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The Psychological and Physiological Effects of Experimentally Induced Smiling During Physical
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Smiling has been shown to be beneficial in a number of social situations. One context in
which smiling has not been well researched, however, is within physical health and health-
relevant outcomes. The small amount of research in this area has found that smiling may buffer
the cardiovascular effects of acute pain. The goals of this dissertation were to 1) investigate
smiling in the context of physical and social pain and 2) examine potential mediators (orbicularis
oculi activation in Study 1 and positive affect in both studies) that may underlie the connections
between smiling and acute pain. In Study 1, participants were randomly assigned to make
Duchenne (genuine) smiles, grimaces, or neutral facial expressions during two acute physical
pain tasks. Cardiovascular responses (heart rate, respiratory sinus arrhythmia, and pre-ejection
period) were measured at baseline, during the tasks, and after the tasks. Pain threshold, pain
tolerance, and self-reported pain were also measured. Results showed that trajectories across
cardiovascular variables of interest did not significantly differ between the facial expression
conditions. There were also no significant differences in pain tolerance or self-reported pain
among the conditions. However, participants who made Duchenne smiles during the cold pressor
had significantly higher pain threshold levels than participants who made grimaces, although

there were no differences between either of these groups and the neutral facial expression
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condition. Furthermore, some evidence was found to support PA and orbicularis oculi activation
as mediators of smiling and outcome variables. In Study 2, participants were randomly assigned
to make Duchenne smiles or neutral facial expressions while they were included or excluded
during Cyberball, a task that has been found to reliably elicit feelings of social exclusion. Results
showed that participants who made Duchenne smiles while being excluded from Cyberball had
significantly different heart rate trajectories than participants who were making neutral facial
expressions. There were no differences in respiratory sinus arrhythmia, pre-ejection period, or
self-reported pain between conditions. No evidence was found for positive affect as a mediator
between smiling and outcome variables. Taken together, these studies provide some evidence

that smiling during physically or socially painful situations might be beneficial.
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Introduction

The connections between smiling and psychological factors have been of interest for
hundreds of years. Both Charles Darwin (1872/1965) and William James (1890) posited a
relationship between smiling and positive affect (PA), and researchers have continued to
investigate this relationship up until the present day. Smiling plays a crucial role in human
communication (e.g., Niedenthal, Mermillod, Maringer, & Hess, 2010), and it has been
investigated across a variety of fields, such as whether frequency of smiles in a social interaction
can predict marital conflict (e.g., Gottman, Levenson, & Woodin, 2001) and whether certain
types of smiles are connected with employee burnout (e.g., Goldberg & Grandey, 2007). Most of
this literature has investigated smiling as an outcome, for example, as an indicator of PA (e.g.,
Fredrickson & Levenson, 1998). However, the experimental studies within this dissertation
examine smiling as a predictor, filling a significant gap in the positive facial expression
literature. The investigation of smiling as a predictor is important because it may be the case that
the simple act of smiling can lead to a variety of different psychological and physiological
outcomes, which can further inform our understanding of why humans smile. This knowledge
can also inform intervention designs across a variety of areas within psychology, including
health psychology.

One area in which smiling has not been substantially researched is physical health and
health-relevant physiological responses. A small body of literature suggests that naturally
occurring smiles may be connected to important health outcomes such as lower rates of coronary
heart disease ten years later (Davidson, Mostofsky, & Whang, 2010). However, research on the
connections between experimentally manipulated smiles and health or health-relevant

physiological outcomes is still in its infancy. Two studies have suggested that experimentally



manipulated smiling during physical pain may be beneficial for the cardiovascular recovery
process (e.g., Kraft & Pressman, 2012; Pressman, Acevedo, Aucott, & Kraft-Feil, under review),
but this research is limited in scope and has yet to be extensively replicated or expanded. Pain is
an important domain in which to investigate smiling because smiling may alter the self-reported
pain experience or dampen the physiological response to acute pain. Furthermore, smiling is
relatively easy to manipulate and the creation of smiling interventions during acute pain, such as
in a doctor’s office during brief painful tests (e.g., needle use), would be simple and cost-
effective.

The overall aim of this dissertation is to determine the effects of experimentally
manipulated smiling on different types of pain. It may be that the psychological and
physiological benefits of smiling during pain extend across different types of pain (e.g., physical
and social pain), or may only exist for specific kinds of pain. The first study in this dissertation
investigates experimentally manipulated smiling in the context of two different physical pain
tasks: a cold pressor task and a pressure pain task. The second study investigates manipulated
smiling in the context of a social pain task (i.e., social exclusion).

Types of Smiles

A number of different types of smiles have been suggested by a variety of researchers
(e.g., Ekman & Friesen, 1982; Niedenthal et al., 2010). One of the first individuals to investigate
the anatomical components of smiles was G. B. Duchenne, a French anatomist who determined
that the zygomaticus major muscles in the cheeks and the orbicularis oculi muscles around the
eyes were both simultaneously activated only when individuals spontaneously smiled with
enjoyment (Duchenne 1862/1990). However, it took over one hundred years for empirical

research to confirm Duchenne’s original findings that genuine smiles of enjoyment (now called



Duchenne smiles) are distinct from other types of smiles, such as non-Duchenne
(“nonenjoyment” smiles). For example, one study showed participants videos designed to induce
PA and found that Duchenne smiles were both smoother and of a more consistent duration than
non-Duchenne smiles (Frank, Ekman, & Friesen, 1993). Duchenne smiles also activate the left
frontal lobe of the brain, an area that has been associated with certain positive emotions (e.g.,
Davidson, Schwartz, Saron, Bennett, & Goleman, 1979). Non-Duchenne smiles, on the other
hand, do not activate this area of the brain (Fox & Davidson, 1988).

As Duchenne originally determined, Duchenne smiles are those that activate both the
zygomaticus major muscles in the cheeks and the orbicularis oculi muscles around the eyes
(often creating “crow’s feet” on the sides of the eyes). Early studies on the Duchenne smile have
connected it with reports of happiness and amusement (e.g., Ekman, Davidson, & Friesen, 1990).
Most research on the Duchenne smile has supported the claim that it is a universal, genuine
expression of PA. However, recent cross-cultural research has challenged this claim; one study
of French-Canadian, Gabonese, and Chinese individuals found that only French-Canadian
individuals used the Duchenne smile as a measure of authenticity when rating smiles within their
own ethnic groups (Thibault, Levesque, Gosselin, & Hess, 2012). That said, the Duchenne smile
does seem to be an indicator of genuine emotion in Western culture.

Non-Duchenne smiles, on the other hand, are those that only activate the muscles in the
cheeks (i.e., the zygomaticus major muscles). These smiles are called a number of different
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terms, including “social,” “fake,” “insincere,
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nonenjoyment,” and “standard.” There is some
evidence that non-Duchenne smiles are not as beneficial as Duchenne smiles, and may even be
harmful in some circumstances. For example, research on customer service indicates that non-

Duchenne smiles can increase negative outcomes such as burnout and employee error (Goldberg



& Grandey, 2007; Wagner, Barnes, & Scott, 2014). However, other research has shown that
within certain contexts, non-Duchenne smiles may have the same benefits as Duchenne smiles.
The only two studies that have manipulated smiling within the context of acute pain have
determined that both Duchenne smiles and non-Duchenne smiles are beneficial for
cardiovascular recovery, with advantages for Duchenne smiles (Kraft & Pressman, 2012;
Pressman et al., under review). These findings align with past work on facial expressions that has
determined that more authentic and accurate manipulations of facial expressions are more
strongly tied to the emotions that are associated with that expression (e.g., Levenson, Ekman, &
Friesen, 1990).
Smiling, Health, and Physiology

There are only a handful of studies that have connected smiling with physical health or
health-relevant physiology. Although physiology is not a physical health outcome in and of
itself, there are a number of physiological indicators that have been connected to future health
outcomes, such as blood pressure reactivity during a stressor predicting future cardiovascular
outcomes (e.g., Matthews, Woodall, & Allen, 1993). Therefore, investigations of smiling and
physiology are useful since most individuals smile regularly, and possible concomitant
psychophysiological change may have health-relevance, thus resulting in future clinical
implications. Studies conducted within this field can be divided into two separate domains:
naturally occurring smiles and experimentally manipulated smiles. It is important to make this
distinction because the processes that lead to naturally occurring smiles are starkly different from
those that lead to experimentally manipulated smiles (i.e., a display of positive emotion vs. being
instructed to manipulate specific muscles of the face). Furthermore, possible mechanisms

connecting naturally occurring smiles to health and health-relevant physiology (e.g., trait PA,



better social relationships) would not translate into the context of experimentally manipulated
smiles.

Naturally Occurring Smiles. One of the first studies to investigate the connections
between natural smiles and physiology in the laboratory coded whether or not participants
spontaneously smiled while watching a sad film clip. Participants who smiled had significantly
faster cardiovascular recovery than participants who did not smile, suggesting that there may be
a direct connection between smiling and physiology (Fredrickson & Levenson, 1998). Another
study investigated whether facial expressions made during the first two minutes of the Type A
Video Structured Interview were positively associated with ischemia (i.e., inadequate blood
supply to the muscles of the heart). The Type A Structured Interview provides an assessment of
certain characteristics that are associated with Type A behavior, and participants in this study
were videotaped during this interview. Ischemics displayed more non-Duchenne smiles than
nonischemics, but the occurrence of Duchenne smiles did not differ between the two groups
(Rosenberg et al., 2001). Non-Duchenne smiles may have been more prevalent for ischemics
because they felt anger more than nonischemics but were trying to manage or inhibit it. A more
recent prospective longitudinal study looked at naturally occurring smiles and physical health
within a large representative sample from Nova Scotia, Canada. In this study, participants went
through an interpersonally stressful interview, and their levels of expressed PA were coded.
Participants who expressed higher levels of PA during the interview had significantly lower rates
of coronary heart disease ten years later (Davidson et al., 2010). However, one serious limitation
of this study was the lack of clear operationalization of expressed PA, which included behavior
(e.g., smiling), tone of responses (e.g., cheerful), and other verbal cues, thus obscuring the

strength of the connection between smiling and coronary heart disease. Still, the findings from



this study suggest that there may be some connection between smiling expression and
developing diseases such as coronary heart disease later in life.

Experimentally Manipulated Smiles. Early research on manipulated smiles and
physiology attempted to connect different facial expressions with specific physiological
outcomes. One of the earliest studies of the connections between smiling and physiology used a
small sample of sixteen participants. These participants were told which facial muscles to
activate and held each expression for ten seconds, during which their heart rate was continuously
measured. Heart rate increased more when participants were making angry or fearful facial
expressions than when they were making happy facial expressions, although heart rate increased
marginally from baseline during happy facial expressions (Ekman, Levenson, & Friesen, 1983).
The participants were videotaped during the tasks, and their data were only used if they were
making the correct facial expressions. This study provided the first evidence of autonomic
nervous system differences across facial expressions, which was later replicated, again showing
larger cardiac accelerations for anger, fear, and sadness than for happiness (Levenson et al.,
1990). Interestingly, another replication study questioned whether these consistent effects were
due to the difficulty of the expressions rather than the expressions themselves (Boiten, 1996). In
response, Levenson and Ekman (2002) reanalyzed their data from the original study and found
that reported difficulty did not mediate the heart rate differences across expressions, reinforcing
the idea that the specific facial expressions themselves led to these differences. Thus,
manipulation of different facial expressions, including smiling, might have distinct effects on the
autonomic nervous system.

As hinted at in the above literature, there are a number of factors that may affect the

physiological effects of experimentally manipulated smiles. One factor that plays a role is how



well participants adhere to their facial expression conditions. Specifically, since activating the
wrong facial muscles or failing to activate the correct muscles can lead to an incorrect facial
expression, there may be downstream differences in psychological and physiological effects.
Thus, some studies on experimentally manipulated facial expressions only include high adhering
participants in analyses (e.g., Levenson et al., 1990), whereas others include adherence as a
covariate in analyses (e.g., Kraft & Pressman, 2012). Another consideration is how long
participants hold the manipulated facial expressions, which drastically varies across the field
from only a few seconds (e.g., Ekman et al., 1983) to multiple minutes (e.g., Kraft & Pressman,
2012). The amount of time the facial expression is being held could affect any physiological
changes that might be taking place; for example, physiological changes might max out after a
certain length of expression, especially since naturally occurring expressions only last a few
seconds (Ekman, 1984). Thus, factors such as adhering to facial expression condition and length
of facial expression should be considered within studies in this area, although surprisingly, they
rarely are (e.g., Wagenmakers et al., 2016).

Since the early research on experimentally manipulated smiling and physiology,
researchers have recognized the importance of investigating both psychological and
physiological influences of smiling within specific domains, including the context of pain.

Smiling and Physical Pain. Only two studies to date have been conducted that
investigate the connections between experimentally induced smiling and pain. The first of these
studies instructed participants to hold chopsticks in their mouths so that their face formed a
Duchenne smile, non-Duchenne smile, or neutral facial expression. Participants were told that
the study was investigating multitasking in order to reduce their reactance to smiling. Half of the

participants in both of the two smiling groups were told to smile, and half were not given



instruction. Participants made their assigned facial expressions during the cold pressor task and
rated their state positive and negative affect levels during baseline and immediately following the
task. Regardless of whether or not participants knew they were smiling, the smiling participants
had lower heart rates during recovery from the painful task, with a slight advantage for
participants making Duchenne smiles (Kraft & Pressman, 2012). PA changes were in the
expected direction such that participants making Duchenne smiles had marginally less of a
decrease in PA than participants making neutral facial expressions, although this difference was
not significant. It may be the case that smiling affects reports of PA during, but not following,
painful tasks. However, this study did not include a measure of self-reported pain during the task,
so it is unknown whether smiling affected pain perception in addition to a physiological process
post-pain. Furthermore, the only physiological outcome included in this study was heart rate,
which is controlled by both branches of the autonomic nervous system: the sympathetic nervous
system (i.e., “fight or flight”) and the parasympathetic nervous system (i.e., “rest and digest”).
Because of this dual innervation of the heart, it is difficult to determine the exact effects of
smiling on the cardiovascular system. As discussed in detail later, there is reason to believe that
smiling may have specific effects on the parasympathetic nervous system, so the lower heart
rates of the smiling participants in this study may have been due to an increase in
parasympathetic nervous system activation. Therefore, it is important to investigate indicators of
both branches of the autonomic nervous system within the context of smiling and acute pain.
Nevertheless, these findings are important because they lend support to the idea that smiling may
be beneficial for health by “undoing” some of the harmful effects of stressors on cardiovascular

function.



The second study examined whether manipulated facial expressions during a 25-gauge
needle saline injection buffered the negative psychological and physiological effects of receiving
the injection (Pressman et al., under review). Participants in this study were assigned to one of
four facial expression conditions: neutral facial expression, non-Duchenne smile, Duchenne
smile, or grimace (a negative facial expression that activates the same muscles as a Duchenne
smile along with the corrugator supercilli, the muscles in between the eyebrows, making it a
more difficult expression to create). Participants held chopsticks in their mouths in different
ways in order to create one of these four facial expressions. They were told that the study was
investigating the effects of multitasking on needle experiences in order to prevent reactance to
the facial expressions. Ratings were made for anticipation of pain, the experience of pain, and
pain immediately following the injection, making this the first study to investigate self-reported
pain and experimentally manipulated smiling. PA was measured at baseline and after the
injection. Those making Duchenne smiles, non-Duchenne smiles, or grimaces reported
significantly less anticipatory pain and less pain in response to the injection than those making
neutral facial expressions. However, those who were Duchenne smiling had lower heart rates
than those who were grimacing at all time points (Pressman et al., under review). PA did not
mediate any of the effects; however, baseline measures of PA may have been lower than normal
because participants had already read in the consent form that they were going to receive a
needle injection. There were no significant differences in heart rate between Duchenne smiling
and non-Duchenne smiling participants. This study demonstrates that other facial expressions
such as grimacing may have beneficial effects on self-reported pain, but only smiling seems to
have physiological benefits both during and immediately following the induction of acute

physical pain.



Pain

The experience of pain involves two parts: pain sensation and pain affect (e.g., Rainville,
2002). Pain sensation includes information from specialized pain receptors, which provide an
indication of ongoing tissue damage (e.g., Melzack & Wall, 1965). Pain affect consists of the
unpleasant feelings that accompany the pain sensation (Price, 2000). Most of the original
theories of pain dealt only with its physiological component (see Moayedi & Davis, 2013, for a
review). However, with the introduction of the gate control theory of pain, the integral role the
brain plays in the pain experience was brought to the forefront. The gate control theory posits
that when a painful stimulus reaches a specific threshold, it activates pathways through the
central nervous system that lead to the experience of pain (Melzack & Wall, 1965). This theory
highlights psychological factors in the experience of pain as an integral part of pain processing
(Melzack, 1999). The connection between smiling and pain would fit well within the framework
of this theory because smiling may alter when the “gate” opens and pain is experienced.

Physical pain. There are two main types of physical pain: chronic and acute. Chronic
pain is often defined as pain lasting longer than three months (e.g., from a chronic disease such
as arthritis), whereas acute pain is pain lasting less than three months (e.g., from an acute injury).
Stress and pain are not interchangeable concepts, but stress plays an important role in both
chronic and acute pain. Chronic pain is connected to stress, and acute pain instigates a
physiological stress response that contributes to the experience of pain (Chapman, Tuckett, &
Song, 2008). It is nearly impossible to create chronic pain within a laboratory setting, but there
are a number of techniques that have been designed to induce acute pain. For example, past
research has induced acute pain through electrical nerve stimulation (Terkelsen, Molgaard,

Hansen, Andersen, & Jensen, 2005) and thermal stimulation (e.g., Appelhans & Luecken, 2008).
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However, one of the most common acute pain tasks in psychology is the cold pressor task, where
the participant holds his or her hand in near freezing water. This task has mostly been used in
past research as a stress test of cardiovascular function (e.g., Menkes et al., 1984). The physical
pain associated with the cold pressor task is aching or crushing, which quickly increases in
intensity until about 60 to 90 seconds (Posner, Telekes, Crowley, Phillipson, & Peck, 1985).
Another example of an acute pain paradigm involves the pressure algometer, a device that is
operated to increasingly apply pressure to a specific part of the body. Pressure algometers have
largely been used to determine pain sensitivity in underlying tissues (e.g., Fischer, 1987). The
experience of immediate pain from the cold pressor is different from the experience of the
constantly increasing pain from the pressure algometer, but both tasks can provide measures of
two important components of the pain experience: threshold and tolerance. Threshold occurs
when the participant first begins to experience pain, and tolerance is the maximum amount of
pain the participant feels that he or she can tolerate.

Simple techniques such as smiling that may lead to an increase in either threshold or
tolerance may help make the pain experience and associated recovery period more bearable.
Smiling may increase both threshold and tolerance because of its positive effects on the
parasympathetic nervous system. A recent review of cardiovascular outcomes and pain
determined that the “typical” response to pain is an increase in sympathetic nervous system
activation and a decrease in parasympathetic nervous system activation, which is also seen
among other stressors (Koenig, Jarczok, Ellis, Hillecke, & Thayer, 2014). Therefore, pain can be
considered as a type of stress, and it has been used to induce physiological stress responses in lab
settings. If smiling increases parasympathetic nervous system activation during painful tasks, this

higher activation may increase the amount of time a stimulus is perceived as not painful (i.e.,

11



increase the amount of time until the “gate” is opened). In the case of tolerance, increased
parasympathetic nervous system activation may prolong the amount of time an individual is able
to tolerate a painful stimulus.

In addition to threshold and tolerance, there are a number of other outcome variables that
can be measured in response to pain. Self-report measurements (i.e., asking the participant how
painful a task is or how much pain they are currently in) are the most common (Breivik et al.,
2008). However, self-report should not be solely relied upon because there are a number of
intricacies in reporting pain. For example, self-reported pain can be affected by attitudes toward
pain, which have a strong cultural component (e.g., Barak & Weisenberg, 1988; Lovering, 2006).
Because of these variations in self-report, it is important to supplement with additional measures
of the experience of pain, such as cardiovascular reactivity and recovery. A number of studies
have investigated both cardiovascular reactivity, or the response of the cardiovascular system to
stress (e.g., Matthews et al., 2004), and cardiovascular recovery, or the recovery of the
cardiovascular system following stress (e.g., Hassinger, Semenchuk, & Brien, 1999), in the
context of acute physical pain tasks. Cardiovascular reactivity and recovery variables are also
important to measure within a separate domain of pain: social pain.

Social pain. Social pain is a specific reaction to the perception that one is being excluded
from relationships or devalued by relationship partners, thus triggering painful feelings without
the physical pain sensation (MacDonald & Leary, 2005). Therefore, investigating smiling in the
context of social pain can determine whether smiling has specific influences on the affect
component of pain instead of the physical sensation. Interestingly, physical pain and social pain
share underlying neural correlates; the pattern of activation in the brain during social exclusion is

similar to activation during the experience of physical pain (Eisenberger, Lieberman, &
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Williams, 2003). Social pain can be manipulated in the lab in many ways, but the most common
manipulations involve social exclusion. For example, one of the most popular social exclusion
paradigms is Cyberball, an online ball-tossing game that reliably elicits feelings of social
exclusion (Williams, Kippling, Cheung, & Choi, 2000; Williams et al., 2002). In this paradigm,
the participant is told that they are playing a computer game with two participants in other
rooms, but in reality, they are playing against a computer. The ball is tossed between all
“participants” until about halfway through the game when the other two “participants” begin to
only throw the ball to each other, excluding the true participant from the game. Although there
are a number of other exclusion paradigms (e.g., the Yale Interpersonal Stressor [ YIPS; Stroud,
Tanofsky-Kraff, Wilfley, & Salovey, 2000]), Cyberball is the most well researched paradigm
within the context of social pain.

The overlap between social and physical pain has been demonstrated in a number of
different domains. One study found that participants who took a dose of Tylenol once per day
reported less daily social pain than participants who took a placebo (Dewall et al., 2010). Studies
have also demonstrated that physiological responses (e.g., increased heart rate; Iffland, Sansen,
Catani, & Neuner, 2014) and psychological responses (e.g., feelings of being ignored or
excluded; Riva, Wirth, & Williams, 2011) are similar during social and physical pain.
Understanding the connections between social and physical pain is important because social pain
can be detrimental and long lasting. For example, children who experience social rejection by
their parents or peers are more likely to develop depression (Lefkowitz & Tesiny, 1984).
Furthermore, social rejection has been found to hasten the onset of depression (Slavich,
Thornton, & Monroe, 2009), and a recent meta-analysis found that social rejection decreased

positive mood and self-esteem (Gerber & Wheeler, 2009). Therefore, social pain is an important
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type of pain to investigate in the context of smiling because smiling may buffer the negative
feelings associated with social exclusion.
Possible Mechanisms Connecting Smiling to Pain

I hypothesize two mechanisms through which smiling may influence physiology and self-
reported pain: state PA and the oculocardiac reflex.

State PA. One of the mechanisms through which smiling may influence physiology and
self-reported pain is state PA, or transitory PA felt in the moment. The mere act of smiling may
alter or induce state PA, as posited by the facial feedback hypothesis (Tourangeau & Ellsworth,
1979). One of the first individuals to propose this concept was Charles Darwin (1872/1965), who
discussed how the expression of an emotion can intensify the experience of it. A few years later,
William James (1890) posited that bodily changes that accompany an emotion are, in fact, the
emotion itself. In other words, emotions cannot exist if they are not expressed physiologically,
including through facial expressions or some kind of physiological arousal, which is the key
tenet of the James-Lange theory of emotion (James, 1890; Lange, 1885/1922).

Even though Darwin and James both set the groundwork for the facial feedback
hypothesis, it did not develop into its present form until about a century later. In the 1960s and
1970s, a handful of emotion theorists began to hypothesize that facial expressions play an
important role in the experience of emotion (Izard, 1971, 1977; Tomkins, 1962). Empirical
evidence for this view, however, did not appear until later from a few noteworthy studies. In one
of these studies, participants either frowned or smiled while viewing pictures of either Ku Klux
Klan members or children playing and then self-reported on their affect (Laird, 1974). Results
indicated that scores for aggression were higher for frown trials, and scores for elation, surgency,

and social affection were higher for smile trials.
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In possibly the most famous study of this hypothesis, participants were given a pen and
assigned to one of three conditions: holding the pen with their lips (neutral facial expression),
holding the pen between their teeth (smiling), or holding the pen in their nondominant hand
(control; Strack, Martin, & Stepper, 1988). Importantly, a cover story was told to participants so
they would not be aware of their facial expressions. Participants were shown a series of cartoons
and asked to rate the funniness of each cartoon. Individuals in the smiling condition found the
cartoons significantly funnier than participants in either of the other two conditions (Strack et al.,
1988), providing evidence for the facial feedback hypothesis. However, a recent attempted
replication of this study by 17 different labs failed (Wagenmakers et al., 2016), although there
are a number of explanations as to why this may have been the case (Strack, 2016). For example,
the attempted replications were conducted on university students, many of who were studying
psychology and may have been familiar with the original study. Furthermore, as in the earliest
experimentally manipulated smile work, there was no attention to adherence to facial expression
condition nor duration of expressions. Finally, a new addition was that the researchers directed a
camera onto the participants, which may have made them more self-aware than those in the
original study (e.g., Hass, 1984). Indeed, a recent study replicated the original facial feedback
experiment with two conditions: one with a video camera present and one without a video
camera. In absence of the camera, significant facial feedback results were observed; however,
when the video camera was present, these effects were eliminated (Noah, Schul, & Mayo, 2018).
Although the replication attempt by Wagenmakers and colleagues (2016) is important, it does
not mean that smiling should not continue to be studied in a number of different domains,
including the investigation of a wider variety of outcome variables. The replication study only

investigated a single outcome variable (how amused participants felt), but other outcomes may
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more closely get at whether smiling affects the overall experience of PA. Furthermore, a recent
meta-analysis on 138 studies of facial feedback and the emotional experience determined that the
overall effect was small yet significant (d = 0.20; Coles, Larsen, & Lench, 2019). Thus, although
the literature is mixed, it seems that smiling can affect PA when certain important variables are
considered.

Whether smiling influences state PA is important to determine because state PA has been
connected with a number of health and health-relevant outcomes. In one study, state PA
measured throughout the day with ecological momentary assessment was inversely related to
cortisol output (a hormone released during stress) and heart rate over the course of the day
(Steptoe, Wardle, & Marmot, 2005). State PA has also been connected with survival such that
individuals with higher levels of state PA over the course of one day were less likely to die than
individuals with lower levels of state PA (Steptoe & Wardle, 2011). Studies such as these
indicate that state PA may have important effects on various physiological systems, which may
eventually result in significant differences in health outcomes such as survival. Thus, if smiling
is connected with increases in state PA, smiling could affect health and health-relevant
outcomes.

In addition to affecting physiology, state PA may also be connected to self-reported pain
(e.g., Rhudy & Meagher, 2001). The broaden-and-build theory hypothesizes that positive
emotions may broaden individuals’ awareness, which can in turn build their personal resources
(Fredrickson, 2001). In expanding an individual’s attention, state PA may help distract from
negative sensations such as pain, resulting in lower levels of self-reported pain. Because of the
important role state PA may play in the connection between smiling and health-relevant

outcomes, state PA will be measured multiple times throughout both studies of this dissertation.
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Oculocardiac reflex. An additional untested possible mechanism through which smiling
may affect physiology and self-reported pain is through activation of the oculocardiac reflex. The
oculocardiac reflex is a decrease in pulse rate when pressure is applied to muscles around the
eyes and/or the eyeball is compressed. One possibility is that activation of the orbicularis oculi
muscles during Duchenne smiles triggers the oculocardiac reflex through a number of nerve
activations, which in turn could lower pulse rate through stimulation of the vagus nerve (Lang,
Lanigan, & van der Wal, 1991). The vagus nerve plays a large role in the parasympathetic
nervous system, a division of the autonomic nervous system responsible for decreasing
physiological arousal. Although activation of the oculocardiac reflex cannot be directly
determined from the proposed studies, a comparison of orbicularis oculi activation with a
measure of parasympathetic nervous system activation, such as respiratory sinus arrhythmia
(RSA), is a first step toward investigating this relationship. I conduct this test in the first study of
this dissertation.

Possible Covariates

Although investigating sex and cultural differences is not a primary goal of this
dissertation, it is important to note that these differences exist within the context of both the
smiling and experimental pain literatures. These factors may alter how smiling works and how
pain is reported. Information on the sex and ethnicity of participants will be collected in both
studies of this dissertation so these variables can be controlled for in analyses. Additional
variables that matter within the experimental pain and/or smiling experience (e.g., attitudes
toward pain, pain catastrophizing, trait affect) will be touched upon in the context of each study.

Sex. There is a robust literature that suggests there are differences in smiling between

men and women. For example, a meta-analysis of 162 studies determined that women are more
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likely to smile than men (d = 0.41; LaFrance, Hecht, & Paluck, 2003). The fact that women
naturally smile more than men may mean that they feel more comfortable manipulating their face
into a smile in an experimental setting, and, therefore, are more adherent to the smiling
condition. There is also a large literature suggesting that there are significant differences in the
experience of experimental pain between men and women. A meta-analysis determined that
females display greater pain sensitivity to experimental pain than males, and the effect size for
this relationship was moderate to large (Riley III, Robinson, Wise, Myers, & Fillingim, 1998).
Interestingly, this difference may be especially large in pressure pain tasks that involve threshold
and tolerance measures. Therefore, it is important to control for sex within analyses to minimize
these pre-existing differences.

Culture. There are also important differences in how emotions are expressed via the face
across cultures. Although many early studies supported the universality of facial expressions
(e.g., Ekman et al., 1987; Izard, 1971), current researchers have begun to take more intermediary
stances by arguing that there are some universalities and some culture specifics of facial
expressions of emotion (e.g., Elfenbein & Ambady, 2003). Even though smiling may be a
universal indicator of happiness, there are still important cultural differences. For example, one
study presented preschool children with pictures of faces with either a big (“excited”) smile or a
smaller (“calm”) smile and asked them which face they would rather be. European American
preschool children were 3.5 times more likely to prefer an excited smile over a calm smile than
Taiwanese Chinese preschool children (Tsai, Louie, Chen, & Uchida, 2007). Thus, different
display norms across cultures may affect how activated certain facial muscles are during

experimentally manipulated smiling.
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Culture also plays a role in the context of pain. A number of studies have investigated
experimental pain within specific ethnicities and have found important differences across a
variety of pain tasks. For example, one study found that African American participants had lower
tolerance for both heat and cold pain than European American participants, although thresholds
and ratings of intensity did not differ between groups (Campbell, Edwards, & Fillingim, 2005).
Studies such as this suggest that cultural differences in the experience of pain may be more
pronounced for the affective component of pain versus the sensory component (Green et al.,
2003). Since many of my measures of interest focus on the affective component of pain, culture
is also important to consider in analyses.

Aims of the Dissertation

The overall aim of this dissertation was to fill important gaps in the literature on
experimentally manipulated smiling and pain. To date, the only acute pain tasks that have been
investigated in this context are a saline needle injection (Pressman et al., under review) and the
cold pressor task (Kraft & Pressman, 2012). It is important to investigate experimentally
manipulated smiling within different pain tasks in order to determine psychological and
physiological benefits that smiling may confer, and when/where in the pain experience these
benefits occur. Furthermore, the scope of outcome variables that have been investigated in the
experimentally manipulated smiling and pain literature is limited. These studies add a wider
variety of cardiovascular measures, including indicators of sympathetic and parasympathetic
nervous system activation, and self-report measures such as threshold and tolerance. With the
addition of these outcome variables, these studies determine what specific aspects of the

multidimensional pain experience experimentally manipulated smiling affects.
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The specific aim of Studies 1 and 2 was to determine the effect of experimentally induced
smiling on the negative psychological and physiological effects of three distinct types of pain-
inducing tasks: a pressure pain task, the cold pressor task, (both in Study 1), and a social pain
task (Study 2). Study 1 included both a pressure pain task and the cold pressor task to determine
whether smiling influences either threshold or tolerance during these tasks. By including both of
these tasks in the same study, I determined whether experimentally manipulated smiling
differently affected the two types of physical pain (sudden and crushing in the cold pressor task,
slowly increasing pressure in the pressure pain task). This comparison is important in
determining the generalizability of smiling during physical pain and what aspects of pain are
affected by an experimental smiling manipulation.

Another important component of Study 1 was the ability to test a possible mechanism
underlying the relationship between smiling during physical pain and faster cardiovascular
recovery. The activation of the orbicularis oculi muscles around the eyes may initiate the
oculocardiac reflex, which in turn lowers pulse via the vagus nerve. By measuring RSA (an
indicator of parasympathetic nervous system activation) during the course of the study, I
investigated whether higher levels of orbicularis oculi activation during the physical pain tasks
mediate the relationship between smiling and parasympathetic nervous system activation. This
untested mechanism is important because it could demonstrate a specific component of smiling
that is directly connected to the cardiovascular system. In order to test my other proposed
mechanism, PA, I measured PA both during and following each physically painful task.
Experimentally manipulated smiling may have only brief effects on PA that may not carry over

to the recovery period, so it is important to attain a measure of PA during the painful tasks. This
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has not been investigated in past literature and will help determine when and if experimentally
manipulated smiling influences PA.

Study 2 investigated smiling within the context of social pain. Because social pain and
physical pain share neural correlates (Eisenberger et al., 2003), it was reasonable to expect that
smiling may confer cardiovascular benefits during social exclusion. Experimentally manipulated
smiling has never been tested in the context of social pain before, but this is an important
investigation because it can provide support for the overlap between physical and social pain. If
smiling confers the same psychological and physiological benefits during both physical and
social pain, this provides evidence for the overlap between these two phenomena. Furthermore,
this investigation provides a new level of depth toward the understanding of how exactly smiling
can affect both physical and social pain.

Study 1
Overview

The goal of Study 1 was to determine whether experimentally manipulated smiling
buffered the negative psychological and physiological effects of a pressure pain task and a cold
pressor task. Heart rate (HR), heart rate variability (HRV), and impedance cardiography (ICG)
were collected during the study in order to investigate cardiovascular reactivity and recovery. HR
is controlled by both branches of the autonomic nervous system, the sympathetic nervous system
and the parasympathetic nervous system. HRV is a measure of the flexibility and adaptability of
the cardiovascular system (Thayer, Ahs, Fredrikson, Sollers, & Wager, 2012), whereas ICG is a
measure of cardiovascular time measures and cardiac output (Sherwood et al., 1990). Specific
indices can be derived from HRV and ICG to determine the level of activation of the sympathetic

and parasympathetic nervous systems. Pre-ejection period (PEP), a measure of cardiac
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contractility (a healthy ventricle has a short PEP), was used as an indicator of sympathetic
nervous system activity. RSA, a rhythm in the beat-to-beat heart pattern that is naturally
occurring (Denver, Reed, & Porges, 2007), was used as an indicator of parasympathetic nervous
system activity. Cardiovascular reactivity (i.e., the response of the cardiovascular system to
stress) and recovery (i.e., the extent to which elevations in the cardiovascular system persist after
stress) are both important to investigate within the context of smiling and pain. Smiling may
affect the initial response of the sympathetic and parasympathetic nervous systems, but may also
affect the recovery process within these two systems following the experience of pain.

In addition to Duchenne smiles and neutral facial expressions, I also included grimaces in
this study for two reasons. First, Duchenne smiles are difficult expressions to make and could
serve as distractions during pain. Grimaces activate the same muscles as Duchenne smiles plus
the corrugator supercilli (muscles in between the eyebrows). Thus, if results are found for
Duchenne smiles but not grimaces, I can rule out the distraction of making a difficult facial
expression during pain as an alternative explanation for the findings. Second, the inclusion of
grimaces allows me to unpack the role of PA in my findings, since I would expect PA to only be
associated with Duchenne smiles and not grimaces.

Hypotheses

I hypothesized that participants who were randomly assigned to make Duchenne smiles
during both the pressure pain and cold pressor tasks would have different cardiovascular
trajectories (across HR, RSA, and PEP) than participants who were randomly assigned to make
grimaces or neutral facial expressions, driven by lower cardiovascular reactivity during the tasks
and faster cardiovascular recovery after the tasks. I further hypothesized that participants who

were randomly assigned to make Duchenne smiles during both tasks would have higher pain
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threshold and tolerance levels than participants who were randomly assigned to make grimaces
or neutral facial expressions. Furthermore, I hypothesized that participants who were randomly
assigned to make Duchenne smiles or grimaces would self-report lower levels of pain during the
tasks than participants who were randomly assigned to make neutral facial expressions. I also
hypothesized that PA would mediate the relationship between smiling and the four main
outcome variables of interest (HR, RSA, PEP, and self-reported pain). Finally, I hypothesized
that orbicularis oculi activity would mediate the relationship between smiling and RSA.
Pre-Registration

I pre-registered the method and planned analyses on the Open Science Framework. This
was done on September 14, 2018, prior to data analysis.
Method

Participants. Participants were 233 undergraduate students at the University of
California, Irvine, who completed the study for either course credit or pay (based on a power
analysis with power set at 0.9 and effect size set at 0.25 [medium effect size]). Participants were
excluded from the study if they had a psychological disorder (e.g., clinical depression, anxiety
disorder, bipolar disorder) for which they were currently being treated (e.g., medication,
therapy); had a facial muscular disorder; were not fluent in English (both reading and writing);
ingested caffeine in the two hours prior to the study (affects cardiovascular functioning); had a
condition or disorder causing them to faint frequently; had cardiovascular or neurocardiogenic
syncope; had a cardiovascular condition (e.g., a heart condition, hypertension); had a chronic
pain condition; took medication not approved by the study team that day (e.g., mood-altering or
pain-altering medication); had sensitive skin or any adverse skin reaction from band aids or

cosmetic facial products; or consumed alcohol the day of the study. One participant was
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excluded from analyses because they took medication not approved by the study team the day of
the study. The final sample size was 232 participants (68.5% female, mean age = 20.39).
Participants who completed the study for pay were compensated $5 for every 30 minutes
completed of the study. The ethnicity breakdown of the participants was 52.6% Asian or Pacific
Islander, 22.8% Hispanic or Latino, 9.5% White or Caucasian, 6.0% biracial, 4.3% Black or
African-American, and 4.7% other.

Procedure. Upon arrival to the lab, participants were consented and told that the purpose
of the study was to investigate multi-tasking in the context of stress. Participants completed a
screening questionnaire, and if they were not eligible for the study, they were thanked for their
time and dismissed. If participants were eligible, they were randomly assigned to one of three
facial expression conditions: neutral facial expression, grimace, or Duchenne smile.

Participants’ weight, height, waist, hip, and arm circumference were measured by the
researchers. Participants were asked to remove all jewelry and pin their hair up out of their face,
and then the researchers connected them to the electrocardiogram (ECG) and electromyogram
(EMG). Four electrodes were placed on the participant’s core and two electrodes were placed on
their back in order to measure HRV and ICG. Electrode areas were cleaned with alcohol wipes
before electrodes were applied to the skin. Facial EMG sensors were applied to the left side of
the participants’ faces as past research has shown that the left side of the face is more expressive
(Mandal, Asthana, & Pandey, 1995). One electrode was placed on the forehead to serve as a
ground. Two electrodes were placed diagonally on the left cheek on the zygomaticus major
muscle, and two electrodes were placed below the left eye on the orbicularis oculi muscle.
Before electrodes were applied, each area was cleaned with an alcohol wipe and abraded with an

exfoliating scrub. Participants were video recorded throughout the study in order to code for
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adherence to facial expression condition. The researchers then left the room while the participant
completed baseline questionnaires. Upon completion of these questionnaires, the participant sat
quietly for five minutes in order to attain baseline physiological data.

After the baseline physiological data collection period, research assistants trained
participants on their assigned facial expressions. This period began with the opening statement,
“At this time, we are going to train you on the multitasking portion of the study, which includes
training you on how to hold the chopsticks in your mouth in a specific position.” For each facial
expression condition, participants were shown a picture of the same woman holding the
chopsticks in her mouth in the appropriate way; this picture remained near the participant as a
reference for the remainder of the study. For the Duchenne smile condition, participants were
instructed to, “Please hold the chopsticks sideways in your mouth tightly. Push them back as far
as they can comfortably go, just like the woman in the picture. Make sure your teeth are showing
at all times” (refer to Figure 1). For the grimace condition, participants were instructed to,
“Please hold the chopsticks sideways in your mouth tightly just like the woman in the picture.
Ensure that you are holding the chopsticks tightly, pushing them as far back in your mouth as
possible, while also squinting your eyes and wrinkling your forehead. To get the forehead
position correct, it might help to imagine that you have to hold something like a penny between
your eyebrows” (refer to Figure 2). For the neutral facial expression condition, participants were
instructed to, “Please hold the chopsticks gently with your front teeth just like the woman in the
picture” (refer to Figure 3). Participants were asked to mimic the person in the photograph as
closely as possible and were given feedback on their facial expression manipulations during this
training period. Participants held the facial expression during the training session for no longer

than ten seconds.
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Next, participants engaged in two separate tasks during which continuous HRV, ICG, and
EMG were taken (pain tasks were counterbalanced). Before the beginning of the first task,
participants were told that they would be asked questions during each task and were presented
with a few practice questions on a tablet so they could become familiar with the response format.
Participants placed the chopsticks in their mouths in order to create their assigned facial
expressions immediately before the start of each task. They held the facial expressions
throughout the duration of each task and removed the chopsticks from their mouths as soon as
the task ended. Following each task, the participants rested quietly for five minutes (recovery
period) before continuing with the experiment (facial expressions were not held during this
period).

One task involved up to four minutes of applying pressure of 5 kilopascals (kPa) per
second with the pressure algometer with a 1 cm diameter probe on the muscle belly of the first
dorsal interosseous muscle (the muscle between the thumb and the index finger; Figure 4) of the
participant's’ dominant hand until the participant signaled that the pressure had become too
uncomfortable to bear (tolerance). The pressure test ended if the participant’s pressure tolerance
reached 1500 kPa (no more than four minutes). Participants were asked to indicate when they
first felt pain during the task (threshold) and this time was recorded. Pain was measured up to
nine time points during the task (every 30 seconds, including the very beginning and end of the

task) using a scale of 0 (no pain) to 100 (most pain imaginable).
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Figure 1. The picture participants in the Duchenne smile condition were asked to mimic.

Figure 2. The picture participants in the grimace condition were asked to mimic.
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Figure 3. The picture participants in the neutral facial expression condition were asked to mimic.
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Figure 4. The placing of the pressure algometer on the muscle belly of the first dorsal

interosseous muscle.

During the other task, participants immersed their nondominant hand into cold water,

leaving the dominant hand free for pain ratings. The apparatus had continuously circulating
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water at a temperature of 4° Celsius (39.2° Fahrenheit). A water pump and thermometer were
used to ensure a precise and constant temperature. Participants were told that they could remove
their hand from the water if they felt too much pain (tolerance). The researcher had a stopwatch
to measure immersion time. The cold pressor task lasted a maximum of four minutes.
Participants were asked to indicate when they first felt pain during the task (threshold) and this
time was recorded. Pain was measured on a tablet up to nine time points during the task (every
30 seconds, including the very beginning and end of the task) using a scale of 0 (no pain) to 100
(most pain imaginable). After the recovery period, they were given two brief questionnaires
regarding their current mood and current pain, followed by several additional short questions
probing their coping with the pain. Upon completion of the final questionnaires, participants
were unhooked from the physiological equipment and debriefed about the true purpose of the
study.

Measures.

Physiological.

Cardiovascular measures. A three-lead ECG and a four-lead ICG were registered using
1.5 inch disposable silver electrodes (Mindware Technologies, Ltd.). HRV and ICG analysis
software Mindware Version 3.1.2 was used to clean the data. R peaks were marked unless
artifacts made it impossible to identify them, in which case that part of the segment was
removed. If the remaining data in that 60-second segment was not at least 30 seconds of
continuous data, then it was omitted from analyses. Furthermore, an averaged ensemble of the
ECG and ICG waveforms from each 60-second segment was created, each of which was visually
inspected for accuracy in labeling event points in the cardiovascular cycle. Three main cardiac

autonomic measures of interest were derived from the ECG and ICG data: HR, RSA, and PEP.
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Facial muscle activation measures. A four-lead EMG was registered using 4 mm
reusable silver chloride electrodes (Mindware Technologies, Ltd.). Zygomaticus major and
orbicularis oculi muscle activity were both measured continuously during baseline, reactivity
during both pain tasks, and recovery following both pain tasks. The sensors were set to record at
a sample rate of 500 Hz, gain at 2000 Hz, low cutoff at 20 Hz, and high cutoff at 200 Hz. EMG
analysis software Mindware Version 3.1.2 was used to clean EMG data prior to analysis by
removing the portions in which the participants made movements that interfered with facial
muscles of interest, such as yawning or sneezing.

Self-reported pain. During the pressure algometer task and the cold pressor task,
participants were asked the following question every 30 seconds to measure pain: “On a scale of
0-100 where 0 is no pain and 100 is the worst possible pain, please rate your current level of
pain.” Participants were also asked to indicate when they first experienced pain (threshold)
during both tasks; threshold time was recorded for both tasks, and threshold pressure was
recorded for the pressure algometer task. When the participants stopped each task, tolerance time
was recorded (tolerance pressure was also recorded for the pressure algometer task).

Self-reported affect. During the pressure algometer task and the cold pressor task,
participants were asked the following questions every 30 seconds: “How positive (e.g., excited,
happy, calm) do you feel right now?”” and “How negative (e.g., angry, anxious, sad) do you feel
right now?” Both of these were asked on a 0 (not at all) to 100 (extremely) scale.

A variation of the Profile of Mood States (POMS; McNair et al., 1971; Usala & Hertzog,
1989) was used to measure trait and state affect (21 items). PA items were active, calm, cheerful,
energized, enthusiastic, happy, lively, quiet, and relaxed. Negative affect (NA) items were

anxious, bored, drowsy, intense, jittery, nervous, overwhelmed, passive, sad, stressed, tired, and
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unhappy. To measure trait affect, participants were asked, “When considering how you usually
are and how you feel on average, to what extent have you felt each of the following emotions?”
Participants rated their trait affect on a 1 (very slightly/not at all) to 5 (very much) scale. To
measure state affect, participants were asked, “Consider how you are feeling and evaluate the
following items based on how accurately that feeling describes you AT THIS MOMENT.”
Participants rated their state affect on a 1 (not at all accurate) to 5 (extremely accurate) scale.
State affect was measured two times throughout the study: once after the pressure pain task and
once after the cold pressor task.

Covariates. Age, sex, and ethnicity were collected. Participants were asked about a
number of health behaviors known to influence cardiovascular functioning, including smoking,
drinking, exercising, and sleeping. Levels of perceived stress were measured by the Perceived
Stress Scale (4-item; Cohen, Kamarck, & Mermelstein, 1983). Levels of depression were
measured by the Center for Epidemiological Studies Depression Scale (10-item; Radloff, 1977).
Attitudes toward pain were measured with the Pain Attitudes Questionnaire, Revised (Yong,
Bell, Workman, & Gibson, 2003), a 24-item survey that measures pain-related stoicism and
cautiousness. Four subscales were calculated for this scale: Stoic-Reticence, Stoic-Superiority,
Cautious-Self-Doubt, and Cautious-Reticence. Pain catastrophizing was measured with the 13-
item Pain Catastrophizing Scale (Sullivan, Bishop, & Pivik, 1995).

Facial coding. Three coders trained in facial muscle activation independently coded the
videos of participants holding the chopsticks in their mouths during the cold pressor and pressure
algometer task. Each coder gave each participant an overall adherence score, ranging from 1
(held the facial expression 10% of the time) to 10 (held the facial expression for 100% of the

time). Cohen’s kappa values ranged from .55 to .64 across the two tasks, which have been
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suggested in recent literature to represent weak to moderate agreement among coders (McHugh,
2012). Average adherence was 1.43 during the pressure algometer task and 1.66 during the cold
pressor for the Duchenne smile condition; 2.30 during the pressure algometer task and 2.42
during the cold pressor for the grimace condition; and 9.75 during the pressure algometer task
and 9.43 during the cold pressor for the neutral facial expression condition. Overall adherence
scores were averaged across coders to create an overall adherence variable.

Data analysis.

Main analyses. The main cardiovascular physiological response variables of interest
were HR, RSA, and PEP. For cardiovascular reactivity and recovery analyses (looking at HR,
RSA, and PEP separately), multi-level modeling was used to examine whether the trajectories
differed across the three facial expression conditions. There were ten time intervals; average
baseline, four one-minute intervals during either the pressure pain task or cold pressor task
(reactivity), and five one-minute intervals post task (recovery). The amount of variation that
existed at each level was assessed using an unconditional means model with no predictors
entered. An unconditional growth model was examined to determine whether within-person
variation was systematically associated with time (maximum likelihood estimations indicated
that quadratic time was the most appropriate to include for all cardiovascular outcome variables).
A random intercept, random slope, and random quadratic slope improved all model fits so were
included on the random effects side of the models. The Duchenne smile condition was chosen as
the reference group for the main models because it was the condition of highest interest to study
hypotheses. Pairwise contrasts were used to compare both the trajectories of the cardiovascular
variables of interest between all conditions and levels of cardiovascular variables of interest at

each time point between all conditions.
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The main self-reported outcome variables of interest were pain threshold, pain tolerance,
and self-reported pain. Linear regressions were conducted to compare pain threshold and
tolerance levels between the three facial expression conditions, which were dummy coded. A
change score for self-reported pain was calculated by averaging pain reported every 30 seconds
during each of the tasks and subtracting self-reported pain from immediately before the tasks
from these averages. Linear regressions were conducted to compare self-reported pain levels
between the three facial expression conditions, which were dummy coded.

Covariates that were considered in analyses were age, sex, ethnicity, body mass index
(BMI), smoking status, drinking, exercise, sleep, trait affect, perceived stress, depression,
attitudes toward pain, and pain catastrophizing. If any of these covariates were associated with
the dependent variable of interest, they were controlled for within the analysis.

Tools for determining sample size for studies using multilevel modeling with continuous
predictors that are adequately powered are not well established. However, simulation studies
suggest that when N is at least 50 at Level 2, estimates (both coefficient and variance) are
minimally biased (e.g., Maas & Hox, 2005). The sample sizes in both studies in this dissertation
were more than four times the recommended size (N = 233 for Study 1 and N = 334 for Study 2).

Mediation analyses. Seemingly unrelated regressions were used throughout this
dissertation to conduct mediation analyses. This method has been demonstrated to more
efficiently estimate regression coefficients than running single-equation least-squares models
(Zellner, 1962). The two proposed mediators were PA and orbicularis oculi activation.
Seemingly unrelated regressions were used to determine whether PA mediated the relationship
between smiling and the three main cardiovascular variables of interest (HR, RSA, and PEP)

during reactivity and recovery. Change scores for PA were calculated by averaging how positive
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the participants felt every 30 seconds during each of the tasks and subtracting baseline PA from
immediately before the tasks from these averages, which was tested as the mediator in regression
analyses. Reactivity and recovery change scores for cardiovascular variables of interest were
calculated by subtracting average baseline levels from average reactivity and recovery levels.
Seemingly unrelated regressions were also used to determine whether PA mediated the
relationship between smiling and self-reported pain.

Furthermore, seemingly unrelated regressions were used to determine whether orbicularis
oculi activation mediated the relationship between smiling and RSA. The independent variable
was whether participants were making Duchenne smiles or neutral facial expressions; thus,
mediation analyses were only conducted between the Duchenne smile and neutral facial
expression conditions. Change scores for orbicularis oculi activation were calculated by
averaging mean muscle activation during each of the tasks and subtracting mean baseline muscle
activation from these averages, which was tested as the mediator in regression analyses. As in
PA mediation analyses, reactivity and recovery change scores for RSA were calculated by
subtracting average baseline levels from average reactivity and recovery levels.

Outliers. Participants were considered outliers and excluded from analyses if they were
three or more standard deviations above or below the mean of the dependent variable.

Results
HR. The means, standard deviations, and ranges of HR during baseline, reactivity (for

both pain tasks), and recovery (for both pain tasks) are reported in Table 1.
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Table 1. Descriptive statistics for HR during baseline, reactivity, and recovery for each pain task and each condition.

Time

Baseline Reactivity Recovery Reactivity Recovery
(pressure algometer) (pressure algometer) (cold pressor) (cold pressor)

Condition M SD Range M SD Range M SD Range M SD  Range M SD Range
Duchenne 7547 9.94 51.79- 7794 983  53.67- 74.56 9.23  52.40- 83.11 10.69 60.85- 7439 9.65 51.90-
smile 100.51 107.06 96.42 113.19 97.68
Grimace 72.78  9.57 53.64- 75.13 1046 53.48- 71.58 9.50 54.46- 81.72 11.11 60.41- 7143 9.64  52.73-

101.46 100.55 96.38 106.11 95.33
Neutral 74.15  9.80 52.33- 76.77 9.87  56.02- 73.50 9.58 52.73- 8343 11.57 58.03- 72.86 938  53.73-
facial 100.97 98.55 99.16 117.02 97.25
expression
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Pressure algometer task. Nine participants were outliers and were dropped from
analyses. An unconditional means model showed that 83.20% of the variation in HR was due to
between-person differences and 16.80% of the variation in HR was due to within-person
differences. An unconditional linear growth model showed that there was significant between-
person variation in change over time. No covariates significantly improved the model fit, so none
were included in the final model. The final model predicting HR responses to the pressure
algometer task included the interaction between the quadratic form of time and facial expression
condition. The interaction between condition and quadratic time was not significant (2= 0.93, p
=.63); therefore, the quadratic rate of change in HR was not different across conditions (Table

2).
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Table 2. Multilevel between-person effects of the interaction between facial expression

condition, time, and quadratic time on rate of change in HR during the pressure algometer task.

Variable Coefficients (RSE) 95% CI
Fixed Effects
Intercept 76.06(1.19)*** [73.73, 78.40]
Time 0.30(0.24) [-0.18, 0.77]
Condition
Grimace -2.04(1.64) [-5.25,1.16]
Neutral -0.72(1.68) [-4.02, 2.58]
Condition*time
Grimace -0.27(0.33) [-0.92, 0.38]
Neutral 0.10(0.35) [-0.58, 0.78]
Condition*time*time
Grimace 0.03(0.04) [-0.05, 0.10]
Neutral -0.01(0.04) [-0.09, 0.07]
Random Effects Estimate (RSE) 95% CI
Random Part
Random Intercept (62) 89.04(9.18) [72.75, 108.99]
Random Slope (62) 3.52%10°"7 [6.05107%!,
(1.07%107'%) 1.05%10°1%]
Random Quadratic Slope (62) 0.004(.0006) [.003, .005]
Residual Variance 18.28(1.54) [15.50, 21.57]

Note: Based on 223 participants with 1,966 longitudinal records. Duchenne smile was the
reference group for facial expression condition.

RSE = robust standard error

*x%kp <.001

Contrary to hypotheses, HR trajectories were not significantly different between the
Duchenne smile and grimace conditions (Y'=0.03, z = 0.65, p = .51; Figure 5) or the Duchenne
smile and neutral facial expression conditions (Y'=-0.01, z =-0.26, p = .79). Furthermore, HR
trajectories were not significantly different between the grimace condition and the neutral facial
expression condition (Y'=-0.04, z =-0.93, p = .35). Multiple comparisons confirmed that HR

was not significantly different between any of the conditions at any of the ten time points.
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Heart Rate: Condition by Quadratic Time Interaction
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Figure 5. HR response to the pressure algometer task by condition over time.

Cold pressor. Seven participants were outliers and were dropped from analyses. An
unconditional means model showed that 76.85% of the variation in HR was due to between-
person differences and 23.15% of the variation in HR was due to within-person differences. An
unconditional linear growth model showed that there was significant between-person variation in
change over time. The final model predicting HR responses to the cold pressor included BMI,
exercise, and the Cautious-Reticence subscale of the Pain Attitudes Questionnaire, Revised
(Yong et al., 2003), as covariates and the interaction between the quadratic form of time and
facial expression condition. The interaction between condition and quadratic time was not
significant (x? = 2.66, p = .26); therefore, the quadratic rate of change in HR was not different

across conditions (Table 3).
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Table 3. Multilevel between-person effects of the interaction between facial expression

condition, time, and quadratic time on rate of change in HR during the cold pressor.

Variable Coefficients (RSE) 95% CI
Fixed Effects
Intercept 74.09(3.89)*** [66.47, 81.71]
BMI 0.35(0.13)** [0.10, 0.60]
Exercise 4.34(1.93)* [0.56, 8.11]
Cautious-Reticence -0.24(0.19) [-0.62, 0.14]
Time 0.41(0.29) [-0.15,0.97]
Condition

Grimace -1.79(1.71) [-5.13, 1.56]

Neutral -0.54(1.69) [-3.85, 2.78]
Condition*time

Grimace -0.35(0.40) [-1.12,0.43]

Neutral -0.71(0.40) [-1.49, 0.07]
Condition*time*time

Grimace 0.04(0.05) [-0.06, 0.13]

Neutral 0.08(0.05) [-0.02, 0.17]
Random Effects Estimate (RSE) 95% CI
Random Part
Random Intercept (62) 88.89(9.58) [71.96, 109.79]
Random Slope (67) 2.43*1071° [1.73%107,

(1.0910°%) 3.40*10%%)

Random Quadratic Slope (6%) 0.002(.0006) [.002, .004]
Residual Variance 29.23(2.02) [25.53, 33.46]

Note: Based on 225 participants with 1,779 longitudinal records. Duchenne smile was the
reference group for facial expression condition.

RSE = robust standard error

*p<.05

*p < .01

*x%kp <.001

Contrary to hypotheses, HR trajectories were not significantly different between the
Duchenne smile and grimace conditions (Y= 0.04, z = 0.75, p = .45; Figure 6) or the Duchenne
smile and neutral facial expression conditions (Y'=0.08, z = 1.63, p = .10). Furthermore, HR

trajectories were not significantly different between the grimace condition and the neutral facial
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expression condition (Y'=0.04, z=0.91, p = .36). Multiple comparisons confirmed that HR was

not significantly different between any of the conditions at any of the ten time points.

Heart Rate: Condition by Quadratic Time Interaction
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Figure 6. HR response to the cold pressor by condition over time.

RSA. The means, standard deviations, and ranges of RSA during baseline, reactivity (for

both pain tasks), and recovery (for both pain tasks) are reported in Table 4.
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Table 4. Descriptive statistics for RSA during baseline, reactivity, and recovery for each pain task and each condition.

Time

Baseline

(pressure algometer)

(pressure algometer)

(cold pressor)

Recovery
(cold pressor)

Condition M SD Range

Range

Range

Range

M SD Range

Duchenne 6.49 1.03 3.57-
smile 8.55

Grimace 6.68 1.00 3.67-
9.04

Neutral 6.53 0.83 4.83-
facial 8.96
expression

4.21-
8.43

3.81-
8.29

3.72-
8.03

3.98-
8.56

3.98-
8.92

4.29-
8.57

3.83-
8.87

3.93-
8.37

3.43-
7.87

6.64 0.93 3.75-
8.59

6.79  1.00 4.17-
9.17

6.61 0.80  4.82-
8.76




Pressure algometer task. Eight participants were outliers and were dropped from
analyses. An unconditional means model showed that 61.17% of the variation in RSA was due to
between-person differences and 28.83% of the variation in RSA was due to within-person
differences. An unconditional linear growth model showed that there was significant between-
person variation in change over time. The final model predicting RSA responses to the pressure
algometer task included exercise as a covariate and the interaction between the quadratic form of
time and facial expression condition. The interaction between condition and quadratic time was
not significant (x> = 0.57, p = .75); therefore, the quadratic rate of change in RSA was not

different across conditions (Table 5).
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Table 5. Multilevel between-person effects of the interaction between facial expression

condition, time, and quadratic time on rate of change in RSA during the pressure algometer task.

Variable Coefficients (RSE) 95% CI
Fixed Effects
Intercept 6.42(0.10)*** [6.22, 6.61]
Exercise -0.31(0.13)* [-0.57,-0.06]
Time 0.03(0.13) [-0.24, 0.09]
Condition
Grimace 0.08(0.14) [-0.19, 0.35]
Neutral 0.01(0.14) [-0.23, 0.31]
Condition*time
Grimace 0.04(0.05) [-0.05, 0.13]
Neutral 0.01(0.05) [-0.08, 0.10]
Condition*time*time
Grimace -0.004(0.01) [-0.01, 0.007]
Neutral -0.0006(0.0006) [-0.01, 0.01]
Random Effects Estimate (RSE) 95% CI
Random Part
Random Intercept (62) 0.57(0.06) [0.46, 0.69]
Random Slope (67) 4.15%10%! [5.57%1078,
(1.80%10°") 3.09%10'9]
Random Quadratic Slope (62) 3.06*107 [1.92%107,
(7.28*10°) 4.88%107]
Residual Variance 0.37(0.02) [0.33, 0.41]

Note: Based on 224 participants with 1,957 longitudinal records. Duchenne smile was the

reference group for facial expression condition.

RSE = robust standard error
*p <.05
*Hkp <.001

Contrary to hypotheses, RSA trajectories were not significantly different between the
Duchenne smile and grimace conditions (Y = -0.004, z =-0.70, p = .49; Figure 7) or the
Duchenne smile and neutral facial expression conditions (Y= -0.0006, z =-0.11, p = .91).
Furthermore, RSA trajectories were not significantly different between the grimace condition
and the neutral facial expression condition (Y = 0.003, z = 0.59, p = .55). Multiple comparisons

confirmed that RSA was not significantly different between any of the conditions at any of the
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ten time points.

Respiratory Sinus Arrhythmia: Condition by Quadratic Time Interaction
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Figure 7. RSA response to the pressure algometer task by condition over time.

Cold pressor. Nine participants were outliers and were dropped from analyses. An
unconditional means model showed that 55.65% of the variation in RSA was due to between-
person differences and 44.35% of the variation in RSA was due to within-person differences. An
unconditional linear growth model showed that there was significant between-person variation in
change over time. The final model predicting RSA responses to the cold pressor included age as
a covariate and the interaction between the quadratic form of time and facial expression
condition. The interaction between condition and quadratic time was not significant (x2= 1.60, p
= .45); therefore, the quadratic rate of change in RSA was not different across conditions (Table

6).
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Table 6. Multilevel between-person effects of the interaction between facial expression

condition, time, and quadratic time on rate of change in RSA during the cold pressor.

Variable Coefficients (RSE) 95% CI
Fixed Effects
Intercept 6.93(0.32)%** [6.31, 7.54]
Age -0.04(0.02)* [-0.07, -0.007]
Time 0.05(0.04) [-0.03, 0.13]
Condition
Grimace 0.18(0.15) [-0.11, 0.47]
Neutral 0.07(0.14) [-0.20, 0.33]
Condition*time
Grimace 0.0002(0.05) [-0.11,0.11]
Neutral 0.06(0.05) [-0.05, 0.16]
Condition*time*time
Grimace -0.0004 (0.007) [-0.01, 0.01]
Neutral -0.007(0.007) [-0.02, 0.006]
Random Effects Estimate (RSE) 95% CI
Random Part
Random Intercept (62) 0.59(0.07) [0.47,0.73]
Random Slope (67) 7.57%107! [3.66%1072,
(2.79%10°") 1.57*10"]
Random Quadratic Slope (62) 4.34%10° [2.73%107,
(1.02%107) 6.89%107]
Residual Variance 0.48(0.03) [0.42, 0.54]

Note: Based on 223 participants with 1,758 longitudinal records. Duchenne smile was the

reference group for facial expression condition.
RSE = robust standard error

*» < .05
x5 < 001

Contrary to hypotheses, RSA trajectories were not significantly different between the

Duchenne smile and grimace conditions (Y = -0.004, z =-0.06, p = .96; Figure 8) or the

Duchenne smile and neutral facial expression conditions (Y =-0.007, z = -1.08, p = .28).

Furthermore, RSA trajectories were not significantly different between the grimace condition

and the neutral facial expression condition (Y =-0.007, z=-1.07, p = .29). Multiple comparisons
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confirmed that RSA was not significantly different between any of the conditions at any of the

ten time points.

Repiratory Sinus Arrhythmia: Condition by Quadratic Time Interaction
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Figure 8. RSA response to the cold pressor by condition over time.

PEP. The means, standard deviations, and ranges of PEP during baseline, reactivity (for

both pain tasks), and recovery (for both pain tasks) are reported in Table 7.
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Table 7. Descriptive statistics for PEP during baseline, reactivity, and recovery for each pain task and each condition.

Time
Baseline Reactivity Recovery Reactivity Recovery
(algometer task) (algometer task) (cold pressor) (cold pressor)

Condition M SD Range M SD  Range M SD  Range M SD  Range M SD Range
Duchenne 108.04 7.39 82.00- 106.47 8.58 76.00- 107.34 7.26 82.80- 106.26 9.57 70.00- 107.42 7.00 82.00-
smile 121.20 119.00 119.60 119.00 119.20
Grimace 106.78  8.54 75.60- 105.66 8.75 74.00- 106.28 834 7520- 104.67 10.22 65.00- 106.56 791 78.80-

120.40 121.33 119.60 120.00 120.40
Neutral 108.68  7.30 88.00- 106.44 9.50 75.00- 107.57 823 79.20- 104.87 11.25 66.00- 107.21 8.16 78.80-
facial 122.80 122.00 122.00 107.21 121.60
expression
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Pressure algometer task. Twelve participants were outliers and were dropped from
analyses. An unconditional means model showed that 77.85% of the variation in PEP was due to
between-person differences and 22.15% of the variation in PEP was due to within-person
differences. An unconditional linear growth model showed that there was significant between-
person variation in change over time. No covariates significantly improved the model fit, so none
were included in the final model. The final model predicting PEP responses to the pressure
algometer task included the interaction between the quadratic form of time and facial expression
condition. The interaction between condition and quadratic time was not significant (x?>= 0.64, p
=.73); therefore, the quadratic rate of change in RSA was not different across conditions (Table

8).
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Table 8. Multilevel between-person effects of the interaction between facial expression

condition, time, and quadratic time on rate of change in PEP during the pressure algometer task.

Variable Coefficients (RSE) 95% CI
Fixed Effects
Intercept 107.58(0.99)*** [105.63, 109.52]
Time -0.99(0.21)*** [-1.41,-0.57]
Condition
Grimace -0.78(1.36) [-3.45, 1.89]
Neutral -0.17(1.45) [-3.02, 2.68]
Condition*time
Grimace 0.16(0.30) [-0.43, 0.75]
Neutral 0.28(0.29) [-0.28, 0.84]
Condition*time*time
Grimace -0.02(0.04) [-0.09, 0.06]
Neutral -0.03(0.04) [-0.10, 0.04]
Random Effects Estimate (RSE) 95% CI
Random Part
Random Intercept (62) 60.19(7.98) [46.41, 78.06]
Random Slope (62) 6.26*10!! [1.49%107%,
(1.89%107) 2.63%10"]
Random Quadratic Slope (62) .002(.0009) [0.009, 0.005]
Residual Variance 16.69(4.67) [9.66, 28.87]

Note: Based on 192 participants with 1,685 longitudinal records. Duchenne smile was the

reference group for facial expression condition.
RSE = robust standard error
*Hkp <.001

Contrary to hypotheses, PEP trajectories were not significantly different between the

Duchenne smile and grimace conditions (Y'=-0.02, z = -0.45, p = .66; Figure 9) or the Duchenne

smile and neutral facial expression conditions (Y= -0.03, z = -0.80, p = .42). Furthermore, PEP

trajectories were not significantly different between the grimace condition and the neutral facial

expression condition (Y'=-0.01, z=-0.37, p = .71). Multiple comparisons confirmed that PEP

was not significantly different between any of the conditions at any of the ten time points.
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Pre-Ejection Period: Condition by Quadratic Time Interaction
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Figure 9. PEP response to the pressure algometer task by condition over time.

Cold pressor. Eleven participants were outliers and were dropped from analyses.
An unconditional means model showed that 73.74% of the variation in PEP was due to between-
person differences and 26.26% of the variation in PEP was due to within-person differences. An
unconditional linear growth model showed that there was significant between-person variation in
change over time. The final model predicting PEP responses to the cold pressor included drinks
per week and BMI as covariates and the interaction between the quadratic form of time and
facial expression condition. The interaction between condition and quadratic time was not

significant (x? = 3.82, p = .15); therefore, the quadratic rate of change in PEP was not different

across conditions (Table 9).
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Table 9. Multilevel between-person effects of the interaction between facial expression

condition, time, and quadratic time on rate of change in PEP during the cold pressor.

Variable Coefficients (RSE) 95% CI
Fixed Effects
Intercept 116.37(3.84)*** [108.85, 123.89]
BMI -0.40(0.15)** [-0.71,-0.10]
Drinks per week 0.51(0.19)** [0.13, 0.88]
Time -0.67(0.23)** [-1.13,-0.21]
Condition
Grimace -1.69(1.52) [-4.66, 1.28]
Neutral 0.41(1.51) [-2.54, 3.37]
Condition*time
Grimace 0.14(0.31) [-0.47,0.75]
Neutral -0.70(0.38) [-1.44, 0.04]
Condition*time*time
Grimace -0.007(0.04) [-0.08, 0.07]
Neutral 0.07(0.04) [-0.02, 0.16]
Random Effects Estimate (RSE) 95% CI
Random Part
Random Intercept (62) 56.29(7.05) [44.04, 71.96]
Random Slope (62) 2.15%10!! [3.40%10733,
(6.01%10719) 1.36%10'%]
Random Quadratic Slope (62) 0.003(0.001) [0.001, 0.008]
Residual Variance 21.25(4.81) [13.63,33.11]

Note: Based on 191 participants with 1,512 longitudinal records. Duchenne smile was the
reference group for facial expression condition.

RSE = robust standard error

**p <01

*x%kp <.001

Contrary to hypotheses, PEP trajectories were not significantly different between the
Duchenne smile and grimace conditions (Y =-0.007, z=-0.18, p = .86; Figure 10) or the
Duchenne smile and neutral facial expression conditions (Y'=0.07,z=1.61,p =.11).

Furthermore, PEP trajectories were not significantly different between the grimace condition and

the neutral facial expression condition (Y= 0.08, z=1.88, p = .06). Multiple comparisons
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confirmed that PEP was not significantly different between any of the conditions at any of the

ten time points.

Pre-Ejection Period: Condition by Quadratic Time Interaction
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Figure 10. PEP response to the cold pressor by condition over time.

Pain threshold. The means, standard deviations, and ranges of pain threshold during the

pressure algometer task and cold pressor are reported in Table 10.
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Table 10. Descriptive statistics for pain threshold during the pressure algometer task and cold

pressor for each condition.

Pain Task
Pressure Algometer Pressure Algometer Cold Pressor
(pressure in kPa) (time in seconds) (time in seconds)
Condition M SD Range M SD Range M SD Range

Duchenne 413.88 238.10  95.00- 92.79 49.54 21.00- 2570 20.71 5.00-

smile 968.40 193.00 103.00
Grimace 408.16  233.52  40.26- 85.14 44.64 5.00- 22.62 18.00 3.00-
1027.04 210.00 106.00

Neutral 43570 24434 83.00- 91.33 54.09 17.00- 23.50 19.20 1.00-
facial 1057.42 238.00 93.00
expression

Pressure algometer task.

Time. One participant was an outlier and was excluded from analyses. Sex, trait PA, and
the Stoic-Reticence and Stoic-Superiority subscales of the Pain Attitudes Questionnaire, Revised
(Yong et al., 2003), were included as covariates in linear regression analyses. Contrary to
hypotheses, threshold time during the pressure algometer task was not significantly different
between the Duchenne smile and grimace conditions (B =-7.13, SE =8.16, t =-0.87, p = .38) or
between the Duchenne smile and neutral facial expression conditions (B =-2.01, SE=8.95, t =
-0.22, p = .82). Threshold time during the pressure algometer task was also not significantly
different between the grimace and neutral facial expression conditions (B = 4.38, SE =8.59, ¢t =
0.51, p=.61).

Pressure. The Stoic-Reticence and Stoic-Superiority subscales of the Pain Attitudes

Questionnaire, Revised (Yong et al., 2003), were included as covariates in linear regression
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analyses. Contrary to hypotheses, threshold pressure during the pressure algometer task was not
significantly different between the Duchenne smile and grimace conditions (B = -4.62, SE =
42.20,¢t=-0.11, p = .91) or between the Duchenne smile and neutral facial expression conditions
(B=30.12, SE=42.64,t=0.71, p = .48). Threshold pressure during the pressure algometer task
was also not significantly different between the grimace and neutral facial expression conditions
(B=29.26, SE=43.56,1t=0.67, p = .50).

Cold pressor. Four participants were outliers and were excluded from analyses. The
Stoic-Reticence and Stoic-Superiority subscales of the Pain Attitudes Questionnaire, Revised
(Yong et al., 2003), were included as covariates in linear regression analyses. In line with
hypotheses, threshold time during the cold pressor was significantly higher for participants in the
Duchenne smile condition than for participants in the grimace condition (B =-14.13, SE =6.25, ¢
=-2.26, p = .03). Threshold time during the cold pressor was not significantly different between
the Duchenne smile and neutral facial expression conditions (B =-7.97, SE=7.10,¢t=-1.12,p =
.26) or between the grimace and neutral facial expression conditions (B = 1.61, SE=3.27,¢=
0.49, p = .62).

Pain tolerance. The means, standard deviations, and ranges of pain tolerance during the

pressure algometer task and cold pressor are reported in Table 11.
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Table 11. Descriptive statistics for pain tolerance during the pressure algometer task and cold

pressor for each condition.

Pain Task
Pressure Algometer Pressure Algometer Cold Pressor
(pressure in kPa) (time in seconds) (time in seconds)
Condition M SD Range M SD Range M SD Range

Duchenne 664.54 247.18  50.00- 149.09 51.54 49.00- 105.12 89.71 8.00-
smile 1200.00 240.00 240.00

Grimace 663.96 222.03 206.80- 137.11 51.78 12.00- 95.16 90.53 12.00-
1186.78 240.00 240.00

Neutral 659.78 249.57 106.82- 144.05 53.98 43.00- 82.27 80.78 6.00-
facial 1213.24 240.00 240.00
expression

Pressure algometer task.

Time. Two participants were outliers and were excluded from analyses. Sex, BMI,
average stress, trait PA, and the Stoic-Reticence, Stoic-Superiority, and Cautious-Reticence
subscales of the Pain Attitudes Questionnaire, Revised (Yong et al., 2003), were included as
covariates in linear regression analyses. Tolerance time during the pressure algometer task was
higher for participants in the Duchenne smile condition than for participants in the grimace
condition, although this was only marginally significant (B =-13.71, SE=7.96,¢t=-1.72,p =
.09). Tolerance time was not significantly different between the Duchenne smile and neutral
facial expression conditions (B = -2.90, SE = 8.14, t = -0.36, p = .72) or the grimace and neutral
facial expression conditions (B =7.13, SE =8.54, t =0.83, p = .41).

Pressure. One participant was an outlier and was excluded from analyses. Drinks per

week was included as a covariate in linear regression analyses. Contrary to hypotheses, tolerance

55



pressure during the pressure algometer task was not significantly different between the Duchenne
smile and grimace conditions (B =-0.33, SE =40.72, t = -0.01, p = .99) or between the
Duchenne smile and neutral facial expression conditions (B = -0.63, SE =40.65, t =-0.02, p =
.99). Tolerance pressure during the pressure algometer task was also not significantly different
between the grimace and neutral facial expression conditions (B =-10.13, SE = 40.68, ¢ =-0.25,
p =.80).

Cold pressor. One participant was an outlier and was excluded from analyses. Ethnicity,
BMI, exercise, and the Stoic-Reticence and Stoic-Superiority subscales of the Pain Attitudes
Questionnaire, Revised (Yong et al., 2003), were included as covariates in linear regression
analyses. Contrary to hypotheses, tolerance time during the cold pressor was not significantly
different between the Duchenne smile and grimace conditions (B =-12.01, SE = 14.06, ¢ = -0.85,
p =.39) or between the Duchenne smile and neutral facial expression conditions (B =-19.65, SE
=12.97, t=-1.51, p=.13). Tolerance time during the cold pressor was also not significantly
different between the grimace and neutral facial expression conditions (B =-11.28, SE = 13.46, ¢
=-0.84, p = .40).

Self-reported pain.

Pressure algometer task. Seven participants were outliers and were excluded from
analyses. Pain catastrophizing was included as a covariate in linear regression analyses. Contrary
to hypotheses, self-reported pain change scores were higher for participants in the Duchenne
smile condition than participants in the grimace condition, although this was only marginally
significant (B =-5.19, SE =3.16, t = -1.64, p = .10). Self-reported pain change scores were not

significantly different between the Duchenne smile and neutral facial expression conditions (B =
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-1.21, SE=2.95,t=-0.41, p = .68) or the grimace and neutral facial expression conditions (B =
4.52, SE=3.09,t=1.46,p=.15).

Cold pressor. Five participants were outliers and were excluded from analyses. Ethnicity
was included as a covariate in linear regression analyses. Contrary to hypotheses, self-reported
pain change scores were not significantly different between the Duchenne smile and grimace
conditions (B =-5.97, SE =3.97, t =-1.50, p = .13) or between the Duchenne smile and neutral
facial expression conditions (B = 0.22, SE =4.26, t = 0.05, p = .96). Self-reported pain change
scores were higher for individuals in the grimace condition as compared with individuals in the
neutral facial expression conditions, although this was only marginally significant (B = 7.25, SE
=4.30,1=1.69, p=.10).

Mediation analyses. As described in the Data Analysis section, there were two mediators
of interest in this study: PA and orbicularis oculi activation. Seemingly unrelated regressions
were conducted to determine whether PA mediated the relationship between smiling and
cardiovascular outcome variables of interest (HR, RSA, and PEP) during reactivity and recovery.
Seemingly unrelated regressions were also conducted to determine whether PA mediated the
relationship between smiling and self-reported pain and whether orbicularis oculi activation
mediated the relationship between smiling and RSA. The same outliers from main analyses were
excluded from mediation analyses. Below, I test the path from the independent variable to the
mediator; the path from the mediator to the dependent variable; and the path from the
independent variable to the dependent variable, controlling for the mediator. I also test the
overall indirect effect coefficient to determine whether each mediational hypothesis is supported.

PA. Average change in state PA during the pressure algometer task was -7.10 for the

Duchenne smile condition; -10.73 for the grimace condition; and -12.93 for the neutral facial
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expression condition; thus, PA was higher during baseline than during the task. These changes in
state PA were different among facial expression conditions, F(2, 218) =2.86, p = .06, although
this was only marginally significant. A Bonferroni post-hoc analysis revealed that the difference
in change in state PA between the Duchenne smile and neutral facial expression conditions was
marginally significant (p = .06); individuals in the Duchenne smile condition reported higher
levels of PA during the pressure algometer task than individuals in the neutral facial expression
condition. Average change in state PA during the cold pressor was -19.34 for the Duchenne
smile condition; -17.68 for the grimace condition; and -22.41 for the neutral facial expression
condition; thus, PA was higher during baseline than during the task. These changes in state PA
were not significantly different among facial expression conditions, F(2, 216) = 0.96, p = .39.

HR reactivity. Smiling during the pressure algometer task was significantly associated
with change in PA such that, on average, individuals who were randomly assigned to make
Duchenne smiles had PA change scores that were 6.06 points higher than individuals who were
randomly assigned to make neutral facial expressions (B =-6.06, SE =2.74, z=-2.21, p = .03;
Figure 11). In other words, individuals who were making Duchenne smiles decreased in PA /less
during the task than individuals who were making neutral facial expressions. PA change scores
were not significantly associated with HR reactivity during the pressure algometer task (B =
-0.05, SE = 0.03, z =-1.34, p = .18). After controlling for change in PA, smiling was not a
significant predictor of HR reactivity during the pressure algometer task (B = -0.0005, SE = 1.14,
z=0.00, p = 1.00). The indirect effect coefficient was not significant (B = 0.28, SE =0.24, z =
1.14, p = .25). Therefore, these results do not support the mediational hypothesis that change in
PA would mediate the relationship between Duchenne smiling and HR reactivity during the

pressure algometer task.
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Figure 11. Unstandardized regression coefficients for the relationship between smiling and HR
reactivity during the pressure algometer task as mediated by change in PA.

*p <.05

Smiling during the cold pressor was not significantly associated with change in PA (B =
-3.36, SE =3.69, z=-0.91, p = .36). PA change scores were not significantly associated with HR
reactivity during the cold pressor (B =-0.02, SE = 0.03, z =-0.59, p = .56). After controlling for
change in PA, smiling was not a significant predictor of HR reactivity during the cold pressor (B
=2.44, SE =1.48, z=1.65, p = .10), although this relationship was in the hypothesized direction
(smiling was a predictor of lower HR reactivity). The indirect effect coefficient was not
significant (B =0.07, SE =0.13, z = 0.49, p = .62). Therefore, these results do not support the
mediational hypothesis that change in PA would mediate the relationship between Duchenne
smiling and HR reactivity during the cold pressor.

HR recovery. Smiling during the pressure algometer task was significantly associated
with change in PA such that, on average, individuals who were randomly assigned to make
Duchenne smiles had PA change scores that were 6.10 points higher than individuals who were
randomly assigned to make neutral facial expressions (B =-6.10, SE =2.72, z=-2.24, p = .03;
Figure 12). In other words, individuals who were making Duchenne smiles decreased in PA /ess

during the task than individuals who were making neutral facial expressions. PA change scores

59



were not significantly associated with HR recovery following the pressure algometer task (B = -
0.02, SE=0.02, z=-1.10, p = .27). After controlling for change in PA, smiling was not a
significant predictor of HR recovery following the pressure algometer task (B = 0.03, SE = 0.60 z
=0.04, p = .97). The indirect effect coefficient was not significant (B =0.12, SE =0.12, z=0.99,
p = .32). Therefore, these results do not support the mediational hypothesis that change in PA
would mediate the relationship between Duchenne smiling and HR recovery following the

pressure algometer task.
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Figure 12. Unstandardized regression coefficients for the relationship between smiling and HR
recovery following the pressure algometer task as mediated by change in PA.
*p<.05

Smiling during the cold pressor was not significantly associated with change in PA (B =
-3.36, SE =3.69, z=-0.91, p = .36). PA change scores were not significantly associated with HR
recovery following the cold pressor (B =0.01, SE =0.02, z=0.79, p = .43). After controlling for
change in PA, smiling was not a significant predictor of HR recovery following the cold pressor
(B=0.09, SE =0.68, z=0.14, p = .89). The indirect effect coefficient was not significant (B =
-0.04, SE =0.07, z=-0.60, p = .55). Therefore, these results do not support the mediational
hypothesis that change in PA would mediate the relationship between Duchenne smiling and HR

recovery following the cold pressor.
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RSA reactivity. Smiling during the pressure algometer task was significantly associated
with change in PA such that, on average, individuals who were randomly assigned to make
Duchenne smiles had PA change scores that were 6.17 points higher than individuals who were
randomly assigned to make neutral facial expressions (B =-6.17, SE =2.71, z=-2.28, p = .02;
Figure 13). In other words, individuals who were making Duchenne smiles decreased in PA less
during the task than individuals who were making neutral facial expressions. PA change scores
were not significantly associated with RSA reactivity during the pressure algometer task (B =
0.005, SE =0.004, z=1.11, p = .27). After controlling for change in PA, smiling was not a
significant predictor of RSA reactivity during the pressure algometer task (B =0.04, SE=1.47, z
=0.25, p = .81). The indirect effect coefficient was not significant (B =-0.03, SE=0.03,z =
-1.00, p = .32). Therefore, these results do not support the mediational hypothesis that change in
PA would mediate the relationship between Duchenne smiling and RSA reactivity during the

pressure algometer task.
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Figure 13. Unstandardized regression coefficients for the relationship between smiling and RSA
reactivity during the pressure algometer task as mediated by change in PA.

*p<.05

Smiling during the cold pressor was not significantly associated with change in PA (B =

61



-3.71, SE=3.69, z = -1.01, p = .32). PA change scores were not significantly associated with
RSA reactivity during the cold pressor (B = -0.0007, SE = 0.004, z =-0.18, p = .86). After
controlling for change in PA, smiling was not a significant predictor of RSA reactivity during the
cold pressor (B =-0.07, SE =0.17,z=-0.38, p = .71). The indirect effect coefficient was not
significant (B =0.002, SE = 0.01, z = 0.18, p = .86). Therefore, these results do not support the
mediational hypothesis that change in PA would mediate the relationship between Duchenne
smiling and RSA reactivity during the cold pressor.

RSA recovery. Smiling during the pressure algometer task was significantly associated
with change in PA such that, on average, individuals who were randomly assigned to make
Duchenne smiles had PA change scores that were 5.97 points higher than individuals who were
randomly assigned to make neutral facial expressions (B =-5.97, SE =2.70, z =-2.22, p = .03;
Figure 14). In other words, individuals who were making Duchenne smiles decreased in PA /less
during the task than individuals who were making neutral facial expressions. PA change scores
were not significantly associated with RSA recovery following the pressure algometer task (B =
-0.001, SE =0.003, z =-0.42, p = .67). After controlling for change in PA, smiling was not a
significant predictor of RSA recovery following the pressure algometer task (B = 0.03, SE =
0.08, z=10.36, p = .72). The indirect effect coefficient was not significant (B =0.01, SE =0.02, z
=0.42, p = .68). Therefore, these results do not support the mediational hypothesis that change in
PA would mediate the relationship between Duchenne smiling and RSA recovery from the

pressure algometer task.
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Figure 14. Unstandardized regression coefficients for the relationship between smiling and RSA
recovery following the pressure algometer task as mediated by change in PA.

*p <.05

Smiling during the cold pressor was not significantly associated with change in PA (B =
-3.29, SE =3.69, z=-0.89, p = .37). PA change scores were not significantly associated with
RSA recovery following the cold pressor (B =-0.003, SE =0.002, z=-1.57, p = .12). After
controlling for change in PA, smiling was not a significant predictor of RSA recovery following
the cold pressor (B =-0.03, SE =0.10, z=-0.36, p = .72). The indirect effect coefficient was not
significant (B =0.01, SE =0.01, z = 0.78, p = .44). Therefore, these results do not support the
mediational hypothesis that change in PA would mediate the relationship between Duchenne
smiling and RSA recovery following the cold pressor.

PEP reactivity. Smiling during the pressure algometer task was significantly associated
with change in PA such that, on average, individuals who were randomly assigned to make
Duchenne smiles had PA change scores that were 6.74 points higher than individuals who were
randomly assigned to make neutral facial expressions (B =-6.74, SE =2.87,z=-2.35, p = .02;
Figure 15). In other words, individuals who were making Duchenne smiles decreased in PA /ess
during the task than individuals who were making neutral facial expressions. PA change scores

were not significantly associated with PEP reactivity during the pressure algometer task (B =
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-0.02, SE = 0.04, z =-0.52, p = .61). After controlling for change in PA, smiling was not a
significant predictor of PEP reactivity during the pressure algometer task (B =-0.98, SE = 1.38, z
=-0.71, p = .48). The indirect effect coefficient was not significant (B = 0.15, SE=0.29, z =
0.51, p = .61). Therefore, these results do not support the mediational hypothesis that change in
PA would mediate the relationship between Duchenne smiling and PEP reactivity during the

pressure algometer task.
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Figure 15. Unstandardized regression coefficients for the relationship between smiling and PEP
reactivity during the pressure algometer task as mediated by change in PA.

*p <.05

Smiling during the cold pressor was not significantly associated with change in PA (B =
-3.61, SE =4.04, z=-0.89, p = .37). PA change scores were not significantly associated with
PEP reactivity during the cold pressor (B = 0.03, SE = 0.03, z = 0.98, p = .33). After controlling
for PA, smiling was not a significant predictor of PEP reactivity during the cold pressor (B =
-1.04, SE = 1.30, z =-0.80, p = .42). The indirect effect coefficient was not significant (B =
-0.10, SE =0.15, z=-0.66, p = .51). Therefore, these results do not support the mediational
hypothesis that change in PA would mediate the relationship between Duchenne smiling and

PEP reactivity during the cold pressor.
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PEP recovery. Smiling during the pressure algometer task was significantly associated
with change in PA such that, on average, individuals who were randomly assigned to make
Duchenne smiles had PA change scores that were 6.79 points higher than individuals who were
randomly assigned to make neutral facial expressions (B =-6.79, SE =2.85, z=-2.38, p = .02;
Figure 16). In other words, individuals who were making Duchenne smiles decreased in PA /less
during the task than individuals who were making neutral facial expressions. PA change scores
were not significantly associated with PEP recovery following the pressure algometer task (B =
-0.003, SE =0.02, z =-0.18, p = .86). After controlling for change in PA, smiling was not a
significant predictor of PEP recovery following the pressure algometer task (B = -0.44, SE =
0.50, z=-0.89, p = .37). The indirect effect coefficient was not significant (B = 0.02, SE = 0.10,
z=0.18, p = .86). Therefore, these results do not support the mediational hypothesis that change
in PA would mediate the relationship between Duchenne smiling and PEP recovery following

the pressure algometer task.

Positive affect
-6.79% -0.003

‘ Pre-ejection period
Smiling ‘ ‘ recovery
-0.44

Figure 16. Unstandardized regression coefficients for the relationship between smiling and PEP
recovery following the pressure algometer task as mediated by change in PA.

*p<.05

Smiling during the cold pressor was not significantly associated with change in PA (B =
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-3.61, SE =4.04, z = -0.89, p = .37). In line with hypotheses, PA change scores were
significantly associated with PEP recovery following the cold pressor such that greater change in
PA was connected to higher PEP during recovery (B = 0.03, SE =0.02, z = 2.11, p = .04; Figure
17). In other words, higher levels of PA during the cold pressor were associated with lower
levels of sympathetic nervous system activation. After controlling for change in PA, smiling was
a marginally significant predictor of PEP recovery following the cold pressor (B =-1.35, SE =
0.73,z=-1.84, p = .07). This relationship was in the hypothesized direction — smiling was
connected with higher levels of PEP (lower levels of sympathetic nervous system activation)
during recovery. The indirect effect coefficient was not significant (B =-0.12, SE=0.15, z =
-0.82, p = .41). Therefore, these results do not support the mediational hypothesis that change in
PA would mediate the relationship between Duchenne smiling and PEP recovery following the

cold pressor.
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Figure 17. Unstandardized regression coefficients for the relationship between smiling and PEP
recovery during the cold pressor as mediated by change in PA.

*p <.05

Self-reported pain. PA marginally significantly fully mediated the relationship between

smiling during the pressure algometer task and change in self-reported pain. Smiling during the
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pressure algometer task was significantly associated with change in PA such that, on average,
individuals who were randomly assigned to make Duchenne smiles had PA change scores that
were 7.08 points higher than individuals who were randomly assigned to make neutral facial
expressions (B =-7.08, SE = 3.30, z =-2.15, p = .03; Figure 18). In other words, individuals who
were making Duchenne smiles decreased in PA /ess than individuals who were making neutral
facial expressions. PA change scores were significantly associated with change in self-reported
pain during the pressure algometer task (B =-0.28, SE = 0.09, z =-3.24, p = .001) such that, on
average, for every one-point increase in PA change score, self-reported pain change scores
decreased by .28. Thus, individuals who reported higher PA during the pressure algometer task
also reported less pain during the pressure algometer task. After controlling for change in PA,
smiling was not a significant predictor of change in self-reported pain during the pressure
algometer task (B =-2.33, SE =2.96, z =-0.79, p = .43). The indirect effect coefficient was
marginally significant (B =1.95, SE =1.09, z=1.79, p = .07), meaning that change in PA
explained a marginally significant amount of variation in the relationship between smiling and
change in self-reported pain. Therefore, these results somewhat support the mediational
hypothesis that change in PA would mediate the relationship between Duchenne smiling and

change in self-reported pain during the pressure algometer task.
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Figure 18. Unstandardized regression coefficients for the relationship between smiling and
change in self-reported pain during the pressure algometer task as mediated by change in PA.

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

Smiling during the cold pressor was not significantly associated with change in PA (B =
-1.29, SE =4.69, z = -0.28, p = .78). PA change scores were significantly associated with change
in self-reported pain during the cold pressor (B =-0.28, SE =0.08, z =-3.43, p = .001; Figure 19)
such that, on average, for every one-point increase in PA change score, self-reported pain change
scores decreased by .28. Thus, individuals who reported higher PA during the cold pressor also
reported less pain during the cold pressor. After controlling for change in PA, smiling was not a
significant predictor of change in self-reported pain during the cold pressor (B =-0.74, SE =
3.94,z=-0.19, p = .85). The indirect effect coefficient was not significant (B = 0.37, SE = 1.34,
z=0.27, p =.78). Therefore, these results do not support the mediational hypothesis that change
in PA would mediate the relationship between Duchenne smiling and change in self-reported

pain during the cold pressor.
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Figure 19. Unstandardized regression coefficients for the relationship between smiling and
change in self-reported pain during the cold pressor as mediated by change in PA.

p<.01

Orbicularis oculi activation and RSA. In addition to the excluded RSA outliers from
main analyses, five participants had orbicularis oculi activation change scores for the pressure
algometer task that were outliers and six participants had orbicularis oculi activation change
scores for the cold pressor. These orbicularis oculi activation change score outliers were
excluded from their respective mediation analyses.

RSA reactivity. Smiling during the pressure algometer task was significantly associated
with change in orbicularis oculi activation such that, on average, individuals who were randomly
assigned to make Duchenne smiles had orbicularis oculi activation change scores that were 6.18
hertz (Hz) higher than individuals who were randomly assigned to make neutral facial
expressions (B =-6.18, SE =0.72, z =-8.53, p <.001; Figure 20). In other words, individuals
who were making Duchenne smiles increased more in orbicularis oculi activation during the
pressure algometer task compared with baseline than individuals who were making neutral facial
expressions. Orbicularis oculi activation change scores were not significantly associated with
RSA reactivity during the pressure algometer task (B =0.01, SE =0.02, z = 0.85, p = .40). After

controlling for change in orbicularis oculi activation, smiling was not a significant predictor of
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RSA reactivity during the pressure algometer task (B=0.11, SE=0.17,z=0.65, p =.52). The
indirect effect coefficient was not significant (B =-0.09, SE = 0.10, z = -0.85, p = .40).
Therefore, these results do not support the mediational hypothesis that change in orbicularis oculi
activation would mediate the relationship between Duchenne smiling and RSA reactivity during

the pressure algometer task.
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Figure 20. Unstandardized regression coefficients for the relationship between smiling and RSA
reactivity during the pressure algometer task as mediated by change in orbicularis oculi
activation.

4% p < 001

Smiling during the cold pressor was significantly associated with change in orbicularis
oculi activation such that, on average, individuals who were randomly assigned to make
Duchenne smiles had orbicularis oculi activation change scores that were 7.00 Hz higher than
individuals who were randomly assigned to make neutral facial expressions (B =-7.00, SE =
2.96, z=-2.37, p =.02; Figure 21). Orbicularis oculi activation change scores were not
significantly associated with RSA reactivity during the cold pressor (B =-0.003, SE =0.005, z =
-0.70, p = .48). After controlling for change in orbicularis oculi activation, smiling was not a

significant predictor of RSA reactivity during the cold pressor (B =-0.0004, SE =0.17, z= 0.00,
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p = 1.00). The indirect effect coefficient was not significant (B = 0.02, SE =0.04,z=0.67,p =
.50). Therefore, these results do not support the mediational hypothesis that change in orbicularis
oculi activation would mediate the relationship between Duchenne smiling and RSA reactivity

during the cold pressor.
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Figure 21. Unstandardized regression coefficients for the relationship between smiling and RSA
reactivity during the cold pressor as mediated by change in orbicularis oculi activation.

*p<.05

RSA recovery. Orbicularis oculi activation significantly fully mediated the relationship
between smiling during the pressure algometer task and RSA recovery. Smiling during the
pressure algometer task was significantly associated with change in orbicularis oculi activation
such that, on average, individuals who were randomly assigned to make Duchenne smiles had
orbicularis oculi activation change scores that were 6.18 Hz higher than individuals who were
randomly assigned to make neutral facial expressions (B =-6.18, SE=0.72, z=-8.53, p <.001;
Figure 22). Orbicularis oculi activation change scores were significantly associated with RSA
recovery from the pressure algometer task such that for every one Hz increase in orbicularis
oculi activation change, RSA recovery increased by .02 (B = 0.02, SE =0.009, z =2.20, p =.03).

Thus, higher orbicularis oculi activation during the pressure algometer task was significantly
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associated with higher RSA recovery. After controlling for change in orbicularis oculi activation,
smiling was not a significant predictor of RSA recovery following the pressure algometer task (B
=0.14, SE=0.10, z = 1.42, p = .16). The indirect effect coefficient was significant (B = -0.13,
SE =0.06, z = -2.13, p = .03), meaning that change in orbicularis oculi activation explained a
significant amount of variation in the relationship between smiling and RSA recovery. Therefore,
these results support the mediational hypothesis that change in orbicularis oculi activation would
mediate the relationship between Duchenne smiling and RSA recovery following the pressure

algometer task.
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Figure 22. Unstandardized regression coefficients for the relationship between smiling and RSA
recovery following the pressure algometer task as mediated by change in orbicularis oculi
activation.

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

Smiling during the cold pressor was significantly associated with change in orbicularis
oculi activation such that, on average, individuals who were randomly assigned to make
Duchenne smiles had orbicularis oculi activation change scores that were 7.05 Hz higher than
individuals who were randomly assigned to make neutral facial expressions (B =-7.05, SE =

2.94, z=-2.40, p =.02; Figure 23). Orbicularis oculi activation change scores were not
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significantly associated with RSA recovery following the cold pressor (B = -0.002, SE = 0.003, z
=-0.87, p = .39). After controlling for change in orbicularis oculi activation, smiling was not a
significant predictor of RSA recovery following the cold pressor (B = 0.006, SE = 0.10, z = 0.06,
p =.95). The indirect effect coefficient was not significant (B = 0.02, SE =0.02, z=0.82, p =
41). Therefore, these results do not support the mediational hypothesis that change in orbicularis
oculi activation would mediate the relationship between Duchenne smiling and RSA recovery

following the cold pressor.
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Figure 23. Unstandardized regression coefficients for the relationship between smiling and RSA
recovery following the cold pressor as mediated by change in orbicularis oculi activation.

*p<.05

Discussion

This study demonstrated that Duchenne smiling did not buffer the cardiovascular effects
of acute physical pain as compared to grimaces or neutral facial expressions. Furthermore,
tolerance and self-reported pain during the two pain tasks did not differ based on facial
expression condition. However, participants who were making Duchenne smiles during the cold
pressor had higher pain threshold levels than participants who were making grimaces, although

there were no differences between either of these groups and the neutral facial expression
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condition. Pain threshold levels during the pressure algometer task were not different across
conditions.

Why did participants who were Duchenne smiling during the cold pressor have higher
pain threshold levels than participants making grimaces? Pain threshold was one of three self-
reported outcome variables of interest (the other two were pain tolerance and self-reported pain),
so it is somewhat surprising that these differences were not found across all three self-reported
outcomes. However, pain threshold is a distinct outcome because it has to do with one’s
definition and perception of physical pain. One explanation is that participants who were making
grimaces, which may be a more difficult facial expression to make than Duchenne smiles,
wanted the task to be over more quickly and, therefore, reported earlier pain threshold times.
However, participants were asked, “How difficult was it to hold the chopsticks like this?” after
the cold pressor on a 0-100 scale, and these difficulty ratings did not significantly differ between
the Duchenne smile condition (M = 42.45, SD = 29.12) and the grimace condition (M = 37.72,
SD =26.83), #(151) =-1.04, p = .30. Another possible explanation is that smiling may release
endorphins, which can increase pain threshold. Although this specific hypothesis has not been
tested, research has determined that laughter increases pain threshold (Dunbar et al., 2012),
possibly through the release of endorphins, and there is ample evidence connecting endorphins to
pain reduction (Basbaum & Fields, 1984; Mueller et al., 2010). This is the first study to
determine that Duchenne smiling during pain may increase pain threshold times as compared to
grimaces, but further research is needed in order to replicate this effect and investigate possible
pathways that might contribute to this finding.

Mediation analyses provided some support for the role of PA as a mediator in the

relationship between smiling and outcome variables of interest (HR, RSA, PEP, and self-
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reported pain). Multiple mediation analyses demonstrated that participants who were randomly
assigned to make Duchenne smiles during the pressure algometer task had less of a decrease in
PA than participants who were randomly assigned to make neutral facial expressions, but this
was not true during the cold pressor task. Thus, it seems that Duchenne smiling may have had a
buffering effect on ratings of positivity during pressure pain as opposed to cold-induced pain. It
may be the case that this buffering effect is only present during painful tasks in which the pain is
steadily increasing (like the pressure algometer task). The cold pressor task, on the other hand, is
immediately painful, but that pain levels off over time as the participant’s hand begins to numb.
This indicates the importance of considering different types of pain in the exploration of
psychological-pain connections. Psychologists often use physical pain tasks interchangeably, but
this study suggests that there may be important differences in the role of certain psychological
factors across distinct types of pain. Therefore, future research should give careful thought to the
choice of which experimental physical pain task to use and exercise caution in generalizing
findings to other types of pain.

The outcome variable with which self-reported PA had the strongest mediational
relationship was self-reported pain. PA fully mediated the relationship between smiling and self-
reported pain during the pressure algometer task, although this mediation was only marginally
significant. Individuals who were making Duchenne smiles during the pressure algometer task
decreased in PA /ess than individuals who were making neutral facial expressions (this
relationship also existed during the cold pressor task). Furthermore, individuals who reported
higher PA during the pressure algometer task also reported less pain during the pressure
algometer task. This mediation was in the expected direction, and these findings map well onto

past research on the effects of PA inductions on pain (e.g., Bruehl, Carlson, & McCubbin, 1993).
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Although no facial expression condition differences were found for self-reported pain in the
main analyses, these differences could have been masked by the mediating role of PA. Thus,
future research on smiling and self-reported pain should consider PA as an important mediator of
this relationship.

Some of the most important set of findings from this study was that orbicularis oculi
activation fully mediated the relationship between smiling and RSA recovery during the pressure
algometer task. As expected, smiling was significantly associated with higher orbicularis oculi
activation during the pressure algometer task as compared to neutral facial expressions.
Orbicularis oculi activation was also significantly associated with RSA recovery during the
pressure algometer task, such that higher orbicularis oculi activity during the task was connected
with higher RSA recovery from the task. This is the only study to my knowledge that has
provided support for the hypothesis that the oculocardiac reflex plays a role in the smiling to
physiology connection. The activation of the orbicularis oculi muscles during Duchenne smiling
may put pressure on other muscles around the eyes, which could activate the oculocardiac reflex.
This reflex lowers pulse rate through stimulation of the vagus nerve (Lang et al., 1991). The
vagus nerve is a central part of the parasympathetic nervous system, and activation of this system
can be measured through RSA. Interestingly, orbicularis oculi activation change was not a
significant mediator between smiling and RSA recovery from the cold pressor, or between
smiling and RSA reactivity during either task. One possible explanation for these findings is that
the lengths of time for which Duchenne smiles are held play a role. The average time that
participants were engaged in the pressure algometer task was 145 seconds, whereas the average
time that participants were engaged in the cold pressor task was 94 seconds. Therefore, it may

take time for activation of the orbicularis oculi muscles to activate the oculocardiac reflex, which
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is why the mediation only occurred for RSA recovery following the longer task, the pressure
algometer. Future research should investigate this issue of timing, as well as determine whether
activation of the orbicularis oculi muscles can, indeed, activate the oculocardiac reflex.

It should be noted that adherence to facial expression condition in this study was low.
One hundred forty-four participants (62.07% of the sample) had facial expression adherence
lower than five (on a ten point scale) during the pressure algometer task and 148 participants
(63.79% of the sample) had facial expression adherence lower than five during the cold pressor.
This means that almost two-thirds of the total sample held their assigned facial expressions for
less than half of the time of each of the pain tasks. Furthermore, the majority of the participants
who had facial expression adherence higher than five during the pressure algometer task were in
the neutral facial expression condition (78 out of 84); only seven were in the grimace condition
and three were in the Duchenne smile condition (sample sizes were similar for the cold pressor).
Past studies (e.g., Soussignan, 2002) have removed participants from analyses who did not
successfully engage in the facial expression manipulation, but these analyses were unfortunately
not possible to run with such small remaining sample sizes of the Duchenne smile and grimace
conditions. Future studies should take into account that both the Duchenne smile and grimace
facial expression manipulations were difficult to hold for longer than one minute; adherence
rapidly dropped after the first minute of the task. Analyses (not shown) were rerun using only the
first minute of the cold pressor as the reactivity point for HR, RSA, and PEP (excluding minutes
two, three, and four), since facial expression manipulations were strongest at this point; however,
the pattern of results remained the same.

One of the concerns with participants stopping the painful tasks before the full four

minutes were up was that there would be a large amount of missing data. Indeed, only 24.03% of
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the participants lasted for all four minutes of the pressure algometer task, and only 24.89% of
participants lasted for all four minutes of the cold pressor. More than half of these participants
completed both of the pain tasks, which means that 35.19% of the total sample stayed in at least
one pain task for four minutes. In order to determine that results were not affected by this
abundance of missing data, results were reran with average HR, RSA, and PEP reactivity instead
of reactivity across the four minutes of the tasks. The pattern of results remained the same.
Furthermore, participants who completed at least one pain task were spread out equally across
the three facial expression conditions, indicating that facial expression condition does not seem
to explain why some participants lasted the full four minutes and why some participants did not.

As part of the study debriefing, participants were asked an open-ended question about
what they thought the purpose of the chopsticks was. Analyses (not shown) were rerun excluding
12 participants who referenced specific facial expressions (grimace or smile) or emotions in their
answers, but the pattern of results remained the same. Overall, it seemed that the majority of
participants believed the cover story that this study was investigating multitasking, or they
thought the chopsticks were supposed to serve as a distraction from the painful tasks.

There were a number of limitations to this study. One limitation was that it involved an
extremely complicated protocol, with participants holding chopsticks in their mouths and
reporting on their levels of positivity, negativity, and pain every 30 seconds during painful tasks,
all while having EKG sensors on their cores and EMG sensors on their faces. Because this was
such an involved protocol, it could have led to errors on the side of the research assistants and
inaccurate self-reports (due to distraction) from the participants. Another limitation was that the
sample was comprised solely of undergraduate students from UCI, so these results are not

generalizable to other populations. In addition, missing data was a concern across a variety of
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variables for a number of reasons. There was a moderate amount of missing PEP data due to
technical issues in the middle of the study (11.58% of participants) and a moderate amount of
missing pain threshold data because participants forgot to indicate when they first felt pain
during the pressure algometer task (20.17% of participants) and cold pressor (16.74% of
participants). Future studies that use these measures should take the possibility of lost/missing
data into account when conducting initial power analyses. Finally, future research should
investigate new methods and study designs that allow for improved adherence but not distraction
from the tasks at hand. Reminders from research assistants to participants about their facial
expression conditions are suboptimal since they may distract participants from the task at hand,
but including a longer facial expression training period or placing more emphasis on the
importance of holding the facial expression may help the issue of low facial expression
adherence in future studies.
Study 2

Overview

The goal of this study was to determine whether experimentally manipulated smiling
could buffer the negative psychological and physiological effects of social pain as induced
through a social exclusion paradigm.
Hypotheses

I hypothesized that participants who were randomly assigned to make Duchenne smiles
during the social pain task would have different cardiovascular trajectories (across HR, RSA, and
PEP) than participants who were randomly assigned to make neutral facial expressions, driven
by lower cardiovascular reactivity during the task and faster cardiovascular recovery after the

task. I also hypothesized that participants who were randomly assigned to make Duchenne smiles
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during the social pain task would self-report lower levels of pain immediately following the
social pain task than participants who were randomly assigned to make neutral facial
expressions. Finally, I hypothesized that PA would mediate the relationship between smiling and
the four outcome variables of interest (HR, RSA, PEP, and self-reported pain).
Method

Participants. Participants were 350 undergraduate students at the University of
California, Irvine, who completed the study for either course credit or pay (based on a power
analysis with power set at 0.9 and effect size set at 0.25 [small to medium effect size]).
Participants were excluded from the study if they had a psychological disorder (e.g., clinical
depression, anxiety disorder, bipolar disorder) for which they were currently being treated (e.g.,
medication, therapy); had cardiovascular disease (e.g., a heart condition, hypertension); had a
facial muscular disorder (e.g., Moebius syndrome, facioscapulohumeral muscular dystrophy);
were not fluent in English (both reading and writing); took medication not approved by the study
team that day (e.g., mood-altering medication); or had ingested caffeine in the two hours prior to
the study (affects cardiovascular functioning). Sixteen participants (4.6% of the sample) did not
complete the study due to technical issues. The final sample size was 334 participants (64.7%
female, mean age = 20.63). Participants who completed the study for pay were compensated $5
for every 30 minutes completed of the study. The ethnicity breakdown of the participants was
40.4% Asian or Pacific Islander, 27.5% Hispanic or Latino, 14.1% White or Caucasian, 4.8%
biracial, 1.8% Black or African-American, and 2.7% other.

Procedure. This study was approved by the Institutional Review Board at the University
of California, Irvine. Upon arrival to the lab, participants were told that the researchers were

waiting for two more participants to come to the lab, but that they could set the participant up
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while they were waiting. Participants were told that the purpose of the study was to examine the
psychological and physiological effects of multi-tasking during both social and non-social tasks.
After participants were consented, they completed a screening questionnaire. If participants were
not eligible for the study, they were thanked for their time and dismissed. If participants were
eligible, they were randomly assigned to one of four conditions: Duchenne smile included during
Cyberball (n=82), Duchenne smile excluded during Cyberball (n=85), neutral facial expression
included during Cyberball (n=81), or neutral facial expression excluded during Cyberball (n=86).

The researchers measured participants’ weight, height, waist, hip, and arm circumference.
Participants were asked to remove all jewelry, and then the researchers connected them to an
ECG. Five electrodes were placed on the participant’s core and two electrodes were placed on
their back in order to measure HRV and ICG. Electrode areas were cleaned with alcohol wipes
before electrodes were applied to the skin. The participant was video recorded throughout the
study in order to code for adherence to facial expression condition. The researchers then left the
room while the participants completed baseline questionnaires. Upon completion of these
questionnaires, participants sat quietly for six minutes so baseline physiological data could be
obtained.

Participants engaged in three separate tasks during which continuous HRV and ICG were
taken. Two of these tasks were non-social in nature and were used to distract the participant from
the purpose of the study. The “social” task was Cyberball, the computer equivalent of “catch”
over the Internet played with two other “participants” in the study. Before the task, participants
were trained on their facial expression condition using the same protocol as in Study 1.
Participants were told the task involved working on their mental visualization skills and had

nothing to do with their performance in the game. They were asked to visualize the situation,
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themselves, and the other players. This minor deception was necessary because participants may
not have felt the negative effects of social exclusion if they knew they were going to be excluded
beforehand.

In Cyberball, three “hands” were shown in a triangle, and one of them was controlled by
the participant. Two hands were controlled by a computerized logarithm to either include or
exclude the participant. A computer ball was thrown back and forth among the three hands.
When the ball landed in the participants’ hands, they could click on either the hand on the left or
the hand on the right to throw the ball to one of the other “participants.” Participants were told
that they were playing against two other real participants via the Internet. In reality, the other two
hands on the screen were controlled by the computer and operated according to parameters set by
the experimenter. In the “included” condition, the participant received the ball a third of the time;
in the “excluded” condition, the participant received the ball less than a third of the time. The
computer hands were programmed to throw the ball after one second with a random amount of
time between zero and two seconds added to each throw. The Cyberball game in both conditions
lasted for three minutes. Upon completion of Cyberball, participants were told to sit still during a
six-minute recovery period. They then completed a few brief questionnaires regarding their
current mood and levels of pain.

Measures.

Physiological. The ECG and ICG set-ups were the same as described in Study 1.

Manipulation checks. Participants completed the Need-Threat Scale (Williams,
Kippling, et al., 2000) after Cyberball to determine whether Cyberball resulted in quantifiable
social distress. Example items from this scale are “I felt disconnected” and “I felt rejected.”

Participants were asked to indicate the extent to which they experienced these feelings during
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Cyberball on a 1 (not at all) to 5 (very much so) scale. Participants were also asked to what
extent they would agree with the statements regarding their experience with Cyberball “I was
ignored” and “I was excluded” on the same scale.

Self-reported affect and pain. Please refer to Study 1 for information regarding the
measurement of trait and state affect. The item “in pain” was added to the state affect
questionnaire. State affect was measured twice throughout the study: once at baseline and once
after Cyberball.

Covariates. Participants reported on their age, sex, ethnicity, and a number of health
behaviors known to influence cardiovascular health, including smoking, drinking, exercising,
and sleeping. Levels of perceived stress were measured by the Perceived Stress Scale (4-item;
Cohen et al., 1983). Levels of depression were measured by the Center for Epidemiological
Studies Depression Scale (10-item; Radloff, 1977). Levels of loneliness were measured by the
short version of the UCLA Loneliness Scale (8-item; Russell, 1996).

Facial coding. The videos of participants holding the chopsticks in their mouths during
Cyberball were coded with the same procedure as in Study 1. Cohen’s kappa values ranged from
.23 to .47, which have been suggested in recent literature to represent minimal to weak
agreement among coders (McHugh, 2012). Average adherence to the Duchenne smile condition
was 5.73 and to the neutral facial expression condition was 5.40 (out of 10).

Data analysis.

Main analyses. The main cardiovascular physiological response variables of interest
were HR, RSA, and PEP. For cardiovascular reactivity and recovery analyses (looking at HR,
RSA, and PEP separately), multi-level modeling was used to examine whether the trajectories

differed across the four conditions. There were ten time intervals: average baseline, three one-
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minute intervals during Cyberball (reactivity), and six one-minute intervals post task (recovery).
The amount of variation that existed at each level was assessed using an unconditional means
model with no predictors entered. An unconditional growth model was examined to determine
whether within-person variation was systematically associated with time (maximum likelihood
estimations indicated that quadratic time was the most appropriate to include for all
cardiovascular outcome variables). A random intercept and random slope improved all model fits
so were included on the random effects side of the models. The Duchenne excluded condition
was chosen as the reference group for the main model because it was the condition of highest
interest to study hypotheses. Pairwise contrasts were used to compare both the trajectories of
cardiovascular variables of interest between all conditions and levels of the cardiovascular
variables of interest at each time point between all conditions.

The main self-reported outcome variable of interest was pain. A change score for self-
reported pain was calculated by subtracting self-reported pain before Cyberball from self-
reported pain after Cyberball. Linear regressions were conducted to compare self-reported pain
levels across the four conditions, which were dummy coded.

Covariates that were considered in analyses were age, sex, ethnicity, BMI, smoking
status, drinking, exercise, sleep, trait affect, perceived stress, depression, loneliness, and
adherence to facial expression condition. If any of these covariates were associated with the
dependent variable of interest, they were controlled for within the analysis.

Mediation analyses. As in Study 1, seemingly unrelated regressions were used to
determine whether PA mediated the relationship between smiling and the three main
cardiovascular variables of interest (HR, RSA, and PEP) during reactivity and recovery.

Seemingly unrelated regressions were also used to determine whether PA mediated the
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relationship between smiling and self-reported pain. The independent variable was whether
participants were making Duchenne smiles or neutral facial expressions while they were being
excluded from Cyberball (the Duchenne excluded condition was the reference group); thus,
mediation analyses were only conducted between the Duchenne excluded and neutral excluded
conditions. PA change scores were calculated by subtracting baseline state PA from PA reported
after Cyberball and were tested as the mediator in regression analyses. Reactivity and recovery
change scores for cardiovascular variables of interest were calculated by subtracting average
baseline levels from average reactivity and recovery levels.

Outliers. Outliers were treated the same as in Study 1.
Results

Manipulation check. Participants who were excluded during Cyberball felt significantly
more excluded (M = 4.02, SD = 1.15) than participants who were included (M = 1.62, SD =
1.00), #331) = 20.22, p <.001. Excluded participants also felt significantly more ignored (M =
3.92, SD = 1.17) than included participants (M = 1.57, SD = 0.89), #(330) = 20.42, p <.001,
significantly more rejected (M = 2.69, SD = 1.35) than included participants (M = 1.33, SD =
0.68), #(331) = 11.52, p <.001, and significantly more disconnected (M = 2.94, SD = 1.35) than
included participants (M = 1.55, SD = 0.95), #331) = 10.81, p <.001.

HR. Eleven participants were outliers and were dropped from analyses. The means,
standard deviations, and ranges of HR during baseline, reactivity, and recovery are reported in

Table 12.
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Table 12. Descriptive statistics for HR during baseline, reactivity, and recovery for each

condition.

Time

Baseline Reactivity Recovery

Condition M SD Range M SD Range M SD Range

Duchenne 71.25 8.65 50.50- 70.18 8.64  51.00- 73.15 8.60 53.42-
excluded 93.25 92.28 94.04

Duchenne 71.41 10.18 52.81- 69.71 9.74  47.62- 72.95 10.23 54.25-
included 98.36 95.93 99.07

Neutral 72.43  8.29 52.10- 69.83 793  46.76- 73.98 8.12  53.23-
excluded 95.93 85.54 95.34

Neutral 70.92 875 51.76- 69.04 8.17  51.52- 72.96 8.44  52.87-
included 96.92 91.65 97.85

An unconditional means model showed that 87.78% of the variation in HR was due to
between-person differences and 12.22% of the variation in HR was due to within-person
differences. An unconditional linear growth model showed that there was significant between-
person variation in change over time. The final model predicting HR responses to Cyberball
included age and sex as covariates and the interaction between the quadratic form of time and
facial expression condition. This interaction was significant (x2 = 14.39, p = .002); therefore, the

quadratic rate of change in HR was different across conditions (Table 13).
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Table 13. Multilevel between-person effects of the interaction between facial expression

condition and quadratic time on rate of change in HR.

Variable Coefficients (RSE) 95% CI
Fixed Effects
Intercept 77.42(2.82)*** [71.90, 82.95]
Sex?® 1.61(1.13) [-0.60, 3.83]
Age -0.40(0.12)** [-0.64, -0.16]
Time 0.64(0.12)*** [0.40, 0.87]
Condition
Duchenne included 0.15(1.47) [-2.88, 2,90]
Neutral excluded 0.66(1.35) [-1.99, 3.30]
Neutral included -0.86(1.36) [-3.54, 1.81]
Condition*time
Duchenne included 0.11(0.17) [-0.23, 0.46]
Neutral excluded -0.37(0.19)* [-0.74, -0.08]
Neutral included 0.06(0.18) [-0.30, 0.41]
Condition*time*time
Duchenne included -0.02(0.02) [-0.06, 0.02]
Neutral excluded 0.05(0.02)** [0.01, 0.09]
Neutral included 0.003(0.02) [-0.04, 0.04]
Random Effects Estimate (RSE) 95% CI
Random Part
Random Intercept (62) 68.60(5.77) [58.18, 80.90]
Random Slope (67) 0.08(0.02) [0.05, 0.12]
Residual Variance 9.32(0.47) [8.44, 10.29]

Note: Based on 294 participants with 2,938 longitudinal records. Duchenne excluded was the
reference group for facial expression condition.

RSE = robust standard error

*p<.05

**p <.01

Hkxp <.001

#Male was the reference group

In line with hypotheses, the Duchenne excluded and neutral excluded conditions had
significantly different HR trajectories (Y= 0.05, z =2.64, p = .008). The neutral excluded
condition had a steeper trajectory during recovery than the Duchenne excluded condition (Figure

24). HR trajectories were also significantly different between the Duchenne included and neutral
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excluded conditions (Y'=0.07, z=3.69, p <.001) and between the neutral included and neutral
excluded conditions (Y'=0.05, z=2.40, p = .008). As with the Duchenne excluded condition,
the Duchenne included and neutral included conditions have less steep trajectories during
recovery than the neutral excluded condition. Multiple comparisons demonstrated that HR was

not significantly different between any of the conditions at any of the ten time points.

Heart Rate: Condition by Quadratic Time Interaction
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p=.002; n=294 with 2,938 observations

Figure 24. HR response to Cyberball by condition over time.

RSA. Thirteen participants were outliers and were dropped from analyses. The means,

standard deviations, and ranges of RSA during baseline, reactivity, and recovery are reported in

Table 14.
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Table 14. Descriptive statistics for RSA during baseline, reactivity, and recovery for each

condition.
Time

Baseline Reactivity Recovery
Condition M SD Range M SD Range M SD Range
Duchenne  6.60 0.99 3.85- 6.51 0.96  3.57- 647 098 4.06-
excluded 9.64 9.00 9.11
Duchenne  6.45 0.96 4.15- 6.42 0.88  4.42- 641 094 4.25-
included 8.66 8.21 8.49
Neutral 6.41 1.01 3.92- 6.33 1.03  3.72- 6.16 095 4.05-
excluded 9.24 8.64 9.24
Neutral 6.69 0.97 4.46- 6.55 1.02  3.52- 6.41 091 4.00-
included 8.79 9.26 8.88

A random quadratic slope improved the model fit so was included on the random side of
the model. An unconditional means model showed that 75.49% of the variation in RSA was due
to between-person differences and 24.51% of the variation in RSA was due to within-person
differences. An unconditional linear growth model showed that there was significant between-
person variation in change over time. No covariates significantly improved the model fit, so none
were included in the final model. The final model predicting RSA responses to Cyberball
included the interaction between the quadratic form of time and facial expression condition,
which was not significant (2= 1.38, p = 0.71). Therefore, the quadratic rate of change in RSA

was not different across conditions (Table 15).
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Table 15. Multilevel between-person effects of the interaction between facial expression

condition and quadratic time on rate of change in RSA.

Variable Coefficients (RSE) 95% CI
Fixed Effects
Intercept 6.55(0.11)%** [6.34, 6.75]
Time 0.002(0.02) [-0.04, 0.04]
Condition
Duchenne included -0.09(0.15) [-0.38, 0.20]
Neutral excluded -0.13(0.15) [-0.43, 0.17]
Neutral included 0.14(0.16) [-0.16, 0.45]
Condition*time
Duchenne included -0.02(0.03) [-0.08, 0.03]
Neutral excluded -0.04(0.03) [-0.10, 0.01]
Neutral included -0.05(0.03) [-0.11, 0.002]
Condition*time*time
Duchenne included 0.004(0.003) [-0.003, 0.01]
Neutral excluded 0.002(0.003) [-0.004, 0.008]
Neutral included 0.003(0.003) [-0.003, 0.009]
Random Effects Estimate (RSE) 95% CI
Random Part
Random Intercept (62) 0.80(0.07) [0.67, 0.94]
Random Slope (67) 8.27*10°1° [6.36*107%4,
(8.86*1071%) 1.08*107]
Random Quadratic Slope (62) 1.87%10° [1.22%107,
(4.0610°%) 2.86%107]
Residual Variance 0.26(0.01) [0.24, 0.28]

Note: Based on 321 participants with 3,207 longitudinal records. Duchenne excluded was the
reference group for facial expression condition.

RSE = robust standard error

*x%kp <.001

Contrary to hypotheses, RSA trajectories were not significantly different between the
Duchenne excluded and neutral excluded conditions (Y'=0.002, z = 0.68, p = .49). RSA
trajectories were also not significantly different between any of the other four conditions (Figure
25). Multiple comparisons demonstrated that RSA was not significantly different between any of

the conditions at any of the ten time points.

90



Respiratory Sinus Arrhythmia: Condition by Quadratic Time Interaction
@
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Figure 25. RSA response to Cyberball by condition over time.

PEP. Twenty-three participants were outliers and were dropped from analyses. The

means, standard deviations, and ranges of PEP during baseline, reactivity, and recovery are

reported in Table 16.
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Table 16. Descriptive statistics for PEP during baseline, reactivity, and recovery for each

condition.

Time

Baseline Reactivity Recovery

Condition M SD Range M SD  Range M SD  Range

Duchenne 11023 6.77 87.67- 111.01 5.88 94.67- 110.53 7.27 83.67-
excluded 121.17 122.00 121.67

Duchenne 111.22 6.48 97.67- 111.12  6.31 83.00- 112.10 6.10 96.33-
included 131.00 120.33 126.50

Neutral 111.50 6.86 90.00- 111.00 7.47 84.33- 111.25 7.02 84.33-
excluded 122.00 122.00 122.00

Neutral 109.23  8.05 73.17- 109.68 7.17 74.67- 10996 6.77 80.50-
included 121.50 121.00 120.33

An unconditional means model showed that 80.37% of the variation in PEP was due to
between-person differences and 19.63% of the variation in PEP was due to within-person
differences. An unconditional linear growth model showed that there was significant between-
person variation in change over time. The final model predicting PEP responses to Cyberball
included BMI as a covariate and the interaction between the quadratic form of time and facial
expression condition, which was not significant (= 2.28, p = .52). Therefore, the quadratic rate

of change in PEP was not different across conditions (Table 17).
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Table 17. Multilevel between-person effects of the interaction between facial expression

condition and quadratic time on rate of change in PEP.

Variable Coefficients (RSE) 95% CI
Fixed Effects
Intercept 115.87(1.68)*** [112.57, 119.17]
BMI -0.23(0.07)** [-0.38,-0.09]
Time 0.05(0.11) [-0.17, 0.26]
Condition
Duchenne included 0.71(1.00) [-1.25,2.66]
Neutral excluded 0.64(1.09) [-1.50, 2.78]
Neutral included -1.05(1.08) [-3.16, 1.06]
Condition*time
Duchenne included 0.02(0.20) [-0.37,0.41]
Neutral excluded -0.02(0.18) [-0.37, 0.34]
Neutral included 0.15(0.16) [-0.16, 0.47]
Condition*time*time
Duchenne included 0.02(0.02) [-0.02, 0.06]
Neutral excluded 0.007(0.02) [-0.03, 0.05]
Neutral included -0.01(0.02) [-0.05, 0.03]
Random Effects Estimate (RSE) 95% CI
Random Part
Random Intercept (62) 39.57(2.76) [31.39, 49.88]
Random Slope (62) 0.07(0.05) [0.01, 0.30]
Residual Variance 10.07(2.76) [5.88, 17.24]

Note: Based on 311 participants with 3,106 longitudinal records. Duchenne excluded was the
reference group for facial expression condition.

RSE = robust standard error

**p <01

*x%kp <.001

Contrary to hypotheses, PEP trajectories were not significantly different between the
Duchenne excluded and neutral excluded conditions (Y'=0.007, z= 0.34, p = .73). PEP
trajectories were also not significantly different between any of the other four conditions (Figure
26). Multiple comparisons confirmed that PEP was not significantly different between any of the

conditions at any of the ten time points.
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Pre-Ejection Period: Condition by Quadratic Time Interaction
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Figure 26. PEP response to Cyberball by condition over time.

Self-reported pain. Eleven participants were outliers and were dropped from analyses.

No covariates were significantly associated with self-reported pain change scores, so none were
included in linear regression analyses. Contrary to hypotheses, self-reported pain change scores
were not significantly different between the Duchenne excluded and neutral excluded conditions
(B=-0.02, SE =0.07, t =-0.23, p = .82). Self-reported pain change scores were also not
significantly different between the Duchenne excluded and Duchenne included conditions (B =
0.02, SE =0.08, = 0.31, p =.76); the Duchenne excluded and neutral included conditions (B =
-0.07, SE=0.07, t =-1.00, p = .32); the Duchenne included and neutral included conditions (B =

-0.09, SE =0.08, t=-1.21, p = .23); the Duchenne included and neutral excluded conditions (B =

94



-0.04, SE =0.08, t = -0.52, p = .61); or the neutral excluded and neutral included conditions (B =
-0.05, SE=0.07,t=-0.76, p = .45).

Mediation analyses. As described in the Data Analysis section, seemingly unrelated
regressions were conducted to determine whether PA mediated the relationship between smiling
and cardiovascular outcome variables of interest (HR, RSA, and PEP) during reactivity and
recovery. Seemingly unrelated regressions were also conducted to determine whether PA
mediated the relationship between smiling and self-reported pain. Below, I test the path from the
independent variable to the mediator; the path from the mediator to the dependent variable; and
the path from the independent variable to the dependent variable, controlling for the mediator. I
also test the overall indirect effect coefficient to determine whether each mediational hypothesis
is supported.

Average change in state PA was -.22 for the Duchenne excluded condition; -.19 for the
Duchenne included condition; -.20 for the neutral excluded condition; and -.17 for the neutral
included condition. These changes in state PA were not significantly different among conditions,
F(3,289)=0.11, p = .95. The same outliers from main analyses were excluded from mediation
analyses.

HR. Smiling during Cyberball was not significantly associated with PA change scores (B
=0.05, SE=0.09, z=0.53, p = .60). Higher PA change scores were not significantly associated
with HR reactivity during Cyberball (B=0.11, SE=0.47, z=0.23, p = .82) or HR recovery
following Cyberball (B =0.16, SE = 0.38, z=0.41, p = .68). After controlling for change in PA,
as compared to those in the neutral excluded condition, those who were in the Duchenne
excluded condition had significantly higher HR reactivity, which was contrary to hypotheses (B

=-1.64, SE =0.53, z =-3.09, p = .002; Figure 27), but not HR recovery (B =-0.39, SE =0.44, z
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=-0.90, p = .37). The indirect effect coefficient was not significant for the HR reactivity
mediation analysis (B =0.01, SE =0.02, z=0.21, p = .84) or the HR recovery mediation analysis
(B=0.01, SE=0.02, z=0.32, p = .75). Therefore, neither of these results supports the

mediational hypotheses.

Positive affect
0.05 0.11

‘ i
r

Smiling ‘

Heart rate reactivity

-1.64%*

Figure 27. Unstandardized regression coefficients for the relationship between smiling and HR
reactivity as mediated by change in PA.

**p <.01

RSA. Smiling during Cyberball was not significantly connected with PA change scores
(B=0.05,SE=0.09, z=0.59, p = .55). PA change scores were not significantly associated with
RSA reactivity during Cyberball (B =-0.002, SE = 0.08, z=-0.03, p = .98) or RSA recovery
following Cyberball (B =-0.02, SE = 0.06, z =-0.27, p = .79). After controlling for change in
PA, smiling during Cyberball was not a significant predictor of RSA reactivity (B =-0.008, SE =
0.09, z=-0.09, p = .93) or RSA recovery (B=-0.11, SE=0.07, z=-1.57, p = .12). The indirect
effect coefficient was not significant for the RSA reactivity mediation analysis (B =-0.0001, SE
=0.004, z=-0.03, p = .98) or the RSA recovery mediation analysis (B =-0.0009, SE = 0.004, z =

-0.24, p = .81). Therefore, neither of these results supports the mediational hypotheses.
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PEP. Smiling during Cyberball was not significantly connected with PA change scores
(B=10.02, SE=0.09, z=0.20, p = .84). PA change scores were not significantly associated with
PEP reactivity during Cyberball (B = 0.25, SE = 0.44, z = 0.58, p = .57) or PEP recovery
following Cyberball (B =0.30, SE =0.31, z=0.95, p = .34). Contrary to hypotheses, smiling
during Cyberball was a significant predictor of higher PEP reactivity after controlling for change
in PA (B=-0.91, SE =0.48, z =-1.87, p = .06), although this was only marginally significant.
Smiling during Cyberball was not significantly associated with PEP recovery after controlling
for change in PA (B =-0.39, SE =0.35,z=-1.11, p = .27). The indirect effect coefficient was
not significant for the PEP reactivity mediation analysis (B = 0.004, SE =0.02, z=0.19, p = .85)
or the PEP recovery mediation analysis (B = 0.005, SE = 0.03, z = 0.19, p = .85). Therefore,
neither of these results supports the mediational hypotheses.

Self-reported pain. Smiling during Cyberball was not significantly connected with PA
change scores (B = 0.04, SE = 0.10, z=0.38, p = .71). PA change scores were not significantly
associated with self-reported pain change scores (B =-0.07, SE =0.06, z = -1.22, p = .22). After
controlling for change in PA, smiling during Cyberball was not a significant predictor of self-
reported pain change scores (B =-0.01, SE =0.07, z =-0.19, p = .85). The indirect effect
coefficient was not significant (B = -0.003, SE = 0.008, z = -0.36, p = .72). Therefore, these
results do not support the mediational hypothesis.

Discussion

Participants who made Duchenne smiles during social pain had significantly different HR

trajectories than participants who made neutral facial expressions, but RSA and PEP trajectories

did not significantly differ among facial expression conditions. Furthermore, smiling during
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social pain did not have an effect on self-reported pain. In mediation analyses, PA did not
mediate the relationship between smiling and HR, RSA, PEP, or self-reported pain.

The HR findings in this study align with past literature on the cardiovascular benefits of
Duchenne smiling during acute pain (Kraft & Pressman, 2012; Pressman et al., under review).
These past studies have found that smiling during physical pain is most beneficial during the
cardiovascular recovery period, which was the same for this study. However, it is important to
note that although Cyberball has been used in past studies as a social exclusion stressor that
elicits normal cardiovascular stress responses (e.g., Iffland et al., 2014; Williamson, Thomas,
Eisenberger, & Stanton, 2018), participants in this study did not display normal HR stress
responses. HR, which should increase during reactivity and decrease during recovery, did the
opposite; it decreased during reactivity and increased during recovery across all four conditions.
Average HR during Cyberball for participants who were excluded was 70.67 beats per minute
(bpm), 1.84 bpm lower than the average baseline HR of 72.51 bpm. However, participants who
were excluded during Cyberball reported higher levels of exclusion, rejection, isolation, and
feeling disconnected after playing Cyberball than those who were included during the game,
levels comparable to those of past studies (e.g., Williamson et al., 2018). Thus, it seems that
Cyberball was psychologically but not physiologically stressful for participants. It may be the
case that as video games are rapidly evolving and becoming more life-like, the simple graphics
of Cyberball are less convincing and feel less real, especially to younger populations. One
possible future direction for work in this area is to create a more believable virtual social
exclusion paradigm, such as an online chat room. Furthermore, validated in-person social
exclusion paradigms such as the YIPS (Stroud et al., 2000) may be more powerful than online

paradigms and should be investigated within future research in this area.
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As in Study 1, adherence to facial expression condition in this study was low. One
hundred forty-two participants (42.51% of the sample) had facial expression adherence lower
than five (on a ten point scale), which means they held their assigned facial expression for less
than half of the three minute Cyberball game. Analyses were rerun excluding these participants
(97 in one of the two Duchenne smile conditions and 95 in one of the two neutral facial
expression conditions), but the pattern of findings remained the same, suggesting that low
adherence to facial expression condition was not a driving force of the results. However, future
studies should take into account that both the Duchenne smile and neutral facial expression
manipulations were difficult to hold for three minutes; adherence rapidly dropped after the first
minute of the task. Analyses were rerun using only the first minute of Cyberball as the reactivity
point (excluding minutes two and three), since facial expression manipulations were strongest at
this point. The pattern of results remained the same for RSA and PEP, but the interaction
between condition and quadratic time for HR analyses was no longer significant, meaning that
there were no longer significant differences between conditions. This is not surprising, however,
since participants had not yet been excluded from Cyberball, which happened after the one-
minute mark. Thus, stressful tasks that only last for one minute may be more appropriate
contexts in which to research the effects of facial expressions on cardiovascular outcomes.

Following participant 27, I added a number of debriefing questions to the study to
determine whether participants were fooled by the Cyberball manipulation. Fifteen participants
said that they were familiar with the Cyberball manipulation and 40 participants responded with
“0” to the question, “How many people were playing the virtual ball-throwing game with you?”
This moderate rate of detection (16.5% of participants) is most likely due to the fact that the

Cyberball manipulation was taught in a Social Psychology class in the department when this
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study was being conducted. Analyses were rerun excluding these 55 people but the pattern of
results remained the same. Furthermore, excluding these participants did not change overall
cardiovascular reactivity to Cyberball. Participants were also asked, “Have you seen this
chopstick manipulation before?”” Only two participants answered yes to this question and
excluding them from analyses did not change the pattern of results.

There were a number of limitations to this study. One limitation was that, as in Study 1,
the sample was comprised solely of undergraduate students from UCI, so these results are not
generalizable to other populations. Another limitation, as mentioned above, was that PA, NA,
and self-reported pain were only measured two times during the study: at baseline and post
Cyberball. These limited measurements could have missed subtle affective changes over the
course of the stressor. Furthermore, this study did not include the measures used in Study 1 that
asked about the participants’ experiences with holding the chopsticks (how difficult/comfortable
the task was, how tired their facial muscles were). Therefore, there is no indication of the
distraction component of holding Duchenne smiles, which activate more facial muscles than
neutral facial expressions. Finally, there were a number of technical difficulties with the
Cyberball game that occurred over the course of the study, removing 16 participants from the
study.

General Discussion

Taken together, these two studies provide only little support that Duchenne smiling can
buffer the negative cardiovascular effects of physical and social pain. In Study 1, no
cardiovascular differences between Duchenne smiles, grimaces, and neutral facial expressions
were found during either physical pain task (the pressure algometer task or the cold pressor). In

Study 2, participants who were randomly assigned to make Duchenne smiles during social pain
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had significantly different HR trajectories than participants who were randomly assigned to make
neutral facial expressions, but there were no differences in RSA or PEP trajectories. There were
no significant differences in pain tolerance (Study 1) or self-reported pain (Study 1 or 2).
However, pain threshold during the cold pressor in Study 1 was significantly higher for
participants who made Duchenne smiles compared with participants who made grimaces. Some
evidence was found in Study 1 to support both PA and orbicularis oculi activation as possible
mediators between Duchenne smiling and outcome variables of interest during physical pain, but
no support was found for PA as a mediator of this relationship during social pain (Study 2).
Overall, mediation analyses from Study 1 found mixed evidence for PA as a mediator
between Duchenne smiling and outcome variables of interest. Multiple mediation analyses
demonstrated that participants who were randomly assigned to make Duchenne smiles during the
pressure algometer task had less of a decrease in PA than participants who were randomly
assigned to make neutral facial expressions, but this was not true during the cold pressor task.
Furthermore, PA fully (albeit marginally) significantly mediated the relationship between
Duchenne smiling and self-reported pain during the pressure algometer task. One explanation for
why PA effects were not found throughout all mediation analyses is that there was a camera
present. Recent research has found that the presence of cameras during facial feedback
experiments can dampen or even eliminate facial feedback effects, possibly because feeling
observed reduces judgments that are made on internal cues (Noah et al., 2018). Unfortunately,
the presence of a camera was necessary in both studies in order to code for facial expression
adherence. Ethics board approval often requires that participants be informed that they will be
videotaped during studies, but future studies should consider making the camera less visible to

participants in the hopes that they will forget they are being videotaped during the study.
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An additional explanation for the mixed facial feedback findings has to do with the length
of time for which participants held the facial expressions. Ekman (1984) has suggested that
emotional expressions generally last between 0.5 and four seconds. However, participants in
Study 1 held the expressions for an average of 145 seconds during the pressure algometer task
and 94 seconds during the cold pressor task, and participants in Study 2 held the facial
expressions for three minutes during Cyberball. Past work on facial feedback has suggested that
holding facial expressions for unnaturally long periods of time could create feedback that is
discounted by the participant such that they do not report emotional effects (Matsumoto, 1987).
Furthermore, the monotonicity theory of facial feedback posits that the strength of the facial
expression positively correlates with the strength of emotional effects (Hess, Kappas, McHugo,
Lanzetta, & Kleck, 1992), and the longer participants hold manipulated facial expressions, the
weaker the expressions get. Therefore, future work in this area might want to consider
manipulating facial expressions for shorter periods of time or doing brief but repeated holds that
more closely approximate natural expressions. This, of course, would require the development of
clever new cover stories that could obscure the purpose of the study.

Adherence to facial expression was a serious concern in both studies of this dissertation.
One possible future solution for this issue is to give participants clearer and more transparent
instructions about their facial expression manipulations. The issue of awareness, or whether or
not participants know they are making a certain facial expression, affecting facial feedback
effects is a notable debate within the facial feedback literature. Due to this concern, cover stories
about multi-tasking were used in the two studies of this dissertation to minimize participants’
awareness of facial expression manipulations. However, a recent meta-analysis of facial

feedback effects found no differences across studies in which participants were aware vs. not
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aware of the facial expression they were making (Coles et al., 2019). Therefore, future studies
should consider dropping the cover story approach and, instead, informing participants of the
facial expressions they will be making. This may lead to higher facial expression adherence;
instead of being told to activate specific muscles, instructions with which participants sometimes
struggle, participants could be told to create specific facial expressions, instructions that may be
more comfortable and easily understood.

Although EMG data for both zygomaticus major and orbicularis oculi muscles were
available for Study 1, it is not possible to use these data as a hard cutoff for whether or not a
facial expression was strong enough or accurate. To the best of my knowledge, past research has
not investigated the level of muscle activation for different muscles needed in order to create a
facial expression. For example, in order to accurately create a Duchenne smile, how activated do
the zygomaticus major and orbicularis oculi muscles need to be? Because these cutoffs do not
exist, we used trained coders to code for facial expression condition adherence. However, it
should be noted that agreement between coders was fairly low for both studies, most likely
because activation of orbicularis oculi muscles is difficult to code. Some individuals show
activation of this muscle group under their eyes, whereas others show activation around their
eyes (creating “crow’s feet”). Therefore, this low agreement among coders indicates the need for
more in-depth facial coding training in future work. An important future direction would be to
use coders trained in the Facial Action Coding System (FACS) to code specific action units in
the face. Furthermore, a number of companies are developing facial coding software (such as
Noldus FaceReader) that might be able to detect minute changes difficult to see with the human

eye. This would allow an investigation into whether stronger activation of specific action units
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(as opposed to overall adherence) plays a part in the relationship between smiling during pain
and physiological/self-report outcome variables of interest.

What does it mean to take smiling out of its normal social context? Duchenne smiles
serve a number of different social functions, including reinforcing specific social behaviors of
individuals who view them (e.g., Shore & Heerey, 2011) and inducing trust (Centorrino, Djemai,
Hopfensitz, Milinski, & Seabright, 2015). Furthermore, a recent meta-analysis determined that
individuals who produce Duchenne smiles are seen as more genuine, trustworthy, attractive, real,
and authentic than participants who produce non-Duchenne smiles (Gunnery & Ruben, 2016).
However, if the only functions of smiles were of a social nature, we would never smile when are
alone. This dissertation supports the idea that taking smiling out of a social context and merely
activating the muscles associated with Duchenne smiles may be connected with important
psychological and physiological outcomes.

There are a number of exciting future directions for research on smiling and health-
relevant responses to take. First, future research should investigate the psychological and
physiological effects of smiling in the context of real world stressful circumstances, such as
undergoing a short, painful procedure at a doctor’s office. Future research should also continue
to investigate the possible activation of the oculocardiac reflex through Duchenne smiling,
including how long smiles would need to be held in order to activate the reflex, through
neuroscience studies. In addition, studies should investigate stressors of different lengths to see if
there is a certain length of stressor for which smiling is most beneficial. Finally, future work
should consider the best way to measure PA continuously across stressful tasks. It may be the
case that asking participants to report their affect levels with a dial is less intrusive, which may

lead to more accurate reports of PA.
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This dissertation provides some evidence that Duchenne smiling during certain types of
pain may affect both the psychology and physiology of the pain experience. Research in this area
should continue to investigate a number of variables that may affect the relationship between
smiling and health-relevant responses, including the presence of video cameras, length of time
for which facial expressions are held, and adherence to facial expression condition. It is
important to determine the specific situations in which smiling may be beneficial for pain before
researchers consider designing interventions in this area, an important future direction for
research in this area to take. If something as simple as a smile can buffer pain, then each and
every person is already equipped with an effective strategy for combating the undesirable

consequences of painful experiences.
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