exception of a weak positive association observed in other people’s homes. For healthy controls,
however, there were a few settings involving more mixed valences with awe. Specifically,

experiencing awe at home or other people’s homes were mixed with positive and negative
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valences for those without depression, though the co-occurrence of NA was weaker compared to
PA. Awe also had a strong negative association with NA when these individuals were in a
religious setting, but this finding should be interpreted with caution given the limited number of
observations within this setting. Overall, these findings suggest that, while awe is reliably linked
with enhanced PA across people and places, its relationship with NA is inconsistent and varies
across contexts and groups.

A potential explanation for these patterns is that contexts assessed in the present study
likely reflected daily routine and low-intensity environments such as home or school, which may
be more likely to elicit emotional experiences that are positive valenced. These locations were
also the most frequently endorsed in the study. Indeed, studies have shown that people tend to
report moderate levels of PA most of the time in daily life, whereas experiences of NA tend to be
less frequent and intense (Diener et al., 2015; Trampe et al., 2015; Zelenski & Larsen, 2000). It
may be the case that more negative or mixed affective states of awe emerge in contexts that are
higher in intensity or threat-relevant. Prior work on negative “flavors” of awe has focused on
potentially extreme or less common experiences such as threat-based awe (Gordon et al., 2017)
or awe intertwined with fear responses (Chaudhury et al., 2021). More broadly, research on
mixed emotions indicate that such experiences in daily life arise when NA increases against a
background of more stable PA (Barford et al., 2020), which may explain limited evidence of the
co-occurrence of awe and NA in the present study.

“Small Self” Pathways Linking Awe and Depressed Mood

The study’s primary hypotheses focused on specific pathways that linked momentary

experiences of awe to concurrent changes in depression, including the associations between awe,

“small self” experiences, rumination, and depressed mood, and whether these associations
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differed by group membership. Multigroup analyses indicated that the overall pattern of
associations differed significantly between depressed and control groups, warranting closer
examination of specific pathways. Of note, given the study’s primary focus on concurrent
processes, the following discussion emphasizes within-person associations from the multigroup
models (as between-person associations in these models could not be reliably estimated).
Between-person associations from overall models, however, are discussed.

Awe and “Small Self” Processes

Contrary to expectations, awe was not significantly associated with either personal
insignificance or insignificant concerns across depressed and control groups, suggesting that
momentary experiences of awe in daily life did not reliably predict “small self” processes. A
similar pattern was found at the between-person level in the overall sample, where individuals
who tended to report higher levels of awe did not differ in their tendencies towards personal
insignificance or perceptions that their concerns were insignificant. These findings contrast with
previous studies, particularly daily diary and experimental studies, showing that awe consistently
gives rise to the “small self” (e.g., Bai et al., 2017; Bai et al., 2021; Piff et al., 2015), though at
least one study has found that experimental inductions of awe did not elicit feelings of
insignificance (Edwards et al., 2025).

One possible explanation for these null findings is that experiences of awe reported in the
study were simply not strong or intense enough to elicit shifts in one’s self-construct. On
average, awe reported during random prompts was quite low, whereas self-initiated reports
reflected substantially higher levels of awe, suggesting that more intense experiences were less
frequently captured in the naturalistic sampling approach. Prior research on awe has largely been

experimental, often eliciting awe via memory recall exercises, videos, or in vivo exposure (e.g.,
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Yosemite National Park), which likely evoke more intense awe experiences. Naturally occurring
awe in everyday life, in contrast, may be more subtle and therefore less likely to meaningfully
change individuals’ sense of personal insignificance or perceived importance of their concerns.
“Small Self” and Ruminative Thinking

Consistent with expectations, feeling personally insignificant was associated with
increased rumination in both depressed and control groups, though this association was much
stronger in the depressed group. This group difference was also statistically significant,
suggesting that overall group differences observed in the model were likely driven by this
pathway as the remaining paths did not significantly differ between groups. This pattern was also
seen at the between-person level in the overall sample, where individuals who tended to report
higher levels of personal insignificance also reported greater rumination. The study appears to be
the first to suggest that experiences of personal insignificance may carry maladaptive cognitive
implications in everyday contexts, particularly in the form of increased ruminative thinking. In
addition, this effect was amplified among individuals with depression, which is consistent with
prior work indicating that excessive self-referential thinking tends to occur in this population
(Pyszczynski & Greenberg, 1987; Ingram, 1990; Mor & Winquist, 2002).

However, contrary to expectations, perceiving one’s concerns as insignificant was weakly
associated with increases in rumination and only observed in the control group. Perceptions of
one’s concerns as insignificant were also not related to rumination at the between-person level in
the overall sample. It is possible that the item used to assess this construct (“In the grand scheme
of things, my own issues and concerns do not matter as much”) captured a style of thinking that
did not necessarily resolve one’s personal concerns and instead contributed to in-the-moment

rumination, at least for healthy controls. In contrast, the absence of this association in the
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depressed group suggests that perceiving one’s concerns as insignificant may not meaningfully
alter self-referential thinking in this population. Overall, the present findings contrast with and
contribute to current literature on awe and “small self” by suggesting that not all forms of self-
diminishment are adaptive. Feelings of personal insignificance may be more consistently
associated with maladaptive cognitive consequences, at least in the moment, whereas perceptions
of one’s concerns as insignificant may have more variable effects depending on depression
status.
Associations with Depressed Mood

Further analyses suggested an additional pathway linking personal insignificance directly
to concurrent increases in depressed mood. This association was observed in both groups but was
stronger among individuals with depression, suggesting that feelings of insignificance may be
more closely linked with negative affective states in this population beyond their association with
rumination. This pattern was also found at the between-person level in the overall sample,
indicating that those who tend to report higher levels of personal insignificance also tend to
report higher levels of depression. Perhaps this is not a surprising inclusion to the findings, as
significance (i.e., sense of one’s life as having inherent value and worth) has been identified as a
core component in meaning in life (Martela & Steger, 2016) and may be particularly diminished
for individuals experiencing depression. Indeed, more recent work has shown that significance is
negatively related to depressive symptoms (Dewitte et al., 2026; Martela & Steger, 2023;
Ouyang et al., 2026). Further, one study found that individuals with greater self-concept clarity
reported higher perceived significance and, in turn, greater meaning in life (Chen et al., 2024).
Given that self-concept clarity may be compromised in depression, the present findings suggest

that individuals with depression may be especially sensitive to fluctuations in perceived personal
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(in)significance, thus strongly contributing to their association with depressed mood. Finally,
consistent with expectations, the study found that rumination was strongly associated with
concurrent increases in depressed mood at both within- and between-person levels, with a more
pronounced effect among individuals with depression. This finding is consistent with and
continues to reinforce the well-studied body of research identifying rumination as a key
mechanism underlying depressive symptoms (LeMoult & Gotlib, 2019; Lyubomirsky et al.,
2015).
Covariate Effects

It is worth noting that both personal insignificance and insignificant concerns showed
slight decreases over the course of the study among individuals with depression, suggesting
small time-related effects such as study reactivity or fatigue. In addition, personal insignificance
and rumination showed small variations across days of the week among healthy controls. It may
be the case that controls are more responsive to contextual changes, such as differences between
weekdays and weekends, whereas depressed individuals may be less sensitive to such changes.
At the between-person level in the overall sample, sex was significantly associated with
rumination, such that female participants reported slightly higher rumination than male
participants, consistent with existing literature on sex differences in rumination (Johnson &
Whisman, 2013). However, the sample was predominantly female (approximately 75%), which
likely biased between-person estimates towards patterns observed in females.
Total Indirect Effects of Mediation Pathways

Neither of the proposed serial mediation pathways (awe — personal insignificance —
rumination — depressed mood and awe — insignificant concerns — rumination — depressed

mood) were significant in either depressed or control groups or at either within- or between-
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person levels in the overall sample. The total indirect effect of awe on depressed mood was also
non-significant across models. Although links between “small self” processes, rumination, and
depressed mood were evident, these findings suggest that momentary experiences of awe did not
appear to activate this sequence in daily life. In other words, some of the individual pathways
were supported, but awe itself did not trigger these processes, at least in the present study’s
naturalistic sampling approach. Nevertheless, the present findings still provide important context
for understanding the nature of these associations and leave open the possibility that such
pathways may operate differently under conditions of greater awe intensity or as a function of
depression status.
Elucidating Exploratory Findings

Additional analyses were conducted to further explore the robustness of the study’s
primary findings. These analyses examined whether the association between awe and depressed
mood was fully accounted for via the proposed indirect pathways, whether the effects of awe
were unique beyond concurrent PA and NA, and whether hypothesized associations persisted
over time in lagged models. First, adding a direct effect of awe on depressed mood to the models
was not significant at either within- or between-person levels across both overall and multigroup
analyses. The total indirect effect was also non-significant. These patterns indicate that awe was
not reliably associated with momentary depression in daily life, either directly or indirectly
through the proposed mediating pathways, nor did these associations differ by group.

Second, controlling for general affective states, such as PA and NA, attenuated many of
the hypothesized associations, particularly in the control group, where most cognitive pathways
became non-significant (with the exception of the association between rumination and depressed

mood). These findings suggest that, among healthy controls, links between “small self”
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processes and rumination may largely reflect shared variance with concurrent affect, rather than
independent processes. In contrast, several hypothesized associations remained significant in the
depressed group even after accounting for affect, indicating that these processes may be more
robust and less influenced by momentary fluctuations in affect. Interestingly, controlling for
affect also revealed a weak positive association between awe and insignificant concerns in both
groups. This suggests that, after accounting for general affectivity, awe may have a subtle and
specific association with viewing one’s concerns as less significant. Additionally, feelings of awe
showed slight decreases over the course of the study for individuals with depression, indicating
possible fatigue or reduced responsiveness to awe-specific experiences. Though, these
experiences may be expected in this population as fatigue and anhedonia are common symptoms
of depression. Further, at the between-person level in the overall sample, including trait affect
further attenuated several associations involving personal insignificance, rumination, and
depressed mood, suggesting that individual differences in general affectivity may partly account
for significant associations observed at this level.

Lastly, time-lagged analyses revealed that, in the overall sample, experiencing awe at one
moment related to subsequent decreases in having insignificant concerns. Similarly, feeling
personally insignificant or engaging in rumination at one moment related to subsequences
increases in depressed mood. Although several temporal associations emerged only in the control
group (though rumination predicted depressed mood at the next moment in the depressed group),
including links between personal insignificance and subsequent increases in both rumination and
depressed mood, as well as between rumination and subsequent increases in depressed mood,
these effects did not significantly differ across groups. One possible explanation for largely null

findings in the depressed group is limited statistical power, as conducting lagged analyses
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reduces the number of available observations. The depressed group also had a slightly smaller
sample size than the control group, which may have further reduced sensitivity to detect lagged
effects. Autoregressive effects indicated that all variables were relatively stable over time,
suggesting carryover effects of awe, personal insignificance, insignificant concerns, rumination,
and depressed mood. The present study appears to be the first to examine the temporal
associations among these variables. Overall, although these experiences showed some
persistence over time, awe demonstrated a small but significant association with subsequent
decreases in insignificant concerns (at least in healthy controls), consistent with prior theory
suggesting that awe may momentarily shift attention away from self-referential concerns. In
contrast, feeling personally insignificant was associated with subsequent increases in rumination,
extending previous work indicating that “small self” experiences may not be uniformly adaptive.
Limitations and Future Directions

There are several important limitations to consider in the present study. First, although
the repeated assessments obtained during the EMA sampling protocol provided sufficient power
to detect within-person effects, the overall sample was still relatively small, and group sizes may
have further limited power to detect between-person effects and group differences. As a result,
some group comparisons, particularly tests of whether the strength of individual paths differed
between depressed and control participants, may have been underpowered. In addition, the
overrepresentation of female participants may have influenced the stability and generalizability
of between-person estimates. Further, weak effects should be interpreted with caution, as they
may reflect limited power or measurement constraints. These limitations highlight the need for
replication with a larger and more balanced sample to examine the robustness and

generalizability of these findings.
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Second, the measurement of state awe had challenges in the present study. While the
most widely used measure of state awe is the AWE-S (Yaden et al., 2019), the measure contains
30 items, which makes it impractical for assessing in-the-moment experiences of awe. The scale
was therefore adapted and shortened to six items in the present study by selecting one item
representative of each subscale. This approach, however, resulted in poor internal reliability at
the within-person level, suggesting substantial inconsistencies in capturing momentary
fluctuations in awe. To better understand the structure of the adapted measure, a series of
multilevel exploratory and confirmatory factor analyses were conducted, which indicated poor
model fit at within-person level but was somewhat improved after including a global rating of
awe. A “core awe” factor emerged that consisted of vastness, connectedness, and a global awe
rating. Even so, the ICC was very low (.01), indicating that awe was almost entirely a within-
person construct in this sample. This limited between-person variance may have further reduced
the ability to detect between-person effects, particularly in multigroup analyses. Research on awe
would benefit from briefer state measures of awe, although progress has been made in this area.
Kannis-Dymand and colleagues (2025) developed and validated a brief state awe measure
(AWE-SM) consisting of nine items across three subscales: connectedness, absorption, and
perception. Similarly, Graziosi and colleagues (2024) validated a 12-item short-form version of
the AWE-S (AWE-SF) in samples with prior psychedelic use. Future research should continue to
develop more parsimonious measures of awe suitable for EMA designs in order to better capture
the temporal dynamics of the experience.

Study Implications
Findings from the present study extend the current literature on awe by providing

evidence of its associations with affective and cognitive processes in daily life, including in
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individuals with clinical depression. Notably, this study appears to be among the first to examine
these processes using EMA in a clinically depressed sample, contributing to a more ecologically
valid understanding of awe in naturalistic settings for people with depression.

The findings highlight several methodological considerations for future research on awe.
For researchers interested in examining awe using more naturalistic approaches or investigating
its temporal dynamics, self-initiated/event-contingent surveys may be a more appropriate or
efficient sampling approach. In the present study, these surveys captured higher-intensity awe
experiences, whereas random prompts tended to capture lower levels of awe. It is very possible
that the random surveys may have, at times, captured general positive arousal, rather than
discrete awe experiences. Further, future studies should more consistently report the naturalistic
contexts in which awe is experienced, as different contexts may be associated with distinct
psychological outcomes. In addition, the study highlighted measurement challenges in capturing
state awe in EMA. Although existing measures aim to capture seemingly core features of awe
(e.g., AWE-S; Yaden et al., 2019), a question remains as to whether these features are truly
components of awe or whether they are actually correlates or outcomes of awe. As noted by Katz
and Franz (2025), some features of awe, such as feelings of connectedness, are embedded within
theoretical definitions of the construct, leading to tautological reasoning. In other words, “awe
becomes a hypothesis that cannot be false” (p. 8), obscuring measurement precision and
potentially inflating associations with awe. Therefore, it is important for future work to revisit
theoretical definitions of awe in order to clearly delineate its conceptual boundaries.

The present study also has clinical implications. Variable findings in “small self”
pathways suggests that more work is needed to clarify the construct itself and its functional role

across different populations. Although awe has been theorized to reduce depressive symptoms by
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decreasing self-focused rumination (e.g., Chirico & Gaggioli, 2021), the study did not support
consistent indirect pathways through “small self” processes, particularly among individuals with
depression. Recent work suggests that different facets of the “small self” may operate
independently from one another. For instance, awe can induce feelings of smallness without
increasing feelings of insignificance (Edwards et al., 2025). More broadly, evidence indicates
that “small self” processes show differential associations with clinically relevant outcomes such
as self-compassion, existential isolation, and meaning in life — all of which are implicated in
depression. Specifically, recalling positive or negative awe experiences in nature was linked with
less self-compassion by increasing feelings of self-diminishment, yet simultaneously linked with
more self-compassion by increasing feelings of connectedness (Cavallaro & Rivera, 2025).
Similarly, positive nature-related awe experiences reduced meaning in life through increases in
self-diminishment, yet increased meaning in life through greater feelings of happiness (Cavallaro
et al., 2025). Further, awe has been shown to reduce existential isolation via increased vastness
and connectedness, while also increasing existential isolation via heightened perceptions of
smallness and reduced connectedness (Edwards et al., 2024). Future work should continue
elucidating opposing findings between “small self” and well-being outcomes.

While these findings suggest that the “small self” may comprise distinct components with
potentially varying implications for depression-related processes, harnessing the effects of awe
may still provide well-being benefits when used intentionally. Awe-based interventions may be
easily integrated into evidence-based treatments for depression such as Positive Affect Treatment
(PAT) and Acceptance and Commitment Therapy (ACT). For instance, PAT targets anhedonia by
enhancing reward responsiveness and encouraging positive emotions. One core skill in PAT

teaches is attending to the positive, providing a natural step towards cultivating awe. Similarly,
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ACT promotes psychological flexibility through six core processes: present-moment awareness,
acceptance, defusion, self-as-context, values, and committed action. Awe may be especially
fitting in strengthening self-as-context, which refers to a stable and enduring sense of self that
engages in flexible perspective-taking (Godbee & Kangas, 2020), rather than a sense of self that
identifies with the content of one’s thoughts and feelings. Intentionally cultivating experiences of
awe may also act as an initial step towards this broader, more expensive self-perspective.
However, caution is warranted when considering the use of awe interventions in depressed
individuals who endorse suicidal ideation, as findings of the present study revealed that the
“small self” was associated with increased momentary rumination and, in turn, more depressed
mood, particular among those with depression. It is possible that experiences of awe may, in
some contexts, intensify feelings of insignificance in vulnerable individuals.

Overall, the present study aimed to provide a nuanced understanding of “small self”
processes in relation to awe and depressed mood in daily life among individuals with depression
and healthy controls using EMA. Findings indicate that awe was reliably associated with PA but
did not predict depressed mood through “small self” pathways, suggesting that proposed
mechanisms linking awe to depressive symptoms may be more limited in naturalistic contexts.
Findings also highlight important methodological and theoretical considerations regarding how

awe is measured and conceptualized.
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APPENDICES

Appendix A: Baseline Survey

PATIENT HEALTH QUESTIONNAIRE-9

(PHQ-9)
Over the last 2 weeks, how often have you been bothered More Nearly
by any of the following problems? Several than half  every
(Use “#” to indicate your answer) Not at all days the days day
1. Little interest or pleasure in doing things 0 1 2 3
2. Feeling down, depressed, or hopeless 0 1 2 3
3. Trouble falling or staying asleep, or sleeping too much 0 1 2 3
4. Feeling tired or having little energy 0 1 2 3
5. Poor appetite or overeating 0 1 2 3
6. Feeling bad about yourself — or that you are a failure or

. 0 1 2 3

have let yourself or your family down

7. Trouble concentrating on things, such as reading the 0 1 2 3

newspaper or watching television

8. Moving or speaking so slowly that other people could have
noticed? Or the opposite — being so fidgety or restless 0 1 2 3
that you have been moving around a lot more than usual

9. Thoughts that you would be better off dead or of hurting
yourself in some way
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Rumination Response Scale (RRS)

People think and do many different things when they feel depressed. Please read each of the
items below and indicate whether you almost never, sometimes, often, or almost always think or
do each one when you feel down, sad, or depressed. Please indicate what you generally do. not
what you think you should do.

|l almost never 2 sometimes 3 often 4 almost always

. think about how alone you feel

. think 1 won’t be able to do my job if | don’t snap out of this"”

. think about your feelings of fatizue and achiness

. think about how hard it is to concentrate

. think “What am | doing to deserve this?”

. think about how passive and unmotivated you feel.

. analyze recent events to try to understand why you are depressed
. think about how you don’t seem to feel anything anymore

. think “Why can’t I get going?”

10. think *Why do | always react this way?”

L1. go away by yourself and think about why you feel this way

12. write down what you are thinking about and analyze it

13. think about a recent situation. wishing it had gone better

14, think *I won't be able to concentrate if | keep feeling this way.”
15. think “Why do I have problems other people don’t have™

16. think “Why can’t I handle things better?”

17. think about how sad you feel.

18. think about all your shortcomings, failings, faults, mistakes

19. think about how you don’t feel up to doing anything

20). analyze your personality to try to understand why you are depressed
21.go someplace alone to think about your feelings

22. think about how angry you are with yourself

e e e R e
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Dispositional Positive Emotions Scale (DPES)

Please rate the extent to which you agree with the following questions using the scales.

1 2 3 4 5 6 7
Strongly . Somewhat Neither Somewhat Strongly
. Disagree . Agree nor Agree
Disagree Disagree . Agree Agree
Disagree
Contentment Compassion

I am generally a contented person.

I am at peace with my life.

When I think about my life I experience a deep
feeling of contentment.

I feel satisfied more often than most people.

My life is very fulfilling.

Pride

I feel good about myself.

I am proud of myself and my accomplishments.
Many people respect me.

I always stand up for what I believe.

People usually recognize my authority.

Love

Other people are generally trustworthy.

I develop strong feelings of closeness to people
casily.

I find it easy to trust others.

I can depend on people when I need help.

People are usually considerate of my needs and
feelings.

I love many people.

Joy

I often feel bursts of joy.
I am an intensely cheerful person.

I am often completely overjoyed when something

good happens.
On a typical day, many events make me happy.
Good things happen to me all the time.
My life is always improving.

It's important to take care of people who are
vulnerable.

When I see someone hurt or in need, I feel a
powerful urge to take care of them.

T'aking care of others gives me a warm feeling inside.

I often notice people who need help.

I am a very compassionate person.

Amusement

I find humor in almost everything.

I really enjoy teasing people I care about.

I am very easily amused.

The people around me make a lot of jokes.
I make jokes about everything.

Awe

I often feel awe.

I see beauty all around me.

I feel wonder almost every day.

I often look for patterns in the objects around me.

I have many opportunities to see the beauty of nature.

I seek out experiences that challenge my under-
standing of the world.
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Items from PANAS-X Subscales and Larsen and Diener’s Affect Circumplex Model

Thinking about yourself and how you normally feel, to what extent do you generally feel:

1 2 3 4 5
Never Sometimes About'Half the MOSt. of the Always
Time Time

Happy

Anxious
Sad
Excited
Angry
Calm
Relaxed
Lonely
Scared
Grateful

Awe
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Demographic Form

What is your age? Select from the dropdown menu.

How do you define your race? Choose all that apply. If you prefer not to say, please only
select that option below.

o American Indian or Alaskan Native

o Asian

o Black or African American

o Native Hawaiian or Other Pacific Islander

o White

o Other:

o Prefer Not to Say

Do you consider yourself Hispanic or Latino/a?
o Yes

o No

o Prefer Not to Say

What is your sex assigned at birth?

o Male
o Female
o Other:

o Prefer Not to Say
What is your gender identity?

o Transgender woman
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(©)

Transgender man
Cisgender woman
Cisgender man

Gender non-conforming or non-binary

Other:

Prefer Not to Say

. What was the annual household income you grew up in?

o

o

$19,999 or less
$20,000-34,999
$35,000-49,999
$50,000-64,999
$65,000-79,999
$80,000-99,999
$100,000 or above

Prefer Not to Say
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Appendix B: Random Survey

1. Where are you?

©)

o

o

Home

Another person’s home

Work

School (e.g., library, classroom)

Outdoors in an urban area (e.g., city, parking lot)
Outdoors in a natural area (e.g., forest, beach)
Recreational area (e.g., concert venue, museum)
Religious place (e.g., church, mosque)

In transit

Other (please specify):

2. Who are you with? Check all that apply.

o

o

o

o

o

Alone

With a few people I'm close with

With a large group of people I'm close with
With a few people I’'m not close with

With a large group of people I’'m not close with

The following questions were assessed using the same scale:

o

0 = Not at all
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10.

11.

12.

13.

14.

o 8

o 9

o 10 = Extremely

Over the last 30 minutes, to what extent did you perceive vastness?

Over the last 30 minutes, to what extent did you feel challenged to mentally process your
experiences?

Over the last 30 minutes, to what extent did you feel less focused on yourself?

Over the last 30 minutes, to what extent did you feel connected to everything?

Over the last 30 minutes, to what extent did you feel insignificant?

Over the last 30 minutes, to what extent did you feel — in the grand scheme of things — that
your own issues and concerns don't matter as much?

Over the last 30 minutes, to what extent did you have chills?

Over the last 30 minutes, to what extent did you notice time slowing?

Over the last 30 minutes, to what extent did you feel depressed?

Over the last 30 minutes, to what extent did you feel unable to enjoy pleasurable or
interesting activities?

Over the last 30 minutes, to what extent were you dwelling on your mistakes, failures, or
losses?

Over the last 30 minutes, to what extent did you feel depressed?

116



15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Over the last 30 minutes, to what extent did you keep thinking about something negative
that has happened?

Over the last 30 minutes, to what extent did you feel happy?
Over the last 30 minutes, to what extent did you feel awe?
Over the last 30 minutes, to what extent did you feel grateful?
Over the last 30 minutes, to what extent did you feel excited?
Over the last 30 minutes, to what extent did you feel relaxed?
Over the last 30 minutes, to what extent did you feel calm?
Over the last 30 minutes, to what extent did you feel lonely?
Over the last 30 minutes, to what extent did you feel sad?
Over the last 30 minutes, to what extent did you feel anxious?
Over the last 30 minutes, to what extent did you feel scared?

Over the last 30 minutes, to what extent did you feel angry?
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Appendix C: Self-Initiated Survey
1. Have you experienced awe?
o Yes

o No

2. Approximately how long ago was this event?

3. Please describe the event in which you experienced awe. Focus as much as possible on the
experience itself, including what was happening around you and to your thoughts and/or

emotions. Try to be as descriptive and specific as possible.

4. During this event, where were you?
o Home
o Another person’s home
o Work
o School (e.g., library, classroom)
o Outdoors in an urban area (e.g., city, parking lot)
o Outdoors in a natural area (e.g., forest, beach)
o Recreational area (e.g., concert venue, museum)
o Religious place (e.g., church, mosque)

o In transit

o Other (please specify):
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5. During this event, who were you with? Check all that apply.

©)

(©)

Alone

With a few people I’'m close with

With a large group of people I'm close with
With a few people I’'m not close with

With a large group of people I’'m not close with

The following questions were assessed using the same scale:

o

o

o

o

0 = Not at all

1

8
9

10 = Extremely

6. During this event, to what extent did you perceive vastness?

7. During this event, to what extent did you feel challenged to mentally process your

experiences?

8. During this event, to what extent did you feel less focused on yourself?

9. During this event, to what extent did you feel connected to everything?
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10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23

24.

25.

26.

27.

28.

29.

During this event, to what extent did you feel insignificant?

During this event, to what extent did you feel — in the grand scheme of things — that your own
issues and concerns don't matter as much?

During this event, to what extent did you have chills?

During this event, to what extent did you notice time slowing?

During this event, to what extent did you feel depressed?

During this event, to what extent did you feel unable to enjoy pleasurable or interesting
activities?

During this event, to what extent were you dwelling on your mistakes, failures, or losses?
During this event, to what extent did you feel depressed?

During this event, to what extent did you keep thinking about something negative that has
happened?

During this event, to what extent did you feel happy?

During this event, to what extent did you feel awe?

During this event, to what extent did you feel grateful?

During this event, to what extent did you feel excited?

. During this event, to what extent did you feel relaxed?

During this event, to what extent did you feel calm?
During this event, to what extent did you feel lonely?
During this event, to what extent did you feel sad?
During this event, to what extent did you feel anxious?
During this event, to what extent did you feel scared?

During this event, to what extent did you feel angry?
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