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Abstract
Staggeringly immense or beautiful awe-inspiring structures, such as religious monumental
architecture, have long been important to human culture and society. With the emerging
psychological literature on awe, a nascent avenue of research is beginning to uncover specific
psychosocial and physiological effects of feeling awe through architecture. Most psychological
work relies on nature imagery to evoke awe; yet architecturally-induced awe, which is studied
very little, has enormous implications for how awe-eliciting architecture—such as cultural and
religious sites—facilitate their sociocultural functions through built form. Besides the awe-
inducing stimulus, the specific type of awe elicited also has potential to produce different effects.
Many positive effects associated with feeling awe have been demonstrated empirically, including
increased prosocial behavior, increased feelings of connection to others, and enhanced physical
health through lower levels of proinflammatory cytokines. Recent work has turned to the darker
side of awe, investigating effects of feeling threat-based awe, or awe elicited through a
threatening stimulus. Although both positive and threat-based awe result in a smaller sense of
self, threat-based awe is associated with greater feelings of powerlessness and fear than positive
awe. Thus, we hypothesize that awe-inspiring environments may have distinct effects based on
whether they induce positive awe or threat-based awe, as well as whether the environment is
natural or built. Specifically, we predict that while positive awe will facilitate feelings of
universality and integration into larger groups (e.g., the world), threat-based awe will promote
social connection to smaller social groups (e.g., one’s community). We further predict that this
effect will be more pronounced for architectural environments, which have inherent social
meaning, compared to natural environments. Across three online studies, we explore effects of

positive and threat-based awe elicited through nature and architecture. Study 1 (N = 116) uses



videos of natural phenomena used in previous work to replicate previous findings on positive and
threat-based awe: We show that threat-based awe leads to greater feelings of powerlessness and
fear than positive awe, and that both positive and threat-based awe result in a smaller perceived
self-size than no awe. Study 2 (N = 100) extends these findings to architectural environments
chosen to elicit positive and threat-based awe. While both awe conditions in Study 2 led to a
smaller perceived self-size than the control condition as predicted, the architectural video meant
to elicit threat-based awe elicited positive awe for most participants. Because we failed to elicit
threat-based awe with architectural stimuli in Study 2, Study 3 (N = 85) compared only effects of
positive awe elicited through natural and architectural environments on feelings of universality
and identification with others. We find that both natural and architecturally induced positive awe
similarly promote feelings of universality and connection with people all over the world,
compared to a control condition. This research expands our understanding of how we respond to
beautiful and threatening awe-evoking environments, from ancient monumental structures and
natural phenomena to the supertall skyscrapers and natural disasters that are becoming
increasingly common. This research furthermore helps us understand what awe-related effects

demonstrated in cognitive science will have implications for architectural design.
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Chapter 1: General Introduction
Human beings navigate and encounter architectural spaces every day. Occasionally—
through intention (as during travel) or through chance—we encounter buildings that are so
impressive, perhaps imposing, in their size or power that our world seems to pause, and our
worldview is redefined. Such awe-inducing aesthetic experiences, specifically elicited through

architecture, are the subject of this dissertation.

The built environment has the capacity to influence our behaviors and internal states
(e.g., Ellard, 2015; Evans & McCoy, 1998; Gifford, 2014; Goldhagen, 2017; Hillier, 1996;
Negami et al., 2019; Vartanian et al., 2015). Studying the socioemotional effects of architectural
experience, including that which evokes awe, holds importance both for informing architectural
design as well as for understanding how the buildings we occupy, navigate and encounter shape

our psychology.

The first part of this chapter will review awe as defined in contemporary psychology in
order to situate the current research project within the field. The next section will distinguish awe
from related emotions and discuss the importance of the measurement of awe for scientific rigor.
Awe and its neural manifestations are then discussed. Once the concept of awe has been thus
elaborated, the functions of awe will be discussed, including its function within the domain of
architecture. Architecturally induced awe will be discussed in more detail before introducing the

research questions guiding the current research project.

Awe in contemporary psychology
Although awe has been studied philosophically for centuries (e.g., Burke, 1757/1990), it

has only been recently (around 25 years) that awe has been studied empirically in the field of



psychology. As defined in the contemporary psychology literature, awe is an emotion composed
of two parts: perceptual or conceptual vastness, (e.g., in physical size, power, or ability) and

cognitive accommodation (Keltner and Haidt, 2003; Yaden et al., 2017).

Accommodation refers to a Piagetian process whereby an existing mental schema must
adjust to account for a new event or stimulus; and is distinguished from cognitive assimilation, in
which a new stimulus is incorporated into an existing mental schema (Piaget & Inhelder,
1966/1969). According to Keltner and Haidt (2003), an experience requires both vastness and a
need for cognitive accommodation for it to induce a feeling of awe. Keltner and Haidt (2003) do
not specify whether this accommodation needs to be successful (they speculate that successful
and unsuccessful accommodation may give rise to different variants of awe); most importantly,
however, the stimulus must transcend one’s current frame of reference and thus violate one’s

expectations for it to provoke awe.

A core component to experiencing awe is a resulting feeling of smallness or
insignificance, or what has been termed “the small self” (e.g., Bai et al., 2017; Piff et al., 2015).
This small-self effect can be a physical experience of feeling small in the face of something
much larger than oneself, or it can refer to a conceptual experience of feeling insignificant in a
vast universe (Bai et al., 2017). This sense of a small self has been linked empirically to greater
prosocial behavior (e.g., Piff et al., 2015; Rudd et al., 2012), greater feelings of humility (Stellar

et al., 2018) and to greater feelings of connection to others (Bai et al., 2017).

Although the study of awe has only recently gained momentum in empirical psychology,
it is situated in a robust and long-standing field of emotion research. The relationships between
different emotional states, cognition, behavior, and physiology have been well-studied in

psychology, neuroscience, and cognitive science (e.g., Lench et al., 2011). Many effects
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associated with different emotions have been studied, such as on learning (e.g., Um et al., 2012),
memory (e.g., Phelps, 2004), and problem solving (e.g., Isen et al., 1987). In other words,
research on awe builds on work that has demonstrated strong relationships between emotion,
cognition, and behavior. Of particular relevance to awe, work on other positive emotions has
shown relationships between positive emotions and prosocial behavior (e.g., George & Brief,
1992; Lyubomirsky et al., 2005). Arousal, which is closely tied to emotion (e.g., Barrett, 1998;
Kensinger & Corkin, 2004), has also been shown to have the capacity to change cognition and
behavior (e.g., Easterbrook, 1959; Ohman et al., 2001; Yerkes & Dodson, 1908). Indeed, the
little extant work that has studied physiological arousal in relation to awe has demonstrated
relationships between awe and arousal (Gordon et al., 2017; see also Stellar et al., 2015 for work
on awe and biological markers of stress). Building on this body of work in emotion science, awe
has been demonstrated to be a complex emotion with a variety of effects on cognition and

behavior.

Variants of awe

Recently in empirical psychology, researchers have begun to investigate variants of awe.
Specifically, researchers have distinguished “positive awe,” awe that has positive valence, from
“threat-based awe,” awe that arises from a threatening experience (Gordon et al., 2017). In much
of the psychological literature, awe has been treated as a mostly or a purely positive emotion
with positive psychological and behavioral effects. For example, recent work has found that
feeling awe can promote prosocial behavior (Piff et al., 2015; Prade & Saroglou, 2016; Rudd et
al., 2012; Stellar et al., 2017), facilitate feelings of spirituality (\Van Capellen & Saroglou, 2012),
result in more faithful memory for events (Danvers & Shiota, 2017), and is even associated with

stronger immune response compared to other positive emotions (Stellar et al., 2015). Unlike



positive awe, threat-based awe is associated with more negative outcomes, such as greater fear
and feelings of powerlessness, lower self-control, and increased physiological arousal (Gordon et
al., 2017). Threat-based awe may help to explain some of the divergent findings in the awe

literature (e.g., Piff et al., 2015).

The treatment of awe as having variants, or at least the characterization of positive awe as
purely positive in valence, contradicts the idea of awe as a fundamentally mixed emotion:
Keltner and Haidt (2003) themselves described awe as both “profoundly positive and terrifyingly
negative” (though Keltner & Haidt, 2003 also posited the existence of variants of awe). Since
Keltner and Haidt’s 2003 paper, researchers have largely treated awe as a positive emotion. This
shift in the study of awe from characterizing awe as a complex emotion to focusing on its
positive variant may reflect the broader linguistic evolution of the understanding of the word
“awe” from originally connoting fear or dread (Oxford English Dictionary, 2019) to the current
implication of a more positive experience (e.g., “awesome” used positively in colloquial or

trivial usage, Oxford English Dictionary, 2019).

Distinguishing and measuring awe

As a construct, awe is difficult to measure because of other closely related emotions that
have been studied throughout history (e.g., the sublime, admiration, wonder), and because
participants who report feeling awe may not have the same understanding of the word “awe” as
defined in contemporary psychology. Here 1 will discuss how awe may be distinguished from
other related emotions, from early philosophical works to contemporary psychology and

empirical aesthetics; and I will discuss the related challenge of measuring awe.

Perhaps the most well-known philosophical discourse on an awe-adjacent emotion (i.e.,

one that is close to awe in theoretical space, for instance along dimensions of valence and
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arousal) is that of Edmund Burke and his work on the sublime. In fact, Keltner and Haidt (2003)
based their seminal work on awe on Burke’s writings on the sublime from the 18" century. The
sublime rests fundamentally on terror (Burke, 1757/1990), though it is to be noted that Burke did
not distinguish between the sublime as an emotional experience and the sublime as a type of
stimulus (Kone¢ni, 2005); thus, the sublime here may be more akin to the threat-based variant of
awe. Burke (1757/1990) wrote of two components to the sublime, power and obscurity: Power,
he wrote, “derives all its sublimity from the terror with which it is generally accompanied” (p.

60) and obscurity prevents one from understanding the sublime stimulus.

Burke’s idea of power in the sublime (1757/1990) became the basis for Keltner and
Haidt’s (2003) perceptual vastness; and Burke’s idea of obscurity (1757/1990) was translated
into a need for cognitive accommodation (Keltner & Haidt, 2003). Similarly, Rudolph Otto, on
his writing on religious terror, or what he termed “the numinous” (1923/1958), wrote of
“numinous dread,” or awe, as involving a sense of “overpoweringness” and the “wholly other,”
elements that may be mapped onto Keltner and Haidt’s (2003) vastness and accommodation,
respectively. Thus, other thinkers have arrived at similar conclusions about the nature of awe

well before it was defined in contemporary psychological terms.

In contemporary psychology, awe has also been categorized as a self-transcendent
emotion (Stellar et al., 2017; VVan Cappellen et al., 2013; Yaden et al., 2017): It is an emotion
that momentarily takes one out of oneself, such that one’s attention is turned away from the self
(Yaden et al., 2017). Other self-transcendent emotions include admiration, elevation and
gratitude; these emotions are all other-focused (Stellar et al., 2017). Self-transcendent emotions
are characterized by two essential components: An annhilational component that results in a

feeling of a loss or diminishment of self, and a relational component that brings an increased



feeling of connection to others or the world (Yaden et al., 2017). Awe is theorized to induce a

self-transcendent experience that is especially strong (Yaden et al., 2017).

Awe may also be studied in the context of other related emotional states receiving
empirical attention in psychology. For example, awe-adjacent emotions are commonly studied in
the field of empirical aesthetics, the scientific study of aesthetic experience. In this field,
researchers have studied wonder (Fingerhut & Prinz, 2018), fascination (Schindler et al., 2017),
chills (Nusbaum et al., 2014), feeling moved (Cova & Deonna, 2014), and feeling like crying
(Cotter et al., 2018) in response to aesthetic stimuli such as visual art or music (see also
Menninghaus et al., 2019 for an overview of aesthetic emotions). Awe is distinguished from
these other aesthetic emotions in it having both the components of perceptual or conceptual
vastness and creating a need for cognitive accommodation. For example, wonder may be a
response to stimuli that provoke a need for cognitive accommodation, but may not be vast
(though Fingerhut & Prinz, 2018 argue that wonder is a less intense form of awe). Because of
these related concepts, “awe” as commonly or colloquially understood may be ambiguous in its
meaning. For instance, when participants were asked in one study what “awe” means to them,
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they reported words such as “wonder,” “surprising,” and “amazing” (Dudek, 2017).

Because of the nebulous nature of the word “awe,” the disparity between academic and
colloquial definitions, and the many related concepts that may confuse the definition of awe, awe
presents a challenge in self-report measurement. In contemporary psychological studies, awe is
typically measured through self-report using a Likert-type scale (e.g., on a scale from one to
seven). To ensure that participants have a consistent understanding of the word awe, some
researchers present participants with definitions of awe (e.g., Gordon et al., 2017; Negami,

2016). However, this strategy presents its own problems: Keltner and Haidt’s (2003) definition,



especially its cognitive accommodation component, can be difficult to understand; but a
dictionary definition (e.g., “An emotion variously combining dread, veneration, and wonder that
is inspired by authority or by the sacred or sublime,” Merriam-Webster online) may not capture
the psychological definition or may be too leading (e.g., participants may use examples in the
definition to guide their response as a way to confirm the material presented to them).
Furthermore, a Likert-type scale assumes that awe exists on a continuum, that one can feel “a
little” awe or “a lot” of awe. However, this question of whether awe can be experienced in
degrees or whether it is an “all-or-none” phenomenon has not been explored empirically (and,
moreover, may be complicated by the fact that its two components, perceptual vastness and a
need for cognitive accommodation, arguably exist on a continuum and binary scale,
respectively). For the current project, | developed a measure of positive and threat-based awe
that seeks to address this measurement challenge by establishing a shared understanding of these

terms between the researchers and participants.

Awe and the brain

Within the field of psychology, there are contrasting views on how the brain and body
respond to emotional events. The most common view of emotional response is that emotions
have distinct physiological signatures, termed the “classical view” of emotions (Barrett, 2017).
In contrast, the newer theory of constructed emotion uses a Bayesian, active inference
framework of the brain (Barrett & Satpute, 2019; Hesp et al., 2019) and posits that emotion is a
neurally, biologically, and contextually constructed event which arises from domain general,
rather than highly specific, neural networks (Barrett, 2016; Barrett & Satpute, 2019). The

constructed theory of emotion is driven by the view that variation in neural activity,



physiological response, and behavior is in fact more universal to emotional experiences than

common physiological or behavioral outcomes (Barrett & Satpute, 2019).

Some of the psychological work on awe assumes a classical view of emotion, predicting
specific physiological responses or behaviors to positive or negative variants of awe. For
example, in a study of the body’s response to different positive emotions, researchers found a
significant relationship between feeling awe and lower levels of proinflammatory cytokines,
which are essential to fighting infection and injury, but can have negative consequences when
levels are chronically high (Stellar et al., 2015). However, this study did not show causality:
They did not show whether, for example, feeling awe led to lower levels of cytokines (which
would fit with a classical view of emotion, in which an emotion, awe, leads to a specific response
in the body) or whether lower levels of cytokines created a physiological condition that increased
the probability that participants interpreted that bodily sensation, along with contextual cues, as a

feeling of awe (an interpretation that would be supported by a constructed view of emotion).

In another example, Gordon et al. (2017) measured sympathetic physiological responses
to positive and threat-based awe. Specifically, participants watched an awe-inducing video meant
to evoke variable levels of fear while researchers recorded their sympathetic activity through
heart rate (HR) and skin conductance level (SCL), and their parasympathetic activity through
respiratory sinus arrhythmia (RSA), an indirect measure of vagal tone. They found that awe did
not predict physiological changes (in SCL or HR), but threat did predict HR and SCL, whereas
positive affect predicted RSA (Gordon et al., 2017). These results are in accordance with
classical-view findings of fear responses; however, these effect sizes were small (Cohen’s f?

ranging from .05 - .13).



Another study examining physiological response to awe studied behavioral freezing as a
threat response to awe monumental, awe-inducing architecture (Joye & Dewitte, 2016). In this
study, participants shown images of imposing skyscrapers slowed their motor output (computer
mouse movement) compared to participants shown images of low buildings (Joye & Dewitte,
2016). According to a classical view, then, feeling positive awe should lead to greater
parasympathetic activation and lower levels of proinflammatory cytokines, whereas threat-based
awe should lead to greater sympathetic activation and behavioral freezing. According to the
theory of constructed emotion, awe would look more variable in the brain, in physiological

responses, and in behavior.

Beyond neural and physiological response to emotion, Yaden et al.’s (2017) work may
shed light on the neural underpinnings of awe as a self-transcendent experience (STE).
Following from their separation of STEs into annhilational (loss of self) and relational
(connection to others) components, they speculate that STEs should be associated with decreased
activity in the superior and inferior parietal cortex, brain regions that are involved in bodily space
and representing bodily boundaries; and that STEs should be associated with increased
neuropeptides that have been linked to perceived social connection, such as oxytocin and

arginine vasopressin (Yaden et al., 2017).

Other work in psychology and neuroscience indicate that the default mode network
(DMN) may be implicated in awe-inducing experiences, as it shows decreased activity during
non-self-referential tasks (Sheline et al., 2008). The categorization of awe as a self-transcendent
emotion (Stellar et al., 2017; Yaden et al., 2017) that directs one’s attention away from the self
would then predict reduced blood flow in areas implicated in the DMN. Indeed, van Elk et al.

(2018) found in a functional magnetic resonance imaging (fMRI) study that inducing (positive)



awe using videos of natural scenery resulted in reduced activity in brain areas implicated in the
DMN (specifically, the frontal pole, posterior cingulate cortex and angular gyrus), compared to
another positive emotion. However, arousal was not matched between conditions in this study,
which could also influence DMN activity, as suggested by Horovitz et al. (2009) (though this
idea is controversial—see for example Koike et al., 2011). Other work investigating structural
brain characteristics using magnetic resonance imaging (MRI) also found a negative association
between dispositional (positive) awe and brain volume of the middle/posterior cingulate cortex,
as well as the anterior cingulate cortex and middle temporal gyrus (MTG) (Guan et al., 2018).
On the other hand, fMRI work has found increased DMN activity in response to intense aesthetic
experience (Belfi et al., 2019; Vessel, Starr, & Rubin, 2012). This increased DMN activity may
have been a function of the experimental tasks, which made participants’ personal tastes and
judgements salient (Vessel, Starr, & Rubin, 2013). Yet as awe can constitute both a self-
transcendent emotion and an intense aesthetic experience, it will be interesting to study the DMN
specifically in response to awe-inducing aesthetic experiences using a wide range of stimuli,

such as artwork and architecture.

The relationship between the brain and variants of awe has just begun to be explored. A
recent fMRI study by Takano and Nomura (in press) investigated brain activity during inductions
of positive and threat-based awe using video clips. Compared to valence-matched controls
(positive awe compared to amusement and threat-based awe compared to fear), they found
decreased activity in the left MTG for both positive and threat-based awe conditions. The left
MTG has been suggested to be implicated in recognizing or resolving incongruities (Bartolo et
al., 2006; Guan et al., 2018) and in integrating different types of information processing (Davey

et al., 2016); Takano and Nomura (in press) suggest that decreased left MTG activity during an
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awe experience may reflect the challenge an awe-inducing experience presents to one’s existing
mental schemas. This study thus supports from a neuroscientific view the characterization of awe
as provoking a need for cognitive accommodation, as well as shows that this response is
common between both positive and threat-based variants of awe. Although this study used nature
imagery as awe elicitors, these results suggest that this pattern of activity would occur for other

stimuli, such as architecture, if they also trigger cognitive accommodation.

In addition to brain activity during awe experiences, structural brain characteristics
associated with positive and threat-based awe have also begun to be examined. In a recent MRI
study, Guan et al. (2019) investigated neural correlates of positive and threat-based awe using a
correlational voxel-based morphometry technique to explore the relationship between awe
ratings and regional gray matter volume (rGMV). They found that higher ratings of positive awe
were associated with greater GMV in the precuneus (implicated in self-awareness, Kjaer et al.,
2002; Vago & Silbersweig, 2012) and less GMV in the left fusiform gyrus and right calcarine
gyrus; and that higher ratings of threat-based awe were associated with less GMV in the left and
right insula (implicated in self-awareness, various emotional states, and interoception; Critchley
et al., 2004; Eckert et al., 2009; Jabbi et al., 2008; Paulus & Stein, 2006; Phan et al., 2002;
Schienle et al., 2002; Stark et al., 2003) and left superior temporal gyrus (implicated in empathy,
Morelli & Lieberman, 2013; Perry et al., 2011). However, because the researchers measured
structural characteristics of the brain (rather than brain activity), the study design does not allow
for specific conclusions about how feeling awe may affect brain activity, the direction of the
association between brain volume and awe ratings, or how feeling awe relates to the functions
associated with these brain areas. More work is needed to more fully understand brain activity

and structure as it relates to awe and its core components.
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The function of awe

Theory on why awe may have evolved may provide greater insight into this complex
emotion. The literature that has focused on or theorized the evolutionary adaptation or function
of awe offers two main functional accounts: that of awe as a primarily social emotion (e.g., Bai
et al., 2017), and that of awe as an information-seeking emotion (e.g., Danvers & Shiota, 2017).
These two accounts may be a function of the two core components of awe, vastness and
cognitive accommodation. Specifically, because awe is provoked by perceptually vast stimuli,
the accompanying feeling of smallness can facilitate both submission to a powerful elicitor (Joye
& Verpooten, 2013) and a feeling of connection to others (Bai et al., 2017; Joye & Verpooten,
2013). Likewise, because awe upsets existing mental representations through provoking a need
for cognitive accommodation (Keltner & Haidt, 2003), awe may facilitate seeking and
incorporating new information by challenging and reducing reliance on existing schemas

(Danvers & Shiota, 2017).

A third functional account of awe is more environmentally focused, and posits that awe
serves as an indication of a safe environment (Chirico & Yaden, 2018). This theory draws from
environmental psychology’s prospect and refuge theory (Appleton, 1996) which states that
humans feel safest in environments that afford both a sweeping prospect for observation of any
potential approaching threats, as well as refuge from these threats. Because vast, sweeping
landscapes that offer both prospect and refuge are a powerful elicitor of awe, Chirico & Yaden

(2018) theorize that nature was primary in the development of awe as an emotion.

Although no extant work has focused on the function of threat-based awe specifically,
extant work again hints at two possible functions, social and informational. Socially, if threat-

based awe leads to feeling small and powerless, threat-based awe may reinforce social
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hierarchies through making people feel submissive to more powerful individuals. Bai et al.
(2017) speculate that one outcome of negative awe may be protection of one’s ingroup, at the
expense of and through violence against outgroups: Indeed, hostile attitudes towards outgroups
has been found to be a social response to threat (Riek, Mania, & Gaertner, 2006). In terms of an
informational function of threat-based awe, Keltner and Haidt (2003) speculated that threat-
based awe may be a function of an inability to accommodate the awe-inducing experience: Thus,
threat-based awe may serve to protect one’s beliefs and worldviews, which may in turn have

social benefits, such as maintaining shared understanding for community cohesion.

Architecturally induced awe

Although most empirical work on awe has used nature imagery, such as landscapes, to
evoke awe (e.g., Bai et al., 2017; Danvers & Shiota, 2017; Gordon et al., 2017; Piff et al., 2015;
Rudd et al., 2012; Valdesolo & Graham, 2014; Van Cappellen & Saroglou, 2012), awe may be
induced through a variety of stimuli, such as through architecture, music, powerful people, or
even ideas (Keltner & Haidt, 2003; Shiota et al., 2007). Theoretical work suggests that
architecturally induced awe may facilitate functions of particular importance to religious
communities and individual religious experience. Joye and Verpooten (2013) theorize that
religious monumental architecture (RMA), such as the Pyramids of Giza, capitalize on the more
primordial function of awe as a submissive emotion in the face of a powerful person to make
people feel small and submissive in the face of an astoundingly large and awe-inspiring
structure. Treatments of awe outside of psychology also reveal close links between awe, religion,
and architectural space (the links between awe and religion have been discussed, see, e.g., Otto
on the numinous, 1923/1958). For instance, Mircea Eliade, in his work on the manifestation of

“the sacred” writes that “some parts of space are qualitatively different from others” in the
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religious (or spiritual) experience of space (1957/1987, p. 20) and of encountering a
manifestation of divinity through architecture. These theoretical treatments of architectural awe

point to the need for empirical support of these claims.

There is some extant empirical work that establishes the capacity of architecture to evoke
awe. In my previous work, | was able to determine what specific architectural features (of
building interiors, e.g., ceiling height, presence of windows) lead to awe (Negami, 2016). In this
work, features of architectural interiors and the emotional responses they evoked were modeled
together to determine which specific features were associated with a feeling of awe. We found
that features reflecting adornment (e.g., ornament, imagery and art) and immensity (e.g., size of
space, repeating elements, ceiling height), both encompassing perceptual vastness, significantly
predicted a feeling of awe (Negami, 2016). In another study, Joye and Dewitte (2016) used
monumental buildings to evoke threat-based awe. In this study, participants’ threat response
(specifically, freezing behavior) was measured in response to virtual renderings of tall, imposing
skyscrapers; this study lends further evidence that monumental architecture has the capacity to
elicit (threat-based) awe. Finally, more recent work by Collado & Manrique (2019) used images
of buildings that were vast in size, detail, or power needed for their construction to evoke awe
(measured indirectly, through statements such as “This image makes me feel insignificant™) as

well as boost positive affect.

There is sparse work on architecturally induced awe (Collado & Manrique, 2019; Joye &
Dewitte, 2016; Joye & Verpooten, 2013; Negami, 2016) and there is need for more.
Architecture, being intrinsically socially meaningful (in its construction, its function and its use)
has vastly different implications as an awe-evoking stimulus from natural settings, which do not

necessarily carry social meaning. The socioemotional effects of feeling awe through architecture
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may thus be distinct from awe as induced through nature. These effects would have strong
implications for architectural design and use. Furthermore, architecture is important to study as
an awe-inducing stimuli for a simpler reason: People spend the majority of their time in and
around buildings. The established capacity of architecture to shape how we feel and how we
behave lends further importance to studying specific emotions evoked by architecture. Moreover,
the buildings that have strong cultural significance, such as religious sites, cultural sites, and
institutional buildings, are also the ones that tend to be awe-inspiring, with perceptually or
conceptually vast characteristics such as size, age, or ornamentation. Studying awe evoked
through architecture may provide insight into how these buildings achieve their function through

their built form.

The current research project

The broad aim of the current project was to study variants of awe (specifically positive
and threat-based awe) as evoked through architecture, and to compare these effects to awe
evoked through nature. My research questions guiding my experiments were: How do buildings
that inspire awe shape our sense of ourselves as members of a social collective, and how does
this effect differ between structures that provoke positive awe, and those that provoke fear-based

or threat-based awe? How does this effect differ from awe evoked through natural imagery?

These questions are guided by previous empirical work on threat-based awe and the
small-self effect. Despite the divergent outcomes between threat-based and positive awe, both
forms of awe result in a small sense of self in the face of a vast stimulus (Bai et al., 2017;
Gordon et al., 2017; Hornsey et al., 2018; Piff et al., 2015; Shiota et al., 2007). One consequence
of a diminished sense of self as having arisen from feeling positive awe is that the small self

facilitates integration into larger social collectives through shifting one’s attention away from the
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self (Bai et al., 2017; Hornsey et al., 2018). Because both positive and threat-based awe result in
a diminished self, this social effect of increased feelings of collective engagement should also
hold true for threat-based awe. This is one hypothesis we planned to test in Study 3. However,
while both positive and threat-based awe should promote integration into a larger social
collective, the particular kind of social group into which these variants of awe promote
integration may differ based on the particular form of small self accompanying the experience of
awe. Specifically, whereas positive awe results in a small self without an accompanied sense of
reduced rank or status (Bai et al., 2017), threat-based awe has been found to be associated with
feelings of powerlessness and loss of control (Gordon et al., 2017). Thus, if threat-based awe
results in a reduced sense of power, it should result in distinct effects from positive awe: Threat-
based awe and positive awe should facilitate integration into distinct social groups. It has been
found that collective engagement does differ culturally (Bai et al., 2017), so it has been
established that this collective engagement effect can differ between groups. In the current
project, we wished to see whether the size of community one feels a part of (e.g., one’s
immediate community vs. the world), as well as feelings of universality and being connected to

the world, differs between positive and threat-based awe.

In addition to comparing effects of positive awe to effects of threat-based awe, we sought
to compare the effects of awe elicited by nature to awe elicited through architecture. In previous
work, the effect of stronger collective engagement after experiencing awe was based on positive
awe elicited through nature (Bai et al., 2017). In addition to replicating this effect, we sought to
compare this effect found in positive awe elicited through natural environments to positive awe
elicited through architectural environments. We also wished to compare effects between threat-

based awe elicited through nature and architecture. We predicted that the inherent social aspect
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of architecture would enhance the feeling of being connected to a more immediate social
collective (e.g., one’s community), compared to feeling awe through nature, which should, as

found in previous work, enable integration into to a larger collective (e.g., the world).

This research project comprises three main experiments: In Study 1, we sought to
replicate and establish extant effects of perceived self size, powerlessness, and fear associated
with positive and threat-based awe in nature using a new measure and different experimental
design. In Study 2, we extended these effects to new awe-evoking architectural stimuli. In Study

3 we then used these stimuli to test social effects of awe between natural and built environments.

In summary, this project, through three experiments, sought to examine how the kinds of
social networks into which awe promotes integration systematically differs between threat-based
and positive awe, as well as how this effect is facilitated through natural and built environments.
| predicted that, whereas positive awe would lead to increased feelings of universality and
connection to the larger world (as has been demonstrated in past work, e.g., Shiota et al., 2007),
threat-based awe would lead to increased feelings of connection to more immediate social
groups. This effect should be enhanced in architectural settings, which carry more social

meaning than natural environments.

The following chapters present three experiments on positive and threat-based awe in the
built environment. Chapter 2 presents the first experiment, a replication of effects of positive and
threat-based awe in natural settings. Chapter 3 presents an extension of this work to the built
environment. Chapter 4 presents an experiment exploring the social effects of positive and
threat-based awe in natural and built environments. Finally, Chapter 5 summarizes the findings

across chapters to discuss implications and future directions.
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Chapter 2, Experiment 1la: Replicating perceived self-size and powerlessness effects of
positive and threat-based awe in natural environments
Experiment 1 seeks to replicate and establish extant findings of positive and threat-based
awe using natural environments as elicitors to establish cognitive and affective effects with a
new measure of awe and an online, within-subjects design, before extending these findings to the
built environment. Specifically, in Experiment 1, we sought to answer the question, how will
threat-based and positive awe, as elicited by natural environments, affect participants’ self-size

and feelings of powerlessness?

Results from Experiment 1 should replicate previous findings from previous work on
awe. Specifically, environments or phenomena such as mountains, waterfalls, and canyons
should elicit positive awe, as measured through a new video classification task and replicating
previous studies that have used the same (or similar) awe inductions (e.g., Gordon et al., 2017).
Environments or phenomena with an element of threat such as lightning storms and tornados
should elicit threat-based awe using the same new awe measure, replicating Gordon et al. (2017).
Both positive awe and threat-based awe should lead to a smaller sense of self, as compared to a
control condition, replicating previous positive and threat-based awe effects found in Gordon et
al. (2017) as well as positive awe small-self effects found in in Bai et al. (2017), Piff et al.
(2015), and Hornsey et al. (2018). Threat-based awe should lead to greater feelings of

powerlessness, as compared to positive awe, replicating findings from Gordon et al. (2017).

Experiment 1 introduces a new measure of positive and threat-based awe, novel to the
field and a departure from most extant work on awe. Our new measure, outlined in the Measures
section below (“video classification task™), attempts to address the methodological challenge

detailed in Chapter 1 of measuring a complex emotion with a precise but complicated
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psychological definition which does not necessarily map onto a colloquial understanding of the

term.

Another difference between our study and previous work is our use of a within-subjects
design. Although most empirical work on awe uses between-subjects designs, in which
participants are exposed to just one experimental condition, we wished to use a within-subjects
design primarily because within-subjects designs generally have the benefit of greater statistical
power (Keren & Lewis, 1993) and to see if existing between-subjects results would replicate in a
within-subjects design. Furthermore, we were fully transparent with participants about the
purpose of the study, which would plausibly make demand characteristics equal between a
between-subjects and within-subjects design (although within-subjects designs still carry the
possibility of carryover or sensitization effects [Greenwald, 1976] which could clue participants
to our study hypothesis and thus alter their response). Lastly, in some cases, participant
judgments can be difficult to compare across conditions without the context of the experimental
conditions in a within-subjects design (Birnbaum, 1999). Between- and within-subjects
experimental designs both have strengths and weaknesses (Keren & Lewis, 1993); ultimately, we
felt that a within-subjects design was appropriate and had greater benefits than disadvantages for
this study. Importantly, the ability to replicate previous effects found in the literature with a
within-subjects design would allow for continued use of within-subjects designs, which offer

greater statistical power by controlling for between-subjects variability.

In addition to our study measures, demographic information (age, gender, racial
background) was measured to get a sense of our participant sample (the online platform used for
participant recruitment is available to anyone over 18 years of age). These demographic data

were not analyzed beyond descriptive statistics. No effects of these demographic variables
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related to awe have been reported in the literature, nor has any theory suggested that any effects

of awe would differ for these specific individual differences.

Methods

Participants

Participants were recruited through Amazon Mechanical Turk for the online study, which
was run on the Qualtrics platform. A power analysis based on d = .84 from Study 2 in Gordon et
al. (2017) comparing threat between the positive and threat-based awe conditions showed that we
would need 23 participants in a within-subjects design with 98% power and an alpha level of .05.
An initial sample of 100 Mechanical Turk workers with a 95% approval rating (i.e., at least 95%
of their Human Intelligence Tasks, or jobs through Mechanical Turk, had been approved)
participated in the study for $1.00 USD. A total of 47 participants were excluded due to failure to
answer attention checks correctly, reporting technical problems watching any of the three videos
in the study, and/or for having an average compliance rating (from the end-of-survey compliance
questionnaire, see Materials below) of less than 4.5 (on a 7-point scale; Meade & Craig, 2011).
This exclusion rate for participants recruited from Amazon Mechanical Turk seems to be higher
than is typical, or at least on the high end of the range of typical exclusion rates. Exclusion rates
for failing attention checks are typically about 10-15%, as reported in Barends and de Vries
(2019). However, a review of different data collection methods shows that in Amazon
Mechanical Turk samples, attention check failure rates range from 2-52% (Thomas & Clifford,
2017); and that this rate of problematic responding is similar across Amazon Mechanical Turk
participants, other online samples, and in-lab studies (Necka et al., 2016; Thomas & Clifford,
2017). Although researchers do not always exclude all participants who fail attention check

questions (Thomas & Clifford, 2017), a review of previously published work suggests that
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exclusions based on attention check failures result in lower statistical noise without introducing
sampling bias (Thomas & Clifford, 2017). Still, such a high exclusion rate is a concern and our
subsequent studies incorporate additional attempts to retain data. The final sample in Experiment
1a consisted of 53 participants (M age = 33, SD = 11, range 18-71; 37.7% female; 60.40%

White/Caucasian, 11.30% South Asian, 5.66% Black/African, 22.63% other/multiracial).

Procedure

In order to ensure that participants saw similarly sized video presentations, participants
were instructed to complete the study on a computer monitor of at least 12 inches across.
Participants were also instructed to silence or turn off cell phones to minimize distractions, and

to give their full attention to the two-minute videos.

After giving informed consent and going through the study instructions, participants
viewed a series of three videos intended to elicit positive awe, threat-based awe, or neither,
presented one at a time. After watching each video, participants indicated whether they felt
positive awe, threat-based awe, or neither; and rated how small they felt and how powerless they
felt as they watched the video. This study used a within-subjects design; all participants viewed
all three videos representing the three awe conditions (i.e., positive awe, threat-based awe, and

no awe). The order of the video presentation was counterbalanced to control for order effects.

After watching the three videos and completing the associated surveys, participants
completed a demographic questionnaire and compliance questionnaire. The study took
approximately 20 minutes to complete. This study, and all studies presented in this dissertation,

was approved by the University of Waterloo’s Office of Research Ethics.
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Materials

The three videos used in this study were used to evoke awe in previously published work.
The videos were all used in studies in Gordon et al. (2017), and some were also used in other
previously published work. The video intended to elicit feelings of positive awe consisted of a
montage of shots from BBC’s Planet Earth series with an uplifting soundtrack. The video
intended to elicit feelings of threat-based awe was a clip from the Discovery Channel’s Birth of a
Tornado, set to a more menacing instrumental soundtrack. The video intended to produce a
neutral response (neither positive nor threat-based awe) was an instructional video on how to
build a concrete garden wall, which included narration set to an instrumental soundtrack (see
Figure 1 for film stills from each video). All videos were approximately two minutes in duration.
Participants did not have the option to advance to the next part of the study until the duration of

the video had elapsed.

22



Figure 1. Film stills of the positive awe (top), threat-based awe (center), and neutral control

(bottom) conditions in Experiment 1a.
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Measures

After each video, participants completed the video classification task, perceived self-size
measures, and powerlessness measures in random order. After these measures, participants
answered a video check question before advancing to the next part of the study to ensure they

were paying attention to the video content. These measures are discussed in detail below.

Video classification task. To measure whether participants were feeling positive awe,
threat-based awe, or neither in response to the videos, we presented participants with a forced-
choice questionnaire designed to ensure participant understanding of these potentially ambiguous
terms, as well as to avoid the pitfall of leading participants to the answer we had in mind (as

discussed in the General Introduction).

The classification task asked participants to “Please select the definition which you feel
best describes how the video you just viewed made you feel.” Participants were presented with
three options, including a definition of positive awe, a definition of threat-based awe, and an
option of “Neither of the above.” The positive awe and threat-based awe definitions are provided
below. These definitions are amended versions of positive and threat-based awe definitions
presented to participants in Study 2b of Gordon et al. (2017), into which we incorporated a
version of a definition used in Bai et al. (2017). Notably, we removed prototypical examples of
awe in nature (specifically, “vast, beautiful landscapes and natural wonders such as tall
mountains, expansive vistas, or large waterfalls” for positive awe and “natural disasters such as
earthquakes, hurricanes, or volcanic eruptions” for threat-based awe) to avoid leading
participants to endorse either definition based on the content of the video matching an example

listed in the definition.
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Positive awe: “People sometimes experience the emotion of ‘awe’ when they are
in the presence of something that is so vast that their current understanding of the
world, their surroundings, or themselves is expanded in some way.

Sometimes, we might feel awe in response to people who cause large-scale
change such as Nelson Mandela and his role in ending apartheid in South Africa.

Other times, we might feel awe towards an idea that is amazing and wondrous—
such as the mysteries of space.”

Threat-based awe (changes from positive awe noted in bold here; no words were
bolded when presented to participants): “People sometimes experience the
emotion of ‘awe’ when they are in the presence of something that is so vast that
their current understanding of the world, their surroundings, or themselves is
challenged in some way.

Sometimes, we might feel awe in response to people who cause large-scale
devastation, such as Hitler and the vast horrors of the Second World War.

Other times, we might feel awe towards an idea that is amazing and scary at the
same time—such as the mysteries of space.”

Perceived self-size. Perceived self-size was assessed using two separate measures, both
taken from Bai et al. (2017). The first consisted of two statements that participants were asked to
rate their agreement with on a 7-point scale from strongly agree to strongly disagree: “In

general, | feel relatively small,” and “In general, I feel insignificant.” These statements reflect the

physical and abstract aspects of a small sense of self.

The other measure asked participants to choose a circle out of an array of seven circles
increasing in size (see Figure 2). Participants were instructed: “Think about one of the circles
below as representing yourself. Please choose the circle that best describes how big or small you

feel about yourself.”
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Figure 2. The array of circles shown to participants as one measure of perceived self-size.

These measures were both included in the study in order to examine the relationship
between them, and to determine which one may be used in following studies if the two measures
sufficiently correlate. In Bai et al. (2017), from which these measures were drawn, the circle self-
size measure correlated strongly with other measures of self-size and was used in five out of the
six studies as a stand-alone measure of perceived self-size. The statement ratings were also
included in the present study in order to confirm that participants understood the somewhat

ambiguous circle-selection task.

A repeated-measures correlation (Bakdash & Marusich, 2017) showed that the statements
and circle measures did indeed correlate, rm(103) = 0.63, p <.001, 95% CI [0.50, 0.74], with a
ranging from .73 to .77 across the three conditions. A composite score averaging these two
measures (with higher values indicating larger perceived self-size) was used to analyze perceived

self-size (M perceived self-size = 4.18; SD = 1.24).

Powerlessness. Powerlessness was measured using four statements, all taken from Study
5 in Gordon et al. (2017). Participants were asked to rate the statement, “While watching that
video, how much did you feel like you had control over your life?”” on a scale from 1 (no control
at all) to 7 (complete control) (this item was reverse-coded). Participants were also asked “How

much did you feel the following while watching the video?”” on a scale from 1 (not at all) to 7
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(completely): “I felt powerless,” “I felt that what happens in my life is beyond my control,” and

“I felt like I have little control over the things that happen to me.”

The four statements measuring powerlessness showed good reliability (o ranging from
.83 10 .85 across conditions), and were averaged to create a composite measure of powerlessness,
with higher values indicating greater feelings of powerlessness (M powerlessness = 3.19; SD =

1.22).

Video check. To ensure participants watched the video in the online study, participants
were first asked whether they experienced any technical difficulties while watching the video.
Participants were then asked the question, “What was the video you just watched about?”
Participants selected out of three possible answers: the correct answer (e.g., the geography of the
earth) and two false lures (e.g., figure skating, laundry). Most of the false lures came from
content of other neutral videos used in studies on awe (e.g., a figure skating video was used in a
general positive emotion condition in Study 1 of Danvers & Shiota, 2017). Participants were also
asked, “Is there anything else you’d like to tell us?”” and were given a short text-response box to
type in their response. These three video-check questions were adapted from Gordon et al.

(2017).

Demographic information. After participants watched the three videos and completed
the associated questionnaires, participants were asked to provide brief demographic information

on their age, gender, and racial background.

Compliance questionnaire. The items used to measure participant compliance were five
self-report statements with factor loadings over .6 from the diligence factor of participant

engagement items developed by Meade and Craig (2011) in their study of screening online
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survey data (due to experimenter error, only four of these five statements were used in
Experiment 1a). Statements were rated on a Likert-type scale from 1 (strongly agree) to 7
(strongly disagree) (see Appendix A for a list of statements used). Meade and Craig’s (2011)
cutoff value of 4.5 (after reverse-coding appropriate items) was used as a minimum level of

participant engagement.

Results

All analyses were performed using IBM SPSS Statistics 25 unless otherwise specified
(among the exceptions, repeated-measures correlations were run in R version 3.6.2). For
dependent variables measured on a Likert-type scale (perceived self-size and powerlessness),
tests of normality showed all skew < 3.00 and kurtosis < 10.00, indicating normally distributed
data (Kline, 1998). The data showed no univariate outliers, with all z-scores within 3.29 standard
deviations from the mean (see Table 1 for means and standard deviations per condition as well as
the correlation between variables). For each of these dependent variables, both a 3 (awe
condition) x 6 (counterbalance order) mixed-factorial analysis of variance (ANOVA) and a more
complex quasi-analysis of covariance (ANCOVA) model (Huitema, 1980/2011; see this study’s
Discussion for details) were run to examine how these variables differed among the three

experimental conditions, as well as to account for shared variance between study variables.

The quasi-ANCOVA models reported here were run as multilevel regression models
using R version 3.6.2 to enable analyses across the three within-subjects conditions. All quasi-
ANCOVAs were run using the Ime4 package in R with an unstructured covariate matrix and
with participant modeled as a random effect to account for the repeated-measures design. Awe

condition was dummy coded with the control condition serving as the reference group.
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Counterbalance order was also dummy-coded and included in all models (no interaction terms

were included in the quasi-ANCOVAS).

Table 1

Repeated-measures correlation and descriptive statistics of dependent measures in Experiment

la
Perceived self-size Powerlessness
Perceived self-size — - 70***
Positive awe condition 3.89 (1.55) 3.55 (1.52)
Threat-based awe condition 3.87 (1.60) 3.60 (1.51)
Neutral control condition 4.79 (1.36) 2.40 (1.40)

Note. 105 degrees of freedom for the repeated-measures correlation. Means per condition are

shown with standard deviations in parentheses.

Awe definition

A chi-square test of independence to examine the difference in what kind of awe was felt
between conditions revealed a significant difference between groups, y?(4, N = 158) = 31.40, p <
.001. As shown in Figure 3, the positive awe definition was selected more often than others in
response to the positive awe video; the threat-based awe definition was selected over others in
response to the threat-based awe video (though this condition showed greatest variability in
response); and the option “neither of the above” was selected significantly more than the other
options in response to the neutral (non-awe-eliciting) video. That some participants did select

one of the awe definitions for the neutral control video is of slight concern; it is likely that some
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of these endorsements were a result of careless responding that our attention checks did not
catch. However, generally, these results validate and confirm the videos as inducing the type of

awe they were meant to induce.
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Figure 3. Frequencies of awe definition endorsements for each of the three conditions in

Experiment 1a.

Perceived self-size

The differences between conditions in perceived self-size, controlling for counterbalance
order, were examined through a 3 (awe condition) x 6 (counterbalance order) mixed-factorial
ANOVA (see Table 2 and Figure 4). This analysis showed no significant interaction between
awe condition and counterbalance order, but significant main effects of both awe condition and

counterbalance order, indicating a significant difference among awe conditions in perceived self-
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size as well as a significant difference among the six counterbalance orders. Because of the low
and uneven distribution of participants in each counterbalance order (ranging from six to 12
participants across the six counterbalance orders), post-hoc tests investigating the significant
main effect of counterbalance order were not pursued in Experiment 1a. Post-hoc tests of least
significant difference (LSD) investigating the significant main effect of awe condition showed
that the positive awe condition did not significantly differ from the threat-based awe condition, p
=.657; but both awe conditions were associated with significantly smaller perceived self size
than the control condition, both ps < .001. This result replicates previous work on perceived self-

size resulting from both positive and threat-based awe (Gordon et al., 2017; Bai et al., 2017).

Table 2

Effects of awe condition and counterbalance order on perceived self-size (mixed-factorial

ANOVA) in Experiment 1la

dfefrect  Oferror F p Np?
Awe condition * counterbalance order 10 94 0.88 552 .09
Main effect of awe condition 2 94 13.50 <.001 .22
Main effect of counterbalance order 5 47 289 .023 .24
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Figure 4. Average perceived self-size across awe conditions and counterbalance orders in
Experiment 1a. Error bars represent +1 standard error (SE). Counterbalance orders are indicated
on the x-axis by letter: P = positive awe condition; T = threat-based awe condition; C = control

condition.

A quasi-ANCOVA examining the effect of awe condition, counterbalance order, and
powerlessness on perceived self-size showed that when controlling for powerlessness and
counterbalance order, there was a significant difference in perceived self-size between the
positive awe condition and control condition, b =-0.91, SE = 0.16, t(102.59) = -5.50, p < .001, as
well as between the threat-based awe condition and control condition, b =-0.92, SE = 0.16,
t(102.59) = -5.58, p < .001. This finding shows that the effect of awe condition on perceived self-
size shown in the mixed-factorial ANOVA persists after accounting for shared variance with

powerlessness.
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Powerlessness

Powerlessness showed similar findings to perceived self-size (see Table 3 and Figure 5).
Powerlessness differed significantly among awe conditions, but there was no significant main
effect of counterbalance order, nor a significant interaction between awe condition and
counterbalance order. Post-hoc LSD tests showed that the positive and threat-based awe
conditions did not significantly differ from each other in powerlessness, p = .796, though both
awe conditions resulted in greater feelings of powerlessness than the control condition, both ps <

.001.
Table 3

Effects of awe condition and counterbalance order on feelings of powerlessness (mixed-factorial

ANOVA) in Experiment 1la

dferect  dferror F p o’
Awe condition * counterbalance order  8.74 82.14 1.02 433 .10
Main effect of awe condition 1.75 82.14 2446 <001 .34
Main effect of counterbalance order 5 47 086 515 .08

Note. Mauchly’s test showed a sphericity violation, ¥?(2, N =53) = 7.18, p=.028, ¢ = .87; a

Greenhouse-Geisser correction is used for within-subjects results.
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Figure 5. Average powerlessness across conditions and counterbalance orders in Experiment 1a.
Error bars represent £1 SE. Counterbalance orders are indicated on the x-axis by letter: P =

positive awe condition; T = threat-based awe condition; C = control condition.

A quasi-ANCOVA examining the effect of awe condition, counterbalance order, and
perceived self-size on feelings of powerlessness showed significant effects of awe conditions on
powerlessness. Both the positive awe (b = 1.15, SE = 0.16, t(102.69) = 7.30, p < .001) and threat-
based awe (b = 1.20, SE = 0.16, t(102.69) = 7.62, p < .001) conditions were associated with
significantly greater feelings of powerlessness compared to the control condition when
controlling for perceived self-size and counterbalance order. This finding suggests that awe
condition has a significant effect on powerlessness over and above the variance in powerlessness

accounted for by perceived self-size.
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Discussion

These results confirm that the videos showing natural scenery and phenomena, selected
to induce different variants of awe, did indeed induce the type of awe intended, supporting our
classification method of measuring awe in response to the videos, which is novel in the awe

literature.

Replicating previous effects found in the literature on perceived self-size and
powerlessness entailed adapting statistical models used in previous work to fit our data. The
study on which much of this experiment was based, Gordon et al. (2017), found no effect of
condition on perceived self-size or powerlessness when these measures were examined
separately. But because these measures correlated significantly with each other, Gordon et al.
(2017) controlled for each measure to find significant unique effects of the other (i.e., after
accounting for shared variance). For example, when examining the effect of condition on
perceived self-size, Gordon et al. (2017) found no significant effect. However, after including
powerlessness as a covariate in the statistical model, a significant effect of condition emerged on
perceived self-size. This suggests that in their data, the effect of condition on perceived self-size

was obscured by the variance in perceived self-size attributable to powerlessness.

Typically, analyses of covariance (ANCOVA) use a variable that has not been
experimentally manipulated as the covariate. Dependent measures are not commonly used as
covariates as they were in Gordon et al. (2017), as doing so runs the risk of having the
differences in the dependent measure created by experimental condition bias the ANCOVA
results. In Gordon et al. (2017) the data meet the assumptions of ANCOVA, at least as far as can

be gleaned from the information included in the published work. Notably, in their case, the
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covariates (i.e., the dependent measures of perceived self-size and powerlessness) do not differ

by condition.

In our data, we found a significant correlation between perceived self-size and
powerlessness (such that smaller perceived self-size was associated with greater feelings of
powerlessness, see Table 1), indicating that similar ANCOVAs would be appropriate. However,
as detailed in the Results section, and in contrast to Gordon et al. (2017), we also found
significant effects of each individual measure (i.e., the dependent variables varied significantly
by condition when modeled without covariates). Because a replication of the Gordon et al.
(2017) ANCOVAs would entail using each dependent variable as a covariate when examining
the other, this would mean that the covariates also differ significantly by condition. A traditional
ANCOVA analysis would not be appropriate when the treatment (i.e., experimental) condition
affects the covariate (Evans & Anastasio, 1968; Huitema 1980/2011; Smith, 1957); at the very
least, caution must be used in interpreting such results (Howell, 2010/2013; Maxwell & Cramer,
1975). This is because in a conventional ANCOVA model, when the treatment condition affects
the covariate, adding the covariate in the model removes some of the treatment effect, obscuring
results (Huitema, 1980/2011; Smith, 1957). Moreover, some extrapolation of covariate means
along the regression line to unknown or off-the-scale values may occur when dependent means

are adjusted by the covariate (Smith, 1957).

To address these limitations, a quasi-ANCOVA approach (Huitema, 1980/2011) was
used on our data, which is suggested for cases in which the covariate differs significantly by
treatment condition. In a quasi-ANCOVA model, residual values of a one-way ANOVA applied
to the covariate are used in place of the covariate, thus reducing the error term as in a traditional

ANCOVA, but eliminating bias by using unadjusted treatment means of the dependent variable
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(Huitema, 1980/2011). In our data, residual values of powerlessness and perceived self-size
extracted from one-way ANOVAs were used in each quasi-ANCOVA examining the other

variable.

In this first study, we were able to replicate the finding of a smaller sense of self in
response to both the positive and threat-based awe videos, as compared to the control video,
including after accounting for shared variance with powerlessness. However, in contrast to our
predictions, we did not find a significant difference in feelings of powerlessness between the
positive and threat-based awe conditions. Instead, we found significantly greater feelings of
powerlessness in response to both the positive and threat-based awe videos as compared to the
control video, both when examining powerlessness alone as well as when controlling for the
effect of perceived self-size. To us, this indicates that the distinction between positive awe and
threat-based awe may perhaps be smaller or more ambiguous than currently theorized. To try to
clarify this finding, we ran a replication of the current experiment with an additional measure to

attempt to better distinguish the positive awe condition from the threat-based awe condition.

Experiment 1b: Replicating perceived self-size, powerlessness, and fear effects of positive
and threat-based awe in natural environments
The results from Experiment 1a showed similar findings between the positive and threat-
based awe conditions. Specifically, whereas the similarity in perceived self-size between these
conditions was expected, the similarity in powerlessness was not. Because fear was found to be
positively correlated with threat-based awe but not positive awe (Gordon et al., 2017), fear could
be an additional measure to distinguish these two awe conditions. In an attempt to better

distinguish these two conditions, as well as to ameliorate the poor retention rate of Experiment
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1a, we ran an additional 100 participants through the Amazon Mechanical Turk platform,

replicating the Experiment 1a measures but with the inclusion of a measure of fear.

Methods
The methods for Experiment 1b replicate the methods of Experiment 1a with the notable
exception of measuring fear in response to each video, as well as a few additional changes

(detailed below) aimed to retain participants or ensure that responses are legitimate.

Participants

As in Experiment 1a, 100 Amazon Mechanical Turk workers participated for $1.00 USD.
In addition to the 95% approval rating eligibility criteria, only workers who had not participated
in Experiment 1a and who were located in the U.S. or Canada were eligible to participate. In
addition, the recruitment posting asked for fluent English speakers. These eligibility criteria were
included to avoid cultural differences in understandings of awe, as well as to ensure that

participants fully understood task instructions and measures.

A total of 37 participants were excluded due to failure to answer attention checks
correctly, for reporting technical problems watching the study videos, for having an average
compliance rating of less than 4.5 (Meade & Craig, 2011), or for completing the study on a
mobile phone (this information was collected in this sample). The final sample consisted of 63
participants (M age = 37, SD = 11, range 18-61; 58.7% female; 73% White/Caucasian, 7.94%

Black/African, 6.35% Latino, 12.70% other/multiracial).

Procedure
The procedure for this study was the same as Experiment 1a with two additions: In

addition to the measures from Experiment 1a, participants were also asked how much fear they
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felt in response to each video. Additionally, a Captcha question was added to the beginning of
the online questionnaire to ensure all participants were human workers with usable data and thus

to retain as many participants as possible.

Measures

All measures from Experiment 1a were collected in Experiment 1b. As in Experiment 1a,
the two statements measuring perceived self-size were averaged to create a composite measure.
In this sample, the two methods of measuring perceived self-size—through statements and
through circle representations—also significantly correlated across all awe conditions, rim(124) =
0.67, p <.001, 95% CI [0.56, 0.75]. Alphas for the composite perceived self-size measure ranged
from .82 to .89 for the three conditions (for this sample, M perceived self-size = 4.10; SD =
1.44). Alphas for powerlessness ranged from .72 to .84 (for this sample, M powerlessness = 2.83;

SD = 1.07).

The additional measure of fear asked participants to rate how much fear they felt while
watching the video on a Likert-type scale from 1 (not at all) to 7 (very much) (M fear = 2.07; SD
= 1.12). The compliance questionnaire asked one additional question that was omitted in
Experiment 1a (see Appendix A). Additional information on operating system, screen resolution,
and browser was collected through the Qualtrics platform to check that participants were using

monitors of appropriate size.

Results

All analyses from Experiment 1a were replicated here. Univariate tests of normality
showed seven high univariate outliers across four participants (ranging from z = 3.53 to z = 4.55)
on the measures of powerlessness and fear for the control condition and fear for the positive awe

condition. These variables were winsorized to within 3.29 standard deviations from the mean.
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After winsorizing, skew for all variables was < 3.00 and kurtosis < 10.00, indicating normally

distributed data (Kline, 1998).

Because of significant correlations among all three dependent measures in this study (see
Table 4 for correlations and descriptive statistics of Experiment 1b dependent variables), quasi-
ANCOVA:s for all three variables include the other two as covariates, using residual values in

place of the covariate itself in cases where the covariate differs significantly across conditions.

Table 4

Repeated-measures correlations and descriptive statistics of dependent measures in Experiment

1b
Perceived self-size Powerlessness Fear
Perceived self-size — - B67F** - 45***
Powerlessness — B3F**
Positive awe condition 3.73 (1.53) 3.02 (1.41) 1.41 (0.87)
Threat-based awe condition 3.68 (1.81) 3.57 (1.63) 3.35(1.83)
Neutral control 4.89 (1.51) 1.87 (0.91) 1.10 (0.30)

Note. Degrees of freedom for all repeated-measures correlations 125. ***p < .001. Means per

condition are shown with standard deviations in parentheses.

Awe definition
As in Experiment 1a, we found a significant difference in the selected awe definition

through a Chi-square test of independence, ¥*(4, N = 189) = 96.51, p < .001 (see Figure 6).
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Participants again selected the predicted definition for each condition. Again, the threat-based
awe condition showed the most variability in response. The neutral control condition showed
fewer endorsements for either awe condition as compared to Experiment 1a, perhaps indicating

more careful responding in this sample.
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Figure 6. Frequencies of awe definition endorsements for each of the three conditions in

Experiment 1b.

Perceived self-size
A mixed-factorial ANOVA of awe condition on perceived self-size, controlling for
counterbalance order, showed that perceived self-size differed significantly between awe

conditions (see Table 5 and Figure 7). There was no significant main effect of counterbalance
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order, nor a significant interaction between awe condition and counterbalance order. Post-hoc
LSD tests investigating the significant main effect of condition showed that both awe conditions
were associated with significantly smaller perceived self-size than the control condition, both ps
<.001, but that the positive awe and threat-based awe conditions did not significantly differ from

each other, p = .686.

Table 5

Effects of awe condition and counterbalance order on perceived self-size (mixed-factorial

ANOVA) in Experiment 1b

dfeffect dferror F p T]PZ

Awe condition * counterbalance order 8.87 101.10 0.78 .636 .06

Main effect of awe condition 1.77 101.10 3260 <.001 .36

Main effect of counterbalance order 5 57 0.79 .564 .07

Note. Mauchly’s test showed a sphericity violation, ¥%(2, N = 63) = 7.65, p=.022, ¢ = .89; a

Greenhouse-Geisser correction is used for within-subjects results.
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Figure 7. Average perceived self-size across awe conditions and counterbalance orders in
Experiment 1b. Error bars represent £1 SE. Counterbalance orders are indicated on the x-axis by

letter: P = positive awe condition; T = threat-based awe condition; C = control condition.

When examining the effect of awe condition on perceived self-size, controlling for
powerlessness, fear, and counterbalance order through a quasi-ANCOVA, both the positive and
threat-based awe conditions were associated with smaller perceived self-size than the control
condition (b = -1.16, SE = 0.14, t(121.84) = -8.17, p < .001 for positive awe compared to control
and b =-1.21, SE = 0.14, t(121.84) = -8.53, p < .001 for threat-based awe compared to control),
confirming that the effect of awe condition on perceived self-size persists when controlling for

shared variance between perceived self-size and both powerlessness and fear.
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Powerlessness

A mixed-factorial ANOVA examining the effect of awe condition and counterbalance
order on powerlessness showed a significant main effect of awe condition, qualified by a
significant interaction between awe condition and counterbalance order (see Table 6 and Figure
8). There was no significant main effect of counterbalance order (again, the significant
interaction between counterbalance order and awe condition was not pursued further because the
low distribution of participants across the six counterbalance conditions — ranging from seven to
15 participants per group — and low power would not yield meaningful interpretations of the
data). Post-hoc LSD tests on the main effect of awe condition showed significant differences
between each pair of conditions. The threat-based awe condition was associated with
significantly greater feelings of powerlessness than the positive awe condition, p = .005, as well
as the control condition, p < .001. The positive awe condition was also associated with

significantly greater feelings of powerlessness than the control condition, p < .001.

Table 6

Effects of awe condition and counterbalance order on feelings of powerlessness (mixed-factorial

ANOVA) in Experiment 1b

dfefrect  dferror F p Np?
Awe condition * counterbalance order 10 114 235 015 .17
Main effect of awe condition 2 114 46.11 <.001 .45
Main effect of counterbalance order 5 57 053 753 .04
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Figure 8. Average feelings of powerlessness across conditions and counterbalance orders in
Experiment 1b. Error bars represent £1 SE. Counterbalance orders are indicated on the x-axis by

letter: P = positive awe condition; T = threat-based awe condition; C = control condition.

When examining the effect of awe condition on powerlessness, controlling for perceived
self-size, fear, and counterbalance order, both awe conditions were associated with greater
feelings of powerlessness than the control condition (b = 1.68, SE = 0.15, t(119.33) = 11.01, p <
.001 for threat-based awe compared to control and b = 1.13, SE = 0.15, t(119.33) = 7.40, p < .001
for positive awe compared to control). Again, this result suggests that the main effect of awe
condition on powerlessness from the mixed-factorial ANOVA persists when controlling for
shared variance between powerlessness and perceived self-size as well as between powerlessness

and fear.
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Fear

A mixed-factorial ANOVA of awe condition and counterbalance order on fear showed a
significant main effect of awe condition (see Table 7 and Figure 9). There was no significant
main effect of counterbalance order, nor a significant interaction between counterbalance order
and awe condition. Post-hoc LSD tests on the main effect of condition showed significant
differences between all three awe conditions. The threat-based awe condition was associated
with greater fear than both the positive awe condition and the control condition, both ps < .001.
The positive awe condition was also associated with significantly greater fear than the control

condition, p =.002, though both means were quite low (see Table 4).

Table 7

Effects of awe condition and counterbalance order on fear (mixed-factorial ANOVA) in

Experiment 1b

dfefrect  Oferror F p Np?
Awe condition * counterbalance order  6.39 72.84 097 454 .08
Main effect of awe condition 1.28 72.84 69.57 <.001 .55
Main effect of counterbalance order 5 57 0.66 .658 .05

Note. Mauchly’s test showed a sphericity violation, ¥%(2, N = 63) = 46.64, p <.001, e = .64; a

Greenhouse-Geisser correction is used for within-subjects results.
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Figure 9. Average fear across awe conditions and counterbalance orders in Experiment 1b. Error
bars represent +1 SE. Counterbalance orders are indicated on the x-axis by letter: P = positive

awe condition; T = threat-based awe condition; C = control condition.

A quasi-ANCOVA examining the effect of awe condition on fear, controlling for
counterbalance order, perceived self-size, and powerlessness, found that the threat-based awe
condition was associated with significantly greater levels of fear than the control condition, b =
2.25, SE = 0.17, t(119.30) = 13.11, p < .001, confirming the result from the mixed-factorial
ANOVA. However, the difference in levels of fear between the positive awe and control
condition became non-significant when controlling for shared variance between fear and
perceived self-size and between fear and powerlessness, b = 0.32, SE = 0.17, t(119.30) = 1.85, p

=.067. This result suggests that the difference in levels of fear between the positive awe and
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control condition seen in the mixed-factorial ANOVA may be explained by differences in

perceived self-size and powerlessness.

Combined Data Sets

Data from Experiments 1a and 1b were combined to examine the effect of awe condition
on the variables shared between the two samples (awe definition, perceived self-size, and
powerlessness). Analyses of these variables are repeated below with the combined data set. Tests
of normality showed skew < 3.00, kurtosis < 10.00, and no univariate outliers. The final set of
participants in the combined sample was 49.1% female (N = 116; M age = 35 years, SD =11,
range 18-71; 67.2% White/Caucasian, 6.9% Black/African, 6.9% South Asian, 18.97%

other/multiracial).

In the combined sample, the two measures of perceived self-size correlated significantly,
rm(228) = 0.65, p <.001, 95% CI [0.57, 0.72]. Again, a composite measure of the two survey
questions and circle representation was created for analysis (M = 4.41, SD = 1.35, with o ranging

from .80 to .85 between conditions).

In the combined sample, perceived self-size correlated significantly with powerlessness,
with smaller perceived self-size associated with greater feelings of powerlessness (see Table 8
for correlation and descriptive statistics; in this combined sample, M powerlessness = 3.00, SD =
1.15, with a ranging from .82 to .84). In addition to the mixed-factorial ANOVAs, quasi-
ANCOVAs, controlling for each dependent variable and using the same parameters as before,
are reported below. A Bonferroni correction was applied for all tests below using the data from

Experiments 1a and 1b (a=.05/11 =.005).
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Table 8

Repeated-measures correlation and descriptive statistics of dependent measures in combined

sample

Perceived self-size Powerlessness

Perceived self-size — -.6g***

Powerlessness —

Positive awe condition 3.80 (1.53) 3.26 (1.48)
Threat-based awe condition 3.77 (1.71) 3.59 (1.57)
Neutral control 4.84 (1.44) 2.12 (1.21)

Note. 231 degrees of freedom for the repeated-measures correlation. Means per condition are

shown with standard deviations in parentheses.

Awe definition. A chi-square test of independence to examine the difference in what
kind of awe was felt between conditions revealed a significant difference between groups, x*(4,
N =347) = 119.56, p < .001, with participants selecting the predicted definition most often for

each condition across the combined samples (see Figure 10).
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Figure 10. Frequencies of awe definition endorsements for each of the three conditions across

both studies 1a and 1b.

Perceived self-size. A mixed-factorial ANOVA examining the effect of awe condition
and counterbalance order on perceived self-size showed a significant main effect of awe
condition (see Table 9 and Figure 11). There was no main effect of counterbalance order and no
significant interaction between counterbalance order and awe condition. Post-hoc LSD tests on
the main effect of awe condition showed that both awe conditions were associated with smaller
perceived self-size than the control condition, both ps < .001, but that the two awe conditions did

not significantly differ from each other in perceived self-size, p = .548.

Table 9

Effects of awe condition and counterbalance order on perceived self-size (mixed-factorial

ANOVA) across Experiments 1a and 1b
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Ofeffect dferror F p n p2

Awe condition * counterbalance order  9.08 199.84 0.47 .892 .02

Main effect of awe condition 1.82 199.84 4353 <001 .28

Main effect of counterbalance order 5 110 0.91 A79 .04

Note. Mauchly’s test showed a sphericity violation, ¥%(2, N = 116) = 11.59, p=.003, = .91; a

Greenhouse-Geisser correction is used for within-subjects results.
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=

Figure 11. Average perceived self-size across awe conditions and counterbalance orders across
studies 1a and 1b. Error bars represent +1 SE. Counterbalance orders are indicated on the x-axis

by letter: P = positive awe condition; T = threat-based awe condition; C = control condition.

A quasi-ANCOVA run as a multiple regression of perceived self-size on awe condition,

counterbalance order and powerlessness showed significant effects of both awe conditions
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compared to the control condition. The positive awe condition was associated with significantly
smaller perceived self-size than the control condition, b =-1.04, SE = 0.11, t(228.41) = -9.66, p <
.001; and the threat-based awe condition was also associated with significantly smaller perceived
self-size than the control condition, b =-1.08, SE = 0.11, t(228.41) = -9.97, p <.001, after

accounting for shared variance with powerlessness.

Powerlessness. A mixed-factorial ANOVA examining the effect of awe condition and
counterbalance order on powerlessness also showed a significant main effect of awe condition on
powerlessness (see Table 10 and Figure 12). There was no main effect of counterbalance order,
nor a significant interaction between counterbalance order and awe condition. Post-hoc LSD
tests showed that both awe conditions were associated with significantly greater feelings of
powerlessness than the control condition, both ps < .001, but that the threat-based awe condition
was not associated with significantly greater feelings of powerlessness than the positive awe

condition, p = .014 (non-significant after a Bonferroni correction).

Table 10

Effects of awe condition and counterbalance order on feelings of powerlessness (mixed-factorial

ANOVA) across Experiments 1a and 1b

dfefrect dferror F p ﬂpz

Awe condition * counterbalance order 9.21 202.55 1.86 .058 .08

Main effect of awe condition 1.84 202.55 65.53 <.001 .37

Main effect of counterbalance order 5 110 0.88 .500 .04
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Note. Mauchly’s test showed a sphericity violation, ¥*(2, N = 116) = 9.82, p=.007, e = .92; a

Greenhouse-Geisser correction is used for within-subjects results.
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Figure 12. Average powerlessness across awe conditions and counterbalance orders across
studies 1a and 1b. Error bars represent +1 SE. Counterbalance orders are indicated on the x-axis

by letter: P = positive awe condition; T = threat-based awe condition; C = control condition.

A quasi-ANCOVA run as a multilevel regression of powerlessness on awe condition,
counterbalance order, and perceived self-size showed significant differences between both awe
conditions and the control condition when controlling for perceived self-size. The positive awe
condition was associated with significantly greater feelings of powerlessness than the control
condition, b = 1.14, SE = 0.11, t(228.41) = 10.00, p <.001; and the threat-based awe condition
was also associated with significantly greater feelings of powerlessness than the control

condition, b = 1.46, SE = 0.11, t(228.41) = 12.83, p < .001, after accounting for shared variance
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with perceived self-size. These results further confirm that after accounting for the variance
shared between powerlessness and perceived self-size, both awe conditions were associated with

significantly greater feelings of powerlessness than the control condition.

Discussion

The results from Experiment 1b further confirm the use of the three videos to induce
positive awe, threat-based awe, or neither, in terms of awe definitions and effects of perceived
self-size, powerlessness, and the new fear measure. Although we did find significant differences
between all three conditions in powerlessness with this sample, adding a measure of fear was a

further distinguishing factor between the two awe conditions.

The full combined sample of 116 participants further confirmed the results seen across
Experiments 1a and 1b. Notably, results from the combined sample reinforce the use of the awe
definition measure, showing that we successfully elicited positive and threat-based awe with the
videos in most participants. Whereas most awe research relies on participants’ own
understanding of the term and assumes that their understanding matches the definition of awe as
defined in the psychological literature, our awe definition measure ensures mutual understanding
of both positive and threat-based awe between participants and the researchers. Across these first
two studies, we have shown that participants can use this new measure to report on the type of
awe they feel in response to positive and threat-based awe video stimuli that have been validated

in past work.

Across the individual and combined samples, the threat-based awe condition led to the
most variable responses in awe definition endorsement, which perhaps suggests that the threat-
based awe video was not as effective in eliciting the desired emotion as the other conditions.

However, the threat-based awe condition was associated with significantly more fear than either
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the positive awe or control condition, replicating the threat-based awe results from Gordon et al.
(2017). The neutral control condition also showed several unexpected endorsements for both awe
definitions, perhaps a reflection of some amount of careless responding that cannot be avoided
completely in an online study. Overall, however, the pattern of results for the awe definition
endorsements was consistent across Experiments 1a and 1b, pointing to the validity of our

measure.

Mixed-factorial ANOVASs using the full (combined) sample showed significant effects of
awe condition on perceived self-size and powerlessness; and these results were confirmed
through quasi-ANCOVAs which demonstrate that awe condition affects these variables
uniquely, beyond any shared variance with other dependent measures. In other words, our data
show that both positive and threat-based awe are associated with a significantly smaller sense of
self and significantly greater feelings of powerlessness compared to feeling no awe, and that
there is no statistical difference in levels of perceived self-size between the positive and threat-
based awe conditions. The full sample also showed no significant effects of video viewing (i.e.,
counterbalance) order, suggesting that these effects of awe condition are independent of the order

of video presentation.

Although the results from Experiment 1b showed a significant difference in
powerlessness between threat-based and positive as predicted (with threat-based awe being
associated with significantly greater feelings of powerlessness than positive awe), results from
Experiment 1a and the combined sample showed no significant differences in levels of
powerlessness between the two conditions. Instead, results showed that both conditions were
associated with greater feelings of powerlessness than the control condition. This was

unexpected, given that Gordon et al. (2017) showed that threat-based awe was associated with
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greater feelings of powerlessness than positive awe. In our data, the direction of the contrast
between threat-based and positive awe was in the predicted direction (i.e., threat-based awe was
associated with descriptively higher levels of powerlessness than the positive awe condition);
perhaps we would see the predicted effect with more power. Nevertheless, this finding
complicates previous findings and theory around variants of awe: Perhaps positive awe, while
not provoking the same levels of fear as threat-based awe, is associated with a lower sense of
control or power (compared to feeling no awe) as a result of the failure to assimilate the awe-

inducing experience, a feature of awe common to both variants.

In conclusion, the data here suggest that different forms of awe can be elicited with
videos of natural scenery; and that these variants of awe led to expected results in terms of
perceived self-size and fear (with mixed results on powerlessness). Most importantly, we
replicated these effects using a new self-report measure of awe, as well as employing a within-
subjects design, both new elements to research on awe. The replication of these effects allows us
to extend these effects to awe elicited through the built environment in the next experiment.
Although the retention rate was improved for Experiment 1b over Experiment 13, it could be

further improved in the next study by increasing the Amazon Mechanical Turk approval rating.
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Chapter 3, Experiment 2a: Positive and threat-based awe in built environments
Experiment 2a extends the findings from Experiment 1 to establish the capacity of built
environments to elicit threat-based and positive awe, and in turn, examine how these emotions
affect participants’ self-size and feelings of powerlessness and fear. This study serves to validate

stimuli for Experiment 3.

The method for Experiment 2a mirrors that of Experiment 1b, with videos of built
environments taking the place of videos of natural environments. Results from Experiment 2a
should mirror results from Experiment 1b: Although no previous work has established perceived
self-size or powerlessness effects of awe in the built environment, videos of the built
environment should have the capacity to elicit awe, following both theoretical (Joye &
Verpooten, 2013) and empirical (Joye & Dewitte, 2016) work on awe in the built environment.
In Experiment 2a, we predicted that the three videos would elicit three distinct emotions:
Positive awe, threat-based awe, and no awe. We predicted that both positive and threat-based
awe elicited by built environments would lead to a smaller sense of self, as compared to the
control condition. Further, we predicted that threat-based awe elicited by a built environment
would lead to greater feelings of powerlessness, as compared to positive awe elicited by a built
environment, as well as compared to the control condition. Threat-based awe elicited by a built
environment was also predicted to result in higher ratings of fear than positive awe elicited by a

built environment and the control condition.

Because architectural video stimuli meant to provoke positive and threat-based awe did
not yet exist in the literature, we created the built environment videos in Experiment 2a (see
Materials for details on stimuli selection). The two videos contained shots of buildings that

differed by condition. Specifically, the positive awe built environment video included shots of
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religious buildings (e.g., cathedrals), whereas the threat-based awe built environment video
included shots of skyscrapers. We thought it possible that individual differences may affect
participants’ responses to awe-inducing architecture. For example, a church may have more awe-
inspiring meaning to someone who is deeply religious, compared to someone who is not
religious. Similarly, a skyscraper may be more awe-inducing to someone unfamiliar with very

tall structures, compared to someone who lives in a dense urban environment.

To assess whether personal religiousness or familiarity with skyscrapers would affect
participants’ reactions to these stimuli, we measured personal religiousness and current urban
living, a variable referring to whether participants reside in an urban, suburban, or rural
environment (with the assumption that participants in urban areas have the greatest exposure to
skyscrapers, followed by participants in suburban and rural areas). Although we had no specific
predictions about either of these variables, any significant interactions between these variables
and awe condition would suggest that the effect of the video content (i.e., type of building) on a
dependent measure is affected by how religious a participant is (in the case of personal
religiousness) or how familiar participants are with skyscrapers (in the case of current urban
living). Finally, because most of the religious buildings in the positive awe video were Catholic
or Protestant churches, we also measured participant religious affiliation as an additional
demographic variable to see if participant religious affiliation matched the affiliations of the

religious buildings.

Methods
In Experiment 2a, we developed our own video stimuli of the built environment for the
positive and threat-based awe conditions. The measures used in Experiment 2a were the same as

Experiment 1b, with the inclusion of new demographic information.
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Participants

Participants were recruited through Amazon Mechanical Turk for the online study. For
this sample, we restricted participants to Mechanical Turk workers with a 99% approval rating,
up from 95% in previous samples, to increase the number in our final sample. We aimed for a
final sample size comparable to the combined dataset in Experiment 1 (N = 116). An initial
sample of 130 participants completed the 20-minute study for $1.00 USD. Using the same
screening criteria as previous samples, our final sample consisted of 100 participants (M age =
38, SD =13, range 22-71; 60.0% male, 39.0% female, 1% other; 82% White/Caucasian, 8%

Black/African, 10% other/multiracial).

Procedure

The procedure for Experiment 2a was the same as that of Experiment 1b. Participants
were again randomly assigned to one of six video counterbalance orders; for this sample,
counterbalance numbers were more evenly distributed (ranging from 15 to 19 participants per

counterbalance order; see Table 11).

Materials

As in Experiments 1a and 1b, three videos were used to induce positive awe, threat-based
awe, or neither. The control video used to induce neutral emotion was the same video used in
Experiments 1a and 1b. The videos of built settings for the positive and threat-based awe
conditions were created using existing footage found online. The selection of the architectural
threat-based awe environment was based on previous work on awe and threat in the built
environment (Joye & Dewitte, 2016) which used digital renderings and photographs of tall,
imposing skyscrapers as awe-inducing stimuli. Although we recognize that many different

architectural styles may help facilitate a feeling of threat-based awe, we felt that relying on
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previous work on awe and threat would be the most reliable to way to induce threat-based awe
through architecture. The final video was mostly composed of shots of tall skyscrapers with
blank and monotonous fagades filmed from ground level, meant to mimic the stimuli seen in

Joye and Dewitte (2016).

Because no extant experimental work on awe had used architectural stimuli to induce
positive awe when stimuli for this study were being developed, the video selection for
Experiment 2a was based on work outside the awe literature linking architectural styles or
elements to positive emotions (such as Vartanian et al., 2013, which found that contour in
architectural spaces is associated with beauty ratings). Videos of buildings were also chosen
based on our previous work (Negami, 2016) which found relationships between architectural
features of building interiors—namely, immensity and adornment—and elicited awe (though this

work did not distinguish between variants of awe).

Video clips were found online using the photo and video-sharing websites Flickr
(www.flickr.com), YouTube (www.youtube.com), PixaBay (www.pixabay.com), and Vimeo
(www.vimeo.com). All videos used were either licensed per the terms of Creative Commons
Attribution 3.0 or were sent to the researcher by the owner with permission to use the video for
academic research. Movie clips from these downloads were edited and spliced together using
iMovie version 9.0.4. The positive and threat-based awe conditions were matched as closely as
possible on elements such as perspective and video length (see Figure 13 for film stills from each
condition). All videos were approximately two minutes long, approximately the same length as

the videos from Experiment 1.
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Figure 13. Film stills of the positive awe (top) and threat-based awe (bottom) conditions in

Experiment 2a. Still are from videos by Azzurra Music Srl. and Stupendastic.

Music selection. The videos from Gordon et al. (2017) used in Experiment 1 not only
differed by visual content (e.g., tornados, landscapes) but also by soundtrack. Because the
purpose of the Gordon et al. (2017) studies was to evoke certain emotions (namely, positive and
threat-based awe), regardless of the content of the video or accompanying music, the use of
stimuli that varied in both visual and audio content was justified. However, the aim of the present
study is to induce these emotions specifically using architectural stimuli. Thus, to ensure that any

difference we find between conditions is due to visual content of the video (i.e., different
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architectural stimuli), and not due to audio content, we kept music consistent between conditions

in Experiment 2a.

We decided to use music at all, rather than no soundtrack, for several reasons: First, to
keep participants’ attention engaged in the online study; second, because the effects we found in
Experiment 1 and wished to replicate in Experiment 2 were elicited from videos with audio
soundtracks; and third, because the use of a soundtrack would make the movies more
emotionally salient. Music is theorized to evoke affective response on its own (Juslin & Vastfjall,
2008; Kreutz et al., 2008; VVuoskoski & Eerola, 2012; but see Konec¢ni, 2008 for more
discussion), and has been found to modulate emotional response to paired stimuli of a different

modality (e.g., gustation, North, 2012).

We selected a piece of instrumental music that was ambiguous in valence in order for the
same soundtrack to be appropriate across both the positive awe and threat-based awe conditions.
Music with conflicting cues of tempo and mode has been found to lead to mixed-valence
responses (Hunter et al., 2008; Larsen & Stastny, 2011). Music with ambiguous valence can be
interpreted positively or negatively depending on paired stimuli (Maes & Leman, 2013; Margulis

etal., 2017).

We found an appropriate soundtrack that had conflicting cues of a fast tempo and minor
mode by searching the term “neutral” on a stock-music website (www.audiojungle.net). This
music accompanied all three videos (positive awe, threat-based awe, and neutral control). The
use of a movie soundtrack, such as the one accompanying a video used in Study 3 in Gordon et
al. (2017) which elicited varying levels of awe with varying levels of fear across participants,

was avoided to prevent associative responses to the music.
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Measures

All measures from Experiment 1b were replicated here. In this study, the three items
measuring perceived self-size all showed high reliability (a ranging from .83 to .87 between awe
conditions). The statements measuring perceived self-size and the graphic measure of perceived
self-size using pictures of circles correlated significantly, rm(199) = 0.50, p <.001, 95% CI
[0.50, 0.74], and were averaged together to create a composite measure of perceived self-size (M
=458, SD = 1.37). Powerlessness also showed good reliability (o ranging from .80 to .85
between conditions; M = 2.53, SD = 1.25). The measure of fear was also included in this study

(M =1.70, SD = 1.22).

Because the two new videos included shots of skyscrapers in the threat-based awe
condition and religious buildings in the positive awe condition, and because this content differed
between conditions, we included additional demographic questions measuring variables that
might influence participants’ responses to these two groups of stimuli. Specifically, we asked
participants what kind of area they currently reside in (urban, suburban, or rural) as a measure of
how familiar they might be with skyscraper buildings. Of our final sample, 31% indicated they
reside in an urban area, 46% indicated they reside in a suburban area, and 23% indicated they
reside in a rural area (see Table 11 for participant numbers per counterbalance order and current

urban living).

We also asked participants how religious they were by asking them to rate two
statements, “God is important in my life” and “Religion is important in my life,” on a 7-point
Likert-type scale (1 = not at all important and 7 = very important). This two-item scale was
replicated from other work that found good reliability between the items (Van Cappellen et al.,

2013; Van Cappellen et al., 2011). In our sample, the reliability between the statements was very
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high, a=.95 (M = 3.60, SD = 2.46). These two items were averaged together for analyses.
Finally, we asked participants to indicate their religious affiliation through a multiple-choice
question following the methods of the Pew Research Center (Pew Research Center, 2018; see

Table 12 for the religious affiliations of our sample).

Table 11

Participant numbers by counterbalance order and current urban living category in Experiment

2a
Urban Suburban Rural Total
PTC 5 7 4 16
PCT 4 8 3 15
TPC 2 10 4 16
TCP 8 8 3 19
CPT 5 7 5 17
CTP 7 6 4 17
Total 31 46 23 100

Note. Counterbalance orders are indicated by letter: P = positive awe condition; T = threat-based

awe condition; C = control condition.
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Table 12

Religious Affiliations of Participants in Experiment 2a

Religious Affiliation Count
Protestant 26
Roman Catholic 21
Agnostic 20
Atheist 18
Nothing in particular 8

Something else [text entry; e.g., “spiritual”] 4

Mormon 1

Jewish 1

Muslim 1
Results

Tests of normality showed no univariate outliers, with all z-scores within 3.29 standard
deviations from the mean; as well as skew for all variables < 3.00 and kurtosis < 10.00,

indicating normally distributed data (Kline, 1998).

The demographic variable religiousness was examined to determine whether it should be
included in analyses of the continuous dependent measures (perceived self-size, powerlessness,
and fear). Modeled as a predictor with awe condition as a covariate, religiousness did not
significantly predict perceived self-size, b = .11, SE = .06, t(98.00) = 1.95, p = .054;

powerlessness, b = .02, SE = .05, t(98.00) = 0.31, p =.758; or fear, b = .05, SE = .05, t(98.11) =
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1.05, p =.296. Because religiousness showed no association with any of the dependent measures,

it was not included in any subsequent analyses.

All mixed-factorial ANOVAs from Experiment 1b were replicated with the inclusion of
current urban living, a between-subjects variable representing the environment (urban, suburban,

or rural) that best describes where participants currently reside.

In this study, as with Experiments 1a and 1b, powerlessness and perceived self-size
correlated significantly, with greater feelings of powerlessness associated with smaller perceived
self-size (see Table 13 for correlations and descriptive statistics by condition for Experiment 2a
variables). Quasi-ANCOVAs were run with the same parameters as in Experiment 1 to account

for this shared variance, with the addition of the current urban living variable.

Table 13

Repeated-measures correlations and descriptive statistics of dependent measures in Experiment

2a
Perceived self-size Powerlessness Fear
Perceived self-size — - 52***a 120
Powerlessness — .12P
Positive awe condition 4.41 (1.57) 2.63 (1.37) 1.69 (1.38)
Threat-based awe condition 4.41 (1.59) 2.66 (1.39) 1.81(1.4)
Neutral control 491 (1.51) 2.29 (1.34) 1.61 (1.28)

Note. 2199 degrees of freedom. 198 degrees of freedom. ***p < .001. Means per condition are

shown with standard deviations in parentheses.
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Awe definition

As can be seen in Figure 14, while there was a significant difference among awe
conditions in endorsement of awe definition, x2(4, N = 300) = 53.86, p <.001, the definitions
endorsed between the positive and threat-based awe conditions were nearly identical.
Participants were more likely to endorse the positive awe definition than the threat-based awe
definition or “neither of the above” in response to both awe videos. Participants were
significantly more likely to endorse “neither of the above” in response to the neutral control

video than either awe definition.
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Figure 14. Frequencies of awe definition endorsements for each of the three conditions in

Experiment 2a.
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When this analysis was repeated separately for urban, suburban, and rural residents, the
pattern was similar to the overall results for suburban and rural residents (see Figure 15).
However, while urban dwellers also were more likely to select the positive awe definition for the
positive awe condition, they were equally likely to select the positive awe and threat-based awe
definition for the threat-based awe condition. While this result comes closest to what was
predicted (i.e., that participants would endorse the positive awe definition most often for the
positive awe condition, the threat-based awe definition most often for the threat-based awe
condition, and “neither of the above” most often for the control condition), no group of
participants was more likely to select the threat-based awe definition for the threat-based awe

video.
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Figure 15. Frequencies of awe definition endorsements by current urban living category (urban,
¥2(4, N = 93) = 17.46, p = .002; suburban, ¥*(4, N = 138) = 25.68, p < .001; and rural, x*(4, N =

69) = 18.05, p =.001) for each of the three conditions in Experiment 2a.

Perceived self-size
A 3 (awe condition) x 6 (counterbalance order) x 3 (current urban living) mixed-factorial

ANOVA examining perceived self-size showed a significant interaction between counterbalance
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order and awe condition, as well as a significant main effect of awe condition (see Table 14 and

Figure 16). No other effects were significant.

Table 14

Effects of awe condition, counterbalance order, and current urban living on perceived self-size

(mixed-factorial ANOVA) in Experiment 2a

dfefrect  dferror F p Mo

Awe condition * counterbalance order * current urban 16.30 133.62 1.47 .119 .15
living

Awe condition * counterbalance order 815 133.62 295 .004 .15
Awe condition * current urban living 3.26 13362 120 .315 .03
Counterbalance order * current urban living 10 82 1.03 429 .11
Main effect of awe condition 1.63 133.62 13.23 <.001 .14
Main effect of counterbalance order 5 82 031 .906 .02
Main effect of current urban living 2 82 057 570 .01

Note. Mauchly’s test showed a sphericity violation, ¥?(2, N = 100) = 20.89, p <.001, ¢ = .82; a

Greenhouse-Geisser correction is used for within-subjects results.
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Figure 16. Average perceived self-size across awe conditions, counterbalance conditions, and
current urban living categories in Experiment 2a. Counterbalance orders are indicated on the x-

axes by letter: P = positive awe condition; T = threat-based awe condition; C = control condition.

The significant interaction between counterbalance order and awe condition was followed
up with one-way repeated-measures ANOVASs for each counterbalance group. These post-hoc
analyses showed significant simple effects of awe condition among participants in three
counterbalance orders. There were significant simple effects of awe condition among participants
who viewed the videos in order of positive awe, neutral control, threat-based awe, F(2, 28) =
5.31, p=.011, np? = .28; threat-based awe, positive awe, neutral control, F(2, 30) = 9.66, p =
.001, np? = .39; and threat-based awe, neutral control, positive awe, F(2, 36) = 4.44, p = .019, np?
=.20. One-way repeated-measures ANOVAs among the other three counterbalance conditions

were not significant, all p > .608. As can be seen in Figure 17, participants in the two

72



counterbalance conditions who viewed the threat-based awe video first showed the predicted
pattern of results, feeling significantly smaller in response to both awe conditions, compared to
the control condition, with no significant difference in perceived self-size between the two awe

conditions.
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Figure 17. Results from post-hoc LSD tests on simple effects of awe condition per

counterbalance order, following up on the significant omnibus interaction between awe condition
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and counterbalance order for perceived self-size in Experiment 2a. Viewing order is indicated on

each x-axis, along with the number of participants per counterbalance order.

Post-hoc LSD tests probing the significant main effect of awe condition from the
omnibus ANOVA showed that while there was no significant difference in perceived self-size
between the positive and threat-based awe conditions, p = .410, both conditions were associated
with significantly smaller perceived self-size compared to the control condition, both p <.001. In
other words, on average, across all counterbalance conditions, participants felt significantly
smaller while watching both awe videos as compared to while watching the neutral control

video.

A quasi-ANCOVA of perceived self-size showed that when controlling for
powerlessness, counterbalance order, and current urban living, perceived self-size was
significantly smaller in the positive awe condition compared to the control condition, b = -0.50,
SE =0.11, t(196.81) = -4.39, p < .001, as well as significantly smaller in the threat-based awe
condition compared to the control condition, b = -0.50, SE = 0.11, t(196.81) = -4.42, p < .001.
These results lend further statistical support to the main effect of awe condition seen in the

mixed-factorial ANOVA.

Powerlessness

A mixed-factorial ANOVA examining the effect of awe condition, counterbalance order,
and current urban living on powerlessness showed a significant three-way interaction, a
significant interaction between counterbalance order and awe condition, and main effects of awe
condition and current urban living (see Table 15 and Figure 18). No other effects were

significant.
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Table 15

Effects of awe condition, counterbalance order, and current urban living on feelings of

powerlessness (mixed-factorial ANOVA) in Experiment 2a

Ofettect  Oferror F p Np

Awe condition * counterbalance order * current urban 20 164 167 .043 .17
living

Awe condition * counterbalance order 10 164 260 .006 .14
Awe condition * current urban living 4 164 062 .642 .02
Counterbalance order * current urban living 10 82 031 977 .04
Main effect of awe condition 2 164 9.85 <.001 .11
Main effect of counterbalance order 5 82 139 237 .08
Main effect of current urban living 2 82 3.65 .030 .08
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Figure 18. Average powerlessness across awe conditions, counterbalance conditions, and current
urban living categories in Experiment 2a. Counterbalance orders are indicated on the x-axes by

letter: P = positive awe condition; T = threat-based awe condition; C = control condition.

Simple effects analyses investigating the three-way interaction examined the effects of
awe condition and counterbalance order by each current urban living category (see Table 16).
Among urban dwellers, there was a significant simple interaction between awe condition and
counterbalance order. However, in following up this interaction, post-hoc one-way repeated-
measures ANOVAs examining the effect of awe condition on powerlessness per counterbalance
group among urban dwellers showed no significant simple effects, all ps > .078. There was no
significant simple effect of awe condition on powerlessness among urban dwellers, nor a
significant simple effect of counterbalance order. Among suburban dwellers, there was a

significant simple effect of awe condition. Post-hoc LSD tests following up this significant effect
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showed that among suburban dwellers, both the positive awe and threat-based awe conditions
were associated with increased feelings of powerlessness than the neutral control condition, ps =
.008 and < .001, respectively. Powerlessness between the positive awe and threat-based awe
conditions did not significantly differ for suburban dwellers, p = .577. There was no significant
simple interaction between awe condition and counterbalance order, nor a significant simple
effect of counterbalance order for suburban dwellers. There were no significant effects of awe

condition or counterbalance order among rural residents.

Table 16

Simple effects of awe condition and counterbalance order on feelings of powerlessness among

urban, suburban, and rural residents in Experiment 2a

dfeffect dferror F p ﬂpz

Urban residents Awe condition * counterbalance order 10 50 2.73 .009 .35
Main effect of awe condition 2 50 2.87 .066 .10

Main effect of counterbalance order 5 25 0.50 .774 .09

Suburban residents Awe condition * counterbalance order 10 80 1.83 .068 .19
Main effect of awe condition 2 80 798 .001 .17

Main effect of counterbalance order 5 40 1.06 .399 .12

Rural residents® Awe condition * counterbalance order 6.79 23.10 1.83 .131 .35
Main effect of awe condition 1.36 2310 2.20 .146 .11

Main effect of counterbalance order 5 17 0.78 577 .19

Note. ®Mauchly’s test showed a sphericity violation, ¥%(2, N = 23) = 10.22, p = .006, ¢ = .68; a

Greenhouse-Geisser correction is used for within-subjects results.
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The significant interaction between counterbalance order and awe condition from the
omnibus ANOVA was followed up with one-way repeated-measures ANOVASs, which showed
significant simple effects of awe condition among participants in three counterbalance orders
(the same counterbalance orders that showed significant effects of the same simple-effects
analysis for perceived self-size). There were significant simple effects of awe condition on
powerlessness among participants who viewed the videos in order of positive awe, neutral
control, threat-based awe, F(1.16, 16.18) = 4.55, p = .044, np? = .25; threat-based awe, positive
awe, neutral control, F(1.40, 20.99) = 4.18, p = .025, n? = .22; and threat-based awe, neutral
control, positive awe, F(2, 36) = 6.55, p =.004, np? = .27. Post-hoc LSD tests showed different
patterns of results for all three counterbalance conditions (see Figure 19). One-way repeated-
measures ANOVAs among the other counterbalance conditions were not significant, all ps >

223.
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Figure 19. Results from post-hoc LSD tests on simple effects of awe condition per

counterbalance order, following up on the significant omnibus interaction between awe condition
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and counterbalance order for powerlessness in Experiment 2a. Viewing order is indicated on

each x-axis, along with the number of participants per counterbalance order.

Post-hoc LSD tests investigating the significant main effect of awe condition on
powerlessness from the omnibus ANOVA showed that on average, participants felt significantly
more powerless in response to both awe conditions compared to the control condition (p = .001
for positive awe compared to control and p < .001 for threat-based awe compared to control).
There was no significant difference in powerlessness between the positive awe and threat-based

awe conditions, p = .837.

The omnibus ANOVA also showed a significant main effect of current urban living on
powerlessness, showing that powerlessness overall varied significantly across urban, suburban,
and rural participants. Post-hoc LSD tests probing the significant main effect of current urban
living showed that participants from urban areas showed significantly greater feelings of
powerlessness overall than participants from rural environments, p = .008, but not greater than
participants from suburban areas, p = .157. There was no difference between participants from

suburban areas and participants from rural areas, p = .102.

A quasi-ANCOVA examining the effect of awe condition on powerlessness, controlling
for perceived self-size, counterbalance order, and current urban living showed that powerlessness
was significantly greater in the positive awe condition compared to the control condition, b =
0.35, SE =0.09, t(196.76) = 4.01, p <.001; and that powerlessness was also significantly greater
in the threat-based awe condition compared to the control condition, b = 0.37, SE = 0.09,
t(196.76) = 4.27, p < .001. Again, this analysis confirms that participants felt more powerless in
response to both awe conditions compared to the control condition, beyond any effect of

perceived self-size.
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Fear

A mixed-factorial ANOVA examining the effect of awe condition, counterbalance order

and current urban living on fear found no significant main effects or interactions (see Table 17

and Figure 20).

Table 17

Effects of awe condition, counterbalance order, and current urban living on fear (mixed-

factorial ANOVA) in Experiment 2a

Ofeftect dferror F p Mo

Awe condition * counterbalance order * current urban 20 162 099 479 11
living

Awe condition * counterbalance order 10 162 0.78 .652 .05
Awe condition * current urban living 4 162 034 853 .01
Counterbalance order * current urban living 10 81 1.14 346 .12
Main effect of awe condition 2 162 177 174 .02
Main effect of counterbalance order 5 81 0.78 570 .05
Main effect of current urban living 2 81 116 .318 .03
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Figure 20. Average fear across awe conditions, counterbalance conditions, and current urban
living categories in Experiment 2a. Counterbalance orders are indicated on the x-axes by letter: P

= positive awe condition; T = threat-based awe condition; C = control condition.

Discussion

In general, there were no differences found between the positive awe and threat-based
awe conditions in any of the dependent measures: Awe definition, perceived self-size,
powerlessness, and fear all were rated similarly between the two conditions in this study (on
average, across current urban living groups and counterbalance orders). In other words, we did

not successfully validate the threat-based awe stimulus using video of architectural settings.

This finding was particularly unexpected because it did not replicate past work which
elicited threat-based awe using imagery of skyscrapers (Joye & Dewitte, 2016), and on which we

based our experimental stimuli. There are several reasons our results may have differed. At a
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stimulus level, our study was not a direct replication and used video, whereas Joye and Dewitte
(2016) used still images of different buildings. Accordingly, the ratings in Joye and Dewitte
(2016), as well as the current study, may have been influenced by low-level or global perceptual
properties of the stimulus (Redies et al., 2020), perhaps partially accounting for differences
between our findings. Furthermore, and more notably, Joye and Dewitte’s (2016) dependent
measure of freezing behavior was an indirect measure of threat; their direct measure of self-
reported fear showed no significant differences between the high and low-building conditions.
The only self-reported emotions that showed differences between conditions in Joye and Dewitte
(2016) were awe and wonder; no other self-reported positive or negative emotion differed
between conditions, including fear. Therefore, it is possible that the freezing behavior measured
in response to the awe-provoking buildings in their study is present in response to positive awe
as well as threat-based awe, as their data does not directly differentiate between the two

emotions.

Yet, although our skyscraper stimulus did not elicit threat-based awe, it did elicit a
different variant of awe; positive awe was induced in both experimental conditions. This result
may suggest that architecture, unlike nature, poses no inherent threat, at least in its visual form.
Whereas architecture has the ability to represent a threat, such as an oppressive political regime,
this representation may always be abstract, requiring additional context besides the visual
stimulus. On the other hand, our findings are somewhat limited in their generalizability because
of the narrow range of stimuli used. We relied on images of skyscrapers to elicit threat-based
awe based on past findings by Joye and Dewitte (2016). Although we included a variety of
buildings in our video (i.e., our results were not driven by one particular building), we may have

limited our ability to induce threat-based awe by restricting our selection of buildings for the
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threat-based awe video to skyscrapers. It is still a possibility that architecture (even the kinds of
buildings presented in Experiment 2a) has the ability to inspire threat-based awe, perhaps
especially with accompanying context or among different populations. Ultimately, we conclude
from Experiment 2a that among a general Western (US/Canada) population, images of
architecture alone (i.e., isolated from explicit sociocultural context or history) have the capacity

to inspire positive awe but not threat-based awe using our particular paradigm.

None of the videos presented in this study provoked any fear. This was a surprising
finding for the threat-based awe condition, again because of the attempt to emulate the
skyscraper stimuli in Joye and Dewitte (2016) which provoked a freezing response. However,
this was also somewhat of a surprise finding for the positive awe condition, since we did see a
difference between positive awe and control conditions in fear in Experiment 1 (at least when not
controlling for other variables), which we did not replicate here. Our findings, however, do
replicate past work by Gordon et al. (2017), which found no difference in levels of fear between

their positive awe and neutral control conditions.

We measured participants’ current residential environment in this study to examine
whether familiarity with skyscrapers (measured as current urban living) would influence
participants’ responses to the threat-based awe video, which was composed of shots of
skyscrapers. The lack of any significant two-way omnibus interactions between awe condition
and current urban living on any of the continuous dependent variables (perceived self-size,
powerlessness, or fear) suggests that the effect of awe condition on these dependent measures is
not influenced by familiarity with skyscrapers. The fact that we did not see any significant

effects of religiousness further suggests that although our built environment awe conditions had
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distinct types of buildings (i.e., religious buildings and skyscrapers), the effect of video content

on our dependent measures was not affected by related individual differences.

Although there were no significant effects of current urban living for perceived self-size
or fear, there were two significant effects of current urban living on ratings of powerlessness.
The three-way interaction between awe condition, current urban living and counterbalance order
seemed to be mostly driven by suburban dwellers feeling more powerless in response to the two
awe conditions compared to the control condition. Perhaps this result is a function of the neutral
control video portraying a suburban, and hence familiar, environment. (This result was one effect
of familiarity with skyscrapers that influenced the effect of awe condition; however, across
counterbalance orders, we found no interactions between current urban living and awe
condition.) In addition, the data show that on average (across conditions), urban dwellers
indicated feeling significantly more powerless than rural residents. Although it is not possible to
conclude what led to these results from our available data, it is interesting to speculate on a
number of possible reasons: for instance, income disparities among the participants, greater
exposure to powerful entities such as institutions and corporations in urban environments, or
even more frequent use of unreliable public transportation in urban settings, which could

decrease an individual’s sense of control.

It is somewhat concerning that for the dependent variables of perceived self-size and
powerlessness, participants in some counterbalance orders (i.e., video viewing orders) did not
show any effect of awe condition on the dependent measure. For both variables, participants who
viewed the neutral control video first (as well as participants who viewed the positive awe video
first, followed by threat-based awe and control) did not show any differences in responses across

the three videos. These results present the possibility that the carryover effect of a previous video
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influenced participant responses for subsequent videos. This possibility will be addressed in
Experiment 2b. However, on average (across counterbalance orders and current urban living
groups), the two awe conditions resulted in smaller perceived self-sizes and greater feelings of

powerlessness when compared to the control condition.

Experiment 2b: Positive and threat-based awe in built environments, between-subjects
replication
In Experiment 2a, counterbalance viewing order of the awe-inducing videos produced a
significant interaction with awe condition for two of our dependent measures, perceived self-size
and powerlessness. This effect may have been due to carryover effects of previous videos
influencing responses to subsequent conditions. In Experiment 2b, we replicate Experiment 2a
using a between-subjects design in order to test whether the main effects (i.e., across

counterbalance orders) would differ or stay consistent.

Methods
Participants

In addition to collecting new data using a between-subjects design, participants from
Experiment 2a were also included in the sample for Experiment 2b, using only data from the first
videos viewed. Between-subjects data from 125 additional participants were collected using
Amazon Mechanical Turk (with the same inclusion criteria as Experiment 2a) in order to give a
total sample of 225, based on a power analysis yielding 25 participants per cell for a 3 (awe
condition) x 3 (current urban living) design with a large effect size. Participants completing the
between-subjects study were paid $0.50 USD (the between-subjects study only showed one

condition, as opposed to three; it was therefore a shorter study).
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Using the same exclusion criteria as in all previous studies, 181 participants (M age = 39

years, SD age = 13 years, range 22-73; 57.5% male, 41.4% female, 0.6% other; 77.9%

White/Caucasian, 8.29% Black/African, 4.97% Latino, 8.84% other/multiracial) remained in our

final sample (44 out of the 125 new participants were excluded due to failed attention checks,

reporting problems watching the videos, low compliance, or for completing the study on a

smartphone) (see Table 18 for awe condition and current urban living frequencies; see Table 19

for participants’ religious affiliations).

Table 18

Participant numbers by awe condition and current urban living category in Experiment 2b

Urban Suburban Rural

Total

Positive Awe 20

Threat-based Awe 17

Neutral Control 22

Total 59

30

30

27

87

12

11

12

35

62

58

61

181
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Table 19

Religious Affiliations of Participants in Experiment 2b

Religious Affiliation Count
Protestant 46
Roman Catholic 44
Agnostic 30
Atheist 35
Nothing in particular 12
Something else [text entry; e.g., “spiritual”’] 5
Mormon 2
Jewish 2
Muslim 2
Buddhist 2

Orthodox, such as Greek or Russian Orthodox 1

Procedure

Participants were randomly assigned to one of the three awe conditions. After viewing
the movie, they completed the same measures as presented in Experiment 2a (including an
attention check, compliance questionnaire and demographic questionnaire). For this experiment,
the two measures of perceived self-size again correlated significantly, r(179) = .43, p <.001, and
were combined into one variable (M = 4.19, SD = 1.52; a for the three ratings = .78).
Powerlessness also showed good reliability (o =.85; M = 2.82, SD = 1.49). Current urban living

and religiousness (M = 3.69, SD = 2.48; o = .95 across the two items) was measured in this study
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as in Experiment 2a, again to see whether these variables would interact with awe condition (i.e.,
to determine whether the discrepant stimuli between the positive and threat-based awe conditions

would be influenced by related individual differences).

Results

Data from Experiment 2b were analyzed using 3 (awe condition) x 3 (current urban
living) ANOVAs. Fear had one high univariate outlier (z = 3.45) which was winsorized to within
3.29 standard deviations from the mean (M = 1.85, SD = 1.48 after winsorization). After
winsorization, skew for all variables < 3.00 and kurtosis < 10.00, indicating normally distributed

data (Kline, 1998); and all z-scores were within 3.29 standard deviations from the mean.

As in all previous experiments, perceived self-size and powerlessness were examined
with quasi-ANCOVAs to account for shared variance between the two variables. Because of the
between-subjects design, the quasi-ANCOVA was carried out in SPSS, using residuals from one-
way ANOVAs on each of these dependent measures in place of the covariate. In addition to the
residuals of each of these measures, current urban living was added to both models, as well as
other variables that significantly correlated with the dependent variable (religiousness and fear
did not significantly vary by condition, so the variables themselves were used as covariates; see

Table 20 for correlations between variables as well as descriptive statistics by condition).
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Table 20

Correlations and descriptive statistics of dependent measures in Study 2b

Perceived self-size Powerlessness Fear Religiousness
Perceived self-size — - 45%* -.09 15*
Powerlessness — A2 12
Fear — 22%*
Positive awe condition 4.05 (1.48) 3.20 (1.54) 2.03 (1.71) 3.60 (2.38)
Threat-based awe condition 3.85 (1.48) 3.03 (1.44) 1.78 (1.35) 3.52(2.53)
Neutral control 4.64 (1.52) 2.25 (1.32) 1.72 (1.33) 3.94 (2.54)

Note. N = 181. *p < .05. **p < .01. Means per condition are shown with standard deviations in

parentheses.

Awe definition

There was a significant difference among awe conditions in endorsement of awe
definition, ¥2(4, N = 180) = 41.94, p < .001 (see Figure 21). More participants endorsed the
positive awe definition than the threat-based awe definition or “neither of the above” in response
to both awe videos, though there was more heterogeneity in endorsements for the positive awe
condition here than in Experiment 2a. Similarly, just as in the within-subjects analysis,
participants were significantly more likely to endorse “neither of the above” in response to the

neutral control video than either awe definition.
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Figure 21. Frequencies of awe definition endorsements for each of the three conditions in

Experiment 2b.

When examining awe definition by current urban living category, the results begin to
diverge somewhat from Experiment 2a, though not for urban dwellers (see Figure 22). Among
urban dwellers, the distribution of awe definition endorsements is remarkably similar to those of
urban dwellers in Experiment 2a. Suburban dwellers also show similar results to Experiment 2a,
with the exception of awe definition endorsements for the positive awe video, for which slightly
more endorsements were made for the threat-based awe definition than in Experiment 2a. The
pattern of awe definition endorsements is quite different for rural residents between Experiments
2a and 2b. Specifically, whereas rural residents were more likely to endorse the threat-based awe

definition than the other two options for the threat-based awe video, definition endorsements did
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not seem to significantly differ for the positive awe video; and endorsements for both the
positive awe definition and “neither of the above” were almost equal for the neutral control
video. Because of the small sample of rural participants, however, this analysis could be
underpowered; with a larger sample, the pattern might more closely resemble results from the

other current urban living categories.
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Figure 22. Frequencies of awe definition endorsements by current urban living category (urban,
¥2(4, N = 58) = 16.20, p = .003; suburban, ¥*(4, N = 87) = 29.65, p <.001; and rural, y>(4, N =

35) =7.27, p = .122) for each of the three conditions in Experiment 2b.

Perceived self-size

An omnibus ANOVA on perceived self-size showed a significant main effect of awe
condition but no significant interaction between awe condition and current urban living, and no
significant main effect of current urban living (see Table 21). Post-hoc LSD tests on the
significant main effect of awe condition showed that the positive awe condition was associated
with a significantly smaller perceived self-size than the control condition, p = .027, and that the
threat-based awe condition was also associated with a smaller perceived self-size than the control
condition, p = .004. The two awe conditions did not differ significantly in perceived self-size, p

= .465 (see Figure 23).
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Table 21

Effects of awe condition and current urban living on perceived self-size (factorial ANOVA) in

Experiment 2b

Ofettect  dferror F p npz

Awe condition * current urban living 4 172 223 .067 .05
Main effect of awe condition 2 172 425 .016 .05

Main effect of current urban living 2 172 0.14 .873 .002

Awe Condition

M Positive Awe

B Threat-Based Awe

w

Neutral

Average perceived self-size
N ~

Urban Suburban Rural

Current Urban Living

Figure 23. Average perceived self-size across awe conditions and current urban living categories

in Experiment 2b. Error bars represent £1 SE.
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A quasi-ANCOVA examining the effect of awe condition on perceived self-size,
controlling for powerlessness, religiousness, and current urban living found a significant main
effect of awe condition, F(2, 170) = 4.53, p = .012, ny% = .05. Post-hoc LSD tests showed that
participants in the threat-based awe condition reported feeling significantly smaller than those in
the control condition, p = .003, and there was no significant difference in perceived self-size
between the threat-based and positive awe conditions, p = .427. However, unlike the factorial
ANOVA, and diverging from our within-subjects results, this quasi-ANCOVA showed that
participants in the positive awe condition did not feel significantly smaller than those in the
control condition, p =.089. This analysis suggests that the variance shared between perceived
self-size and powerlessness and religiousness accounts for the significant difference in perceived

self-size seen between the positive awe and control condition in the factorial ANOVA.

Powerlessness

A between-subjects factorial ANOVA examining the effect of awe condition and current
urban living on powerlessness showed a significant main effect of awe condition but no
significant interaction between awe condition and current urban living, nor a significant main
effect of current urban living (see Table 22). Post-hoc LSD tests on the significant main effect of
awe condition showed that participants in both awe conditions felt significantly more powerless
than participants in the control condition (p <.001 between positive awe and control; p = .004
between threat-based awe and control conditions). Feelings of powerlessness did not differ

significantly between the positive awe and threat-based awe conditions, p = .504 (see Figure 24).
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Table 22

Effects of awe condition and current urban living on feelings of powerlessness (factorial

ANOVA) in Experiment 2b

dfetrect  dferror F p Mp

Awe condition * current urban living 4 172 0.63 .643 .01
Main effect of awe condition 2 172 743 .001 .08
Main effect of current urban living 2 172 1.60 .204 .02
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Figure 24. Average ratings of powerlessness across awe conditions and current urban living

categories in Experiment 2b. Error bars represent £1 SE.
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A quasi-ANCOVA examining the effect of awe condition on powerlessness, controlling
for perceived self-size, fear, and current urban living found a significant main effect of awe
condition, F(2, 170) = 10.37, p <.001, ne? = .11, with both the positive awe and threat-based awe
conditions associated with significantly higher ratings of powerlessness than the control
condition (both ps <.001). The two awe conditions did not significantly differ in powerlessness,
p = .714. This analysis confirms the factorial ANOVA results, as well as the main effect of awe

condition from the within-subjects results.

Fear
A between-subjects factorial ANOVA examining effects of awe condition and current
urban living on fear showed no significant main effects or interactions, replicating our within-

subjects results (see Table 23 and Figure 25).
Table 23
Effects of awe condition and current urban living on fear (factorial ANOVA) in Experiment 2b

dfeffect dferror F p ﬂpz

Awe condition * current urban living 4 172 0.63 .639 .02
Main effect of awe condition 2 172 0.29 .748 .003
Main effect of current urban living 2 172 1.68 .189 .02
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Figure 25. Average fear by awe condition and current urban living category in Experiment 2b.

Error bars represent +1 SE.

Discussion

In summary, the between-subjects replication of Experiment 2a mostly confirmed our
main within-subjects results: Both awe videos induced positive awe, with both videos resulting
in greater feelings of powerlessness than the neutral control video, and at least one video
resulting in smaller perceived self-size (when controlling for powerlessness, religiousness and
current urban living, the difference in perceived self-size between the positive awe condition and
the control condition became non-significant, though participants did feel at least descriptively
smaller in the positive awe condition). Unlike Experiment 2a, we found no significant effects of

current urban living in Experiment 2b. However, the general consistency in results, especially
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those pertaining to awe condition, between Experiments 2a and 2b suggests that continuing with

a within-subjects design for Experiment 3 is suitable.

Yet while Experiment 2b findings confirm our within-subjects results from Experiment
2a, they likewise point to the inconsistency between our data and previous findings by Joye and
Dewitte (2016) on which we based our threat-based awe stimuli. Again, these divergent findings
could be explained by the possibility that while participants may have experienced positive awe
in Joye and Dewitte (2016), they yet evinced freezing behavior, which could be a feature of
positive awe. More work is needed to clarify this finding, as well as on factors (such as current
urban living) which might moderate the type of awe experienced through certain environments,

including urban ones.

In comparing main effects of awe condition across Experiments 1 and 2, we also found
generally consistent results, highlighting the ability of our architectural video stimuli to elicit
positive awe, using the same design as Experiment 1 which replicated past work on positive and
threat-based awe in natural environments. While we found that both natural and architectural
positive awe-inducing environments (across Experiments 1 and 2) were not associated with
greater levels of fear than the control condition in each study, replicating past findings by
Gordon et al. (2017), the smaller sample size in Experiment 1b (N = 63) (as well as the
divergent results in that sample between the ANOVA and ANCOVA) and the restricted use of
the fear measure in Experiment 2, particularly Experiment 2b, limits our ability to draw firm
conclusions on fear associated with positive awe. A comparison of fear between positive-awe-
eliciting natural and built environments, as well as 