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Abstract
Growing work suggests that interoception, i.e., representations of one’s internal bodily changes, plays a
role in shaping emotional experiences. Past studies primarily examine how behavioral accuracy in
detecting interoceptive signals (interoceptive ability) relates to emotional states, with less work examining
self-reported interoceptive facets such as the characterizations of one’s interoceptive abilities
(interoceptive sensibility) or evaluative beliefs about the value vs. danger of interoceptive signals
(interoceptive beliefs). However, existing studies rarely examine physiological reactivity, behavioral, and
self-reported dimensions of interoception together in the same sample. As such, it remains unclear
whether and how much individual differences in interoceptive facets uniquely and in interaction with
physiological reactivity may matter for emotional experience. Herein, 250 healthy young adults
completed a heartbeat detection task assessing interoceptive ability and questionnaire measures of
interoceptive sensibility and beliefs during an initial laboratory visit. At a follow-up session, 227
participants returned to undergo an acute psychosocial stressor. Measures of physiological arousal such as
pre-ejection period and heart rate variability were acquired throughout the stressor with self-reported
emotions acquired immediately after. Linear regressions revealed that greater sympathetic nervous system
reactivity (i.e., pre-ejection period), poorer interoceptive ability (i.e., accuracy), and less positive
interoceptive beliefs were related to more intense high arousal emotions during the stressor. Importantly,
across models, interoceptive beliefs was the only interoceptive facet to moderate the concordance
between physiological and emotional arousal. Implications for psychological theories of emotion, stress,

and interoception are discussed.
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Recall how your body felt the last time you were stressed. Perhaps your heart was racing, your stomach
clenched, or you had sweaty palms. Laypeople commonly report bodily sensations as concomitant with
their emotional states (Nummenmaa et al., 2014), while peripheral psychophysiology confirms that
visceral changes (e.g., in heart rate, respiration, or blood pressure) often accompany emotions (Siegel et
al., 2018). One perennial debate is whether bodily changes can contribute to vs. are merely the product of
emotional experiences (Cannon, 1927; James, 1884; MacCormack & Lindquist, 2017; Oosterwijk &
Barrett, 2014; Reisenzein, 1983; Schachter & Singer, 1962). Interoception—how the brain and mind
represent internal bodily states and signals—is increasingly recognized as a key avenue by which bodily
changes can translate to emotion and other aspects of social affective functioning (Arnold et al., 2019;
Barrett, 2018; Garfinkel & Critchley, 2013; Khalsa et al., 2018; Quigley et al., 2021; Shah et al., 2017).

Yet relations between interoception and emotion are surprisingly unclear. Some studies measure
interoceptive ability, or performance-based behavioral accuracy at accessing interoceptive signals such as
the heartbeat (Barrett et al., 2004; Critchley et al., 2004; Herbert et al., 2010; Kindermann & Werner,
2014b). Still others measure interoceptive sensibility—self-reported beliefs, self-characterizations, or
confidence in one’s perceived ability to access interoceptive signals (e.g., Forkmann et al., 2016;
Garfinkel et al., 2015; Palser et al., 2018). Finally, little studied are evaluative beliefs about the meaning
of bodily sensations, such as whether sensations are valuable or dangerous, herein called interoceptive
beliefs. Existing evidence suggests that these facets tap different underlying constructs, but few studies
have compared their roles side-by-side in relation to emotion.

Studies examining physiology and emotion also rarely account for individual differences in
interoception, while inversely, studies on interoception and emotion rarely account for individual
differences in physiology, despite good reasons to do so. For instance, the effect sizes linking
physiological reactivity and self-reported emotions or stress are often small-to-medium (Campbell &
Ehlert, 2012; Feldman et al., 1999; Mauss et al., 2005; Siegel et al., 2018), which could be due in part to
unmodeled associations with interoception. Similarly, when measuring interoception, it is critical to

consider state or trait differences in physiological intensity, which may alter the threshold for accessing



internal sensations (Blascovich et al., 1992; Fairclough & Goodwin, 2007; Herbert et al., 2012; Murphy,
Brewer, et al., 2018). Thus, there remains no demonstration comparing whether and which interoceptive
constructs moderate the physiology-emotion relationship.

In line with calls for more comprehensive interoceptive assessments (Suksasilp & Garfinkel,
2022), we aimed to provide an integrative resolution to these outstanding questions. A sample of healthy
young adults (N=250) completed measures of interoceptive ability, sensibility, and beliefs. At a follow-up
session, participants returned (N= 227) to complete an acute psychosocial stressor and assessments of
stressor-induced changes in physiological arousal (pre-ejection period, heart rate variability), with
emotions self-reported immediately following the stressor. This study allowed us to first clarify the nature
of interoceptive constructs in relation to each other, while testing the additive importance and validity of
the construct of evaluative interoceptive beliefs, which has largely been ignored by previous literature.
Second, we aimed to compare the unique relations of interoceptive constructs with emotional experience,
above and beyond shared interrelations between interoceptive constructs and physiology, while testing
their relative roles of in moderating the concordance between physiological reactivity (i.e., in autonomic
nervous system arousal) and emotional experience (i.e., emotional arousal) during an acute stressor.

Theoretical Frameworks Bridging Physiology to Emotion

Longstanding research characterizes the extent to which peripheral physiological changes are associated
with emotion. Psychophysiological measures are diverse, capturing signals across multiple domains, such
as the cardiovascular system (e.g., heart rate, heart rate variability, blood pressure), skin and sweat (i.e.,
skin conductance), the gut (e.g., electrogastrography), and hormonal changes (e.g., cortisol, testosterone,
adrenaline). Physiological reactivity refers to functional changes within a physiological measure in
response to stimuli (e.g., a difficult interpersonal interaction) relative to a baseline or control period. On
average, there are changes in physiological reactivity during emotional states (e.g., heart rate, respiration,
blood pressure), and the intensity of physiological reactivity tends to correlate with the intensity of felt
emotion (Golland et al., 2014; Mauss & Robinson, 2009). Similarly, experimental manipulation of a

given physiological system or state (e.g., hunger, inflammation, sympathetic nervous system-related



signaling) impacts the intensity or quality of concurrent emotions (Harrison et al., 2009; MacCormack,
Armstrong-Carter, et al., 2021; MacCormack & Lindquist, 2019; Muscatell et al., 2016). Physiological
changes are thus associated with and can even contribute to emotional states.

However, the association between physiological reactivity and self-reports (emotion, stress) is
small or weak (Campbell & Ehlert, 2012; Feldman et al., 1999; Siegel et al., 2018), suggesting that
certain moderators may alter the extent to which physiological dynamics contribute to emotional
experiences. For instance, some individuals exhibit greater concordance between their physiology and
emotion reports relative to others (Brown et al., 2019; Mauss et al., 2005; Sommerfeldt et al., 2019; Sze et
al., 2010; Van Doren et al., 2021). Concordance differences could stem in part from individual differences
in the intensity of physiological reactivity to evocative stimuli (Del Giudice et al., 2011; Kupper et al.,
2021; Manuck et al., 1989). At the anatomical or physiological level, such variation may stem from
structural or functional differences in the central or peripheral nervous systems and their target organs
whether due to epigenetics, aging, or health (Ginty et al., 2014; Lovallo et al., 2012; Uchino et al., 2010).

However, individual differences in interoception may also moderate the association between
physiological reactivity and emotion reports. Interoception refers to the processes wherein the brain and
mind come to represent and predict afferent physiological states and signals (Cameron, 2001; Craig,
2003; Khalsa et al., 2018; Quigley et al., 2021; Tsakiris & De Preester, 2018; Vaitl, 1996). Interoception
is an important construct in constructionist models of emotion, such as the theory of constructed emotion
(Barrett, 2006, 2017a, 2017b, 2018; Lindquist, 2013), which argue that instances of emotion states
emerge from domain-general neural processes that iteratively fuse together ongoing sensory inputs from
the body’s internal state, external sensations from the world, and an individual’s accumulated working
models (e.g., concepts, beliefs, learning) (Atzil et al., 2018; Barrett & Simmons, 2015; Gendron et al.,
2020; Hoemann & Barrett, 2019; Kleckner et al., 2017; Lindquist et al., 2015; Lindquist & Barrett, 2012;
MacCormack & Lindquist, 2017, 2019). As such, when individuals exhibit greater concordance between
physiological and emotional arousal, a constructionist interpretation is that this is due to a heavier

weighting of afferent bodily and interoceptive signals and predictions in emotion construction.



With this constructionist hypothesis in mind, greater concordance between physiological and
emotional arousal could arise in part due to within-person state differences, such as times when bodily
signals are more robust and/or situationally salient (e.g., an acute stressor, when hungry). For example,
Brown et al. (2019) and Van Doren et al. (2021) have argued and found that coherence between
physiology and emotion may be stronger under state conditions of more robust physiological reactivity.
Thus, interoception may be particularly relevant for helping couple together physiological and emotional
states (MacCormack, Henry, et al., 2021; Sze et al., 2010; Van Doren et al., 2021). It follows that
variation in the coherence between physiological and emotional arousal could arise in part due to
between-person trait differences in interoception.

Feeling the Body: The Role of Individual Differences in Interoception in Emotion

Just as individuals differ in their ability to taste bitterness or sweetness, so too do individuals
differ in interoception. To date, many studies have investigated the physiological, neural, and
psychological pathways underlying interoception and its implications for emotion, sociality, wellbeing,
and health (reviews in Arnold et al., 2019; Dunn et al., 2010; Farb et al., 2015; Fotopoulou & Tsakiris,
2017; Owens et al., 2018; Schulz & Vo6gele, 2015; Simmons & DeVille, 2017). Interoception is often
examined as interoceptive ability or sensibility, but much less commonly, as interoceptive beliefs.

Interoceptive Ability. Interoceptive ability describes the behavioral ability to accurately
discriminate between and track physiological changes, such as one’s heartbeat. Early studies revealed that
individuals vary in their ability to perceive such physiological changes (Katkin et al., 1982; Schandry,
1981; Whitehead et al., 1977). Heartbeat tracking or counting tasks (Schandry, 1981) ask individuals to
mentally track and count the number of heartbeats they perceive throughout a randomized set of presented
time intervals, which are then compared against the actual number of heartbeats measured therein.
Heartbeat detection or discrimination tasks (Brener et al., 1993; Brener & Kluvitse, 1988; Kleckner et al.,
2015; Whitehead et al., 1977) present individuals with auditory tones that are either synchronous or
asynchronous with their actual heartbeats. Signal detection theory is then used to calculate whether

individuals are accurately identifying true heartbeats.



Consistent with the notion that interoception may moderate the concordance between physiology
and emotion, interoceptive ability often correlates with self-reported emotional intensity across measures
and contexts. For instance, some studies reveal that interoceptive ability is associated with more intense
momentary emotional states induced by evocative images or film clips (e.g., Dunn, Galton, et al., 2010;
Eichler et al., 1987; Ferguson & Katkin, 1996; Hantas et al., 1982; Herbert et al., 2007; Pollatos et al.,
2005, 2007; Schandry, 1981; Wiens et al., 2000) or as induced by acute stressors (e.g., Blascovich et al.,
1992; Durlik et al., 2014; Fairclough & Goodwin, 2007; Kindermann & Werner, 2014a, 2014b; Schandry,
1983; Werner et al., 2009). But there is also evidence that interoceptive ability is specifically linked to
variation in the arousing features of emotion. Arousal describes the degree to which a state is experienced
as highly activating vs. quiescent (Barrett & Bliss-Moreau, 2009; Satpute et al., 2019). Importantly,
arousal is somewhat independent of valence (how pleasant vs. unpleasant a given state is), and both
arousal and valence are considered descriptive features of all conscious states (Barrett & Russell, 1999).
Although emotional intensity is not equivalent to emotional arousal (e.g., one can have intensely positive
or negative states that are also low or neutral arousal; Kuppens et al., 2013), high arousal emotional states
such as feeling angry, stressed, or anxious tend to involve more overt, robust physiological changes (e.g.,
Lavoie etal., 2001). As a result, interoceptive ability may especially moderate the link between
physiology and emotion in the case of high arousal emotional experiences. Barrett et al. (2004) found that
performance on a heartbeat detection task predicted more frequent endorsements of emotion categories
that varied in arousal (relative to valence) across two months of experience sampling. Studies with the
heartbeat counting task provide convergent evidence, such that higher ability was associated with more
intense arousal ratings of affective images (Herbert et al., 2010) and higher arousal experiences of anxiety
(Dunn, Stefanovitch, et al., 2010). Thus, one hypothesis is that interoception—and perhaps especially
interoceptive ability—may be particularly relevant in creating concordance between physiological and
emotional arousal (MacCormack, Henry, et al., 2021; Sze et al., 2010; Van Doren et al., 2021).

Interoceptive Sensibility. Interoceptive sensibility reflects individuals’ beliefs about or self-

characterizations of how interoceptively attuned they are (Garfinkel & Critchley, 2013). Interoceptive



sensibility is often measured with questionnaires such as the Multidimensional Assessment of
Interoceptive Awareness (MAIA; Mehling et al., 2012) or the Body Awareness Questionnaire (BAQ);
Shields et al., 1989). The MAIA includes items assessing how much people think they notice and pay
attention to their bodily sensations, as well as how much they think these bodily sensations contribute to
emotions. The BAQ similarly assesses how much people think they notice and can accurately track
different types of physiological changes such as being hungry or fatigued. Both older and recent studies
find that sensibility is unrelated to interoceptive ability (Cali et al., 2015; Garfinkel et al., 2016; Horvéath
etal., 2021; Murphy et al., 2020; Whitehead et al., 1976), perhaps reflecting broader disconnects between
performance-based and self-assessment measures in other domains (Dang et al., 2020; Guassi Moreira et
al., 2020). On the other hand, sensibility measures people’s self-characterizations of their tendency to
notice and direct attention towards interoceptive sensations (Garfinkel & Critchley, 2013; Khalsa et al.,
2018; Murphy et al., 2020; Zamariola, Frost, et al., 2019) rather than objective detection of those signals.
Thus, sensibility may reflect beliefs about interoceptive attention and accuracy regardless of participants
actual engagement of attention or accuracy when trying to detect those signals.

Greater interoceptive sensibility as measured by the MAIA or BAQ is associated with trait-level
measures of anxiety and depression (Ehlers & Breuer, 1992; Hanley et al., 2017; Mehling et al., 2013;
Palser et al., 2018). Yet whether sensibility relates to state measures of emotion, such as during an acute
stressor, remains underexamined. Recent studies show no relation between sensibility (e.g., the BAQ) and
emotion states (Horvath et al., 2021; Lustyk et al., 2012; Zamariola, Luminet, et al., 2019). Despite these
null effects, it is possible that the subjective tendency to monitor bodily sensations is important for
emotion states because greater attention to interoceptive cues during an emotional event could heighten
emotional intensity and/or arousal. Clearly, more evidence in larger samples, while adjusting for shared

relations with physiology and other interoceptive measures, is needed.

! Occasionally, sensibility is used to refer to individuals’ confidence or self-reported belief about how accurate their
interoceptive ability is, as rated in heartbeat detection or tracking tasks (e.g., Forkmann et al., 2016; Mai-Lippold et
al., 2020). See the Supplementary Materials (SMs) for supplementary analyses and discussion that show behavioral
confidence and MAIA/BAQ self-reports are unrelated in the present dataset.



Interoceptive Beliefs. Although the BAQ and MAIA may capture beliefs about one’s level of
attention and accuracy for interoceptive signals, individuals also likely hold evaluative beliefs about the
valenced meaning of interoceptive sensations. For simplicity, we refer to these as interoceptive beliefs.
Just as individuals differ in their beliefs about whether emotions are valuable or dangerous (Garrett-Peters
etal., 2017), so too may individuals differ in the extent to which they believe interoceptive sensations are
valuable or dangerous. Such beliefs should have critical implications for the experience and management
of emotion and stress. Although to our knowledge, no studies have explicitly addressed the role of
evaluative interoceptive beliefs in emotional experience, findings with related constructs are suggestive.

For example, while the MAIA is largely used as a measure of interoceptive sensibility, its body
trusting and not worrying subscales may help capture people’s positive and negative stances towards
interoceptive sensations as experiences that one can trust or not worry about. Similarly, some mindfulness
practices teach the belief that sensations should be treated with acceptance or can serve as valuable
sources of self-insight (Farb et al., 2015; Hanley et al., 2017). On the other hand, people with eating
disorders tend to believe that bodily sensations like hunger are dangerous (Lattimore et al., 2017; Merwin
et al., 2010) and people high in anxiety sensitivity or distress intolerance tend to catastrophize their bodily
sensations (De Cort et al., 2013; Deacon & Abramowitz, 2006; McHugh et al., 2019; Olthuis et al., 2012;
Richards & Bertram, 2000). Work on illness and pain beliefs similarly shows that major health events or
ongoing health conditions (e.g., cancer, chronic pain) can sometimes lead individuals to develop more
negative, threatened, or vigilant mindsets towards their somatic symptoms (e.g., Caneiro et al., 2021;
Cunningham et al., 2021; Fisher et al., 2018; Heathcote et al., 2021). In the context of acute stress,
experimentally manipulating arousal reappraisals about the adaptive vs. maladaptive value of arousal
impacts cortisol reactivity, behavioral performance (e.g., during an exam, interview, game), as well as
emotional self-reports (Jacquart et al., 2020; Jamieson et al., 2010, 2012, 2016; Sammy et al., 2017).
Similarly, stress mindset theory argues that individual differences in viewing stress as enhancing vs.
debilitating helps buffer against vs. exacerbate the physiological, emotional, and cognitive effects of

acutely stressful experiences (Crum et al., 2013, 2017; Park et al., 2018).



Herein, we use the term “interoceptive beliefs” to help unify these diverse constructs siloed
across contexts and disciplines while also providing a place for interoceptive beliefs in the emerging
framework of interoceptive constructs. As such, one secondary goal of the present study is to begin
characterizing evaluative interoceptive beliefs (i.e., construct validity) while examining their potential
implications (i.e., predictive validity) for research on emotion and related constructs.?

The Present Study

In the present study, we examined the role of interoception in emotional experience and as a
moderator between physiology and emotion. We recruited 250 healthy young adults who, at an initial
session, completed a heartbeat detection task to assess their interoceptive ability counterbalanced with
guestionnaires measuring interoceptive sensibility and beliefs. At a second session, 227 participants
(90.8%) returned and completed a variant of the Trier Social Stress Test (TSST; Kirschbaum et al., 1993),
wherein participants prepared and then gave a speech and performed math in front of neutral evaluators.

To assess physiological arousal, we examined pre-ejection period as an index of cardiac
sympathetic nervous system (SNS) reactivity and heart rate variability as an index of cardiac
parasympathetic nervous system (PNS) reactivity. The SNS and related nor/adrenergic systems play
critical roles in supporting arousal, wakefulness, attention, and the marshalling of visceromotor activity
for adaptive responding, including during situations involving threat, stress, and motivated performance
(Berridge, 2008; Cacioppo et al., 1994). In contrast to the SNS, which accelerates the cardiac cycle and
subsequent cardiac output, the PNS exerts a slowing “regulatory” effect on cardiac function via
modulation of vagal nerve outflow to the sinoatrial cells in the heart (Berntson et al., 1993). However,
during intensely demanding, challenging, or threatening events, SNS activation is often accompanied by
PNS withdrawal via vagal withdrawal. Such PNS withdrawal allows SNS cardiac influences to

predominate (Weissman & Mendes, 2021), producing a state of physiological arousal.

2 Others have recently used the term “interoceptive beliefs” to refer to people’s perceptions about how fast
their hearts are beating during interoceptive tasks (Legrand et al., 2022). Such beliefs likely draw on
knowledge about one’s typical heart rate, confidence in one’s interoceptive ability, etc.



Finally, to assess emotional arousal, we focused on self-reported highly aroused emotions (e.g.,
frustration, stress, anxiety) in response to the TSST. We focused on emotional arousal given prior work
linking heartbeat detection performance with the arousal component of emotion (e.g., Barrett et al., 2004).
However, in support of future replications and meta-analyses, we report exploratory analyses examining
negative, low arousal, and positive emaotions in the Supplemental Materials (SMs).

Evaluating the Nature of Interoceptive Constructs After Including Interoceptive Beliefs

This study had two primary goals. First, we aimed to evaluate the interrelations between
interoceptive constructs (ability, sensibility, beliefs). We were especially interested in understanding the
predictive and discriminant validity of interoceptive beliefs as a new, underexamined construct. As
described above, most prior interoceptive literature has focused on measures of interoceptive ability or
sensibility, with less explicit focus on the role of value-based beliefs about one’s interoceptive sensations,
despite good reasons for why such beliefs may be important for the experience and management of
emotions and stress. Thus, to better characterize interrelations between interoceptive constructs, we first
conducted exploratory and confirmatory factor analyses and bivariate correlations on our measures of
interoceptive ability, sensibility, and beliefs. We predicted that these measures would be distinct,
reflecting different interoceptive constructs, in line with prior work (e.g., interoceptive ability and
sensibility are distinct; Ferentzi et al., 2018; Forkmann et al., 2016; Garfinkel et al., 2015, 2016).
Testing Interoceptive Constructs as Main Effects and Moderators of Emotion

Our second goal was to establish, through stepwise regressions, the relative main effect sizes for
interoceptive constructs in relation to self-reported emotions, while also testing their roles as moderators
between physiological reactivity and self-reported emotions during the acute stressor. In so doing, we
aimed to establish the additive value (i.e., predictive validity and utility) of evaluative interoceptive
beliefs as a new construct, clarifying whether such a construct would matter after accounting for shared
variance with interoceptive ability and sensibility. Indeed, past studies tend to only examine one
interoceptive construct at a time (e.qg., ability) in relation to emotion, despite potential confounds with

other interoceptive constructs (e.g., sensibility, beliefs) so the predictive validity of these constructs in the



context of emotion remains unclear. Recent methodological work highlights that performance on the
heartbeat tracking or counting task may be biased by prior knowledge and beliefs about one’s heartbeat
and cannot be a pure behavioral measure of interoceptive accuracy (Desmedt et al., 2018; Murphy,
Millgate, et al., 2018; Ring et al., 2015; Zamariola et al., 2018). Thus, measuring and modeling the
underlying shared relations between interoceptive constructs alongside physiological reactivity could
provide more accurate effect size estimates relating interoceptive constructs with emotion.
Methods

Participants

We recruited a total of 250 healthy young adults from the University of North Carolina at Chapel
Hill’s Department of Psychology and Neuroscience psychology participant pool to participate in a first
study session (57.6% female, 42.4% male; 57.6% White, 13.6% African American, 13.6% Asian
American, 6.4% Latinx, 6.0% biracial, and 2.8% that were other ethnic identities; Mage= 19.20 years,
SDage= 1.29 years, 17-29 years old; Table 1). Recruitment goals were a product of both power analyses
and expectations that some attrition would occur between Session 1 and Session 2. Effect size estimates
were determined based on prior literature. Prior studies that found a significant main effect between
heartbeat detection performance and emotional arousal observed small-to-moderate effects (e.g., r=.23 in
Barrett et al., 2004; rs=-.30, -.58 in Blascovich et al., 1992). Meta-analyses also reveal small-to-moderate
associations (rs~ .10-.50) between measures of cardiovascular reactivity to acute stressors and self-
reported emotion (Campbell & Ehlert, 2012; Feldman et al., 1999). Power analyses in G*power (Faul et
al., 2007) suggested that a sample of N=84 would have 80% power to detect small-to-moderate main
effect size (d=.30) and a sample of N=193 would have 80% power to detect a small interaction (d=.20).
However, given that we aimed to conduct factor analyses and stepwise linear regressions, we aimed for a
higher sample size of N=250. Of the 250 participants who completed the first session, 227 participants
(90.8%) returned. All data were collected in accordance with APA ethical standards for human

participants, as reviewed and monitored by the university’s Internal Review Board (IRB# 14-3243).



Table 1. Sample characteristics.

Demographics Session 1 (N=250)  Session 2 (N=227) ©
Self-identified sex

N Female 144 (57.6%) 128 (56.4%)

N Male 106 (42.4%) 99 (43.6%)
Self-identified ethnicity

N African descent 34 (13.6%) 33 (14.6%)

N Asian descent 34 (13.6%) 31 (13.7%)

N European descent 144 (57.6%) 132 (58.4%)

N Latinx descent 16 (6.4%) 13 (5.8%)

N Bi- or multi-racial 15 (6.0%) 14 (6.2%)

N Other 7 (2.8%) 4 (1.3%)
Other demographics

Mean Age 19.20 £ 1.29 yrs 19.24 £ 1.34 yrs

Mean BMI (self-report) 22.76 £ 2.86 kg/m?  22.80 * 2.89 kg/m?

Mean Subjective SES ? 4.62 +1.32 4.65+1.30
Somatization °

Mean Symptom reports 1.49 + .39 149+ .37

Mean Hypochondriasis 1.53 + .67 1.52 + .66

aRather than asking students to report their family income, which they might not know, we instead
assessed subjective SES with a 6-item scale about relative wealth in childhood and at college (Likert
ratings ranged 1-7). See SMs for items. ® Somatization tendencies were assessed using the Common
Mental Disorders somatization and hypochondriasis subscales with Likert ratings ranged 1-5 (Sggaard &
Bech, 2009). Note that we did not assess depressive or anxious tendencies or eating disorder status, given
that these were conditions screened against during intake. ¢ Twenty-three individuals did not return for
Session 2, but sample characteristics did not significantly differ in demographic or psychological features
as determined by t-tests (age, BMI, SES, somatization) and chi-square tests (sex, ethnicity), all ps> .250.
Procedure

Potential participants were prescreened for conditions that could affect autonomic physiological
or emotional intensity (e.g., diagnosis of mental disorder, heart conditions or cardiac pacemakers, body
mass index (BMI) > than 33, current illness, etc.). Full criteria are included in SMs. Participants
completed two laboratory sessions, each at least one week but no more than two months apart. The goal
of the first session was to assess interoceptive ability, sensibility, and beliefs alongside other participant
characteristics. The goal of the second session was to induce robust changes in physiological arousal and
emotional experience via the TSST. During recruitment and throughout the study, participants were told
that the study assessed “individual differences in physiology and cognition.” Participants received
participation credits upon completion.

Session 1: Interoceptive Assessments. Participants completed Session 1 in a private testing

room that included only the testing computer and psychophysiological equipment. Participants removed



all jewelry and belts (as these can interfere with psychophysiological measures) and any wearable
technology (e.g., Fitbits, Apple Watches that could distract or provide biofeedback), leaving their phones
on silent outside the testing room. Participants first reported their current health and completed written
informed consent, after which we collected five minutes of resting baseline electrocardiography (ECG).
This baseline was only collected to help establish physiological parameters for the heartbeat detection
task. After baseline, participants completed tasks in counterbalanced order: (1) a heartbeat detection task
to assess interoceptive ability, (2) a Qualtrics survey that included measures of interoceptive sensibility
and beliefs, and (3) an exploratory reaction time task not reported herein. Tasks were counterbalanced
given that completing the heartbeat detection task might make interoceptive processes more accessible,
temporarily altering ratings on interoceptive questionnaires. Questionnaires and their items as well as
heartbeat detection trials were randomized to prevent order effects. At the end, the experimenter thanked
the participant and provided reminders about the second laboratory visit.

Session 2: Trier Social Stress Test. Participants completed Session 2 in a large private testing
room that included the testing computer, a video camera, psychophysiological equipment, and a table
with two chairs opposite the participant. Participants removed all jewelry, belts, and wearable technology
and left their phones on silent outside the testing room. As in Session 1, participants first completed a
“health check” to assess protocol adherence. Next, the experimenter prepared individuals for
psychophysiological data collection. Specifically, we collected ECG and impedance cardiography (ICG)
to assess autonomic nervous system indices of pre-ejection period and heart rate variability. After a 5-min
resting ECG/ICG baseline, the experimenter re-entered the testing room and provided a new consent
form. As required by the IRB, this consent form told participants that they were about to undertake a
cognitive behavioral test that included public speaking so that we could assess their “cognitive
performance under pressure.”

After consent, the TSST began. The TSST is a widely used motivated performance task that
reliably increases sympathetic nervous system activity and experiences of negative, high arousal emotion

and psychological stress. First, the experimenter introduced two judges dressed in white lab coats whom



the participant learned were trained experts in nonverbal communication, public performance, and
cognitive ability. The participant was told they should “imagine that this is a preliminary interview for a
desirable job in your specific area of interest” and that they would provide a 10-min imaginary job
interview speech. After these instructions, the participant had 2-min alone to mentally prepare their
speech. After the judges re-entered, participants were expected to talk for the full 10-min. If they paused
for more than 10 seconds, judges prompted them to continue. After the 10-min speech was over, judges
introduced a surprise task that the participant was not expecting: counting backwards from the number
996 in steps of 7 as fast as possible with as few errors as possible. Participants did not know the duration
of this task. Anytime the participant made an error, they were asked to start over from the beginning.
After this 5-min math task, the TSST ended. See SMs for full TSST script. Immediately after, the
experimenter re-entered the testing room and administered a Qualtrics survey in which participants rated
their emotional experiences during the speech and math tasks.
Session 1 Measures

Interoceptive Ability. We administered the heartbeat detection task with participants sitting in a
low-light testing room with the door closed to increase privacy and reduce visual or auditory distractions.
On each trial, participants heard 10 tones in headphones that were either coincident with their actual
heartbeat (200 ms after the R-spike) or noncoincident with their heartbeat (500 ms after the R-spike).
After each trial, participants indicated “yes” or “no” as to whether tones did or did not coincide with their
heartbeats. Individuals also rated how confident they were using a slider scale ranging from 0-100%
confident. The task was administered with a Matlab program (developed by Kleckner et al., 2015) that
interfaced with a heartbeat detection module (v. 3.0.13) in MindWare’s BioLab. The Matlab program
generated 60 trials whose order was randomized uniquely to the participant. We chose 60 trials based on
simulations from Kleckner et al. (2015) who found that with a sample size of N=200 participants, 60 trials
on the heartbeat detection task should be sufficient to detect a true effect size of .15 in the relation

between interoceptive ability and a second variable. MindWare’s module collected trigger-based ECG



data with the detection threshold set to 70% of individuals’ highest baseline R-peak (not including R-
peaks that were due to overt movement), allowing us to tailor trials to participants’ cardiac physiology.

Using signal detection theory, we computed hits (trials wherein auditory tones were coincident
with actual heartbeat and the individual correctly responded that their heartbeat was present), false alarms
(trials wherein auditory tones were noncoincident with actual heartbeat but the individual incorrectly
responded that their heartbeat was present)), correct rejections (trials wherein auditory tones were
noncoincident with actual heartbeat and the individual correctly responded that their heartbeat was not
present)), and misses (wherein auditory tones were coincident with actual heartbeat but the individual
incorrectly responded that their heartbeat was not present). Most studies including heartbeat detection
tasks operationalize interoceptive ability as either the fraction correct [hits + correct rejections / total
number of trials] as an index of accuracy or compute d’ as an index of sensitivity by subtracting [z-scored
hits — z-scored false alarms]. In addition to these performance metrics, the task allows for computation of
within-person trial-by-trial confidence ratings and reaction times. Based on common reaction time data
practices (Whelan, 2008), we excluded trials wherein reactions times were <200 milliseconds (ms) and
also examined reaction time distributions across participants to identify and exclude trials where
individuals were off task (>7000 ms). Ultimately, for our index of interoceptive ability, we used the
fraction of correct trials or interoceptive accuracy. We did so for two reasons. First, we used the
Kleckner et al. (2015) validated version of the HBD task. Give that they used the above accuracy metric
in their assessment of trial number, sample size, and power, we used the same index to support
interpretation of our observed effects in line with validated benchmarks. Second, this index of accuracy is
commonly used in other studies with heartbeat detection (e.g., Critchley et al., 2004; Wiens et al., 2000).

Interoceptive Sensibility and Beliefs. We collected two established measures of interoceptive
sensibility and a novel measure of interoceptive beliefs, with the aim of clarifying the potential
importance of evaluative interoceptive beliefs as a separate construct from interoceptive sensibility.

Body Awareness Questionnaire (BAQ; Shields et al., 1989). The BAQ is an 18-item self-report

measure of perceived awareness of bodily sensations (<= .82). In previous validations, this scale was not



correlated with hypochondriasis, trait anxiety, trait neuroticism, or self-esteem (Shields et al., 1989),
suggesting that it may reflect individuals’ self-reported attention or noticing of bodily sensations rather
than whether individuals catastrophize or feel distress at those sensations. Example items include, “I can
distinguish between tiredness that's caused by hunger and tiredness that's caused by a lack of sleep” and “I
know in advance when I'm getting the flu.” Participants responded to items on a 7-point Likert-type scale
from 1 (not at all true of me) to 7 (very true of me).

Multidimensional Assessment of Interoceptive Awareness (MAIA; Mehling et al., 2012). The
MAIA is a 32-item self-report measure of interoceptive sensibility. It was originally developed in focus
groups with mind-body instructors (e.g., yoga, meditation) and has since become one of the best-validated
and most widely used assessment of interoceptive sensibility. The MAIA measures individuals’ self-
reported attentiveness and comfort with bodily sensations. Participants responded on 6-point Likert-type
scale from 0 (never) to 5 (always). As the study was planned in Fall 2013 and began in 2014, we used the
first version of the MAIA. The noticing subscale had 4 items (x=.56; e.g., “When I am tense, I notice
where the tension is located in my body”). The not distracting subscale had 3 items (<= .53; e.g., reverse
item example: “I distract myself from sensations of discomfort.”). The attention regulation subscale had 7
items (x=.81; e.g., “I can maintain awareness of my inner bodily sensations even when there is a lot
going on around me.”). The emotional awareness subscale had 5 items (x= .69; “I notice how my body
changes when I am angry.”). The body listening subscale had 3 items (x= .74; “I listen to my body to
inform me about what to do”). The self-regulation subscale had 4 items (= .71; “When I bring
awareness to my body, I feel a sense of calm.”).

At face value, the above subscales capture noticing, attending to, or regulating attention to one’s
interoceptive sensations. The MAIA also includes two subscales that may instead reflect interoceptive
beliefs about the value or nature of interoceptive sensations rather than interoceptive sensibility. These
two subscales were not worrying and body trusting, each with 3-items (not worrying: «=.50; “When I

feel physical pain, I become upset”; body trusting: «c=.70; “I trust my body sensations”). We included



these with the goal of conducting factor analyses to best determine which subscales reflected sensibility
vs. evaluative beliefs.

Bodily Signal Beliefs Questionnaire (BSBQ). This was a novel 12-item questionnaire (<= .69)
that we created to capture additional beliefs about the intensity, danger, and difficulties posed by
interoceptive sensations. Prior factor analyses with this scale suggested a single factor structure of 7 items
(<= .77) which represent negative beliefs. These final 7 items were: “My body is unpredictable,” “T have
a hard time handling my bodily sensations,” “I believe that my body’s feelings can be misleading,”
“Listening to my body’s sensations can be problematic,” “My bodily urges are difficult to control,”
“Sometimes I’'m afraid of my bodily feelings,” and “My body is an intense place.” All items were rated
on a 7-point Likert-type scale ranging from 1 (not at all true of me) to 7 (extremely true of me). We
reverse coded items so that higher endorsements suggest more positive beliefs about the body. One study
aim was to explore the validity of this measure and its relation to other interoceptive facets; see (Bonar et
al., 2021) for a revised version that examines interoceptive intensity, distress, and efficacy beliefs.
Session 2 Measures

Psychophysiology. To assess stress-related changes in autonomic psychophysiology during the
TSST, we collected ECG and ICG using MindWare Technologies (Gahanna, OH, USA) BioLab
acquisition software at 500 Hz. For ECG, three non-invasive spot electrodes were placed on participants’
torso, with one electrode on the right collarbone (-) and two electrodes on the lowermost ribs (+ and
ground). For ICG, two spot electrodes were placed at the top (+) and bottom (-) of the sternum and two
more electrodes on the spine, with the lower back electrode being placed two fingers’ width below where
the front bottom electrode was placed (4 electrodes total). Continuous ECG and ICG were measured in
the 5-min Baseline, 2-min TSST Prep, 10-min TSST Speech, 5-min TSST Math, and 5-min Recovery.

ECG data were processed with MindWare’s Heart Rate Variability (HRV) Analysis software (v.
3.0.25). Respiration was imputed from ICG. High frequency HRV was set as the frequency band between
0.12-0.40 Hz. ICG data were similarly processed with MindWare’s Impedance (IMP) Analysis software

(v. 3.2.4). We used Biolab’s default filter for the first derivative of basal thoracic impedance (dZ/dt), set



at 0.5-45 Hz; we also selected the percent of dZ/dT Time + C as the initial B-point detection method.
Trained research assistants visually inspected and independently scored each segment (60 seconds) of
ECG and ICG data, to verify that R-spikes, B-point, and X-point were correctly detected and to identify
segments with excessive artifact or arrhythmia. Initial agreement between scorers was 93.7% for ECG
(based on the number of R-spikes identified per segment) and 85.3% for ICG (based on pre-ejection
period values per segment). A third expert (JKM) resolved all segment-by-segment discrepancies.

From the ECG and ICG data, we extracted measures of pre-ejection period (PEP), heart rate
variability (HRV), and heart rate (HR), described below in more details. As part of data preparation, we
also examined outliers +/- 3SDs for PEP, HRV, and HR within each study timepoint (Session 2 Baseline,
TSST Prep, TSST Speech, TSST Math, TSST Recovery). No outliers with undue influence were
identified. Reactivity scores were calculated for each index by averaging the first segment (minute) from
TSST Prep, Speech, and Math together to represent physiology during the stressor, and then second,
subtracting [stressor-baseline] to derive average change or reactivity from the Session 2 Baseline.

Sympathetic Nervous System Reactivity. Pre-ejection period or PEP is an index of SNS activity
(Newlin & Levenson, 1979), reflecting the time (in milliseconds) between the onset of cardiac
depolarization and the start of left ventricular contraction to expel blood from the heart. Practically, this is
calculated as the time in ms between the Q-point and B-point in the corresponding ECG and dZ/dt
ensembles. Smaller PEP values suggest faster periods of cardiac contractility driven by the SNS, and
larger PEP values suggest slower periods, such as when individuals are more relaxed or at rest. However,
to improve the interpretability of PEP in analyses throughout this paper, we multiplied PEP values by -1
such that greater PEP reactivity is equivalent to an increase in cardiac SNS activity from resting baseline
and lower PEP reactivity is equivalent to a decrease in cardiac SNS activity from resting baseline. Greater
SNS reactivity is our primary index of physiological arousal herein.

Parasympathetic Nervous System Reactivity. Sinoatrial cells in the heart can self-excite,
resulting in an intrinsic heart rate in the absence of autonomic, respiratory, or hormonal influences. Upon

inhalation, heart rate speeds up and upon exhalation, heart rate slows. Furthermore, the SNS stimulates



heart rate which is then gated or slowed by PNS influence via the vagus nerve. As a result, the time
between heartbeats is irregular, reflected in measures of heart rate variability or HRV (Berntson et al.,
1993; de Geus et al., 2019). For our measure of HRV, we extracted the root mean square of successive
differences between heartbeats (RMSSD), reflecting the beat-to-beat (R-to-R) variance in heart rate.
Importantly, RMSSD can be ascribed to vagus nerve outflow to sinoatrial cells, serving as an index of
cardiac parasympathetic control, especially once RMSSD is adjusted for confounds with heart rate. To
adjust RMSSD, we applied the formula found in de Geus et al. (2019), wherein a coefficient of variation
or cvRMSSD = 100 * (RMSSD/IBI) with IBI being the interbeat interval in ms between consecutive
heartbeats. We report statistical models with adjusted cvRMSSD in the main text (called “HRV” for
simplicity) but provide findings with unadjusted RMSSD in the SMs for transparency and future meta-
analyses. Note that results are consistent with either version of RMSSD. Importantly, we did not use
respiratory sinus arrhythmia (RSA) as our index of HRV, given that this measure is highly influenced by
respiration, which would be problematic given that participants speak throughout the TSST Speech and
Math tasks. RMSSD, while correlated with high frequency HRV (e.g., RSA), appears to be less
influenced by respiration and may reflect greater contributions of the PNS (Shaffer & Ginsberg, 2017).
Heart rate (HR) in beats per minute (bpm) was also extracted as a supplementary measure of
physiological reactivity. Herein, we focus on reporting PEP reactivity (given that SNS changes are likely
most relevant in the context of a stressor) and HRV reactivity with the goal of clarifying the specificity of
effects between SNS reactivity vs. PNS reactivity. We did not examine HR reactivity as a primary model
of interest given that HR reflects both SNS and PNS contributions and thus is less informative relative to
PEP or HRV. However, heart rate may still be of interest to readers, given that heartbeat detection
assesses the ability to detect shifts in heart rate. We present models with HR reactivity in the SMs.
Self-Reported Emotions. Emotions during the TSST were measured using an expanded 30-item
version of the Positive & Negative Affect Schedule or PANAS (Watson & Clark, 1994), The PANAS is a
standard measure assessing emotions across a variety of affective states ranging in arousal (high vs. low)

and valence (negative vs. positive). Participants rated how intensely they experienced each emotion on a



Likert-type scale from O (not at all) to 6 (extremely). Items ranged across the four quadrants of valence
and arousal: 17 high arousal emotions (e.g., excited, stressed; «= .86) vs. 9 low arousal emotions (e.g.,
bored, serene; <= .51) and 16 negative emotions (e.g., embarrassed, stressed, bored, sad; «c=.91) vs. 9
positive emotions (e.g., excited, proud, serene; «=.86). For analyses, we focused on high arousal
emotions, given that these are the emotions most likely to be experienced during an acute stressor and
given that work with the heartbeat detection task most typically finds an effect on arousal as opposed to
valence. See SMs for exploratory findings with negative, low arousal, and positive emotions.
Analytic Strategy

Preregistration, Transparency, and Openness. This study was designed in 2013 and began
data collection in 2014, before preregistration sites and resources were widely available. As such, this
study is not preregistered. However, we publicly provide all de-identified data, code, and additional

supplementary information on the Open Science Framework (https://osf.io/z7c2a/) and report supporting

analyses in SMs to increase data transparency and reporting completeness. All questionnaires and tasks
used in this study are widely available from their original sources, except for the novel measure assessing
interoceptive beliefs, which we describe fully in the Methods.

Aim 1: Evaluating the Interrelationships of Interoceptive Constructs. Given that
interoceptive beliefs remain underexamined as a separate construct from interoceptive sensibility, we
wanted to verify whether it was justified to examine interoceptive sensibility vs. interoceptive beliefs as
separate constructs. Thus, we first conducted exploratory factor analyses (EFAS) to first identify how
interoceptive measures might interrelate with one another. Specifically, we conducted common factor
analyses in R using the psych package (Revelle, 2019) with the maximum likelihood approach (Fuller &
Hemmerle, 1966). We used the promax rotation (Hendrickson & White, 1964) given that we expected
interoceptive factors could be correlated (e.g., interoceptive sensibility and beliefs might be different but
related). To test goodness-of-fit, we used a y2 to evaluate whether the proposed number of factors
sufficiently fit the data, indicated by a nonsignificant ¥2. In our primary EFAs, we included participants’

interoceptive accuracy score from the heartbeat detection task as well as mean scores for the BAQ), all
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MAIA subscales, and the BSBQ. In supplementary EFAs reported in the SMs, we also ran the same EFAS
but with mean confidence from the heartbeat detection task, given that some studies consider confidence a
measure of interoceptive sensibility (Forkmann et al., 2016; Mai-Lippold et al., 2020). As a further
confirmatory and data reduction step, we conducted confirmatory factor analyses (CFAS) using latent
variable structural equation modeling (Bollen, 1989, 2002) to evaluate how well our EFA-clarified
manifest indicators represented the latent constructs of interoceptive sensibility vs. beliefs. For concision,
CFAs are reported in SMs, and we only share their final conclusions in the main text. Finally, we also
conducted bivariate Pearson correlations between the interoceptive measures to further clarify potential
inter- and intra-relations between measures of interoceptive ability, sensibility, and beliefs.

Aim 2: Testing Interoceptive Constructs as Main Effects and Moderators of Emotion.
Guided by the EFA/CFA measurement models and our hypotheses about the role of interoceptive facets
in moderating the link between physiological reactivity and emotion, we conducted stepwise linear
regressions in SPSS with regression predictors of either SNS reactivity (change in PEP reversed * -1 in
line with greater SNS changes) or HRV reactivity (change in cvRMSSD), interoceptive ability (accuracy),
interoceptive sensibility (mean of BAQ and MAIA notice, non-distract, attention regulation, self-
regulation, emotional awareness, and body listening subscales), and interoceptive beliefs (mean BSBQ
reverse-scored to represent more positive beliefs). Although there were no missing data for questionnaire
measures, there were technical failures with the heartbeat detection task (usable n= 234 out of 250, 94%
complete) and some individuals with unusable PEP or HRV data (clean PEP n= 200 out of 227, 88%
complete; clean HRV n= 219 out of 227, 97% complete). Thus, in regression models, of N=227 who
completed Session 2, there were n=191 individuals (84%) with complete PEP and heartbeat detection
data plus n=208 (92%) with complete HRV and heartbeat detection data.

In all models, Step 1 included physiological reactivity (PEP or HRV) on its own, Step 2 added in
interoceptive ability, Step 3 added in interoceptive sensibility, Step 4 added in interoceptive beliefs, Step
5 added in interaction terms between physiological reactivity x interoceptive ability, sensibility, and

beliefs, and Step 6 (the final model) added the covariates of self-identified sex and log-transformed BMI,



given prior work showing both may confound effects of psychophysiology, interoception, and emotion
reports. Indeed, we found both were related to our measures of interest (Table S6 in SMs). Notably, sex
was associated with interoceptive ability (r= .14, p=.037), such that males were more accurate on the
HBD task than females. Females also tended to report experiencing more intense negative and high
arousal emotions during the TSST (ps<.05). There was a marginal association of sex with the BSBQ,
such that females tended to report more positive interoceptive beliefs relative to males (r=-.12, p=.060).
Finally, although BMI was not significantly associated with our physiological, interoceptive, or emotion
measures (likely because we prescreened against BMIs > 33), BMI was still marginally associated with
interoceptive ability, r=-.13, p=.054, underlining the importance of including it alongside sex as a
covariate. Note that BMI was skewed, thus was natural log transformed.

Below, we report findings for our primary emotion outcome (high arousal emotion) and only
summarize findings for secondary measures (negative, low arousal, positive emotion) described in SMs.
For simplicity, we also only report the final model step in the main text but again refer readers to SMs for
tables with full model steps. Interactions in the final model step were probed using simple slopes tests in
Preacher, Curran, & Bauer’s online simple slopes for MLR 2-way interactions online utility (Preacher et
al., 2006). Standardized betas (8) served as effect size estimates, with model predictors z-score mean-
centered to improve main effect and interaction estimation and comparison.

Results
Aim 1: Evaluating the Interrelationships of Interoceptive Constructs

Exploratory Factor Analyses (EFAs). We first tested the possible fit of three factors to the data
structure underlying interoceptive ability, sensibility, and belief measures (Table 2). This factor structure
explained about 43% of the variance in the data, but the goodness-of-fit test was significant, y*= 40.14
(df=25), p=.028, suggesting that three factors are likely an insufficient fit to the underlying data structure
of these measures. We then tested the possibility of four factors (Table 2). The goodness-of-fit test was
no longer significant, y°= 11.73 (df=17), p=.816, suggesting that four factors may be sufficient. This set

of factors explained about 52% of the variance in the data. In this final model, the overall accuracy score



from the heartbeat detection task did not load onto any single factor, as would be expected (e.g., Ferentzi
et al., 2018; Forkmann et al., 2016; Garfinkel et al., 2015, 2016), suggesting it represents a separate
dimension of interoception that is not represented by the other measures included the EFA.

Similarly, for our a priori measures of interoceptive sensibility, the BAQ and MAIA subscales
largely fit together in one factor (Factor 1) that explained around 29% (out of a total 52%) of the model
variance. In particular, the BAQ and subscales of the MAIA including notice, attention regulation, self-
regulation, emotional awareness, and body listening loaded onto this factor, confirming the face validity
of using these measures together to represent how much individuals self-characterize their ability to
notice and attend to interoceptive sensations. Interestingly, the MAIA non-distract subscale formed its
own separate unique factor (Factor 2), explaining an additional 10% of the variance, but MAIA non-
distract did not fit well with any other measures or factors in the model.

Finally, mean BSBQ responses—which included items such as “my body is unpredictable,”
“sometimes I’m afraid of my body sensations,” and “listening to my body sensations can be
problematic”—were separate from the BAQ and MAIA sensibility measures, suggesting that, as
intended, the BSBQ may more uniquely assess evaluative beliefs about the difficulties, safety, or
predictability surrounding interoceptive sensations. Of note, we were curious if the MAIA not worrying
and body trusting subscales might reflect evaluative interoceptive beliefs and thus fit clearly with the
BSBQ rather than with sensibility measures. However, the MAIA not worrying subscale loosely loaded
across three out of the four factors and did not strongly fit with any single factor. Similarly, the MAIA
body trusting subscale weakly loaded with the other MAIA subscales and partially loaded with the BSBQ
interoceptive beliefs measure in the 4-factor EFA model, but not in the 3-factor model.

Table 2. Exploratory factor models with interoceptive ability, sensibility, and belief measures.

EFA with 3 factors EFA with 4 factors
Factor loadings Factor 1 Factor2 Factor3 | Factor1l Factor2 Factor3 Factor4
Interoceptive ability
HBD accuracy .23 -.18 -11 .16
Interoceptive sensibility
BAQ .63 -.20 .64 -17
MAIA Notice 75 73 -.10




MAIA Non-distract -37 .10 .99
MAIA Not worrying -.19 -47 -.13 .16 34
MAIA Attention regulation .60 44 .86 44
MAIA Emotion awareness .82 -.27 .63 -.45
MAIA Self-regulation .64 .26 .70 A5 A1
MAIA Body listening .76 71 A3 A1 -.15
MAIA Body trust 37 21 40 .30 -13 .59
Interoceptive beliefs
BSBQ mean .70 -.12 10 .62
Total
SS loadings 3.17 0.80 0.74 3.18 1.07 0.84 0.58
Proportion of variance 0.29 0.07 0.07 0.29 0.10 0.08 0.05
Cumulative variance 0.29 0.36 0.43 0.29 0.39 0.46 0.52

Confirmatory Factor Analyses (CFAs). To verify the factor structure obtained from the EFAs,
we conducted CFAs using latent variable SEM. Full results are reported in SMs (Table S2), but herein we
summarize final results. Overall, models indicated that the MAIA not worrying and body trusting
subscales alongside the BSBQ did not fit with the primary latent factor comprised of the BAQ mean and
MAIA notice, non-distract, attention regulation, emotional awareness, self-regulation, and body listening
subscales. This factor structure suggested that the BAQ and remaining MAIA subscales may reflect a
latent factor representing interoceptive sensibility as beliefs about noticing, attention, and awareness of
one’s interoceptive signals, states, and sensations.

Bivariate Correlations. Finally, we examined bivariate correlations between interoception
measures (Table 3). Our measure of behavioral interoceptive ability—interoceptive accuracy—from the
heartbeat detection task was unrelated to the BAQ, MAIA subscales, and BSBQ (all ps> .10), consistent
with prior findings discussed in the Introduction. For interoceptive sensibility, the BAQ and MAIA
subscales of notice, attention regulation, emotional awareness, self-regulation, and body listening were
all moderately to strongly associated with each other (rs~.30-.70). The MAIA non-distract subscale also
was associated with the BAQ and these MAIA subscales but it was a weaker relationship (rs~.15-.20),
and it was non-significant in relation to the MAIA emotional awareness and body listening subscales
(ps=.259, .813). The MAIA not worrying subscale was only sometimes related to other MAIA subscales,
with small but significant rs suggesting weaker interrelations. The MAIA body trusting subscale, on the

other hand, was consistently associated with the BAQ and all MAIA subscales. Finally, the BSBQ was



significantly but weakly associated with the MAIA not worrying, attention regulation, and body trusting
subscales and no other measures. See SMs (Table S5) for full intercorrelations across all variables.

Table 3. Bivariate correlations between interoceptive ability, sensibility, and belief measures.

2 3 4 5 6 7 8 9 10 11
Ability
1. Accuracy
Sensibility
2. BAQ bSO*** - 15* BOFFE ABFR* AQFFY A4xRx 7R
3. MAIA Notice -.18** S4FxE - ByxEk QR RR xRk B rE*
4. MAIA Nondistract - 18** - 20 x** -.20%* - 25%**
5. MAIA Nonworry A14* -.20** 14* 18**
6. MAIA Attention AQFF* G7FF* B4FRx BIxRx 16%
7. MAIA Emotion ABFF* BgFERx ZorA*x
8. MAIA SelfReg BH3FFx 44 FH*
9. MAIA Listening 39***
10. MAIA Trust 34Fx*

Beliefs
11. BSBQ

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

In sum, across EFAs, CFAs, and correlations, we sought to provide converging insights about the

measurement structure and construct validity underlying interoceptive ability, sensibility, and beliefs.

With regards to interoceptive ability, the EFAs and bivariate correlations revealed that interoceptive

ability as measured by accuracy on the heartbeat detection task reflects a separate construct from
interoceptive sensibility and beliefs. With regards to interoceptive sensibility, using EFAs and CFAs, we
found a clear, unique factor that consisted of the BAQ mean and MAIA notice, non-distract, attention
regulation, emotional awareness, self-regulation, and body listening subscales, reflecting self-reports of
how much individuals think they notice and attend to their interoceptive sensations. These intra-construct
relations were further supported in bivariate correlations. Based on these findings, we created a mean
score reflecting interoceptive sensibility using these measures.

Finally, the BSBQ seemed to reflect its own separate construct from the interoceptive sensibility
factor. We considered the possibility that the MAIA not worrying and body trusting subscales could also
reflect evaluative interoceptive beliefs, but we did not see convergent, convincing evidence across the
EFAs, CFAs, and bivariate correlations that these two MAIA subscales consistently and strongly fit with

the BSBQ. The MAIA not worrying and body trusting subscales also did not consistently and clearly fit



with the factor of interoceptive sensibility. Thus, for this study, we dropped these two subscales from
subsequent analyses and used the BSBQ mean score as our measure of interoceptive beliefs in subsequent
regressions. However, future studies may wish to examine the MAIA more closely in other samples to
assess possible divergence in beliefs about interoceptive attention and awareness (i.e., sensibility) vs.
evaluative beliefs about the nature and meaning of interoceptive sensations.
Aim 2: Testing Interoceptive Constructs as Main Effects and Moderators for Emotion

In regressions, our goal was to (1) test the main effects of interoceptive constructs in relation to
emotional arousal (above and beyond their shared variance with each other and physiology) and (2)
compare whether interoceptive constructs moderate the concordance between physiological arousal
(greater SNS reactivity, decreases in HRV reactivity) and emotional arousal during the acute stressor.
Physiological Arousal and Interoception Effects on High Arousal Emotion (Table 4, Fig. 1)

SNS Reactivity Model. Consistent with the hypothesis that greater SNS reactivity is related to
more intense high arousal emotions, there was a significant main effect of SNS reactivity, b= 0.13,
p=.045, 95% ClIs [0.00, 0.26], even after adjusting for shared variance with interoceptive constructs in the
final model step. There was also a significant main effect of interoceptive ability, b=-0.13, p=.043, 95%
Cls [-0.26, -0.00], such that greater interoceptive ability (i.e., accuracy) was related to less intense high
arousal emotions. There was no effect of interoceptive sensibility (p=.540) but a significant inverse main
effect of interoceptive beliefs, b=-0.16, p=.017, 95% ClIs [-0.28, -0.03], wherein more positive beliefs
about the value of interoceptive sensations was related to less intense high arousal emotions. Sex was also
significant, b=-0.33, p=.016, 95% Cls [-0.59, -0.06], indicating that participants who self-identified as
female reported more intense high arousal emotions from the stressor than did self-identified males.

Critically, there was a significant interaction of SNS reactivity x interoceptive beliefs (b= 0.14,
p=.038, 95% Cls [0.01, 0.27]). Simple slopes analyses revealed that the slopes for more negative beliefs
(-1SD) was not significant [t(180)=-0.05, p=.959], but the slopes for average/neutral beliefs (0SD) and
more positive beliefs (+1SD) were significant [t(180)= 2.02, p=.045 and t(180)= 3.05, p=.003

respectively]. As depicted in Fig. 1, these slopes for interoceptive beliefs only diverged in individuals



with less SNS reactivity (below 0SD). Lower SNS reactivity encompasses individuals who had very little
change from baseline (i.e., low reactivity to the TSST) as well as individuals who had decreases in SNS
activity from baseline (i.e., inhibition of SNS activity). These findings suggest that individuals who had
positive or neutral interoceptive beliefs and who experienced less than average SNS reactivity tended to
report lower levels of high arousal emotions. When individuals who had positive or neutral beliefs
experienced greater than average SNS reactivity, they reported high levels of high arousal emotions.
These findings suggest that individuals with positive or neutral beliefs tend to experience emotional
arousal that tracks with their ongoing physiological arousal (i.e., greater concordance between emotional
and physiological arousal), perhaps because they are more likely to value and thus incorporate physiology
into ongoing emotional experiences. In contrast, individuals with negative interoceptive beliefs reported
high levels of high arousal emotions regardless of whether they experienced relatively high or low SNS
reactivity. These findings suggest that for at least some individuals with negative interoceptive beliefs,
emotional experiences may be unmoored from ongoing physiological changes, with greater concordance
between physiological and emotional arousal only emerging when SNS reactivity is robust and intense.
Individuals who do not value their physiological sensations may have learned to ignore or suppress
physiological experiences over time and may rely relatively more on external sensations (e.g., the features
of the context) to inform ongoing emotional experiences.

HRV Reactivity Model. Unlike the above model with SNS reactivity, PNS reactivity as indexed
by HRV reactivity was unrelated to high arousal emotions (p=.371). The lack of significant effects for
HRYV reactivity may suggest that high arousal emotions are particularly connected to SNS-mediated
physiological arousal and interoception thereof during an acute stressor. Neither interoceptive ability
(p=.222) nor sensibility (p= .517) predicted high arousal emotion. However, there was a significant main
effect of interoceptive beliefs, b=-0.16, p=.011, 95% Cls [-0.28, -0.04], such that individuals with more
positive interoceptive beliefs reported less intense high arousal emotions during the TSST.

Replicating the SNS reactivity model, there was a significant interaction of HRV reactivity x

interoceptive beliefs (b= 0.19, p=.003, 95% Cls [0.06, 0.31]). However, in contrast to the SNS reactivity



model, simple slopes analyses revealed that it was the slope for negative interoceptive beliefs (-1SD) that
was significant [t(197)= -2.84, p=.005] and not the slopes for average/neutral (0SD) or positive beliefs
(+1SD), [t(197)= 0.90, p=.371 and t(197)= 1.39, p=.168 respectively]. As depicted in Fig. 1, these slopes
for interoceptive beliefs only diverged in individuals with low HRV reactivity to the TSST (below 0SD).
Lower HRV reactivity here reflects individuals who had decreasing HRV in response to the TSST.
Decreases in HRV mean that the periods between heartbeats were becoming less variable or more regular,
such as in the presence of greater cardiac SNS activation and PNS withdrawal (i.e., consistent with
greater physiological arousal). On the other hand, increases in HRV mean that the periods between
heartbeats were becoming more variable or irregular, consistent with greater parasympathetic control over
the cardiac cycle. These findings suggest that individuals who have both negative interoceptive beliefs
and greater decreases in HRV in response to the stressor (i.e., greater PNS withdrawal) tended to report
more intense high arousal emotions than individuals with positive and neutral beliefs or individuals. On
the other hand, greater HRV increases during the TSST (i.e., greater PNS control) was related to less
intense high arousal emotions, regardless of interoceptive beliefs, suggesting coherence between PNS
activity and lower levels of high arousal emotion. Altogether, more negative beliefs appeared to
exacerbate high arousal emotions in the context of stressor-induced PNS withdrawal.

Table 4. Effects of physiological reactivity and interoception on high arousal emotions.

Lower  Upper

. 2
Predictors R b SE B p 95% Cl 95% ClI

Mean High Arousal Emotion as Outcome

SNS Reactivity Model

F(9,189)= 3.16, p= .001 .085
Intercept 133 1578 402 -1.787 4.440
SNS reactivity 0.13  0.066 0.15 .045 0.003 0.263
Interoceptive ability -0.13  0.066 -0.15 .043 -0.263  -0.004
Interoceptive sensibility -0.04  0.064 -0.04 .540 -0.165 0.087
Interoceptive beliefs -0.16  0.064 -0.17 .017 -0.282  -0.028
SNS x Interoceptive ability 0.03 0.076 0.03 715 -0.122 0.177
SNS x Interoceptive sensibility 0.10 0.074 0.10 174 -0.045 0.249
SNS x Interoceptive beliefs 0.14 0.066 0.15 .038 0.008 0.268
Sex -0.33  0.134 -0.18 .016 -0.589  -0.061
logBMI 0.20  0.508 0.03 .689 -0.798 1.205

HRYV Reactivity Model

F(9,206)= 2.69, p=.001 .086

Intercept 1.86  1.557 .233 -1.208 4.934



HRV reactivity -0.06  0.064 -0.06 371 -0.185 0.069

Interoceptive ability -0.08  0.067 -0.09 222 -0.213 0.050
Interoceptive sensibility -0.04  0.063 -0.04 517 -0.165 0.050
Interoceptive beliefs -0.16  0.062 -0.18 011 -0.283  -0.038
HRV X Interoceptive ability -0.09  0.069 -0.09 212 -0.222 0.050
HRV x Interoceptive sensibility -0.06  0.071 -0.05 430 -0.195 0.083
HRYV x Interoceptive beliefs 0.19 0.061 0.21 .003 0.064 0.306
Sex -0.29  0.130 -0.15 .026 -0.548  -0.036
logBMI 0.52  0.500 0.01 918 -0.935 1.038

Note: SNS reactivity was indexed by PEP, with scores reversed such that positive SNS reactivity values
reflect an acceleration of PEP (shorter intervals) during the TSST relative to baseline. HRV reactivity was
indexed by RMSSD, reflecting the beat-to-beat (R-to-R) variance in heart rate. Bolded rows highlight
significant effects at p<.05. Standard errors and confidence intervals are with respect to unstandardized
coefficients. Adjusted R? is reported. Standardized betas (B) serve as effect sizes. Sex is self-identified
and coded O=Female, 1=Male.
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Fig. 1. Probed interactions testing moderation by interoceptive beliefs on the relation between (a)
sympathetic nervous system reactivity and (b) heart rate variability reactivity on high arousal emotion
reports in response to the acute stressor. Significant slopes are indicated with an asterisk.
Discussion

Emotional experiences are often accompanied by objective physiological concomitants, but it has
long been debated whether and to what extent these concomitants contribute to emotion (Cannon, 1927;
James, 1884). Recent research breathes new life into these questions, showing that experimentally or
pharmacologically manipulating physiological systems can alter subsequent emotional or stress
experiences (e.g., Harrison et al., 2009; MacCormack, Armstrong-Carter, et al., 2021; MacCormack &

Lindquist, 2019). The present work adds to this growing evidence that there are important within- and

between-person factors determining when and how much the body matters for emotions. We found that



both interoceptive ability and especially positive interoceptive beliefs were associated with lower
emotional arousal during an acute stressor. Interestingly, interoceptive beliefs was the only interoceptive
construct to moderate the concordance between physiological and emotional arousal. Collectively, these
findings offer insights for the role of interoception in emotion, stress, and beyond.

The Role of Interoception in Emotion: Findings and Measurement Implications

Interoceptive science has exploded over the past decade, with hundreds of studies investigating
relations between interoception and social affective processes, ranging from emotion (i.e., experience,
awareness, perception, regulation), to social behavior (e.g., empathy, moral judgments), to intuitive
decision-making, risk-taking, health behaviors, mood disorders, addiction, autism, and more (Tsakiris &
De Preester, 2018). As such, the broader constructs underpinning interoception remain inconsistently
defined and measured, making it difficult to interpret and integrate findings. Several scholars have begun
building a taxonomy of constructs (Garfinkel & Critchley, 2013; Khalsa et al., 2018; Quigley et al.,
2021), but few studies compare the relative predictive validity of multiple interoceptive constructs
together for emotional experience. We aimed to clarify the nature of key interoceptive constructs (i.e.,
ability, sensibility, beliefs) and their unique relations to emotion, above and beyond shared interrelations
between interoceptive constructs with each other and physiological reactivity.

Distinct Interoceptive Constructs. Across bivariate correlations and factor analyses, we saw
evidence for distinctions between interoceptive ability, sensibility, and beliefs (Tables 2-3 herein, also
Table S5 in SMs for fuller correlations). For example, we found that the BAQ and most subscales of the
MAIA formed a loose single factor distinct from the BSBQ, suggesting that the BAQ and MAIA may be
tapping a similar construct or set of constructs related to people’s interoceptive sensibility, i.e., beliefs
about noticing and regulating attention towards sensations. We also replicated past work showing that
interoceptive ability vs. sensibility are unrelated (e.g., Garfinkel et al., 2014, 2015), affirming that self-
characterizations of one’s interoceptive ability do not on average correlate with the behavioral ability to
detect heartbeats. As such, researchers cannot use self-reported interoceptive sensibility as a more

convenient substitute for behavioral measures of interoceptive ability.



In particular, our findings highlight differences between interoceptive sensibility and what we
term interoceptive beliefs. Interoceptive beliefs include people’s evaluative beliefs about the nature and
perceived utility of interoceptive sensations. To measure these beliefs, we designed the BSBQ to tap
individuals’ beliefs about the value or danger, intensity, and utility of bodily sensations. Factor analyses
suggest that these evaluative beliefs are distinct from interoceptive sensibility as measured by the BAQ
and most MAIA subscales. Although subscales of the MAIA such as not worrying and body trusting may
appear at face value to be similar to evaluative interoceptive beliefs, neither subscale fit consistently with
the BSBQ in exploratory and confirmatory factor analyses (although these relations should be further
examined in additional samples). Interoceptive sensibility, as measured herein, may therefore reflect
individuals’ beliefs and perceptions about their access to and ability to regulate attention towards
interoceptive sensations. In contrast, evaluative beliefs may instead capture individuals’ beliefs and
accumulated knowledge about the meaning and utility of interoceptive sensations. Future research is
needed to clarify the relations between these constructs and relevant outcomes (i.e., to identify the
nomological networks of each construct; Cronbach & Meehl, 1955) but see Bonar et al., (2021) for initial
construct validation.

Interoceptive Ability is Associated with Less Intense High Arousal Emotions. When using
stepwise regressions that adjusted for physiological reactivity, sex, and BMI, we found that greater
interoceptive ability (accuracy on the heartbeat detection task) was inversely related to self-reported
emotional arousal during the stressor. This was a small effect observed only in the presence of SNS
reactivity. This inverse association runs counter to some theoretical assumptions (e.g., somatosensory
amplification) arguing that interoception may “amplify” or exacerbate emotional arousal. The present
data suggest more complicated inter-relations between physiology, interoception, and emotion.

First, the literature linking interoceptive ability as measured by the heartbeat detection task to
emotional experience is small. Most studies reporting a positive relation between interoceptive ability and
emotion use the heartbeat tracking or counting task, which critics suggest is biased by knowledge and

beliefs about one’s heartbeat and is thus not a pure measure of behavioral accuracy (e.g., Desmedt et al.,



2018; Murphy, Millgate, et al., 2018). Indeed, interoceptive ability metrics from the heartbeat counting
vs. detection tasks are either weakly interrelated or unrelated (Hickman et al., 2020; Pennebaker &
Hoover, 1984; Ring & Brener, 2018). In contrast, heartbeat detection studies—which better capture the
behavioral ability to access heartbeat signals—report a mix of positive associations (Barrett et al., 2004
for arousal-focused emotions; Wiens et al., 2000), inverse associations (Barrett et al., 2004 for emotional
intensity; Blascovich et al., 1992; Eichler et al., 1987), or null effects (Fairclough & Goodwin, 2007;
Ferguson & Katkin, 1996) when linking interoceptive ability and emotion reports. These prior mixed
effects, alongside our current findings with a larger sample size, call into question whether interoceptive
ability necessarily corresponds to greater emotional arousal or whether this relation is more complex.
Indeed, divergent findings could be due to the degree of physiological arousal elicited by
different kinds of affect inductions. The idea that interoceptive ability likely depends on one’s current
physiological state is not new (Blascovich et al., 1992; Fairclough & Goodwin, 2007; Herbert et al.,
2012), but this hypothesis remains underexamined. For example, positive associations between
interoceptive ability and emotion are largely found in studies with affect inductions using images or film
clips that may not robustly alter peripheral physiology relative to acute stress inductions (Eichler et al.,
1987; Hantas et al., 1982; Pollatos et al., 2005, 2007). In such contexts where physiological changes are
smaller, individuals with high interoceptive ability may be detecting more subtle, ambiguous changes to
their physiology relative to individuals with poor interoceptive ability, affording more opportunity for
highly interoceptive individuals to incorporate sensations into emotional experience. But during situations
with robust physiological changes that are above the threshold of perception for most individuals (e.g.,
large changes in heart rate as occur during the TSST or a real-life intense stressor), the relationship
between interoceptive ability and emotion may shift. Under robust physiological conditions, individuals
with poorer interoceptive ability (i.e., who are less able to accurately perceive their heartbeat at rest) may
now be able to detect physiological changes with greater accuracy and ease. On the other hand, higher
interoceptive ability at rest may offer a different utility under robust physiological conditions: it may help

some individuals better identify and regulate physiological responses earlier in the emotional time course,



before physiological and emotional responses become too intense and difficult to manage. In this way,
differences in physiological state (small vs. robust perturbations) could help explain prior mixed effects,
such that interoceptive ability is positively related to emotional arousal under conditions of minimal
physiological change but inversely related to emotional arousal under conditions of heightened
physiological arousal. There may also be other third variable factors (e.g., adiposity, cardiovascular
fitness, age, neuroticism, etc.) which could further complicate the extent to which resting vs. robust
physiological activity moderate the interoceptive ability-emotion link.

More generally, inconsistencies across the interoception and emaotion literature may be the
product of low statistical power in past studies. We found that the effect of interoceptive ability with
emotional experience was small, # = -.15. This suggests that many prior small sample studies using
heartbeat counting or detection tasks in relation to emotion states are likely underpowered. Furthermore,
both older and modern studies sometimes dichotomize samples into good vs. poor heartbeat perceivers,
but dichotomization does not disentangle response tendencies and can lead to biases in parameter
estimates, obscuring true effects (MacCallum et al., 2002; Preacher et al., 2005). We recruited a larger-
than-typical sample and did not dichotomize in hopes of providing more reliable, robust effect estimates
of the link between interoceptive ability and state emotion. We strongly recommend future studies using
interoceptive behavioral tasks do the same in support of a more reliable interoceptive science.

Interoceptive Sensibility is Unrelated to Emotional States. Interestingly, we did not observe a
main effect of interoceptive sensibility on high arousal emotional experience (or negative, positive, or low
arousal emotion for that matter; see SMs). These findings replicate other work showing no relation
between interoceptive sensibility (as measured by the BAQ) and state emotion (Horvath et al., 2021;
Lustyk et al., 2012; Zamariola, Luminet, et al., 2019). Previous work has mostly examined sensibility as a
trait in the context of psychopathology, wellbeing, and health behaviors (Forkmann et al., 2019; Palser et
al., 2018), suggesting that sensibility may be more relevant for trait emotion.

As with interoceptive ability, it is possible that interoceptive sensibility is less relevant for

emotion under robust physiological conditions such as an acute stressor. This could be because



interoceptive sensibility reflects beliefs about noticing or paying attention to interoceptive signals, which
may be more useful in guiding individuals’ attention towards the body under conditions of calmer, less
robust physiological arousal (e.g., low arousal or neutral states). Interoceptive sensibility may also be less
relevant for emotion states because such tendencies say nothing about why individuals might be more vs.
less motivated to notice their sensations. People could believe it is important to pay attention to their
bodies for many reasons which then dictate how they interact with sensations. For example, some
individuals may be hyper-vigilant and see interoceptive signals as dangerous or problematic. Other
individuals may relish positively focusing on bodily sensations (e.g., exercising, taking a hot bath or
shower, savoring certain kinds of comfort foods, etc.). Thus, sensibility—especially once clearly
distinguished from more evaluative interoceptive beliefs—does not distinguish between these different
attentional motivations (e.g., threatened vigilance vs. body/self-care) which may be especially relevant in
the context of stressors. In contrast, evaluative interoceptive beliefs as measured herein help parse apart
the underlying reasons why individuals might want to notice their sensations in the first place. Future
studies should continue to distinguish interoceptive sensibility from other types of interoceptive beliefs
and move beyond trait outcomes (e.g., trait anxiety) into extending observed effects in momentary
experiences that involve varying degrees of physiological arousal (e.g., stressor vs. relaxation).

Positive Interoceptive Beliefs are Associated with Less Intense High Arousal Emotions.
Finally, the most robust interoceptive predictor of emotional arousal (and emotions more generally; see
SMs) was interoceptive beliefs about the nature and meaning of internal bodily sensations. Specifically,
more positive beliefs were related to less intense emotional arousal during the stressor, perhaps because
participants who held more positive beliefs about their bodily states found sensations during the stressor
to be less aversive on average than those who held more negative beliefs. Although evaluative beliefs
about the body have been explored in research on mindfulness, anxiety sensitivity, panic disorders, eating
disorders, and illness appraisals, this construct remains underexamined in the broader interoception
literature and within non-clinical samples. Some work has examined the affective evaluations that people

make of their heartbeats while completing interoceptive ability tasks (see discussions in Herbert &



Pollatos, 2018; Pollatos & Herbert, 2018)—but it is presumably individuals’ a priori interoceptive beliefs
that in part guide such interoceptive evaluations. We created the BSBQ to help address this gap.
Comparing Interoceptive Constructs as Moderators of Physiological and Emotional Arousal

Inspired by the hypothesis that interoception should help bridge physiological and emotional
arousal (MacCormack, Henry, et al., 2021; Sze et al., 2010; Van Doren et al., 2021) and given broader
constructionist hypotheses about interoceptive contributions to emotion construction (e.g., Barrett, 2017b,
2018; Lindquist, 2013; MacCormack & Lindquist, 2017), we compared the extent to which interoceptive
ability, sensibility, and beliefs moderated concordance between physiological arousal (i.e., increases in
SNS and decreases in PNS activity) and self-reported emotional arousal during the TSST. Interestingly,
neither interoceptive ability (i.e., accuracy) nor sensibility moderated the link between physiological and
emotional arousal. Only individuals’ interoceptive beliefs about the value and meaning of internal bodily
signals was a significant moderator across our measures of physiological arousal.

First, the interaction of SNS reactivity and interoceptive beliefs suggests that individuals with
more positive interoceptive beliefs experienced emotions that were more concordant with their ongoing
physiological arousal. For instance, in the presence of low SNS reactivity, individuals with more positive
and neutral interoceptive beliefs reported significantly less emotional arousal than individuals with
negative beliefs. Yet in the presence of high SNS reactivity, individuals with positive and neutral
interoceptive beliefs reported greater emotional arousal during the stressor. In contrast, individuals with
negative interoceptive beliefs reported greater emotional arousal, regardless of their level of SNS
activation. Insofar as individuals find bodily states to be dangerous and misleading, they may be more
likely to ignore or direct attention away from bodily changes, weakening the concordance between
physiological and emotional arousal when physiology is less robust. However, once SNS reactivity is
more robust and difficult to ignore, individuals with negative beliefs again show concordance between
physiological and emotional arousal comparable to individuals with positive and neutral beliefs. It is also
possible that individuals who find their interoceptive states dangerous or misleading instead focus more

on their external sensations to inform their emotions. Since the TSST manipulation was identical for all



participants, this may explain why individuals with negative interoceptive beliefs reported comparable
levels of high arousal emotions regardless of their SNS reactivity.

We observed complementary yet distinct findings in the context of PNS (HRV) reactivity. HRV,
when appropriately adjusted and measured, can index PNS influence on the heart (Berntson et al., 1997;
de Geus et al., 2019). When PNS-mediated cardiac control is high, such as during rest, the length between
heartbeats becomes more variable. In contrast, when PNS influence is low (i.e., parasympathetic
withdrawal), the length between heartbeats becomes more consistent. We found that when individuals had
decreases in HRV (i.e., more consistent compared to baseline, indicating parasympathetic withdrawal
during the stressor), individuals with negative interoceptive beliefs reported significantly more emotional
arousal than their counterparts with average and positive beliefs. This may suggest that negative
interoceptive beliefs may promote greater concordance between physiological and emotional arousal in
the presence of greater PNS withdrawal. However, in the context of higher HRV (i.e., indicative of
greater parasympathetic control over the heart), individuals reported similar levels of emotional arousal
regardless of the nature of their interoceptive beliefs. These findings again suggest that positive beliefs
may be more adaptive than negative beliefs insofar as negative beliefs may exacerbate the effect of
parasympathetic withdrawal on high arousal emotion, whereas more positive and neutral beliefs may
buffer against parasympathetic withdrawal effects. The fact that we found somewhat different patterns for
SNS vs. PNS reactivity are consistent with evidence that individuals differ in the independence of SNS
and PNS activity (Berntson et al., 2008). Future work could more deeply examine how the SNS-PNS
relation (e.g., whether they are independent, inverse, or coactive) may interact with interoceptive beliefs.
Strengths, Limitations, Constraints on Generality, and Future Directions

The present study offers several strengths. For example, our sample used strict physical and
mental health prescreening with a balanced sex distribution that together help rule out some alternate
interpretations. However, by focusing on a healthy, young adult sample, it remains unclear whether
observed findings will generalize to other populations (e.g., middle aged or older adults, individuals with

health conditions or mood disorders) or other geographies and cultures. Similarly, this study best speaks



to the role of interoception during times of higher physiological arousal—such as during acute
psychosocial pressure and performance. Findings may replicate across other similarly evocative
situations—such as an aggressive confrontation—but could differ in the context of positive events (e.g.,
an exciting win, enjoyable social activities) or low arousal, more neutral situations with less overt
physiological changes (e.g., relaxing on the couch, a calm day at the office).

One study strength was sample size. Most interoception studies—especially those examining
interoceptive ability—have historically relied on small samples which are likely underpowered to detect
the likely small effects (as observed herein) for interoceptive ability and emotion. Samples with heartbeat
detection and emotion typically range between Ns=10-60 (Blascovich et al., 1992; Critchley et al., 2004;
Eichler etal., 1987; Fairclough & Goodwin, 2007; Ferguson & Katkin, 1996; Lyyra & Parviainen, 2018;
Montgomery & Jones, 1984; Wiens et al., 2000). Thus, effect size estimates herein may provide an
updated index of the magnitude in the relations between heartbeat detection and emotion.

Although we found that interoceptive beliefs was the most robust interoceptive predictor of
emotions from the acute stressor, this effect size could be artificially inflated due to shared measurement
variance between self-reported beliefs and self-reported emotions. It is a longstanding observation in
behavioral science that behavior and self-report are often poorly correlated (Dang et al., 2020; Guassi
Moreira et al., 2020), which may explain the relatively small (albeit still significant) effect size linking
interoceptive ability and self-reported emotion. The strongest comparisons however can be drawn
between interoceptive sensibility vs. beliefs, given that both constructs were measured using self-reports.
The fact that interoceptive beliefs was a significant, more robust cross-sectional predictor of emotion self-
reports relative to sensibility—regardless of whether sensibility was measured as a factor score or as the
BAQ vs. MAIA on their own (see SMs)—suggests that evaluative interoceptive beliefs may capture
important aspects of interoception relevant for the experience of acute stress and emotion.

Similarly, while we assessed physiological activity with SNS and PNS markers, these measures
do not index broader cardiovascular changes reflecting challenge vs. threat dimensions of acute stress

(Seery, 2013; Tomaka et al., 1993). Future work should examine how interoceptive beliefs alongside



ability and sensibility map onto the physiological and subjective dimensions of challenge vs. threat. For
example, we would hypothesize that positive interoceptive beliefs might support challenge responses
(e.g., lower total peripheral resistance, higher cardiac output as physiological resources easily move to
peripheral organs) while negative interoceptive beliefs might relate to threat responses (e.g., higher total
peripheral resistance, lower cardiac output as physiological resources are conserved in the body’s core).

Another potential limitation is that emotion reports were measured immediately after rather than
throughout the TSST, opening the possibility that the emotion reports reflect summative post-hoc
recollections of the prior 15-minutes of stressful tasks. Yet asking participants to report their emotions
throughout a task can alter associated physiological reactions (Kassam & Mendes, 2013), while other
evidence suggests that labeling one’s state with emotion words serve a regulatory function (Torre &
Lieberman, 2018). To avoid such effects, we decided to administer the PANAS immediately after the
TSST ended (< 1 minute), in hopes of balancing concerns about induction interference or implicit
emotion regulation effects with concerns about retrospective memory bias about emotional experiences.
Importantly, work on retrospective memory bias suggests that emotion reports tend to reflect either the
peak or end of an experience (Fredrickson & Kahneman, 1993). Given that we measured physiological
reactivity as the difference in magnitude between baseline and changes averaged across TSST Prep,
Speech, and Math, our physiological and emotion measurements may capture conceptually similar
variance. Nonetheless, other person-level moderators (e.g., emotion beliefs, reporting style) could have
influenced the intensity and types of emotions reported at post-TSST as compared to if we had measured
momentary fluctuations in emotion reports throughout the TSST.

Finally, our study was quasi-experimental: we measured interoceptive ability, sensibility, and
beliefs as trait-like measures in a first session, then manipulated physiological and emotion arousal
within-subjects in a second session. As such, these findings cannot speak to the claim that physiological
systems and interoception are causally necessary or sufficient for an emotional experience to occur.
However, we point to other experimental evidence implicating both physiological changes and beliefs in

shaping instances of emotion which could be combined in future experiments to assess causality. For



example, as reviewed above, manipulating neurophysiological states and pathways, such as inducing
hunger or a robust inflammatory state can alter subsequent emotional states (Harrison et al., 2009;
MacCormack & Lindquist, 2019). Even healthy aging may impact emotion by altering interoception and
related peripheral and central nervous system functioning (Levenson et al., 1991; MacCormack, Stein, et
al., 2020; MacCormack, Henry, et al., 2021; Mendes, 2010). In parallel, experimentally manipulating
beliefs (via appraisals) can alter emotions. Temporarily manipulating interoceptive beliefs is consistent
with existing literature on arousal reappraisal during a stressor (Jamieson et al., 2013, 2018). Individuals
who are taught to reappraise their stress-related arousal as adaptive during times of stress (e.g., an
interview, a standardized exam, a sports game, etc.) tend to exhibit more challenge-oriented (rather than
threat-oriented) physiological changes, report less negative emotions and more adaptive appraisals, and
sometimes even perform better during stressors (Jacquart et al., 2020; Jamieson et al., 2010, 2012, 2016;
Sammy et al., 2017). These effects contrast with effects for individuals asked to reappraise their arousal
as a hindrance or in contrast to those completing the stressor normally (i.e., control group).

Although we did not examine whether interoceptive beliefs interact with interoceptive ability or
sensibility, testing such interactions may prove fruitful for considering the temporal dynamics via which
different interoceptive constructs can impact emotional awareness, experience, and regulation. For
example, accuracy in interoceptive ability may set an important perceptual threshold by which afferent
physiological signals become accessible and conscious to individuals, allowing them to act on and
regulate physiology, feelings, and behavior accordingly. In contexts with low or neutral physiological
activity and/or poor interoceptive ability, there is however greater potential ambiguity or uncertainty in
how individuals make meaning of neurophysiological signals. In these instances, interoceptive beliefs
may help “fill in the gaps,” imputing valenced meaning onto more ambiguous physiological states.
Similarly, while interoceptive ability may help individuals become more aware of physiological changes
related to their emotional or stress states, this may only be a first step in how people ultimately construct
and navigate such states. After becoming aware of emotion- or tress-relevant physiological changes,

interoceptive beliefs may add a layer of valenced meaning (i.e., “Are these bodily changes I’m feeling



good vs. bad for me?”’) which can in turn facilitate or hinder regulatory efforts in emotion and stress
optimization. Altogether, it is likely that interoceptive accuracy and beliefs interact to predict emotion and
stress experiences and regulation, a possibility that should be examined in future.

The role of interoceptive beliefs in linking physiological and emotional arousal could also have
important consequences for wellbeing and health. For example, although with our sample, we could not
examine the implications of interoceptive beliefs for mental health, past literature finds that individuals
with anxiety sensitivity tend to have negative interoceptive beliefs, i.e., they catastrophize their
physiological sensations and find them distressing (Eley et al., 2007; Olthuis et al., 2012). In contrast,
positive interoceptive beliefs may help promote wellbeing. Indeed, we found that positive interoceptive
beliefs was associated with greater concordance between physiology and self-reported emotion—and this
concordance has been associated with improved wellbeing and health in other studies (Brown et al., 2019;
Sommerfeldt et al., 2019). Positive interoceptive beliefs may promote this concordance by helping
individuals more adaptively respond to and manage their physiological and emotional arousal.
Conclusions

In sum, we found that interoceptive beliefs moderated the relation between physiological and
emotional arousal during an acute stressor, consistent with constructionist approaches to emotion which
argue that predictions about the meaning of interoceptive signals should contribute to the construction of
emotional experiences and perceptions (Barrett, 2017b, 2018; Barrett & Simmons, 2015; MacCormack &
Lindquist, 2017, 2019). Individuals with positive beliefs had greater coherence between SNS-related
physiological arousal and emotional arousal-—consistent with evidence that greater coherence may
support wellbeing and health (Brown et al., 2019; Sommerfeldt et al., 2019). Collectively, this work
suggests that interoceptive beliefs may serve as priors that shape how people experience ongoing
physiological arousal and translate that physiology to emotional arousal. Although past work has
emphasized the importance of interoceptive ability for emotion states, there is growing recognition that
interoceptive “predictions”—i.e., beliefs, schemas, mindsets, and other meta-cognitive inferences about

interoceptive sensations, symptoms, arousal, and stress—may be powerful determinants of emotion,



wellbeing, and health (Barrett, 2017b, 2018; Barrett & Simmons, 2015; Crum et al., 2013; Heathcote et
al., 2021; Legrand et al., 2022; Paulus et al., 2019; Rouault et al., 2018; Yoris et al., 2015).

In constructionist models, interoceptive predictions derive from both idiographic experience and
social transmission (e.g., garnered from upbringing, folk wisdom, cultural norms). This hypothesis is in
line with models of knowledge and belief acquisition from cognitive and developmental science
(Fotopoulou & Tsakiris, 2017; Hoemann & Barrett, 2019; Lindquist et al., 2015; Xu & Griffiths, 2011).
One area of future research could be to understand how interoceptive beliefs develop in the first place and
what implications these socialized beliefs have for downstream health and wellbeing. For example,
mothers’ tendency to link interoceptive sensations to emotion predicts their children’s improved social
skills and emotion regulation (MacCormack, Castro, et al., 2020), suggesting that caregivers’
understanding of and beliefs about interoceptive sensations are important yet underexamined socialization
pathways. Beyond early life, concepts and beliefs about the relevance of interoceptive sensations for
emotions, especially high arousal emotions, appear to differ across adulthood into later life
(MacCormack, Henry, et al., 2021)—whether this be due to cohort differences in emotion knowledge or
potentially even maturational changes in peripheral and central nervous system structure and function.

Ultimately, we hope that other researchers will see this paper as a call to action in two areas.
First, future research must continue carefully disentangling the complicated interrelations between
physiology, interoception, and emotion, be that through experimental or pharmacological manipulations,
ambulatory and experience sampling approaches, or lifespan development approaches. Second, this paper
highlights the potential promise and deep need for work documenting and delineating the variety of
interoceptive beliefs that individuals may develop and hold—whether this be beliefs about one’s accuracy
in perceiving interoceptive changes, beliefs about one’s tendency to be interoceptively attuned, or more
evaluative beliefs about the value/danger, intensity, and management of interoceptive sensations as
initially examined herein. The time has come for interoceptive scientists across fields to build a richer
understanding of interoceptive beliefs and the extent of their importance for emotion, stress, and health

across the lifespan.
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Supplementary Materials for Interoceptive beliefs moderate the link between physiological

and emotional arousal during an acute stressor.

Supplementary Methods

Prescreening and Session Screening. Potential participants were first prescreened. Individuals
were excluded if (1) they reported a mental disorder including depression, anxiety, social anxiety, or an
eating disorder either currently or in the past two years, (2) they reported having a diagnosed heart
condition (e.g., murmur) or pacemaker, or (3) if their self-reported height and weight indicated a body
mass index (BMI) over 33. We excluded these individuals with the goal of first establishing effects in a
healthy sample. Second, the TSST can be distressing, and we did not wish to adversely exacerbate
existing mental health conditions. We excluded individuals with a heart condition or pacemaker, to
promote their safety and to improve the accurate estimation and interpretation of cardiovascular data.
Finally, we excluded individuals with eating disorders or obesity given that eating disorders and obesity
are associated with altered interoception (e.g., Herbert & Pollatos, 2014; Simmons & DeVille, 2017).

In addition to these prescreening exclusions, enrolled participants were instructed to avoid certain
foods, substances, and health behaviors on the day of both sessions, given that these could elevate or alter
autonomic functioning. Specifically, participants were asked to avoid ingesting alcohol, drugs (e.g.,
marijuana), caffeine, or excessive sugar within three hours prior to arrival. Similarly, participants could
not eat a heavy meal nor engage in aerobic activity within the hour prior to arrival. Upon arrival, all
participants first completed a “health” questionnaire asking them about the above behaviors, to serve as a
protocol check. For example, we asked if individuals were currently sick, taking any medications such as
acetaminophen or pseudoephedrine, or if participants had recently experienced a family loss or romantic
break-up. Participants who failed to follow session instructions, who were currently ill or distressed, or
taking medication were rescheduled to a later date (e.g., at a time when they no longer had a cold).
Subjective Socioeconomic Status Questionnaire

Some undergraduate students may not be fully aware of their family’s financial standing or objective
socioeconomic status. Thus, we opted to measure students’ subjective socioeconomic status using the
following 6-item scale with a Likert scale ranging from 1= Strongly Disagree, 4= Neither Agree nor
Disagree, and 7=Strongly Agree.

1. My family usually had enough money for things when I was growing up.

2. lgrew up in a relatively wealthy neighborhood.

3. | felt relatively wealthy compared to the other kids in my school.

4. Now I have enough money to buy things.
5

I don’t worry too much about paying my bills.



6. Idon’tthink I’ll have to worry about money too much in the future.

Trier Social Stress Task Protocol and Script

To assist with transparency in study protocols and to provide other researchers with a
reproducible TSST script from the present work, we have appended our TSST study protocol and script at
the end of this document.
Supplementary Analytic Strategy

CFAs were also conducted in R using lavaan (Rosseel, 2012). There were no missing data in the
BAQ, MAIA, or BSBQ measures (N=250). Model fit was assessed using the root mean squared error of
approximation (RMSEA), comparative fit index (CFI) and the Tucker Lewis index (TLI). Good model fit
is represented by non-significant RMSEA < .08, CF1 > .95, and TLI> .90 (Hu & Bentler, 1999; Schreiber
et al., 2006). We also examined residuals to determine whether any covariances should be modeled
between indicators, such as may be required between items from the same measure or method (e.g.,
MAIA subscales). Indicators were dropped where appropriate following standard model building

procedures, depending on path model estimates, fit indices, and residuals.

Supplementary Results
Descriptive Plots for Heartbeat Detection Accuracy and Physiological Measures
Fig. S1. Histogram and descriptives of interoceptive accuracy on the heartbeat detection task.
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Note: Out of n=234 individuals who successfully completed the heartbeat detection task at Session 1,
Maccuracy=0.60, SD= .12, with the minimum score= 0.34 and maximum score = 1.00. Distribution was
approximately normal, with slight left skew=.87(SD= .16) and minimal kurtosis= .68 (SD= .32).

Fig. S2. Plots of mean physiological changes across baseline, TSST tasks, and recovery.
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Note. PEP values are reverse scored such that increases in reversed PEP reflect increases in SNS activity.
HRV values reflect unadjusted RMSSD before correction as per De Geus et al. (2019).

Table S1. Means (standard deviations) for physiological measures across Session 2.

Baseline TSST Prep TSST Speech TSST Math Recovery
PEP (ms) -121.33 (14.05) -112.73(17.51) -107.40(15.24) -112.06 (14.08) -120.32 (17.15)
RMSSD (ms)  48.01 (29.91) 57.75 (23.74) 41.91 (24.20) 50.50 (28.67) 48.69 (30.87)
HR (bpm) 74.66 (10.92) 86.38 (15.63)  100.25(18.47)  89.49 (16.06) 74.99 (10.56)

Resp (bpm) 16.65 (3.68) 17.51 (3.70) 16.42 (4.57) 17.12 (4.47) 17.93 (3.69)

Note. PEP values are reverse scored such that increases in reversed PEP reflect increases in SNS activity.
HRV values reflect unadjusted RMSSD before correction as per De Geus et al. (2019).



Confirmatory Factor Analyses (CFAS)

After conducting EFAs (reported in main text), we next conducted CFAs using a latent variable
SEM approach to serve as a data reduction step and to more fully test whether our novel measure of
interoceptive beliefs, the BSBQ, was separate from the latent variable representing interoceptive
sensibility. We first fit an overall single latent variable model with the BAQ mean, all MAIA subscales,
and the BSBQ mean as manifest indicators (Table S2). No covariances were modeled at this stage and the
model converged after 15 iterations. However, the model exhibited poor fit: RMSEA= .13, p<.0001,
CFI=.81, and TLI=.75. This was not unsurprising, given the EFAs. Consistent with the EFAs, BAQ mean
and the MAIA notice, attention regulation, emotional awareness, self-regulation, and body listening
subscales all significantly loaded onto the latent factor (ps< .001) while the MAIA not worrying subscale
and BSBQ did not load onto the latent factor at all (ps=.952, .278 respectively). However, contrary to the
EFAs, the MAIA non-distract and MAIA body trusting subscales significantly loaded onto the latent
factor (ps< .001). Inspection of the modification indices further suggested that modeling a covariance
path between the MAIA attention regulation and self-regulation subscales and between the MAIA
attention regulation and emotion awareness subscales would likely improve model fit. Similarly,
modification indices suggested that dropping the MAIA not worrying subscale as well the BSBQ would
improve model fit. Finally, although the MAIA body trusting subscale loaded clearly onto the latent
factor, modification indices suggested that it shared unmodeled covariance with the BSBQ.

Thus, in the second and final model, we excluded the MAIA not worrying and body trusting
subscales and the BSBQ in order to create a latent factor representing interoceptive sensibility in its
“purest” sense meant to reflect beliefs about noticing, attention, and awareness of one’s interoceptive
signals, states, and sensations. As suggested by the previous modification indices, we here also modeled
covariances between MAIA attention regulation and self-regulation and between MAIA attention
regulation and emotion awareness. This model converged after 18 iterations and inspection of the
modification indices indicated that no additional covariances or paths needed to be added. The model
exhibited very good fit: RMSEA= .06, p=.260, CFI=.98, and TLI=.97. The BAQ mean and MAIA notice,
non-distract, attention regulation, emotional awareness, self-regulation, and body listening subscales all
significantly loaded onto a single latent factor representing interoceptive sensibility (ps< .001), and the
covariances between attention regulation with self-regulation and between attention regulation with
emotional awareness were significant (cov= .19, SE=.047, p<.0001; cov=-.11, SE= .035, p=.002

respectively).



Table S2. Confirmatory factor models with interoceptive sensibility vs. beliefs.

Initial Model Final Model
Latent factor loadings A SE p A SE p

BAQ 57 .061 .000 .61 .06 .000
MAIA Notice 73 .057 .000 .76 .06 .000
MAIA Non-distract -.22 .067 .001 -.18 .07 .009
MAIA Not worrying -.00 .068 .952

MAIA Attention regulation 7 .056 .000 .70 .06 .000
MAIA Emotion awareness .66 .059 .000 74 .06 .000
MAIA Self-regulation 15 .057 .000 .66 .06 .000
MAIA Body listening 73 .057 .000 75 .06 .000
MAIA Body trust .54 .062 .000

BSBQ mean .07 .068 278

Evaluating Heartbeat Detection Confidence as an Index of Interoceptive Sensibility

It is common practice in interoception research to interchangeably operationalize interoceptive
sensibility as either behavioral confidence ratings from a heartbeat counting or detection task or as a self-
reported questionnaire. To evaluate whether behavioral confidence ratings vs. self-report questionnaire
measures tap into shared vs. divergent latent constructs, we conducted supplementary exploratory factor
analyses. In a first factor analysis (Table S3), we examined whether mean confidence ratings (on a O=not
at all confident to 100% completely confident sliding scale) across the HBD task trials (“HBD
Confidence”) would fit with commonly used interoceptive sensibility questionnaire measures: the BAQ
and MAIA. Using an initial 2-factor structure, we found that this factor structure explained about 38% of
the variance in the data, but the goodness-of-fit 2 test was significant, y?= 45.28 (df=26), p=.011,
suggesting that two factors are likely an insufficient fit to the underlying data structure of these measures.
Given the significant y, we then tested the possibility of a 3-factor structure. The goodness-of-fit test was
no longer significant, y’= 22.50 (df=18), p=.211, suggesting that three factors may be sufficient. This set
of factors explained about 49% of the variance in the data. Notably, HBD Confidence never loaded onto
any factor across the two models.

We next tested whether including HBD Accuracy (our primary measure of interoceptive ability)
would change whether HBD Confidence loaded with interoceptive sensibility measures (i.e., BAQ,
MAIA subscales) vs. interoceptive ability measures (i.e., HBD Accuracy). In this second factor analysis
(Table S4), we probed an initial 2-factor structure as before. We found that this factor structure again
explained about 38% of the variance in the data, but the goodness-of-fit test was significant, y°= 73.65
(df=34), p<.001, suggesting that two factors are likely insufficient to explain the underlying data structure
of these measures. Given the significant 52, we then tested the possibility of three factors. The goodness-
of-fit test was still significant but closer to nonsignificant, y>= 38.86 (df=25), p=.038, suggesting that

three factors may still be insufficient to explain the underlying data structures. This set of factors



explained about 42% of the variance in the data. Given the persistent significant y2, we then tested the fit
of a 4-factor structure. The goodness-of-fit test was no longer significant, y>= 16.41 (df=17), p=.50,
suggesting that three factors may be sufficient. This set of factors explained about 57% of the variance in
the data. Interestingly, HBD Confidence did not load onto any factor in the 2-factor model but loaded on
loosely with HBD Accuracy in the 3-factor model. In the 4-factor model, HBD Confidence loaded most
clearly on its own with a weak loading of HBD Accuracy onto the same factor.

Collectively, these exploratory factor analyses suggest that conflating behavioral confidence
ratings from a heartbeat detection task with self-reported trait questionnaire measures of interoceptive
sensibility may be misguided. First, it appears that confidence ratings during the HBD task are not
tapping the same sort of underlying latent constructs represented in self-report questionnaires such as the
BAQ or MAIA. It could be that HBD Confidence here represents a more behavioral form of interoceptive
sensibility or even a more momentary state form of interoceptive sensibility whereas questionnaire
measures like the BAQ and MAIA may represent instead summative self-characterizations of
interoceptive sensibility that more likely tap into trait interoceptive sensibility.

However, it is also possible that HBD Confidence reflect little to no aspect of interoceptive
sensibility and may instead reflect other untested or unknown factors. For example, confidence ratings
may reflect the perceived ease vs. novelty of the heartbeat detection task itself rather than people’s more
typical behavioral confidence in their abilities to detect interoceptive signals and states. More generally,
state mood effects (e.g., if one is in a good vs. negative mood) and recency effects such as a recent failure
VS. success on a university exam could potentially guide confidence ratings on behavioral interoception
tasks. Similarly, individual differences in confidence or optimism might further drive behavioral
confidence ratings, although this may also be the case for self-report questionnaire measures like the BAQ
and MAIA.

Ultimately, it is unclear the extent to which HBD task features (e.g., task difficulty, task length),
state vs. trait differences, or a lack of convergence between behavioral vs. self-report measures may be
explaining whether behavioral confidence is a reliable or appropriate index of interoceptive sensibility.

Future work is needed to clarify these issues.



Table S3. Exploratory factor analyses assessing HBD Confidence fit with the BAQ and MAIA
without HBD Accuracy included.

2 Factors 3 Factors
Without Accuracy Without Accuracy

Factor loadings Factor 1 Factor 2 Factor 1 Factor 2 Factor 3
Interoceptive ability

HBD Accuracy - - - - -

HBD Confidence
Interoceptive sensibility

BAQ .59 .61

MAIA Notice .69 14 71

MAIA Non-distract -.31 1.00

MAIA Not worrying -.33 .48 -.24 -11 41

MAIA Attention regulation 37 .68 .48 .68

MAIA Emotion awareness -.33 .48 .86 -21

MAIA Self-regulation 46 .48 .55 42

MAIA Body listen .67 .18 71 14 17

MAIA Body trust 21 .50 31 .39
Total
SS loadings 2.48 1.33 2.81 1.06 1.03
Proportion of variance 0.25 0.13 0.28 0.11 0.10
Cumulative variance 0.25 0.38 0.28 0.39 0.49

Note. HBD Confidence did not loaded onto any factor in either model. Bolded values indicate those that
are the largest factor loading value for a given measure within a given model. Grey backgrounds indicate
values above or approaching .50 factor loadings (e.g., .45 or above).



Table S4. Exploratory factor analyses assessing HBD Confidence fit with the BAQ, MAIA, and HBD Accuracy.

2 Factors 3 Factors 4 Factors
With Accuracy With Accuracy With Accuracy

Factor loadings Factor 1 Factor?2 | Factorl Factor2 Factor3 | Factor1 Factor2 Factor3 Factor4
Interoceptive ability

HBD Accuracy A2 A7 .35

HBD Confidence .69 .93
Interoceptive sensibility

BAQ .62 .59 11 .60

MAIA Notice 75 14 .69 A4 .73

MAIA Non-distract -12 -.27 -.30 .99

MAIA Not worrying .48 -31 47 -11 42

MAIA Attention regulation .68 .49 .39 .67 74 .56

MAIA Emotion awareness .78 -.29 .85 -.13 .76 =31

MAIA Self-regulation .69 .30 .48 49 71 31

MAIA Body listen 75 .68 .18 .78 A3

MAIA Body trust 44 37 23 48 45 .33
Total
SS loadings 3.28 0.88 2.54 1.32 0.74 3.34 1.05 1.01 0.81
Proportion of variance 0.30 0.08 0.23 0.12 0.10 0.30 0.10 0.09 0.07
Cumulative variance 0.30 0.38 0.23 0.35 0.42 0.30 0.40 0.49 0.57

Note. HBD Confidence only loaded onto Factor 2 in the 3-factor model. Bolded values indicate those that are the largest factor loading value for a
given measure within a given model. Grey backgrounds indicate values above or approaching .50 factor loadings (e.g., .45 or above).



Table S5. Full Bivariate Correlations Between Physiological, Interoceptive, and Emotion Measures

2 3 4 5 6 7 8 9 10 11

1 37** -.07 -.10 19%* 137 -.07 .00 -.00 -.02 -.02
PEP
Baseline

2. - -.04 -.01 -.01 37** .04 -.03 .09 .06 -.03
PEP
Reactivity

3. - -.63** -.59** 14* -.02 -.16* .08 .04 .01
HRV
Baseline

4, - 22%* -.49** .01 .09 -.01 .01 .04
HRV
Reactivity

5. - -13F -.03 .01 -.09 -.07 -.02
HR
Baseline

6. - A1 -.02 -.04 -.04 -.09
HR
Reactivity

7. - .33** .00 -.02 -.06
HBD
Accuracy

8. - .10 .05 .02
HBD
Confidence

9. - b51** 52**
BAQ

10. - .95%*
MAIA

11. -
MAIA-
restrict

12.
Sensibility

13.

BSBQ



14.
Neg
Emotion
15.
High
Emotion
16.
Pos
Emotion
17.
Low
Emotion

Note: PEP Baseline and PEP Reactivity reflect reverse scored PEP values, so that interpretations are that increases in reversed PEP index increases in SNS
activity. HRV Baseline and HRV Reactivity reflect unadjusted RMSSD values. MAIA-restrict reflects a restricted mean MAIA score that drops the Non-
Worry and Trust subscales, as suggested by factor analysis. Sensibility reflects BAQ and MAIA-restricted together, as per the regression analysis models.
Significance level is denoted by T p< .10, * p<.05, ** p<.01, with significant values shown in black bolded font and non-significant values shown in grey.
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Table S6. Sex and logBMI in association with regression variables.

Sex logBMI
PEP Baseline .08 .01
PEP Reactivity .09 -.05
cvVRMSSD Baseline J2% .04
cvRMSSD Reactivity -01 .02
RMSSD Baseline .16* .06
RMSSD Reactivity -01 .01
HR Baseline -.30*%* -.07
HR Reactivity .03 -.06
HBD Accuracy 14* -13%
BAQ -.03 .05
MAIA .02 .02
MAIA-restrict -.08 .00
Sensibility -.07 .01
Beliefs (BSBQ) - 127 .01
Neg Emotion -21%* -.00
High Emotion -.14* .01
Pos Emotion 28** .03
Low Emotion .08 -.04

Note: PEP Baseline and PEP Reactivity reflect reverse scored PEP values, so that interpretations are that
increases in reversed PEP index increases in SNS activity. RMSSD Baseline and RMSSD Reactivity
reflect raw or unadjusted RMSSD values, while cvRMSSD Baseline and cvRMSSD Reactivity reflect
corrected RMSSD values as per de Geus et al. (2019). MAIA-restrict reflects a restricted mean MAIA
score that drops the Non-Worry and Trust subscales, as suggested by factor analysis. Sensibility reflects
BAQ and MAIA-restricted together, as per the regression analysis models. Significance level is denoted
by T p< .10, * p<.05, ** p<.01, with significant values shown in black bolded font and non-significant
values shown in grey.
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Supplementary Bivariate Correlations Between Physiological, Interoceptive, and Emotion Measures

To provide a fuller understanding of the interrelations between our physiological, interoceptive,
and emotion measures, we conducted bivariate correlations (reported in Table S6). Next, we highlight
several interesting correlational effects that emerged from these results, with the caveat that bivariate
correlations are unadjusted for confounds (unlike effects presented within the linear regressions).

Cardiac psychophysiology. Heart rate at baseline and in reaction to the TSST was clearly tied to
PEP and HRV baselines and reactivity, consistent with prior pharmacological insights showing that heart
rate is influenced by both the SNS and PNS. On the other hand, PEP and HRV were uncorrelated,
consistent with the SNS and PNS being distinct branches of the autonomic nervous system. Interestingly,
there were no significant bivariate correlations between PEP baseline or reactivity, HRV baseline and
reactivity, or HR reactivity with self-reported emotions from the TSST. However, there were small but
significant correlations between HR baseline with greater negative emotions (r=.17, p<.05) and lower
positive emotions (r=-.22, p<.01), which may speak to mood effects potentiating how individuals respond
to the acute stressor (e.g., people who had a higher resting heart rate at baseline later reported feeling
significantly more negative from the TSST). Of course, using reactivity scores as we did for our
regression models helps adjust for these between-person baseline differences.

Interoceptive ability and confidence. Accuracy on the HBD task was significantly correlated
with confidence ratings provided on each trial of the task (r=.33, p<.01), indicating that individuals who
were more accurate at detecting their heartbeats also were more confident in their detections. This may
suggest at least some alignment between being able to detect one’s interoceptive signals and knowing that
you are able to do so (i.e., a form of “meta-cognitive awareness”). Interestingly, individuals with a more
variable heartbeat (greater HRV) at a resting baseline were less confident in their ability to detect their
heartbeat during the HBD task (r=-.16, p<.05). One potential interpretation of this finding is that having a
more variable heart period (whether at the state level or as an individual difference) could make it harder
to be certain about when one’s heartbeat is occurring; however, this speculation should be investigated
more closely in future data, especially given no other effects emerging between physiology and HBD
Confidence herein. Finally, individuals who reported more confidence across HBD task trials reported
less low arousal emotions induced by the TSST (r=-.19, p<.01).

Interoceptive sensibility. Mean ratings on the BAQ and MAIA were modestly and significantly
related (r=.51, p<.01). The BAQ was unrelated to any self-reported emotions. Individuals who provided
higher ratings on the MAIA reported experiencing less negative emotions during the TSST (r=-.15,
p<.05) and greater positive emotions (r=.16, p<.05), but the MAIA was irrelevant to the arousal

dimension of emotions (high or low arousal emotions). This may be consistent with the types of questions
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asked in the MAIA which tend to focus on attention, awareness, and reactions to unpleasant vs. pleasant
bodily states and sensations.

Interoceptive beliefs. Individuals with more positive evaluative beliefs about the meaning of their
interoceptive sensations reported less intense negative emotions during the TSST (r= -.34, p<.05), less
intense high arousal emotions (r=-.15, p<.05), and less intense low arousal emotions (r=-.17, p<.05). The
BSBQ was unrelated to positive emotions during the TSST. While the MAIA appears to tap into the
affective valence of interoceptive sensations, it may be that the BSBQ is especially relevant to the
affective arousal of interoceptive sensations and the role of sensations in high vs. low arousal states.
Evaluative interoceptive beliefs on the BSBQ was inversely, marginally related to BAQ ratings but
positively and significantly related to MAIA ratings (r=.14, p<.05).

Physiological Reactivity and Interoception Effects on High Arousal Emotion (Tables S7-S10)

Please see the main text for a narrative description of these results as well as the probed
interaction effects. Herein, we report the full stepwise linear regression models where the physiological
reactivity index was either pre-ejection period (PEP), heart rate variability (HRV assessed as cvRMSSD),
or heart rate (HR). Recent methodological recommendations (de Geus et al., 2019) to report both the
adjusted models of HRV (here, coefficient of variation for RMSSD; see main text) and the unadjusted
models for HRV, so that physiological experts can better examine whether major model differences
emerge depending on HRV adjustment. Thus, we also report our models with unadjusted RMSSD below,
although we note that model effects are consistent regardless of RMSSD adjustment.

PEP and HRV were our primary physiological indices of interest, given that they respectively
reflect sympathetic (SNS) and parasympathetic (PNS) influences on the cardiac cycle. On the other hand,
HR reflects a combination of SNS and PNS influences and thus is an unclear measure for revealing the
specificity of autonomic branch effects. However, we analyzed and herein report models with HR
reactivity for a couple of reasons. First, although non-specific, HR reactivity may be of interest to
physiological experts who are interested in potential cardiac autonomic balance and cardiac regulatory
capacity effects (e.g., Berntson, Norman, Hawkley, & Cacioppo, 2008) which are beyond the scope of the
present work. Second, given that heartbeat detection assesses the ability to detect shifts in heart rate and
given that changes in PEP and RMSSD may be less consciously detectable relative to heart rate, one
could argue that heart rate reactivity may be more relevant when modeling interoceptive effects
(unfortunately, this did not appear to be the case; for example, as seen above in bivariate correlations and
below in the context of the linear regressions). Finally, we report HR reactivity to improve data
transparency and reporting for future meta-analyses and power analyses. Besides replacing the
physiological reactivity index with PEP, cvRMSSD, unadjusted RMSSD, or HR, all regression models
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across physiological modalities are otherwise identical with respect to stepwise additions of the

interoceptive and demographic variables.
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Table S7. Full model effects of PEP reactivity and interoception in relation to high arousal emotions.

. 2 Lower Upper
Predictors R b SE B p 95% Cl  95% ClI
Step 1: F(1,189)= 3.75+ 014+
Intercept 1.82  0.066 <.001 1.69 1.95
PEP reactivity 0.13  0.066 0.14 .054  -0.00 0.26
Step 2: F(2,189)= 4.35* .034*
Intercept 1.82 0.065 <.001 1.69 1.94
PEP reactivity 0.13 0.065 0.15 .044 0.00 0.26
Interoceptive ability -0.14 0.065 -0.16 029 -0.27 -0.15
Step 3: F(3,189)= 3.01* .031
Intercept 1.82  0.065 <.001 1.69 1.94
PEP reactivity 0.14  0.065 0.15 041 0.01 0.26
Interoceptive ability -0.14 0.065 -0.16 028 -0.27 -0.02
Interoceptive sensibility -0.04 0.065 -0.04 543 -0.17 0.09
Step 4: F(4,189)= 3.37 ** .048
Intercept 1.82 0.065 <.001 1.69 1.95
PEP reactivity 0.12 0.065 0.13 062 -0.01 0.25
Interoceptive ability -0.16 0.065 -0.17 017  -0.29 -0.03
Interoceptive sensibility -0.03 0.065 -0.03 656 -0.16 0.10
Interoceptive beliefs -0.13 0.065 -0.15 040 -0.26 -0.01
Step 5: F(7,189)= 2.90** .066
Intercept 1.83 0.065 <.001 1.70 1.96
PEP reactivity 0.11  0.066 0.121 096  -0.02 0.24
Interoceptive ability -0.15 0.065 -0.164 023 -0.28 -0.02
Interoceptive sensibility -0.02 0.064 -0.024 739  -0.15 -0.11
Interoceptive beliefs -0.15 0.065 -0.16 024  -0.28 -0.02
PEP x Intero ability 0.02 0.076 0.02 831 -0.13 0.17
PEP x Intero sensibility 0.09 0.074 0.09 221 -0.06 0.24
PEP x Intero beliefs 0.16  0.066 0.17 .018 0.03 0.29
Step 6: F(9,189)= 2.96** .085
Intercept 1.33 1.578 402 -1.79 4.44
PEP reactivity 0.13  0.066 0.15 045 0.00 0.26
Interoceptive ability -0.13 0.066 -0.15 043  -0.26 -0.00
Interoceptive sensibility -0.04 0.064 -0.04 540  -0.17 0.09
Interoceptive beliefs -0.16 0.064 -0.17 017 -0.28 -0.03
PEP x Intero ability 0.03  0.076 0.03 715 -0.12 0.18
PEP x Intero sensibility 0.10 0.074 0.10 174 -0.05 0.25
PEP x Intero beliefs 0.14  0.066 0.15 .038 0.01 0.27
Sex -0.33 0134 -0.18 016  -0.59 -0.06
BMI 0.20  0.508 0.03 689  -0.80 1.21

79

Note: PEP= Pre-ejection period, reverse scored to index SNS activity increases. Adjusted R? is reported.
Significance reported for R?represents whether there was a significant AR2 Bolded lines indicate
significant effects. Standard errors and confidence intervals are with respect to the unstandardized
coefficients. Sex is self-identified and coded O=Female, 1=Male. BMI is natural-log transformed.

p<.10, * p<.05, ** p<.01.



INTEROCEPTIVE BELIEFS DURING STRESS

80

Table S8. Full model effects of adjusted HRV (cvRMSSD) reactivity and interoception in relation to high

arousal emotions.

. 2 Lower Upper
Predictors R b SE B p 950 CI  95% CI
Step 1: F(1,206)=0.73 -.001
Intercept 1.87  0.065 <.001 1.75 2.00
HRYV reactivity -0.06  0.065 -0.06 393 -0.19 0.07
Step 2: F(2,206)=1.62 .006
Intercept 1.87 0.065 <.001 1.75 2.00
HRV reactivity -0.05 0.065 -0.06 427 -0.18 0.08
Interoceptive ability -0.10 0.065 -0.11 115 -0.23 0.03
Step 3: F(3,206)=1.19 .003
Intercept 1.88  0.065 <.001 1.75 2.00
HRYV reactivity -0.05 0.065 -0.05 448  -0.18 0.08
Interoceptive ability -0.10 0.065 -0.11 111 -0.23 0.02
Interoceptive sensibility -0.04  0.065 -0.04 572 -0.17 0.09
Step 4: F(4,206)= 2.41% .027*
Intercept 1.88 0.065 <.001 1.75 2.00
HRV reactivity -0.06 0.065 -0.07 339 -0.19 0.07
Interoceptive ability -0.12 0.064 -0.12 074 -0.24 0.01
Interoceptive sensibility -0.03 0.065 -0.03 657  -0.16 0.10
Interoceptive beliefs -0.16 0.064 -0.17 015 -0.28 -0.03
Step 5: F(7,206)= 3.29** 072**
Intercept 1.90 0.063 <.001 1.77 2.02
HRV reactivity -0.05 0.065 -0.05 438  -0.18 0.08
Interoceptive ability -0.10 0.066 -0.11 118 -0.23 0.03
Interoceptive sensibility -0.03 0.063 -0.03 662 -0.15 0.10
Interoceptive beliefs -0.15 0.062 -0.16 019 -0.27 -0.03
HRV X Intero ability -0.08 0.060 -0.08 240  -0.22 0.06
HRV X Intero sensibility -0.05  0.071  -0.05 472 -0.19 0.09
HRV x Intero beliefs 0.19 0.062 -0.21 .003 0.07 0.31
Step 6: F(9,206)= 3.16***  .086+
Intercept 1.86 1.56 233 -l1.21 4.93
HRV reactivity -0.06 0.064 -0.06 371 -0.19 0.07
Interoceptive ability -0.08 0.067 -0.09 222 -0.21 0.05
Interoceptive sensibility -0.04 0.063 -0.04 517 -0.17 0.08
Interoceptive beliefs -0.16 0.062 -0.18 011 -0.28 0.04
HRV X Intero ability -0.09 0.069 -0.09 212 -0.22 0.05
HRV X Intero sensibility -0.06  0.071  -0.05 430  -0.20 0.08
HRV x Intero beliefs 0.19 0.061 0.21 .003 0.06 0.31
Sex -0.29 0.013 -0.15 026 -0.55 -0.04
BMI 0.05  0.500 0.01 918 -0.94 1.04

Note: HRV= Heart rate variability, here indexed by cvRMSSD (see main text for more information).
Adjusted R? is reported. Significance reported for R? represents whether there was a significant AR2.

Bolded lines indicate significant effects. Standard errors and confidence intervals are with respect to the

unstandardized coefficients. Sex is self-identified and coded 0=Female, 1=Male. BMI is natural-log
transformed. 1 p<.10, * p<.05, ** p<.01, *** p<.001.
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Table S9. Full model effects of unadjusted HRV (RMSSD) reactivity and interoception in relation to high
arousal emotions, provided for future meta-analyses.

Lower Upper

H 2
Predictors R b SE B p 950 CI  95% CI
Step 1: F(1,206)= 0.46 -.003
Intercept 1.87  0.066 <.001 1.74 2.00
HRYV reactivity -0.05 0.066 -0.05 496  -0.18 0.09
Step 2: F(2,206)=1.53 .005
Intercept 1.87 0.065 <.001 1.75 2.00
HRV reactivity -0.04 0.066  -0.05 503 -0.17 0.09
Interoceptive ability -0.10 0.065 -0.11 109 -0.23 0.02
Step 3: F(3,206)=1.13 .002
Intercept 1.88  0.065 <.001 1.75 2.00
HRYV reactivity -0.04  0.066 -0.05 524 -0.17 0.09
Interoceptive ability -0.11 0.065 -0.11 106 -0.23 0.02
Interoceptive sensibility -0.04  0.065 -0.04 564  -0.17 0.09
Step 4: F(4,206)= 2.28+ .026*
Intercept 1.88 0.065 <.001 1.75 2.00
HRV reactivity -0.06 0.065 -0.06 370 -0.19 0.07
Interoceptive ability -0.12 0.064 -0.13 069 -0.24 0.01
Interoceptive sensibility -0.03 0.065 -0.03 651 -0.16 0.10
Interoceptive beliefs -0.16 0.064 -0.17 015 -0.28 -0.03
Step 5: F(7,206)= 2.81** .058*
Intercept 1.90 0.064 <.001 1.77 2.02
HRV reactivity -0.06  0.065 -0.06 400 -0.18 0.07
Interoceptive ability -0.12 0.065 -0.13 070 -0.25 0.01
Interoceptive sensibility -0.02 0.064 -0.03 718  -0.15 0.10
Interoceptive beliefs -0.15 0.063 -0.17 016 -0.28 -0.03
HRV X Intero ability -0.04  0.070 -0.05 530 -0.18 0.09
HRV X Intero sensibility -0.03  0.068 -0.03 683 -0.16 0.11
HRYV x Intero beliefs 0.17  0.059 0.20 .004 0.06 0.29
Step 6: F(9,206)= 2.75** 071+
Intercept 1.87 1.565 234 -1.22 4.95
HRV reactivity -0.06 0.065 -0.07 345 -0.19 0.07
Interoceptive ability -0.10 0.066 -0.11 140  -0.23 0.03
Interoceptive sensibility -0.04 0.064 -0.04 568 -0.16 0.09
Interoceptive beliefs -0.17 0.063 -0.18 009 -0.29 0.04
HRV X Intero ability -0.05  0.069 -0.05 482  -0.19 0.09
HRV X Intero sensibility -0.04  0.068 -0.04 569  -0.17 0.10
HRV x Intero beliefs 0.17 0.059 0.20 .004 0.05 0.29
Sex -0.29 0131 -0.15 029 -0.55 -0.03
BMI 0.05 0.503 0.01 922 -0.94 1.04

Note: HRV= Heart rate variability, here indexed by unadjusted RMSSD (see main text for more
information). Adjusted R? is reported. Significance reported for R?represents whether there was a
significant AR2. Bolded lines indicate significant effects. Standard errors and confidence intervals are with
respect to the unstandardized coefficients. Sex is self-identified and coded O=Female, 1=Male. BMI is
natural-log transformed. 1 p<.10, * p<.05, ** p<.01.
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Table S10. Full model effects of HR reactivity and interoception in relation to high arousal emotions.

Lower Upper

H 2
Predictors R b SE B p 95% Cl  95% ClI
Step 1: F(1,206)= 1.66 .008
Intercept 1.87  0.065 <.001 1.75 2.00
HR reactivity 0.08  0.065 0.09 199 -0.04 0.21
Step 2: F(2,206)= 2.42+ 023+
Intercept 1.87 0.065 <.001 1.75 2.00
HR reactivity 0.10  0.065 0.10 138 -0.03 0.23
Interoceptive ability -0.12 0.065 -0.12 077 -0.24 0.01
Step 3: F(3,206)= 1.68 .024
Intercept 1.88  0.065 <.001 1.75 2.00
HR reactivity 0.09  0.066 0.10 154 -0.04 0.22
Interoceptive ability -0.12 0.065 -0.13 075 -0.24 0.01
Interoceptive sensibility -0.03 0.065 -0.03 642  -0.16 0.10
Step 4: F(4,206)= 2.86* .054*
Intercept 1.88 0.064 <.001 1.75 2.00
HR reactivity 0.11 0.065 0.11 105 -0.02 0.23
Interoceptive ability -0.13 0.064 -0.14 045  -0.26 -0.00
Interoceptive sensibility -0.02 0.065 -0.02 740  -0.15 0.11
Interoceptive beliefs -0.16 0.063 -0.17 013 -0.28 -0.03
Step 5: F(7,206)= 2.06* .067
Intercept 1.89  0.065 <.001 1.76 2.02
HR reactivity 0.12  0.066 0.13 073 -0.01 0.25
Interoceptive ability -0.14 0.065 -0.15 035 -0.27 -0.01
Interoceptive sensibility -0.02 0.065 -0.02 738  -0.15 0.11
Interoceptive beliefs -0.16 0.064 -0.18 011  -0.29 -0.04
HR x Intero ability -0.04  0.063 -0.04 537  -0.16 0.09
HR X Intero sensibility 0.04  0.065 0.04 562  -0.09 0.17
HR x Intero beliefs -0.11  0.070 -0.11 130 -0.24 0.03
Step 6: F(9,206)= 2.13* .089
Intercept 1.72 1.587 278 -1.40 4.85
HR reactivity 0.12  0.066 0.13 066 -0.01 0.25
Interoceptive ability -0.12 0.066 -0.13 076 -0.25 0.01
Interoceptive sensibility -0.35 0.065 -0.04 587 -0.16 0.09
Interoceptive beliefs -0.28 0.064 -0.19 006 -0.30 -0.05
HR X Intero ability -0.03  0.062 -0.04 581  -0.16 0.09
HR X Intero sensibility 0.05 0.064 0.05 475 -0.08 0.17
HR x Intero beliefs -0.10  0.069 -0.10 141 -0.24 0.03
Sex -0.29 0133 -0.15 .033 -0.55 -0.02
BMI 0.09 0.510 0.013 856  -0.91 1.10

Note: HR= Heart rate. Adjusted R? is reported. Significance reported for R? represents whether there was
a significant AR2 Bolded lines indicate significant effects. Standard errors and confidence intervals are
with respect to the unstandardized coefficients. Sex is self-identified and coded 0=Female, 1=Male. BMI
is natural-log transformed. 1 p<.10, * p<.05.
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Physiological Reactivity and Interoception Effects on Negative Emotion (Tables S11-S14)
Herein, final model steps are interpreted for SNS and PNS reactivity models but please see Tables S11-
S13 for effects at each step as well as supplementary analyses with heart rate (Table S14).

SNS Reactivity Model. There was no main effect of SNS reactivity on negative emotion reports
(p=.306), perhaps consistent with prior literature suggesting that the SNS is more closely coupled with
affective arousal. There was also no effect of interoceptive ability or sensibility on negative affect
(ps=.125, .217). There was, however, yet again a significant inverse main effect of interoceptive beliefs,
b=-0.18, p=.018, 95% Cls [-0.32, -0.03], wherein more positive beliefs about the value of interoceptive
sensations was related to the experience of less intense negative emotions during the TSST. Sex was also
significant, b= -0.56, p<.001, 95% Cls [-0.87, -0.26], indicating that female participants reported
experiencing greater negative emotions from the stressor than did males. However, BMI was unrelated
(p=.757).

Although marginal, there was an interaction of SNS reactivity x interoceptive beliefs (b= 0.14,
p=.076, 95% Cls [-0.02, 0.29]) replicating the same, albeit weaker, pattern of effects observed with high
arousal emotion. Probing the simple slopes revealed that the slopes for negative (-1SD) and average
beliefs were not significant [t(180)=-0.5 and 1.03, ps=.609 and .306 respectively]. However, the slope
for more positive interoceptive beliefs (+1SD) was significant [t(180)= 2.09, p=.038]. As depicted in Fig.
2, these slopes for interoceptive beliefs again only diverged in individuals with low SNS reactivity (below
0SD), such that greater endorsement of positive interoceptive beliefs buffered against negative emotional
experiences during the TSST, but only for individuals with less presence of SNS activity in response to
the TSST. This may suggest that people with more accepting or positive interoceptive beliefs find low-
level SNS shifts to be less aversive than do people with negative interoceptive beliefs—and that it is
possible for their positive interoceptive priors to predominate when there are less intense, aversive SNS
changes. However, for individuals had robust SNS reactivity, these SNS changes appear to more aversive,
regardless of one’s interoceptive beliefs.

Interestingly, there was also a nonsignificant but marginal interaction between SNS reactivity x
interoceptive sensibility (b= 0.16, p=.072, 95% Cls [-0.01, 0.33]). Given the paucity of work testing this
interaction, we still probed the interaction in hopes of revealing potential trends to verify in future
replications. Simple slopes analyses revealed that the slopes for low sensibility (-1SD) and average
sensibility (0SD) were not significant [t(180)= -0.69, p=.489 and t(180)= 1.03, p=.306 respectively], but
there was a significant slope for high sensibility (+1SD), t(180)= -1.99, p=.048. Consistent with effects
observed for interoceptive beliefs, high interoceptive sensibility buffered against the experience of
negative emotions, but only for individuals with less robust SNS activity in response to the TSST (<0SD).

This moderating effect of sensibility was not observed for individuals with strong SNS increases (>0SD).
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Together, these findings again may suggest that for individuals with less SNS activity during the TSST,
people with more positive interoceptive beliefs and perhaps also people with greater interoceptive
sensibility—may be less likely to experience negative emotions. Negative emotion reports, in the absence
of robust SNS activity, may be more guided by one’s interoceptive priors.

HRYV Reactivity Model. As with high arousal emotions, HRV reactivity was unrelated to
negative emotion reports (p=.133) as was interoceptive ability (p=.327) and interoceptive sensibility
(p=.240). These lack of significant effects for HRV reactivity may similarly suggest that during an acute
stressor, negative feelings may be particularly connected to the aversiveness of SNS changes and
interoception thereof. Importantly, we again observed a significant main effect of interoceptive beliefs,
b=-0.19, p=.008, 95% Cls [-0.33, -0.05], such that individuals with more positive interoceptive beliefs
reported less intense negative emotions during the TSST.

Replicating results across models, there was again a significant interaction of HRV reactivity x
interoceptive beliefs (b= 0.20, p=.005, 95% Cls [0.06, 0.34]). Similar to the HRV findings for high
arousal emotions, simple slopes analyses again revealed that it was the slope for negative or low beliefs (-
1SD) that was significant [t(197)= -3.19, p=.002] but not the slopes for average (0SD) or positive beliefs
(+1SD), [t(197)=-1.51, p=.133 and t(197)= 0.85, p=.396 respectively]. Again, people with negative
interoceptive beliefs reported greater negative emotions when HRV was decreasing (i.e., more
parasympathetic withdrawal). However, when HRV was increasing from baseline (indicating the potential
influence of greater parasympathetic control), people with negative interoceptive beliefs no longer
reported higher levels of negative emotion; their emotion ratings were similar to people with positive and
average/neutral beliefs. Individuals with positive and average interoceptive beliefs reported the same
(lower) levels of negative emotion relative to individuals with negative beliefs, regardless of whether

HRV was increasing or decreasing. No other interactions were significant.
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Table S11. Full model effects of PEP reactivity and interoception in relation to negative emotions.

. 2 Lower Upper
Predictors R b SE B p 95% Cl  95% ClI
Step 1: F(1,189)=0.49 -.003
Intercept 1.72  0.077 <.001 1.57 1.88
PEP reactivity 0.05  0.077 0.05 468  -0.10 0.21
Step 2: F(2,189)=1.72 .001%
Intercept 1.72 0.077 <.001 1.57 1.87
PEP reactivity 0.06 0.077 0.06 448 0.09 0.21
Interoceptive ability -0.13 0.077 -0.13 .088 -0.28 0.02
Step 3: F(3,189)=1.51 .001
Intercept 1.72  0.077 <.001 1.58 1.88
PEP reactivity 0.06  0.077 0.06 441 -0.09 0.22
Interoceptive ability -0.13 0.077 -0.13 085 -0.29 0.02
Interoceptive sensibility -0.08 0.077 -0.08 297 -0.23 0.07
Step 4: F(4,189)= 2.15+ .024*
Intercept 1.73 0.076 <.001 1.58 1.88
PEP reactivity 0.05 0.077 0.05 524 -0.10 0.20
Interoceptive ability -0.15 0.077 -0.14 056 -0.30 0.00
Interoceptive sensibility -0.07 0.076  -0.06 375 -0.22 0.08
Interoceptive beliefs -0.15 0.076  -0.15 047  -0.30 -0.00
Step 5: F(7,189)= 2.21* 043+
Intercept 1.73 0.076 <.001 1.58 1.88
PEP reactivity 0.04  0.078 0.03 606  -0.11 0.19
Interoceptive ability -0.14 0.077 -0.13 067 -0.29 0.01
Interoceptive sensibility -0.06  0.076  -0.05 422 -0.21 0.09
Interoceptive beliefs -0.16 0.076  -0.16 033 -0.32 -0.01
PEP x Intero ability 0.04  0.090 0.03 674 -0.14 0.22
PEP x Intero sensibility 0.14  0.088 0.12 108  -0.03 0.32
PEP x Intero beliefs 0.17  0.077 0.16 027 0.02 0.33
Step 6: F(9,189)= 3.29** .098**
Intercept 139 1825 446 -2.21 4.99
PEP reactivity 0.08  0.076 0.07 306 -0.07 0.23
Interoceptive ability -0.12 0.076 -0.11 125 -0.27 0.03
Interoceptive sensibility -0.09 0.074  -0.09 217 -0.24 0.05
Interoceptive beliefs -0.18 0.074  -0.17 018 -0.32 -0.03
PEP x Intero ability 0.06  0.088 0.05 512 -0.12 0.23
PEP x Intero sensibility 0.16  0.086 0.13 072 -0.01 0.33
PEP x Intero beliefs 0.14  0.076 0.13 076  -0.02 0.29
Sex -056 0155 -0.26 <.001 -0.87 -0.26
BMI 0.18  0.587 0.02 757  -0.98 1.34
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Note: PEP= Pre-ejection period, reverse scored to index SNS activity increases. Adjusted R? is reported.
Significance reported for R?represents whether there was a significant AR2 Bolded lines indicate
significant effects. Standard errors and confidence intervals are with respect to the unstandardized
coefficients. Sex is self-identified and coded O=Female, 1=Male. BMI is natural-log transformed. ¥

p<.10, * p<.05, ** p<.01.
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Table S12. Full model effects of adjusted HRV (cvRMSSD) reactivity and interoception in relation to
negative emotions.

Lower Upper

H 2
Predictors R b SE B p 950 CI  95% CI
Step 1: F(1,206)= 1.58 .003
Intercept 1.80 0.077 <.001 1.64 1.95
HRYV reactivity -0.10 0.076  -0.09 210 -0.25 0.06
Step 2: F(2,206)=1.79 .008
Intercept 1.80 0.077 <.001 1.65 1.95
HRYV reactivity -0.09 0.076 -0.08 230 -0.24 0.06
Interoceptive ability -0.11 0.076  -0.10 159 -0.26 0.04
Step 3: F(3,206)= 1.52 .007
Intercept 1.80  0.077 <.001 1.65 1.95
HRYV reactivity -0.09  0.077 -0.08 253 -0.24 0.06
Interoceptive ability -0.11 0.076  -0.10 149 -0.26 0.04
Interoceptive sensibility -0.08  0.077  -0.07 327 -0.23 0.08
Step 4: F(4,206)= 2.53* .029*
Intercept 1.80 0.076 <.001 1.65 1.95
HRV reactivity -0.10 0.076  -0.09 183 -0.25 0.05
Interoceptive ability -0.12 0.075 -0.11 104 -0.27 0.03
Interoceptive sensibility -0.07 0.076  -0.06 385  -0.22 0.08
Interoceptive beliefs -0.17 0.075 -0.16 021 -0.32 -0.03
Step 5: F(7,206)= 3.30** 073**
Intercept 1.82 0.074 <.001 1.68 1.97
HRYV reactivity -0.10 0.076  -0.09 194 -0.25 0.05
Interoceptive ability -0.11  0.077 -0.10 142 -0.27 0.04
Interoceptive sensibility -0.06 0.074  -0.06 403 -0.21 0.08
Interoceptive beliefs -0.17 0.073 -0.16 023 -0.31 -0.02
HRV X Intero ability -0.08  0.081 -0.07 350  -0.24 0.08
HRV X Intero sensibility -0.11  0.083  -0.09 179 -0.28 0.05
HRYV x Intero beliefs 021  0.072 0.19 .005 0.06 0.35
Step 6: F(9,206)= 4.04***  117**
Intercept 1.75 1.797 332 -1.80 5.29
HRV reactivity -0.11 0.074  -0.10 133 -0.26 0.03
Interoceptive ability -0.08 0.077  -0.07 327 -0.23 0.08
Interoceptive sensibility -0.09 0.073 -0.08 240  -0.23 0.06
Interoceptive beliefs -0.19 0.072 -0.18 .008 -0.33 -0.05
HRV X Intero ability -0.09  0.079 -0.07 288 -0.24 0.07
HRV X Intero sensibility -0.12  0.082 -0.10 140  -0.28 0.04
HRV x Intero beliefs 0.20 0.071 0.19 .005 0.06 0.34
Sex -0.52 0150 -0.23 001 -0.81 -0.22
BMI 0.10 0.577 0.01 867 -1.04 1.24

Note: HRV= Heart rate variability, here indexed by cvRMSSD (see main text for more information).
Adjusted R? is reported. Significance reported for R? represents whether there was a significant AR2.
Bolded lines indicate significant effects. Standard errors and confidence intervals are with respect to the
unstandardized coefficients. Sex is self-identified and coded 0=Female, 1=Male. BMI is natural-log
transformed. * p<.05, ** p<.01, *** p<.001.
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Table S13. Full model effects of unadjusted HRV (RMSSD) reactivity and interoception in relation to

negative emotions, provided for future meta-analyses.

. 2 Lower Upper
Predictors R b SE B p 950 CI  95% CI
Step 1: F(1,206)=1.12 .001
Intercept 1.80  0.077 <.001 1.64 1.95
HRYV reactivity -0.08  0.077  -0.07 291 -0.23 0.07
Step 2: F(2,206)=1.62 .006
Intercept 1.80 0.077 <.001 1.64 1.95
HRV reactivity -0.08 0.077 -0.07 295  -0.23 0.07
Interoceptive ability -0.11 0.076  -0.10 149  -0.26 0.04
Step 3: F(3,206)=1.41 .006
Intercept 1.80  0.077 <.001 1.65 1.95
HRYV reactivity -0.08  0.077  -0.07 320 -0.23 0.08
Interoceptive ability -0.11 0.076  -0.10 139 -0.37 0.04
Interoceptive sensibility -0.08  0.077  -0.07 320 -0.23 0.08
Step 4: F(4,206)= 2.47* .028*
Intercept 1.80 0.076 <.001 1.65 1.95
HRV reactivity -0.10 0.077 -0.09 214 -0.25 0.06
Interoceptive ability -0.13 0.075 -0.12 095 -0.28 0.02
Interoceptive sensibility -0.07 0.076  -0.06 379 -0.22 0.08
Interoceptive beliefs -0.18 0.075 -0.16 020 -0.32 -0.03
Step 5: F(7,206)= 2.92** .061*
Intercept 1.82 0.075 <.001 1.67 1.97
HRV reactivity -0.10 0.076  -0.09 206 -0.25 0.05
Interoceptive ability -0.13 0.076  -0.12 091 -0.28 0.02
Interoceptive sensibility -0.06 0.075 -0.05 430 -0.21 0.09
Interoceptive beliefs -0.18 0.074 -0.16 019 -0.32 -0.03
HRV X Intero ability -0.04  0.082 -0.04 610 -0.20 0.12
HRV X Intero sensibility -0.08  0.079 -0.07 315 -0.24 0.08
HRYV x Intero beliefs 0.20  0.069 0.20 .005 0.06 0.33
Step 6: F(9,206)= 3.70***  .105**
Intercept 1.79 1.803 321 -1.76 5.35
HRV reactivity -0.11 0.075 -0.10 148  -0.26 0.04
Interoceptive ability -0.09 0.076  -0.08 225 -0.24 0.06
Interoceptive sensibility -0.08 0.073 -0.08 258  -0.23 0.06
Interoceptive beliefs -0.20 0.073 -0.18 007 -0.34 -0.06
HRV X Intero ability -0.05 0.080 -0.04 526  -0.21 0.11
HRV X Intero sensibility -0.10  0.078  -0.09 203 -0.25 0.05
HRV x Intero beliefs 0.19  0.068 0.19 .005 0.06 0.33
Sex -0.52 0151 -0.23 .001 -0.82 -0.22
BMI 0.08  0.579 0.01 888  -1.06 1.22

Note: HRV= Heart rate variability, here indexed by unadjusted RMSSD (see main text for more
information). Adjusted R? is reported. Significance reported for R?represents whether there was a
significant AR2. Bolded lines indicate significant effects. Standard errors and confidence intervals are with

respect to the unstandardized coefficients. Sex is self-identified and coded O=Female, 1=Male. BMI is

natural-log transformed. * p<.05, ** p<.01, *** p<.001.
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Table S14. Full model effects of HR reactivity and interoception in relation to negative emotions.

. 2 Lower Upper
Predictors R b SE B p 95% Cl  95% ClI
Step 1: F(1,206)= 1.89 .004
Intercept 1.80  0.077 <.001 1.64 1.95
HR reactivity 0.11  0.076 0.10 171 -0.05 0.26
Step 2: F(2,206)=2.28 .012
Intercept 1.80 0.076 <.001 1.65 1.95
HR reactivity 0.12 0.077 0.11 121 -0.03 0.27
Interoceptive ability -0.12 0.076 -0.11 105 -0.28 0.03
Step 3: F(3,206)=1.79 011
Intercept 1.80 0.076 <.001 1.65 1.95
HR reactivity 0.11  0.077 0.10 147 -0.04 0.26
Interoceptive ability -0.13 0.076  -0.12 100  -0.28 0.03
Interoceptive sensibility -0.07 0.077 -0.06 370 -0.22 0.08
Step 4: F(4,206)= 2.76* .033*
Intercept 1.80 0.076 <.001 1.65 1.95
HR reactivity 0.13 0.076 0.11 102 -0.03 0.28
Interoceptive ability -0.14 0.076  -0.13 064  -0.29 0.01
Interoceptive sensibility -0.06 0.076  -0.05 438  -0.21 0.09
Interoceptive beliefs -0.18 0.074 -0.16 019 -0.32 -0.03
Step 5: F(7,206)= 2.24* .041
Intercept 1.82  0.076 <.001 1.67 1.97
HR reactivity 0.14  0.077 0.13 063 -0.01 0.30
Interoceptive ability -0.15 0.076 -0.14 .050 -0.30 0.00
Interoceptive sensibility -0.06  0.076  -0.06 426 -0.21 0.09
Interoceptive beliefs -0.18 0.075 -0.17 015 -0.33 -0.04
HR x Intero ability -0.05  0.073  -0.05 529  -0.19 0.10
HR X Intero sensibility 0.09 0.076 0.08 261 -0.06 0.23
HR x Intero beliefs -0.14  0.081 -0.12 094  -0.30 0.02
Step 6: F(9,206)= 3.06** .083**
Intercept 1.65 1.827 367  -1.95 5.26
HR reactivity 0.15 0.076 0.14 .051 -0.00 0.30
Interoceptive ability -0.11 0.076  -0.10 135 -0.26 0.04
Interoceptive sensibility -0.08 0.074  -0.08 258  -0.23 0.06
Interoceptive beliefs -0.21 0.073 -0.19 006 -0.35 -0.06
HR X Intero ability -0.04  0.072 -0.04 591 -0.18 0.10
HR X Intero sensibility 0.10 0.074 0.09 177 -0.05 0.25
HR x Intero beliefs -0.13  0.080 -0.11 102 -0.29 0.03
Sex -051 0153 -0.23 001 -0.81 -0.21
BMI -0.13  0.587 0.01 832 -1.03 1.28
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Note: HR= Heart rate. Adjusted R? is reported. Significance reported for R? represents whether there was

a significant AR2 Bolded lines indicate significant effects. Standard errors and confidence intervals are

with respect to the unstandardized coefficients. Sex is self-identified and coded 0=Female, 1=Male. BMI
is natural-log transformed. * p<.05, ** p<.01.
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Physiological Reactivity and Interoception Effects on Low Arousal and Positive Emotion (Tables S15-
S22)

Finally, although it is of greatest interest to examine physiological reactivity and interoception
effects on high arousal emotions and negative emotions, given their relevance to the TSST acute stressor,
it is also valuable to look at the full affective circumplex—i.e., low arousal emotions and positive
emotions—given that individuals can experience a diversity of emotions both across people (i.e.,
individual differences) and within the same person during the TSST (e.g., relief finishing the speech task,
surprise at starting the unexpected math task). We briefly present model highlights from final model steps
of the SNS and PNS reactivity models herein, but see the tables, narrative interpretations, and probed
interactions for full results.

In the context of SNS reactivity, there was a marginal inverse main relation between SNS
reactivity and low arousal emotions (p=.053) but no relation with positive emotions (p=.855), consistent
with the interpretation that SNS activity supports affective arousal but may not be as relevant for affective
valence (at least in the context of an acute stressor). In the SNS reactivity model, there was no main
effects nor interactions with interoceptive ability or sensibility in relation to low arousal emotion, but
there was a significant main effect of interoceptive beliefs (p=.010), consistent with prior models.
Interestingly, there were no interactions of SNS reactivity x interoception for low arousal emotion, nor
any effect of sex or BMI (all ps> .120).

When examining the HRV reactivity model with low arousal emotion, there was a marginal main
effect for interoceptive ability (p=.061) and again a significant main effect of interoceptive beliefs (p=
009), but no effect of HRV reactivity nor interoceptive sensibility (ps= .158, 489 respectively). There
were also significant interactions between HRV reactivity x interoceptive ability (p=.018) and between
HRYV reactivity x interoceptive beliefs (p=.012), with patterns replicating the HRV probed interaction
effects for high arousal emotion. Specifically, individuals with poor interoceptive ability and negative
interoceptive beliefs were more likely to report greater low arousal emotions during the TSST than
individuals with average to more accurate interoceptive ability and average to positive interoceptive
beliefs in the context of decreases in HRV from baseline (i.e., less variability).

Finally, in models with positive emotion as the outcome, there were very few effects. In the
context of SNS reactivity, there was only a significant main effect of Sex, such that males reported having
more positive emotions during the TSST relative to females (p<.001). This effect was also replicated in
the context of HRV reactivity; however, there were again no other main effects or interactions in the
model with HRV reactivity, except for a significant interaction between HRV reactivity x interoceptive

sensibility (p=.003), such that in the context of increases in HRV from baseline (i.e., greater variability
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which may indicate greater cardiac PNS influence), individuals with low sensibility reported lower
positive emotions but individuals with high sensibility reported greater positive emotions.

Ultimately, although these findings with low arousal and positive emotions are intriguing, it is
important to keep in mind that there were fewer emotion items for these kinds of emotions in the post-
TSST questionnaire, potentially limiting the relevant measurement space. Similarly, there was generally a
low prevalence of reporting on these emotions, given that this was an acute stressor. Findings with
physiological changes and interoception on low arousal and positive emotions might differ by context,
such as during relaxation or a positive mood induction. Future work might benefit from replicating the
present study measures in an experiment that more explicitly manipulates positive states (e.g., social
capitalization tasks, gratitude inductions) or low arousal states (e.g., meditation, relaxation techniques).
Future studies wishing to keep the psychosocial aspects of the TSST (i.e., social feedback) could also
potentially manipulate positive vs. neutral vs. negative emotions (e.g., positive vs. neutral vs. explicitly
negative feedback during the TSST or during a social interaction task with strangers, friends, or romantic

partners).
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Table S15. Full model effects of PEP reactivity and interoception in relation to low arousal emotions.

Lower Upper

H 2
Predictors R b SE B p 95% Cl  95% ClI
Step 1: F(1,189)=1.95 .005
Intercept 1.18  0.047 <.001 1.09 1.27
PEP reactivity -0.07  0.047 -0.10 165  -0.16 0.03
Step 2: F(2,189)=0.97 .000
Intercept 1.18  0.047 <.001 1.09 1.27
PEP reactivity -0.07 0.047 -0.10 166  -0.16 0.03
Interoceptive ability -0.00 0.047  -0.00 983  -0.09 0.09
Step 3: F(3,189)=0.64 -.006
Intercept 1.18  0.047 <.001 1.09 1.27
PEP reactivity -0.07  0.047 -0.10 168  -0.16 0.03
Interoceptive ability -0.00 0.047  -0.00 984  -0.09 0.09
Interoceptive sensibility 0.00 0.047 0.00 989  -0.09 0.09
Step 4: F(4,189)= 2.32+ 027**
Intercept 1.18 0.046 <.001 1.09 1.27
PEP reactivity -0.08 0.046 -0.12 100 -0.17 0.02
Interoceptive ability -0.01 0.046  -0.02 792 -0.10 0.08
Interoceptive sensibility 0.01 0.046 0.02 817  -0.08 0.10
Interoceptive beliefs -0.13 0.046 -0.20 008 -0.22 -0.03
Step 5: F(7,189)=1.37 014
Intercept 1.18  0.047 <.001 1.09 1.27
PEP reactivity -0.08  0.048 -0.12 .09%  -0.17 0.01
Interoceptive ability -0.01  0.048 -0.01 868  -0.10 0.09
Interoceptive sensibility 0.01  0.047 0.02 .838  -0.08 0.10
Interoceptive beliefs -0.12 0.047 -0.20 009 -0.22 -0.03
PEP x Intero ability -0.03  0.055 -0.04 584  -0.14 0.08
PEP x Intero sensibility 0.02  0.054 0.02 750  -0.09 0.12
PEP x Intero beliefs -0.01  0.048 -0.02 854  -0.10 0.09
Step 6: F(9,189)=1.54 .025
Intercept 2.86 1.151 014 0.59 5.13
PEP reactivity -0.09 0.048 -0.15 .053 -0.19 0.00
Interoceptive ability -0.02 0.048 -0.04 620 -0.12 0.07
Interoceptive sensibility 0.02 0.047 0.03 .708  -0.08 0.11
Interoceptive beliefs -0.12 0.047 -0.19 010 -0.21 -0.03
PEP x Intero ability -0.04  0.055 -0.05 518  -0.15 0.07
PEP x Intero sensibility 0.00 0.054 0.00 956  -0.10 0.11
PEP x Intero beliefs -0.01  0.048 -0.01 870  -0.10 0.09
Sex 0.15  0.098 0.11 129 -0.04 0.34
BMI -0.56 0.370 -0.11 134 -1.29 0.17

Note: PEP= Pre-ejection period, reverse scored to index SNS activity increases. Adjusted R? is reported.
Significance reported for R?represents whether there was a significant AR2 Bolded lines indicate
significant effects. Standard errors and confidence intervals are with respect to the unstandardized
coefficients. Sex is self-identified and coded O=Female, 1=Male. BMI is natural-log transformed.
p<.10, ** p<.01.
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Table S16. Full model effects of adjusted HRV (cvRMSSD) reactivity and interoception in relation to
low arousal emotions.

Lower Upper

H 2
Predictors R b SE B p 950 CI  95% CI
Step 1: F(1,206)= 2.46 .007
Intercept 121  0.046 <.001 1.12 1.30
HRYV reactivity -0.07 0.046 -0.11 119 -0.16 0.02
Step 2: F(2,206)=1.50 .005
Intercept 1.21 0.046 <.001 1.12 1.30
HRV reactivity -0.07 0.046 -0.11 126 -0.16 0.02
Interoceptive ability -0.03 0.046  -0.05 461 -0.12 0.06
Step 3: F(3,206)= 1.06 .001
Intercept 121  0.046 <.001 1.12 1.30
HRYV reactivity -0.07 0.046 -0.11 122 -0.16 0.02
Interoceptive ability -0.03 0.046 -0.05 472 -0.12 0.06
Interoceptive sensibility 0.02 0.046 0.03 671  -0.07 0.11
Step 4: F(4,206)= 2.56* .029**
Intercept 1.21 0.046 <.001 1.12 1.30
HRYV reactivity -0.08 0.046 -0.12 077 -0.17 0.01
Interoceptive ability -0.04 0.046  -0.06 356  -0.13 0.05
Interoceptive sensibility 0.03 0.046 0.04 570  -0.06 0.12
Interoceptive beliefs -0.12 0.046 -0.19 009 -0.21 -0.03
Step 5: F(7,206)= 3.23** .070**
Intercept 1.21 0.045 <.001 1.12 1.30
HRYV reactivity -0.07 0.046 -0.11 133 -0.16 0.02
Interoceptive ability -0.08 0.046 -0.11 108 -0.17 0.02
Interoceptive sensibility 0.03 0.045 0.04 570  -0.06 0.11
Interoceptive beliefs -0.12 0.044 -0.19 006 -0.21 -0.04
HRYV x Intero ability 0.11  0.049 0.16 022 0.02 0.21
HRV X Intero sensibility 0.08  0.050 0.10 135 -0.02 0.17
HRYV x Intero beliefs 0.11  0.043 0.17 014 0.02 0.19
Step 6: F(9,206)= 2.77** 072
Intercept 2.09 1.106 060 -0.09 4.27
HRV reactivity -0.07 0.046 -0.10 158  -0.16 0.03
Interoceptive ability -0.09 0.047 -0.14 061 -0.18 0.00
Interoceptive sensibility 0.03 0.045 0.05 489  -0.06 0.12
Interoceptive beliefs -0.12 0.044 -0.18 009 -0.20 -0.03
HRV x Intero ability 0.12  0.049 0.17 .018 0.02 0.21
HRV X Intero sensibility 0.08  0.050 0.11 111 -0.02 0.18
HRV x Intero beliefs 0.11 0.044 0.17 012 0.03 0.20
Sex 0.12  0.002 0.09 180  -0.06 0.31
BMI -0.30 0355 -0.06 402 -1.00 0.40

Note: HRV= Heart rate variability, here indexed by cvRMSSD (see main text for more information).
Adjusted R? is reported. Significance reported for R? represents whether there was a significant AR2.
Bolded lines indicate significant effects. Standard errors and confidence intervals are with respect to the
unstandardized coefficients. Sex is self-identified and coded 0=Female, 1=Male. BMI is natural-log
transformed. * p<.05, ** p<.01.
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Table S17. Full model effects of unadjusted HRV (RMSSD) reactivity and interoception in relation to
low arousal emotions, provided for future meta-analyses.

Lower Upper

H 2
Predictors R b SE B p 950 CI  95% CI
Step 1: F(1,206)=1.19 .001
Intercept 121  0.046 <.001 1.12 1.30
HRYV reactivity -0.05 0.046 -0.08 277 -0.14 0.04
Step 2: F(2,206)=0.90 -.001
Intercept 1.21 0.046 <.001 1.12 1.30
HRV reactivity -0.05 0.046  -0.08 280 -0.14 0.04
Interoceptive ability -0.04 0.046  -0.06 432 -0.13 0.05
Step 3: F(3,206)= 0.65 -.005
Intercept 121  0.046 <.001 1.12 1.30
HRYV reactivity -0.05 0.046 -0.08 273 -0.14 0.04
Interoceptive ability -0.04 0.046 -0.05 442  -0.13 0.06
Interoceptive sensibility 0.02 0.046 0.03 696  -0.07 0.11
Step 4: F(4,206)= 2.24+ .023**
Intercept 1.21 0.046 <.001 1.12 1.30
HRYV reactivity -0.06  0.046 -0.10 168  -0.16 0.03
Interoceptive ability -0.05 0.045 -0.07 327 -0.13 0.05
Interoceptive sensibility 0.03 0.046 0.04 592 -0.07 0.12
Interoceptive beliefs -0.12 0.045 -0.18 009 -0.21 -0.03
Step 5: F(7,206)= 2.59* .051*
Intercept 1.22 0.045 <.001 1.13 131
HRYV reactivity -0.07 0.046 -0.10 145  -0.16 0.02
Interoceptive ability -0.06  0.046 -0.10 161 -0.16 0.03
Interoceptive sensibility 0.03 0.045 0.04 537 -0.06 0.12
Interoceptive beliefs -0.12 0.045 -0.19 007 -0.21 -0.03
HRV X Intero ability 0.09 0.049 0.12 .087 -0.01 0.18
HRV X Intero sensibility 0.06  0.048 0.09 199  -0.03 0.16
HRV x Intero beliefs 0.09 0.042 0.15 .035 0.01 0.17
Step 6: F(9,206)= 2.28** .053
Intercept 1.94 1.113 083 -0.25 4.14
HRV reactivity -0.06 0.046 -0.10 164 -0.16 0.03
Interoceptive ability -0.08 0.047 -0.12 096 -0.17 0.01
Interoceptive sensibility 0.03 0.045 0.05 450  -0.06 0.12
Interoceptive beliefs -0.12 0.045 -0.18 011 -0.20 -0.03
HRV X Intero ability 0.09 0.049 0.13 077 -0.01 0.19
HRV X Intero sensibility 0.07  0.048 0.10 157  -0.03 0.16
HRV x Intero beliefs 0.09 0.042 0.15 .032 0.01 0.17
Sex 0.13  0.093 0.10 153  -0.05 0.32
BMI -0.25 0358 -0.05 483  -1.00 0.45

Note: HRV= Heart rate variability, here indexed by unadjusted RMSSD (see main text for more
information). Adjusted R? is reported. Significance reported for R?represents whether there was a
significant AR2. Bolded lines indicate significant effects. Standard errors and confidence intervals are with
respect to the unstandardized coefficients. Sex is self-identified and coded O=Female, 1=Male. BMI is
natural-log transformed. 1 p<.10, * p<.05, ** p<.01.
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Table S18. Full model effects of HR reactivity and interoception in relation to low arousal emotions.

Lower Upper

H 2
Predictors R b SE B p 95% Cl  95% ClI
Step 1: F(1,206)= 1.09 .000
Intercept 1.21  0.046 <.001 1.12 1.30
HR reactivity -0.05 0.046 -0.07 297  -0.14 0.04
Step 2: F(2,206)=0.78 -.002
Intercept 1.21  0.046 <.001 1.12 1.30
HR reactivity -0.04 0.046  -0.07 338 -0.14 0.05
Interoceptive ability -0.03 0.046  -0.05 496 -0.12 0.06
Step 3: F(3,206)= 0.54 -.007
Intercept 1.21  0.046 <.001 1.12 1.30
HR reactivity -0.04  0.047 -0.07 354 -0.14 0.05
Interoceptive ability -0.03 0.046  -0.05 501 -0.12 0.06
Interoceptive sensibility 0.01 0.046 0.02 812 -0.08 0.10
Step 4: F(4,206)=1.89 .017*
Intercept 1.21 0.046 <.001 1.12 1.30
HR reactivity -0.04 0.046  -0.05 450  -0.13 0.06
Interoceptive ability -0.04 0.046  -0.06 376 -0.13 0.05
Interoceptive sensibility 0.02 0.046 0.03 .708  -0.07 0.11
Interoceptive beliefs -0.11 0.045 -0.17 016 -0.20 -0.02
Step 5: F(7,206)= 1.30 .010
Intercept 1.22  0.047 <.001 1.13 1.31
HR reactivity -0.03  0.047 -0.04 563  -0.12 0.07
Interoceptive ability -0.05 0.046 -0.07 338 -0.14 0.05
Interoceptive sensibility 0.02 0.046 0.03 710  -0.07 0.11
Interoceptive beliefs -0.11 0.046 -0.18 013  -0.20 -0.02
HR x Intero ability -0.04  0.045 -0.07 373 -0.13 0.05
HR X Intero sensibility -0.01  0.046 -0.02 824  -0.10 0.08
HR x Intero beliefs -0.05 0.050 -0.07 312 -0.15 0.05
Step 6: F(9,206)=1.22 .010
Intercept 1.88 1.140 101 -0.37 4.12
HR reactivity -0.03  0.047 -0.05 532 -0.12 0.06
Interoceptive ability -0.06 0.047  -0.09 232 -0.15 0.04
Interoceptive sensibility 0.02 0.046 0.04 620  -0.07 0.12
Interoceptive beliefs -0.11 0.046 -0.17 018 -0.20 -0.02
HR X Intero ability -0.04  0.045 -0.07 346 -0.13 0.05
HR X Intero sensibility -0.02  0.046 -0.02 746 -0.11 0.08
HR x Intero beliefs -0.05 0.050 -0.08 293  -0.15 0.05
Sex -0.13  0.095 0.09 193 -0.06 0.31
BMI -0.23 0366 -0.04 533  -0.95 0.49

Note: HR= Heart rate. Adjusted R? is reported. Significance reported for R? represents whether there was
a significant AR2 Bolded lines indicate significant effects. Standard errors and confidence intervals are
with respect to the unstandardized coefficients. Sex is self-identified and coded 0=Female, 1=Male. BMI
is natural-log transformed. * p<.05.
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Table S19. Full model effects of PEP reactivity and interoception in relation to positive emotions.

. 2 Lower Upper
Predictors R b SE B p 95% Cl  95% ClI
Step 1: F(1,189)=0.49 -.003
Intercept 1.20 0.078 <.001 1.05 1.35
PEP reactivity 0.05 0.078 0.05 483  -0.10 0.21
Step 2: F(2,189)=0.24 -.008
Intercept 1.20 0.078 <.001 1.04 1.35
PEP reactivity 0.05 0.078 0.05 486  -0.10 0.21
Interoceptive ability 0.00 0.078 0.00 974  -0.15 0.16
Step 3: F(3,189)=0.35 -.010
Intercept 1.20 0.078 <.001 1.04 1.35
PEP reactivity 0.05 0.078 0.05 516 -0.10 0.21
Interoceptive ability 0.00 0.078 0.00 966  -0.15 0.16
Interoceptive sensibility 0.06 0.078 0.05 458  -0.10 0.21
Step 4: F(4,189)= 0.53 -.010
Intercept 1.20 0.078 <.001 1.05 1.35
PEP reactivity 0.04 0.078 0.04 582 -0.11 0.20
Interoceptive ability -0.00 0.078 -0.00 960 -0.16 0.15
Interoceptive sensibility 0.06 0.078 0.06 410 -0.09 0.22
Interoceptive beliefs -0.08 0.078 -0.08 302 -0.24 0.07
Step 5: F(7,189)=0.80 -.008
Intercept 1.20 0.078 <.001 1.04 1.35
PEP reactivity 0.04  0.080 0.03 656  -0.12 0.19
Interoceptive ability 0.01 0.079 -0.13 928 -0.15 0.16
Interoceptive sensibility 0.06 0.078 -0.05 454 -0.10 0.21
Interoceptive beliefs -0.08 0.079 -0.07 334 -0.23 0.08
PEP x Intero ability -0.12  0.093 -0.10 198 -0.30 0.06
PEP x Intero sensibility -0.06  0.090 -0.05 516 -0.24 0.12
PEP x Intero beliefs -0.11  0.080 -0.11 161 -0.27 0.05
Step 6: F(9,189)= 3.08** .090***
Intercept 1.88 1.841 309 -1.76 5.51
PEP reactivity -0.01 0.077 0.01 855  -0.17 0.14
Interoceptive ability -0.03 0.077 -0.03 728 -0.18 0.13
Interoceptive sensibility 0.10 0.075 0.09 189  -0.05 0.25
Interoceptive beliefs -0.06 0.075 -0.06 423 -0.21 0.09
PEP x Intero ability -0.15  0.088 -0.12 102 -0.32 0.03
PEP x Intero sensibility -0.08  0.087 -0.07 366 -0.25 0.09
PEP x Intero beliefs -0.07  0.077  -0.06 387  -0.22 0.09
Sex 0.73  0.156 034 <001 0.42 1.03
BMI -0.31 0592 -0.04 597 -1.48 0.86
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Note: PEP= Pre-ejection period, reverse scored to index SNS activity increases. Adjusted R? is reported.
Significance reported for R?represents whether there was a significant AR2 Bolded lines indicate
significant effects. Standard errors and confidence intervals are with respect to the unstandardized
coefficients. Sex is self-identified and coded O=Female, 1=Male. BMI is natural-log transformed. **

p<.01, *** p<.001.
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Table S20. Full model effects of adjusted HRV (cvRMSSD) reactivity and interoception in relation to

positive emotions.

. 2 Lower Upper
Predictors R b SE B 950 CI  95% CI
Step 1: F(1,206)=0.01 -.005
Intercept 191 0.074 <.001 1.05 1.34
HRYV reactivity -0.01 0.074 -0.01 906 -0.15 0.14
Step 2: F(2,206)=0.05 -.009
Intercept 1.19 0.074 <.001 1.05 1.34
HRV reactivity -0.01 0.074 -0.01 915  -0.15 0.14
Interoceptive ability -0.02 0.074 -0.02 780 -0.17 0.13
Step 3: F(3,206)=0.28 -.011
Intercept 1.19 0.074 <.001 1.04 1.34
HRYV reactivity -0.01 0.074 -0.01 876  -0.16 0.14
Interoceptive ability -0.02 0.074 -0.02 805 -0.16 0.13
Interoceptive sensibility 0.06 0.074 0.06 386 -0.08 0.21
Step 4: F(4,206)= 0.45 -.011
Intercept 1.19 0.074 <.001 1.04 1.34
HRV reactivity -0.02 0.074 -0.02 817  -0.16 0.13
Interoceptive ability -0.02 0.074 -0.02 750  -0.17 0.12
Interoceptive sensibility 0.07 0.074 0.07 359  -0.08 0.22
Interoceptive beliefs -0.07v  0.073 -0.07 330 -0.22 0.07
Step 5: F(7,206)= 1.58 .019*
Intercept 1.18 0.073 <.001 1.03 1.32
HRYV reactivity 0.02 0.075 0.02 832  -0.13 0.16
Interoceptive ability -0.05 0.076 -0.05 523 -0.20 0.10
Interoceptive sensibility 0.06 0.073 0.06 406 -0.08 0.21
Interoceptive beliefs -0.07  0.072 -0.07 326 -0.21 0.07
HRV X Intero ability 0.10 0.080 0.09 207 0.06 0.26
HRYV x Intero sensibility 022 0.082 0.19 .007  0.06 0.39
HRV x Intero beliefs 0.04 0.071 0.04 538 -0.10 0.19
Step 6: F(9,206)= 3.70*** 106***
Intercept 140 1.737 435 -2.07 4.79
HRV reactivity 0.03 0.072 0.03 648  -0.11 0.17
Interoceptive ability -0.10 0.074 -0.09 189 -0.24 0.05
Interoceptive sensibility 0.09 0.070 0.09 196 -0.05 0.23
Interoceptive beliefs -0.04 0.069 -0.04 544 -0.18 0.10
HRV X Intero ability 0.11 0.077 0.10 145 -0.04 0.26
HRYV x Intero sensibility 024 0.079 0.20 .003  0.08 0.39
HRV x Intero beliefs 0.05 0.068 0.05 481 -0.09 0.18
Sex 067 0145 031 <001 0.38 0.95
BMI -0.15 0558 -0.02 786  -1.25 0.95

Note: HRV= Heart rate variability, here indexed by cvRMSSD (see main text for more information).
Adjusted R? is reported. Significance reported for R? represents whether there was a significant AR2.

Bolded lines indicate significant effects. Standard errors and confidence intervals are with respect to the
unstandardized coefficients. Sex is self-identified and coded 0=Female, 1=Male. BMI is natural-log

transformed. * p<.05, *** p<.001.
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Table S21. Full model effects of unadjusted HRV (RMSSD) reactivity and interoception in relation to
positive emotions, provided for future meta-analyses.

. 2 Lower Upper
Predictors R b SE B 950 CI  95% CI
Step 1: F(1,206)= 0.02 -.005
Intercept 1.19 0.074 <.001 1.05 1.34
HRYV reactivity 0.01 0.074 0.01 887 -0.14 0.16
Step 2: F(2,206)=0.05 -.009
Intercept 1.19 0.074 <.001 1.04 1.34
HRV reactivity 0.01 0.074 0.01 885 -0.14 0.16
Interoceptive ability -0.02 0.074 -0.02 J76 -0.17 0.12
Step 3: F(3,206)=0.28 -.011
Intercept 1.19 0.074 <.001 1.04 1.34
HRYV reactivity 0.01 0.075 o0.01 921 -0.14 0.16
Interoceptive ability -0.02 0.074 -0.02 799 -0.16 0.13
Interoceptive sensibility 0.06 0.074 0.06 394 -0.08 0.21
Step 4: F(4,206)= 0.44 -.011
Intercept 1.19 0.074 <.001 1.04 1.34
HRV reactivity 0.00 0.075 0.00 999  -0.15 0.15
Interoceptive ability -0.02 0.074 -0.02 744 -0.17 0.12
Interoceptive sensibility 0.07 0.074 0.06 367  -0.08 0.21
Interoceptive beliefs -0.07v  0.073 -0.07 340  -0.22 0.07
Step 5: F(7,206)=1.22 007+
Intercept 1.18 0.074 <.001 1.04 1.33
HRYV reactivity 0.01 0.075 0.01 935 -0.14 0.16
Interoceptive ability -0.04 0.075 -0.04 .600 -0.19 0.11
Interoceptive sensibility 0.07 0.074 0.06 369  -0.08 0.21
Interoceptive beliefs -0.07  0.073 -0.07 354 -0.21 0.08
HRV X Intero ability 0.09 0.081 0.08 287  -0.07 0.25
HRYV x Intero sensibility 0.17 0.078 0.16 029  0.02 0.33
HRV x Intero beliefs 0.01 0.068 0.01 883 -0.13 0.15
Step 6: F(9,206)= 3.51*** .099***
Intercept 111  1.738 522 -231 4.54
HRV reactivity 0.02 0.072 0.02 768  -0.12 0.16
Interoceptive ability -0.09 0.073 -0.08 233 -0.23 0.06
Interoceptive sensibility 0.10 0.071 0.09 167 -0.04 0.02
Interoceptive beliefs -0.04 0.070 -0.04 598  -0.18 0.10
HRV X Intero ability 0.10 0.077  0.09 205  -0.05 0.25
HRYV x Intero sensibility 020 0.075 0.18 009  0.05 0.35
HRV x Intero beliefs 0.02  0.065 0.02 793  -0.11 0.15
Sex 068 0146 032 <001 040 0.97
BMI -0.07 0558 -0.01 894 -1.18 1.03

Note: HRV= Heart rate variability, here indexed by unadjusted RMSSD (see main text for more
information). Adjusted R? is reported. Significance reported for R?represents whether there was a
significant AR2. Bolded lines indicate significant effects. Standard errors and confidence intervals are with

respect to the unstandardized coefficients. Sex is self-identified and coded O=Female, 1=Male. BMI is

natural-log transformed. 1 p<.10, *** p<.001.
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Table S22. Full model effects of HR reactivity and interoception in relation to positive emotions.

. 2 Lower Upper
Predictors R b SE B p 95% Cl  95% ClI
Step 1: F(1,206)=1.72 .003
Intercept 119 0.074 <.001 1.05 1.34
HR reactivity -0.10  0.073  -0.09 191 -0.24 0.05
Step 2: F(2,206)= 0.87 -.001
Intercept 1.19 0.074 <.001 1.05 1.34
HR reactivity -0.10 0.074  -0.09 200 -0.24 0.05
Interoceptive ability -0.01 0.074 -0.01 891 -0.16 0.14
Step 3: F(3,206)=0.76 -.004
Intercept 1.19 0.074 <.001 1.04 1.34
HR reactivity -0.09 0.074 -0.09 231 -0.24 0.06
Interoceptive ability -0.01 0.074 -0.01 094 -0.15 0.14
Interoceptive sensibility 0.06 0.074 0.05 462 -0.09 0.20
Step 4: F(4,206)=0.76 -.005
Intercept 1.19 0.074 <.001 1.04 1.34
HR reactivity -0.09 0.075 -0.08 258  -0.23 0.06
Interoceptive ability -0.01 0.074 -0.01 846  -0.16 0.13
Interoceptive sensibility 0.06 0.074 0.06 434 -0.09 0.21
Interoceptive beliefs -0.06 0.073 -0.06 381 -0.21 0.08
Step 5: F(7,206)= 0.62 -.013
Intercept 1.18  0.075 <.001 1.04 1.33
HR reactivity -0.09 0.076  -0.08 267  -0.24 0.07
Interoceptive ability -0.01 0.075 -0.01 888  -0.16 0.14
Interoceptive sensibility 0.06 0.075 0.06 440  -0.09 0.21
Interoceptive beliefs -0.07 0.074  -0.06 366  -0.21 0.08
HR x Intero ability -0.04  0.072 -0.04 602 -0.18 0.11
HR X Intero sensibility -0.07  0.075 -0.06 376 -0.21 0.08
HR x Intero beliefs 0.04  0.080 0.04 615  -0.12 0.20
Step 6: F(9,206)= 2.76** Q71***
Intercept 1.02 1.766 565 -2.47 4.50
HR reactivity -0.09 0.073 -0.08 225  -0.23 0.06
Interoceptive ability -0.06 0.074  -0.05 458  -0.20 0.09
Interoceptive sensibility 0.09 0.072 0.08 218  -0.05 0.23
Interoceptive beliefs -0.04 0.071 -0.04 582 -0.18 0.10
HR X Intero ability -0.05 0.069 -0.05 494 -0.18 0.09
HR X Intero sensibility -0.09  0.072 -0.08 237  -0.23 0.06
HR x Intero beliefs 0.03  0.077 0.03 670 -0.12 0.19
Sex 0.70  0.148 031 <.001 0.37 0.95
BMI -0.04 0567 -0.01 946  -1.16 1.08

98

Note: HR= Heart rate. Adjusted R? is reported. Significance reported for R? represents whether there was

a significant AR2 Bolded lines indicate significant effects. Standard errors and confidence intervals are

with respect to the unstandardized coefficients. Sex is self-identified and coded 0=Female, 1=Male. BMI

is natural-log transformed. ** p<.01, *** p<.001.
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TSST Interviewer Protocol and Script
Specific Informed Consent

Interviewers are ready in lab coats, with clip board, timers, script, red pens, etc. When the time is right,
the Experimenter says to the participant:

“The next thing that we will need you to do is read through another consent form. This consent
form is your consent to the cognitive performance task. We are interested in your performance
during public speaking. During the speech, you will be performing in front of two interviewers.
Please read through the consent form and sign it if you agree to participate. If you have any
questions, please let me know.”

Give them the Session 2 Task Consent Form. If they have any questions, answer as appropriate (do not
give away the nature of the study or our hypotheses).

Cognitive Performance Task

INTRODUCTION + TASK PREP — 2-min timed
The experimenter will introduce the task by saying:

This next task is to assess your performance during public speaking. This gives us a real-life
way of seeing how you perform under pressure. Now I'd like to introduce today’s interviewers.
[Interviewers come into the private testing room.] These are the researchers who will be serving
as interviewers in today’s session. They have had extensive training in our lab for speech
evaluation. They are skilled in reading non-verbal behavior and body language in addition to
being reliable evaluators of how persuasive and coherent your speech is. They will be watching
and evaluating your speech throughout its 10-minute duration.

Interviewer 1 and Interviewer 2 introduce themselves. The interviewers’ behavior during this time is
neutral and polite. They give the participant a cordial (mildly pleasant but distant) smile.

Interviewer #1 explains the task:

We would like you to prepare for and then give a 10-minute-long speech. We will provide you
with a topic. During your speech, your behavior will be coded, and a video recording will be
made that will be further evaluated by researchers involved in the study [point to the camera]. It
is very important that you try to be as thorough and introspective as possible and that you talk
for the full 10 minutes without any pauses of more than a few seconds. | am going to read
through the instructions with you now. [Give them the slip with instructions on it and read your
own copy of the instructions]

Instructions Sheet: We would like for you to imagine that this is a preliminary interview for a desirable
job in your specific area of interest. You will describe qualities that make you well suited for this “dream”
job during a 10-minute speech to a panel of interviewers. You can talk about your work experience, your
work style, and your strengths and weaknesses. During the speech we would like for you to describe in
detail one particular example from your past that demonstrates your work ethic and/or individual
philosophy that would be relevant for the job. The interviewers will let you know when the 10 minutes
are over. During your speech, please try to demonstrate that you have insight into yourself regarding your
strengths and weaknesses as a person, and how you are trying to change aspects of yourself that need
changing and augment aspects of yourself that are positive.
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Interviewer #2 says:

We will give you 2 minutes to prepare yourself for this speech. Please prepare yourself well so you
can talk about your good and bad habits or strengths and weaknesses for 10 minutes without
interruption. We want you to prepare mentally. Now that you know what you will be doing, are
you OK with continuing? If so, please respond with a verbal yes. [Make sure the participant
responds audibly.] OK, great. You may now begin preparing.

*|f participant says no, stop the TSST and move on to next tasks.
Interviewers and Experimenter leave room. Verify that timer has been set to 2 minutes.
SPEECH TASK - 10 minutes timed

After 2 minutes, the 2 interviewers + experimenter re-enter the room. The interviewers sit down at
their table and prepare their clipboards. The experimenter tells the participant it is time to begin:

OK, it’s time for you to begin your speech. I’m going to leave the three of you alone now. I will
be in the other room if you need anything. However, [to the participant] please remember to sit
as still as possible so that we can get good physiological readings with minimal noise. If you
start to move around too much, the interviewers know to ask you to be still.

The experimenter now leaves the room and hits START on the physio recording.
Interviewer #1 says:

As we told you previously, you will have 10 minutes to give your speech. Please speak with a
loud and clear voice so that your voice can be recorded. Try to speak continuously without
many pauses. The speech will be video and audio recorded. They will be reviewed by us and
also by additional experts in the field of non-verbal communication who have been trained to
code behavior and unconscious body language. So please consider both the content of your
speech and how you express yourself.

Interviewer #2 says:

Do you have any questions before we begin? (if no) OK, you can begin now. [Interviewer 2 is
in charge of the stopwatch. Press start when speech begins.]

Throughout the speech, interviewers should perform the following behaviors:

e Write things down periodically on clipboards. Make direct eye contact regularly. Also observe
/ study participants’ nonverbal behaviors and then “take notes” on what you observe.
e Avoid nodding, smiling, or frowning as much as possible. Express neutral facial expressions.
Expressions should be neither negative nor positive. (No smiles, smirks, frowns, scowls, etc.)
e Let the subject speak freely. When subject stops, wait 5 — 10 seconds, then say in a neutral tone:
o “You still have some time left, please continue.”
e |f the participant stops and does not start after you prompt them to or says that they have nothing
additional to say, Interviewer #1 says:
o “OK, we now have a few follow-up questions we’d like to ask you.”
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Questions if participant runs out of things to say after several promptings:

e Could you please provide an example of your specific work ethic? (Interviewer #1)

e Why do you think you are especially suited for this job? (Interviewer #2)

o You just indicated that you are especially good in... What other special talents and
abilities characterize you? (Interviewer #1)

e Please complete the following sentence: “I'm the best in...” (Interviewer #2)

e What kinds of organizational skills do you have? (Interviewer #1)

e Why do you think you are better suited than other applicants for this position?
(Interviewer #2)

e Can you elaborate on your weaknesses and what you’d do to overcome them in this job?
(Interviewer #1)

e Could you elaborate more on a particular time in your past that displays your work ethic
or individual philosophy? (Interviewer #2)

Interviewer #2: Stop participant after 10 minutes has elapsed. “OK, thanks. You 've now completed
the speech portion.”

MATH TASK -5 minutes timed
Interviewer #2 says:

Thanks for doing that. We now have another task for you do. The goal of this task is to evaluate
your mathematical and mental abilities. What we would like for you to do is to count backwards,
starting at the number 996, in steps of 7. Please calculate as fast as you can with as few errors as
possible. Should you make a mistake, we’ll let you know and ask you to start again at the number
996. Any questions?

Interviewer #2 says: “OK, please start now.” Verify that timer has been set to 5 minutes (and starts the
timer).

996, 989, 982, 975, 968, 961, 954, 947, 940, 933, 926, 919, 912, 905, 898, 891, 884, 877, 870, 863, 856, 849,
842, 835, 828, 821, 814, 807, 800, 793, 786, 779, 772, 765, 758, 751, 744, 737, 730, 723, 716, 709, 702, 695,
688, 681, 674, 667, 660, 653, 646, 639, 632, 625, 618, 611, 604, 597, 590, 583, 576, 569, 562, 555, 548, 541,
534, 527, 520, 513, 506, 499, 492, 485, 478, 471, 464, 457, 450, 443, 436, 429, 422, 415, 408, 401, 394, 387,
380, 373, 366, 359, 352, 345, 338, 331, 324, 317, 310, 303, 296, 289, 282, 275, 268, 261, 254, 247, 240, 233,
226, 219, 212, 205, 198, 191, 184, 177, 170, 163, 156, 149, 142, 135, 128, 121, 114, 107, 100, 93, 86, 79, 72,
65, 58, 51, 44, 37, 30, 23, 16, 9, 2

« If the participant makes an error, Interviewer 2 should say, “The last number was incorrect. Please
start again at 996.”

« If the participant forgets the last number and asks what it was, Interviewer 2 should say “Please try
to recall your last number.” If he/she can’t recall, say, “If you can’t recall your last number, please
start again at 996.”

« If participant is too slow say, Interviewer 1 should say, “Can you please try to count backwards
faster?”
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Trouble Shooting (Interviewer #1 or 2)

« If'the participant says, “I can’t do this,” or really seems to be struggling, Interviewer 2 can say, “We
realize this is a very difficult task. All we ask is that you do your best.”

« If participant still feels uncomfortable and struggles to persist, Interviewer 1 can say, “OK, we have
another task for you to do ” and suggest the easier task (see below).

If normal math task is TOO HARD (Interviewer #1)

« If the participant makes five mistakes, on their sixth attempt provide an easier number. Say, “We have
another task for you. Please count backwards starting from 943, in steps of 5:

o The key is to get the person to do something for the entire 5 minutes, even if it’s only counting
backwards by 5’s from 100. If the participant refuses to continue with the math task, assume that they
are only refusing to do the math task (rather than the entire session) unless they explicitly state that
they want to leave. The experimenter should only intervene if the subject refuses to do the task.

943, 938, 933, 928, 923, 918, 913, 908, 903, 898, 893, 888, 883, 878, 873, 868, 863, 858, 853, 848, 843, 838,
833, 828, 823, 818, 813, 808, 803, 798, 793, 788, 783, 778, 773, 768, 763, 758, 753, 748, 743, 738, 733, 628,
623, 618, 613, 608, 603, 698, 693, 688, 683, 678, 673, 668, 663, 558, 553, 548, 543, 538, 533, 528, 523, 518,
513, 508, 503, 498, 493, 488, 483, 478, 473, 468, 463, 458, 453, 448, 443, 438, 433, 428, 423, 418, 413, 408,
403, 398, 393, 388, 383, 378, 373, 368, 363, 358, 353, 348, 343, 338, 333, 328, 323, 318, 313, 308, 303, 298,
293, 288, 283, 278, 273, 268, 263, 258, 253, 248, 243, 238, 233, 228, 223, 218, 213, 208, 203, 198, 193, 188,
183, 178, 173, 168, 163, 158, 153, 148, 143, 138, 133, 128, 123, 118, 113, 108, 103, 98, 93, 88, 83, 78, 73,
68, 63, 58, 53, 48, 43, 38, 33, 28, 23, 18, 13, 8, 3

If normal math task is TOO EASY (Interviewer #2)

. If the participant is doing the task too easily and appears to be disengaging, give him/her a more
difficult number.

o Say, “We have another task for you. Please count backwards starting from 2043, in steps of 17":

2043, 2026, 2009, 1992, 1975, 1958, 1941, 1924, 1907, 1890, 1873, 1856, 1839, 1822, 1805, 1788, 1771, 1754,
1737, 1720, 1703, 1686, 1669, 1652, 1635, 1618, 1601, 1584, 1567, 1533, 1516, 1499, 1482, 1465, 1448, 1431
1414, 1397, 1380, 1363, 1346, 1329, 1312, 1295, 1278, 1261, 1244, 1227, 1210, 1193, 1176, 1159, 1142, 1125,
1108, 1091, 1074, 1057, 1040, 1023, 1006, 989, 972, 955, 938, 921, 904, 887, 870, 853, 836, 819, 802, 785, 768,
751, 734, 717, 700, 683, 666, 649, 632, 615, 598, 581, 564, 547, 530, 513, 496, 479, 462, 445, 428, 411, 394, 377
360, 343, 326, 309, 292, 275, 258, 241, 224, 207, 190, 173, 156, 139, 122, 105, 88, 71, 54, 37, 30, 13

END THE TSST

Interviewer #2: Stop the participant after 5 minutes, “You may stop now, you have completed the math
task. The experimenter will be back with you in a moment.”

The interviewers leave. The experimenter hits “STOP” on the physio equipment before entering the
room and says: OK, we have a couple brief questionnaires to give you about your experience.
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