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Lauren Page Ross, PhD
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Physical pain is a ubiquitous human experience with complexities spanning from physical to
psychological domains. Though pain has historically been thought of as a physical and sensory
process, the modern definition of pain now includes cognitive, social and emotional factors (Craig,
2002; iasp-pain.org/terminology; Williams & Craig, 2016), indicating growing appreciation of the
impact of broader psychological context on people’s pain experiences. Support for this distinction
comes from literatures exploring the many constructs proposed to moderate or mediate pain
experience through psychological channels. In the pain literature social contact, which can include
interactions with others, the mere presence of another person, or even the perceived presence of
another person, often predicts reduced perceptions of acute experimental pain. However, this
association is not always present and, at times, social contact enhances perceived pain (Che, Cash,
Chung, Fitzgerald, & Fitzgibbon, 2018a; Che, Cash, Ng, Fitzgerald, & Fitzgibbon, 2018b; Krahé,
Springer, Weinman, & Fotopoulou, 2013). The mixed influence of social contact may suggest that,
in the face of pain, not all social contact is created equal. A parallel literature investigating the
influence of emotion on pain perception demonstrates that modulating positive and negative
emotion can more consistently predict pain outcomes, such that increasing positive emotion
reduces perceived pain, while increasing negative emotion increases perceived pain (e.g., Zelman,
Howland, Nichols, & Cleeland, 1991). Therefore it was hypothesized that emotion modulation
resulting from social contact may predict perceived pain. Shared reality, the experience of
validating one’s perception of reality through social contact, has been theorized to modulate

emotion (Echterhoff, Higgins & Levine, 2009). Therefore the current work investigated sharing

iv



reality as a key moderator of the relationship between social contact and perceived pain. It was
predicted that social contact involving shared reality would reduce perceived pain during a cold
pressor task by decreasing negative emotions and increasing positive emotions. Although
hypotheses were not supported in the present study, it is hoped that this work inspires future
research on the effect of shared reality on emotion and pain perception that will eventually

elucidate interventions for pain reduction.



Table of Contents

PIETACE. ...ttt r e X
1.0 INEFOAUCTION .....cciiiiee bbbttt b et b b 1
1.1 Social Contact and Perceived Pain: AN OVEIVIEW...........ccoeviirieininieneesesreseeeseeas 2

2.0 Achieving Shared Reality With Others...........cccooiiiiiiiiicc e 6
3.0 Shared Reality and EMOLION ..........ccovoiiiiiieec e 9
4.0 EMotion and PerceiVed PaiN ...t 11
I OS] 00 1Y AN OSSR 12
B.0 IMIBENOD ...t 13
T e U Ao o L | £ TSP 13

8.2 PTOCEAULE ...ttt bbbt b bbb 14

6.3 Measures and MaterialsS. ..o 15
6.3.1 Positive and Negative Affect Scale (PANAS)......c..cccooveiiiiie i 15

6.3.2 COold Pressor TasK ..o e 16

6.3.3 Visual Analog Scale (VAS) Pain MeasuresS............ccceeveveeiieieeieeie e e 16

6.3.4 Shared Reality Manipulation.............c.ccoooiiiiiic i 17

6.3.5 Shared Reality MEASUIE ............ccccveiuieiiiiieceee e 18

6.3.6 Probe fOr SUSPICION ........couiiiiiiiie ettt 19

T RESUILS ...t b bbbttt 20
7.1 Manipulation Check on Shared Reality ............cccoviiiiiiiiiiiccce e 20

7.2 Changes iIN EMOLION .......cviiiiiii ettt 20

7.3 SEIf-REPOITEd PaiN......c.coiiiiiiiiiii ettt et 21



7.4 Indirect Effects Through EMOLION...........coiiiiiieie e 21

8.0 DISCUSSION......titt ettt b etk b bbbt bt b ettt bttt b bt r e 23
8.1 Shared Reality and EMOLION..........ccccciiiiiiiic e 24
8.2 EMOLION AN PAIN ...t 25
8.3 Shared Reality and Pain ............cccoeiiiiiiicie e 26
8.4 LIMITATIONS ...ttt ettt 28
8.5 CONCIUSIONS ...ttt ettt 31
APPENAIX A PANAS . ..ottt e st e et st e et e et e s ae e s te e st e ste e beeneesreenreenee e 32
Appendix B Visual Analog Pain SCale ..........cccoeiiiiiiiieiie e 33
Appendix C Shared Reality SCale..........cccooviiiiiiiicce e 34
Appendix D Shared Reality Manipulation .............cccooeiiiiiiic i 35
APPENIX E FIQUIES.....ocuiiitieii et te e st e et e s se e s te et e saeesteeeesneenrs 37
2711 Lo o] =1 o] 2RSS SRTORPRN 39

vii



DI L. ettt et e e et e e e et eee e essssssssssssstsesessssssssssssasessssannnn

DI .ottt et e e et e e et aseessssssssssstsesesessssssssssstsassssssnnnn

List of Tables

viii

36

36



List of Figures

Figure 1 TheoretiCal MOUEL..........cvoiiiie et sre e

Figure 2 StUAY TIMEIINE .....ooiieee e et esae e

Figure 3 Model Results



Preface

Thank you to my advisors, colleagues, friends, family, and Dolly Parton.



1.0 Introduction

Acute physical pain is a ubiquitous human experience with complexities spanning from
physical to psychological domains. Though pain has historically been thought of as a physical and
sensory process, the modern definition of pain now includes cognitive, social and emotional factors
(Craig, 2002; iasp-pain.org/terminology; Williams & Craig, 2016), indicating growing
appreciation of the impact of broader psychological context on people’s pain experiences. Further
still, the modern literature is beginning to explore nociception—the process by which objective
information about a noxious stimulus is encoded and transported to the brain as a separable but
parallel process from the perceptual, cognitive, and emotional experience of pain (Baliki &
Apkarian, 2015; Craig, 2002; Gilam, Gross, Wager, Keefe, & Mackey, 2020)—opening doors to
valuable new inquiry into the psychological process of pain. Support for this distinction comes
from vast literatures exploring the many constructs proposed to moderate or mediate pain
experience through psychological channels that affect the experience of pain without manipulating
nociceptive processes.

In the pain literature social contact, which can include interactions with others, the mere
presence of another person, or even the perceived presence of another person, often predicts
reduced perceptions of acute experimental pain. However, this association is not always present
and, at times, social contact counterintuitively enhances perceived pain (Che, Cash, Chung,
Fitzgerald, & Fitzgibbon, 2018a; Che, Cash, Ng, Fitzgerald, & Fitzgibbon, 2018b; Krahé,
Springer, Weinman, & Fotopoulou, 2013). The mixed influence of social contact on pain may
suggest that, in the face of pain, not all social contact is created equal. | propose that sharing reality
with another person—the experience of validating one’s perception of reality through sharing
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internal states about a person or event—is a key moderator of the relationship between social
contact and perceived pain. Further, | propose that social contact that involves shared reality
reduces perceived pain by decreasing negative emotions and increasing positive emotions. |
therefore propose that perceiving oneself as sharing reality (vs. not sharing reality) with another
person reduces negative emotions and increases positive emotions, leading to reduced pain

perception (Figure 1). Below I review literature to support this model.

1.1 Social Contact and Perceived Pain: An Overview

Scientific interest in the effect of social contact on pain has existed for several decades and
has taken many forms (for a review see Epley, 1975). However, a large portion of the
psychological arm of this literature evolved as an extension of the social support literature, with
many studies testing various aspects of social support on perceived pain outcomes (e.g., Che et al.,
2018a; Che et al., 2018b). Common support manipulations in this tradition include relationship
type (i.e., stranger, acquaintance, friend, partner, family member), social support type (perceived
support such as imagining close others, hearing voices, or viewing photos of other people; and
received support such as touch, verbal communication, and positive interactions/encouragement).
Similarly, review papers have largely focused on direct versus buffering effects of social support
on pain (Che et al., 2018a; Krahé, Springer, Weinman & Fotopoulou, 2013). However, results
from recent meta-analyses indicate that these social support manipulations have limited effect on
pain perception. For example, mere social presence of someone, receiving touch, and viewing
images of loved ones showed no effect on perceived pain measures (Che et al., 2018a). Other

variables presented an unclear picture: Verbal support showed effects on perceived pain, but only



when that support came from strangers rather than loved ones (Che et al., 2018a; Che et al., 2018b).
The specificity of the effect with strangers runs counter to what would be expected under social
support theory, which typically emphasizes closer relationships (for a review see Taylor, 2011). A
systematic review of the same literature also concluded that, overall, the only meaningful
manipulations included relevant interactions with the observer—that is, interactions that were
about the current moment—which reduced pain perception irrespective of relationship to the
participant, whereas irrelevant interactions led to increased perceived pain (Krahé et al., 2013).
Thus, recent summaries of this literature suggests that another psychological process other than
mere social support is likely at work.

Another literature investigating the effect of observer empathy—defined as the sense of
knowing and understanding someone’s pain (Goubert, Craig, Vervoot, Morley, Sullivan et al.,
2005)—on perceived pain shows mixed results. Empathy is at times tied to reductions in perceived
pain. For example, overhearing empathetic comments made by experimenters reduced perceived
pain compared to neutral or negative comments (Fauchon, Faillenot, Perrin, Borg, Pichot et al.,
2017). However, empathy is also linked to increases in perceived pain. Children undergoing a cold
pressor task reported perceiving more pain when their mothers showed empathy, compared to
when mothers tried to distract them (Chambers, Craig & Bennet, 2002). In adults, greater
perceived empathy from a partner predicted greater perceived pain compared to lower perceived
empathy (Hurter, Paloyelis, Williams & Fotopoulou, 2014). Recent work in this area has identified
the level of agreement between observer’s and receiver’s perceptions of the pain experience as a
possible moderator of this effect. When an observer’s perspective does not match the perspective
of the receiver, the receiver reports greater distress (Clark, Cano, Goubert, Vlaeyen, Worm, et al.,

2017) and perceived pain (Leong, Cano, Wurm, Lumley & Corley, 2015). However, when an



observer’s perspective matches a receiver’s perspective, the receiver reports lower perceived pain
(Leong et al., 2015). This work suggests that previously studied variables, including social support
and empathy, would not fully predict perceived pain outcomes without accounting for the
congruence between the support or empathy source and the pain experiencer.

Social comparisons facilitated by providing information about an upward social
comparison of pain experience, compared to a downward social comparison of pain experience
can reduce perceived pain and pain-related emotion related to threat. For example, participants
who were to take part in a cold pressor task were first given information about prior participants.
When told that prior participants tolerated the cold pressor task very well (an upward social
comparison) compared to poorly (a downward social comparison), perceived pain decreased
significantly (Jackson & Phillips, 2011). Similarly, reading a brief computer-generated message
about the level of pain reported by prior study participants reduced perceived pain (Pulvers,
Schroeder, Limas & Zhu, 2014), even when participants had already completed a cold pressor task
earlier in the same study session without feedback (Wilson, Chaplin & Thorn, 1995). Finally,
participants who watched a pain tolerant social model undergo a series of electric shocks showed
reduced subjective stress after experiencing their own shock, as well as reduced perceived pain,
compared to non-modeled controls (Craig & Prkachin, 1978).

Thus, across these three literatures, there is evidence that social contact is more effective
at reducing pain perception when the social contact offers social validation, social comparison,
and information about social norms. While these important factors may not always be present in a
social support or empathy scenario, the construct of shared reality—an experience that can be

achieved with any person in reference to a common subject in the world—is understood to be the



experience of social validation, comparison, and adjusting to normative information when needed.

It is therefore possible that shared reality is driving the effect of social contact on pain.



2.0 Achieving Shared Reality With Others

Social contact with others is a basic human need that we are fundamentally motivated to
pursue (Baumeister & Leary, 1995; Bowlby, 1982). Our need for social contact becomes apparent
in contexts of threat, where we pursue social contact as an important self-preservation strategy. In
early life, we seek out social information when under threat. For example, when evaluating a loud
noise, infants reference the emotional responses of a guardian and typically mirror that response
(Parritz, Mangelsdorf & Gunnar, 1992). Young children first rely on parental reactions when
evaluating potentially threatening objects (e.g., a rubber snake or spider; Gerull & Rapee, 2002)
or act fearful and avoidant of a stranger when mothers respond anxiously to their presence (de
Rosnay, Cooper, Tsigaras, & Murray, 2006). Children and teenagers respond to ambiguous
situations with greater anxiety if they observe an anxious response from a parent, rather than a
confident one (Moller, Majdandzic, Vriends & Bogels, 2013). Specific to pain, infants referencing
their mother’s mild pain or fear-related facial expression during immunization shots responded
with less pain-related facial expressions of their own compared to when their mother’s facial
expressions were severe (Horton & Pillai Riddell, 2010). From the beginning of life, we
instinctively depend on social contact during threat, particularly as a source of safety-related
information.

Stanley Schachter’s affiliative tendency experiments (1959) demonstrated the continued
drive toward social contact during threat. Among women waiting for an electric shock as part of
an experimental paradigm, Schachter (1959) found that a) given the choice, the women preferred
to wait with others instead of being alone (affiliative tendency), b) higher anxiety predicted greater
affiliative tendency, and c) this was only the case when the others were like themselves, in other
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words, enrolled in the same experiment. Further, women who waited with others like themselves
reported less anxiety about the upcoming electric shock than women who did not, even when they
were not allowed to communicate with the other women. The affiliative tendency predicted that
people experiencing anxiety aroused by threat of pain benefited from the opportunity for affiliation
with and possible social comparison to people similar to themselves. The affiliative tendency
hypothesis built upon Leon Festinger’s social comparison theory (Festinger, 1954), which posits
that we are driven to compare ourselves to similar others for accurate self-understanding. Further
testing the affiliative tendency and the need to be with similar others, a student of Schachter’s
probed the mechanism of social comparison to determine whether it reduced anxiety or if
comparison led to “emotional homogenization,” where the levels of anxiety experienced by similar
individuals become more alike over time (Schachter, 1959). Schachter and Wrightsman (1959)
ultimately determined that people’s anxiety became homogenized, or became more like their group
members over time, which suggests that seeking social contact under threat is a psychological
strategy we may use to gauge and adapt our response to threat.

Another way to interpret social comparison and the affiliative tendency is through shared
reality. We seek out opportunities to share our perspective with similar others to make sense of the
world, to feel socially connected, and to feel secure in our knowledge of objective reality
(epistemic validation; Echterhoff, Higgins, & Levine, 2009; Hardin & Higgins, 1996). Sharing
reality about a common external factor (for example, a person or experience that both people can
reference) changes one’s sense of subjective reality into a sense of objective reality (Echterhoff,
2012; Hardin & Higgins, 1996), and can become the foundation of new relationships (Rossignac-
Milon & Higgins, 2018). Thus, we make sense of the world through social contact with others,

and those with whom we can share reality can become meaningful social connections.



Initial experimental evidence for shared reality came from experiments demonstrating the
“saying-is-believing” effect (Higgins & Rholes, 1978). In the original experiment, a participant
would read a short essay about a person and then describe the person to an audience. The essay
included purposefully ambiguous evaluations, like saying the person was “independent/aloof.”
This could be positive (independent, self-reliant) or negative (aloof, standoffish). The participant
was told that the audience would try to guess who he was describing based on the description he
gave. Before communicating to the audience, the participant was casually informed that the
audience either liked or disliked the person he was to describe. In response to this information, the
participant tuned their message to the audience: they gave a positive description to an audience
that favored the person, and a negative description to an audience that did not. Participants also
tuned their memories—when asked to recall the person they had described at a later date, their
recall was biased in the direction of the message they gave. This persistence of belief is attributed
to the experience of sharing reality with others. When shared reality was not attained, the belief
did not persist in memory.

Sharing reality is a motivated state. Given the opportunity, our motivation to share reality
with others will lead us to infer the attitudes and experiences of others (and adapt our attitudes
when reality is difficult to obtain). For example, when others conspicuously do not share reality,
such as when visually judging the length of something and giving an obviously incorrect
assessment, we will adapt our judgement to align with others even if we think it incorrect (Asch,
1951). Sharing reality with others confers a sense of security and social connection, while failure
to share reality creates discomfort and agitation (Echterhoff, Higgins & Levine, 2009). | therefore
hypothesize that sharing reality (vs. not sharing reality) with another person during pain will both

reduce negative emotions and increase positive emotions.



3.0 Shared Reality and Emotion

The impact of shared reality on emotion is strongly implied. Sharing reality includes
sharing inner states, which are composed of “feelings or beliefs” about a target referent (Higgins,
Rossignac-Milon & Echteroff, 2020), and the process of sharing reality implies that we can
compare our inner states to others for more information about reality, and tune our inner state to
meet the perceived norms as necessary (Harden & Higgins, 1996). Shared reality in early life is
proposed as a developmental precursor to self-regulation, the ability to control one’s behaviors,
thoughts, and emotions (Higgins, 2011; Higgins, 2019). Importantly, as noted above, failure to
share reality leads to negative emotion (Asch, 1951; Echterhoff, 2010). The implications of shared
reality theory are that we develop an innate ability to understand the world and connect to others
by understanding, comparing, and tuning our own feelings to meet those of others. Successfully
sharing reality increases a sense of security and social connection, and prevents the negative
emotion associated with failure to share reality (e.g. anxiety, agitation; Echterhoff, Higgins, &
Levine, 2009).

Shared reality has not been tested in the context of emotion and pain, but a speculative
example can be drawn from the social comparison literature. As mentioned, the opportunity for
social comparison to others, or to normative information, modulates perceived pain in
experimental settings by offering information about what to expect, and how others perceived
reality in a given situation (Jackson et al., 2011). Knowledge of other’s attitudes toward a particular
referent (in this case, a pain task) is sufficient to promote sharing reality with another person
(Echterhoff, 2010), and expectations about pain can predict how pain is ultimately perceived (Hird,
Charalambous, El-Deredy, Jones & Talmi, 2019). Importantly, orienting information about where
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one stands compared to others can adjust the direction of “tuning” towards other’s attitudes:
Upward social comparisons, or information about other’s high tolerance to a pain task, can reduce
perceived pain, and downward social comparisons, or information about low tolerance to a pain
task, increase perceived pain (Jackson et al., 2011). These findings support the notion that “tuning”
of one’s inner state can occur during a pain task when orienting information is given. Social
comparison is a specific, but important part of creating shared reality. While it is possible to share
reality without changing one’s inner state, social comparison literature supports the hypothesis that

sharing reality can occur during pain, and can modulate the experience of pain.
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4.0 Emotion and Perceived Pain

Direct experimental evidence demonstrates that inducing negative emotions like anger,
anxiety, disgust, fear, and sadness lead to increased perceived discomfort and pain, while inducing
positive emotions like happiness, humor, relief, and satisfaction can reduce perceived pain
(Cornwall & Donderi, 1988; de Weid & Verbaten, 2001; Geva, Pruessner, & Defrin, 2014;
Meagher, Arnau & Rhudy, 2001; Rainville, Bao & Chrétien, 2005; Weisenberg, Raz & Hener,
1998; Yoshino, Okamoto, Onoda, Yoshimura, Kunisato, et al., 2010; Zelman, Howland, Nichols,
& Cleeland, 1991). The same is true of pain-adjacent experiences, for example, even when a
stimulus is mildly uncomfortable (but not painful) higher levels of negative emotions like anxiety
predict greater reported discomfort (Phillips, Gregory, Cullen, Cohen, Ng, et al., 2003). Similarly,
greater perception of threat, which is commonly associated with other negative emotion such as
fear and anxiety (Lazarus & Folkman, 1984; Folkman & Lazarus, 1988), can increase perceived
pain. For example, being told that an experimenter has chosen to give the maximum painful
stimulus (rather than a less painful version) increased perceived threat of a painful shock (Karos,
Meulders, Goubert & Vlaeyen, 2018) and this increased threat was associated with an increase in
perceived pain (Karos, Meulders, Goubert & Vlaeyen, 2019; Peeters & Vlaeyen, 2011).

Though chronic pain is a separate construct from acute, short-lived experimental pain,
converging evidence in the chronic pain literature supports the relationship between emotion and
pain. Specifically, the ability to regulate ones emotions is associated with better pain outcomes,
whereas the experience of greater negative emotion is associated with worsened pain over time

(Koechlin, Coakley, Schechter, Werner, & Kossowsky, 2018).
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5.0 Study Aims

To the extent that achieving a state of shared reality with another person provides a sense
of epistemic certainty, shared reality can enhance positive emotions like safety and social
connection, and reduce negative emotions like anxiety and uncertainty in response to a threat.
These outcomes are highly relevant to perceived pain, but shared reality has not been tested as a
possible moderator of the effect of social contact on perceived pain. Further, despite the
relationship between emotion and pain, there is a dearth of literature testing whether social contact
reduces perceived pain by modulating emotion. | therefore tested the hypothesis that sharing reality
(vs. not sharing reality) will affect emotional responses to pain, which in turn will reduce perceived
pain. To test this hypothesis, | experimentally varied shared reality during an acute experimental
pain experience to test the effect of this manipulation on emotion and subsequent pain perception
(Figure 1). | hypothesized that shared reality (vs. no shared reality) would reduce negative and

increase positive emotion in response to a cold pressor task, in turn reducing perceived pain.
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6.0 Method

6.1 Participants

An a-priori power analysis conducted in g*power (Faul, Erdfelder, Buchner & Lang, 2009)
determined that 126 participants were needed to achieve .80 power to detect a medium effect size.
Due to slow recruitment the sample size was adjusted to meet the minimum possible sample size
without being considered underpowered (Simmons, Nelson, & Simonsohn, 2018). A resulting
sample of one hundred women free of contraindications to cold exposure were recruited to
participate in this study. Sex and age differences in pain perception are noted in the literature but
not well understood (Jackson, lezzi, Chen, Ebnet & Eglitis, 2005; Lautenbacher, Peters, Heesen,
Scheel, & Kunz, 2016; Mogil, 2020;), thus the current study recruited cisgender women under 40
years of age. The mean age of the final sample was 19.3, SD = 1.6, with a range from 18-24 years
old. Age was not associated with pain measures, p’s > .35.

Participants were recruited through the University of Pittsburgh undergraduate subject pool
for a study of “thermal challenge and perspective.” Once confirming safety for cold exposure,
participants were scheduled for 15-minute study appointments with the researcher and an
ostensible 2" participant (a confederate profile) to be conducted via Zoom. All appointments took
place during normal business hours on eastern standard time (EST), between 9am-5pm.

Participants received course credit in exchange for their time.

13



6.2 Procedure

Participants signed up for study appointments on SONA and were emailed a link to a
consent form to sign digitally prior to any study procedures. Once they provided consent,
participants were instructed to pick up a 160z plastic cup from the psychology building, fill the
cup with water to 1cm below the top rim, and freeze until solid at least 12 hours before their study
appointment time. Participants then received an email link to a private zoom meeting and were
told they would be placed in a small group, so they should keep their cameras off and change their
zoom names to initials for their own privacy.

To create the appearance that participants were in the study with another participant, a
deception occurred at the beginning of each zoom meeting. When participants signed on to the
meeting, they saw two zoom profiles labeled Lab 1 and Lab 2. One of these profiles was the real
experimenter, and one was fake. The real experimenter turned on their camera and asked the
participant to wait briefly with their camera off while we waited for the second participant. After
30-60 seconds the experimenter remarked that the second participant was in the waiting room and
then admitted the second participant (a fake profile labeled P.K.) to the zoom meeting. The
experimenter then said, “thank you both for coming! We really appreciate it...” and gave a brief
overview of the study tasks. At the end of the task overview the experimenter explained that the
participants would need to turn their cameras on for approximately 3 minutes during the thermal
challenge, so they would each be placed in separate room with an experimenter. At that time the
two fake zoom profiles (Lab 2 and P.K.) were moved to a breakout room, the participant was asked
to turn on their camera, and the experimental procedure began.

Once the experimenter and participant were alone, participants were sent a link (via

Zoom’s chat function) to complete a baseline measure of emotion on Qualtrics, and then the cold
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pressor task began. Participants turned on their cameras and held the frozen cup with their non-
dominant hand for three minutes. During the cold pressor task participants underwent the shared
reality manipulation described below, and verbally self-reported pain at the 2-minute mark of the
cold pressor task. Once the cold pressor ended after 3 minutes participants verbally self-reported
pain again, and accessed Qualtrics to complete the second measure of emotion and a shared reality
questionnaire. At the end of the experiment participants were probed for suspicion, debriefed,

assigned class credit, and thanked for their time. See Figure 2 for a timeline of study procedures.

6.3 Measures and Materials

6.3.1 Positive and Negative Affect Scale (PANAS)

Emotion was measured at the beginning and end of the experiment session using the 20-
item PANAS questionnaire (Watson, Clark, & Tellegan, 1988; appendix a) asking to rate emotions
relative to how they were feeling at the moment on a scale from “not at all -- 1" to “very much --
5.” The range of possible scores for each subscale was 10-50. Scores on the PANAS subscales
were summed before analysis. The PANAS was administered both before and after the cold pressor
task to allow for a test of the direction and magnitude of change in emotion caused by the cold
pressor task. The PANAS positive and negative affect subscales were calculated and assessed
separately (Crohnbachs alpha = .90, .83 respectively). Because participants completed the PANAS
once before and once after the cold pressor task, the PANAS questions were presented in random

order to increase validity.
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6.3.2 Cold Pressor Task

Participants underwent a modified cold pressor task (referred to as a “thermal challenge”
in study advertisements) that was designed to be conducted at their home. Though only recently
developed, self-administered home cold pressor tasks show promise as an effective and valid pain
manipulation (Mclintyre et al., 2020). Each participant was required to visit Sennott Square to pick
up a 16 oz. plastic solo cup marked with a “fill to here” line marked and containing instructions
for filling with water and freezing. Any participant who was unable to freeze the cup for at least
12 before their study appointment was rescheduled (n = 2). Once the cold pressor task began,
participants held the cup in their non-dominant hand for approximately 3 minutes. Participants
were instructed to try to hold the cup for 3 minutes but to put it down at any time if necessary. All

participants held the cup for the full 3 minutes.

6.3.3 Visual Analog Scale (VAS) Pain Measures

The VAS includes two commonly measured domains of pain representing distinct
psychological experiences: Pain intensity, which represents the evaluation of the pain sensation
itself, and pain unpleasantness, which includes the participants’ response to the experience overall,
including affective and physiological arousal (Price, 2000; see appendix b). Participants verbally
reported perceived pain from the cold pressor task on these two dimensions using a visual analog
scale from zero to ten, where zero indicated the absence of pain and ten was the greatest amount
of pain. During the VAS the experimenter asked participants to rate first their pain “intensity,” and
were told this meant how strong the pain is, and then asked to rate pain “unpleasantness,” and were

told this meant how much the pain was bothering them overall. Previous work has shown that cold
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pressor pain reaches its peak between 1-2 minutes (Brown, Sheffield, Leary & Robinson, 2003)
and that psychological factors impact the perception of pain in post-task recovery (Smith, Villatte,
Ong, Butcher, Twohig, et al., 2018), so pain was measured at 2 minutes and right after the cup was
put down at 3 minutes in an attempt to capture both of these effects.

Although the pain literature considers pain intensity and unpleasantness different domains
of pain experience (Price, 2000), self-reported pain intensity and pain unpleasantness were highly
correlated during both the first measurement, r =.75; p < .001 and second measurement, r = .79;
p <.001. Thus, pain intensity and pain unpleasantness were averaged into single measures of pain
measured 2 minutes into the cold pressor task (pain time 1) and pain measured at 3 minutes
(immediately after the cold pressor task; pain time 2). Participants’ pain ratings at time 1 ranged

from 0-9, and pain ratings at time 2 ranged from 0-8.

6.3.4 Shared Reality Manipulation

To achieve shared reality with another person, four conditions must be met. The first
condition is that a common inner state is achieved, such as shared attitudes and opinions, and that
shared reality is not just built around a common behavior (e.g., emotional mimicry; Hatfield,
Cacioppo & Rapson, 1993). Second, the common inner state must pertain to some external referent
in the world, such as a person or experience. Third, achieving shared reality must be motivated by
seeking social contact and epistemic validation, not simply by the desire to reach a shared reality
for the sake of agreement. Finally, shared reality must be communicated, recognized, or perceived
between those involved (Echterhoff, Higgins & Levine, 2009; Hardin & Higgins, 1996).

To manipulate shared reality while attempting to meet these four conditions, once the cold
pressor task began participants were asked to view five words, one at a time, on the screen, and to
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verbally indicate whether or not the word on the screen described their experience. Several words
describing sensory experiences were piloted (n = 10); words chosen by pilot participants as
describing the experience of holding something cold approximately 50% of the time were
implemented. The final list included 10 words, which were split into two randomized lists of 5
words each (appendix c). Participants were randomly assigned to see one of these two lists. After
the participants had seen and rated the words, the experimenter pretended to check in with the
other experimenter via the Zoom chat feature. In the shared reality condition, participants were
told that they had made similar choices to the other participant: “That’s interesting, you both said
the same thing”; in the non-shared reality condition, participants were told, “That’s interesting,
you both said the opposite of each other.” The average time of the verbal shared reality

manipulation was less than one minute into the cold pressor task.

6.3.5 Shared Reality Measure

As a manipulation check on shared reality, participants self-reported their experience with
the ostensible participant after the paradigm was finished using a 5-item shared reality scale. The
scale was adapted from an existing scale (Rossignac-Milon, Bolger, Zee, Boothby, & Higgins,
2021; appendix c) and asked participants to rate the degree to which they felt as though they were
thinking and feeling similarly to or dissimilarly from the other participant about the cold pressor
task (Cronbach’s Alpha = .84). Scores on the shared reality were summed before analysis, and

participants’ scores ranged from 5-25 (out of a possible 35).
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6.3.6 Probe for Suspicion

To probe for suspicion about the true nature of the study participants were asked to report
a) if they suspected the other participant was not actually present, and b) what they thought the
study hypotheses were. Two participants reported being “unsure” whether the other participant
was real, and none of the participants correctly identified the study hypotheses. Therefore, all

participants were retained in the analyses reported below.
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7.0 Results

7.1 Manipulation Check on Shared Reality

An independent samples t-test revealed that participants in the shared reality condition
reported greater feelings of shared reality (M = 18.18, SD = 2.96) than those in the non-shared
reality condition (M = 16.13, SD = 3.69; t(96) = 2.99, p = .004); see Table 1. Thus, shared reality
was effectively manipulated by the word choice paradigm. However, shared reality ratings were

not associated with emotion or pain ratings (see Table 2 for all correlations).

7.2 Changes in Emotion

To test the effect of shared reality on emotion over time, paired samples t-test were
conducted for the PANAS positive and negative subscales comparing pre- and post-task measures.
No significant changes were revealed on positive emotion from the pre-task measure (M = 25.17,
SD = 7.60) to post-task (M = 24.47, SD = 8.02; t(96) = 1.38, p=.171, Cohen’s d = .14). Negative
emotion decreased significantly from pre-task (M = 15.7, SD = 5.56) to post-task (M = 13.36, SD
= 4.18; t(96) = 5.24, p = <.001, Cohen’s d = .54).

Independent-samples t-tests were then conducted to compare self-reported emotion from
the PANAS negative and positive emotion subscales recorded after the cold pressor task (see Table
1). No condition differences were found in negative emotion between shared reality (M = 13.69,

SD = 4.58) and non-shared reality conditions (M = 13.26, SD = 3.76; t(93), p=.617, Cohen’s d =
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.001). Similarly, no differences were found in positive emotion between shared reality (M = 24.4,
SD = 8.79) and non-shared reality conditions (M =24.39, SD = 7.32; t(98) = .005, p=.99, Cohen’s
d =.103). Taken together, these results suggest that while emotion changed over time, the shared
reality condition did not contribute to reduced negative emotion or changes in positive emotion

compared to non-shared reality.

7.3 Self-Reported Pain

Independent-samples t-tests were conducted to compare self-reported pain at time 1 (while
still holding the cup) and time 2 (after the cup was put down) in shared reality and non-shared
reality conditions (see Table 2). Unexpectedly, t-tests revealed a significant effect of condition on
self-reported pain at time 1 such that participants in the shared reality condition (M =5.82, SD =
1.63) reported greater pain than those in the non-shared reality condition (M = 5.03, SD = 1.94;
t(98) = 2.21, p = .029, Cohen’s d = .44). No differences were found in pain at time 2 between
shared reality (M = 2.87, SD = 2.26) and non-shared reality conditions (M = 2.88, SD = 2.06; t(9)

=.157, p=.971, Cohen’s d = .007).

7.4 Indirect Effects Through Emotion

Although shared reality did not significantly affect positive or negative emotion and
emotion was not significantly associated with pain (pain time 1: positive emotion r = .005, p =

.958; negative emotion r = .04, p = .66; pain time 2: positive emotion r = .10, p = ..304; negative
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emotion r =.13, p =.198), as planned | investigated whether the effect of shared reality on pain at
time 1 was mediated by positive or negative emotion. To do so, | used PROCESS model 4 with
10,000 bootstrapped samples (Hayes, 2017), with shared reality condition entered as the
independent variable, post-task positive and negative emotion entered as simultaneous mediators,
and pain at time 1 entered as the outcome. The indirect effects were not significant, indirect effect
through positive emotion = < .001, 95% CI [-.0754, .0804]; indirect effect through negative
emotion = .006, 95% CI [-..0358, .1488].

| then conducted the same analysis on time 2 pain. Again, no indirect effects were found,
indirect effect through positive emotion = -.002, 95% CI [-.1307, .1192]; indirect effect through

negative emotion = .026, 95% CI [-.0698, .2230]. Full model results are depicted in Figure 3.
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8.0 Discussion

Pain is a ubiquitous human experience, but the psychology of pain is not yet fully
understood. Social context can modulate perception of pain, but results in this work are mixed.
The current study looked to a novel variable, shared reality, as a potential predictor of perceived
pain through modulating emotion, which has been shown to influence pain perception. Inducing
positive emotion can reduce pain, while inducing negative emotion can increase pain (e.g.,
Cornwall et al., 1988; de Weid et al., 2001; Geva, et al., 2014; Meagher et al., 2001; Rainville, et
al. 2005; Weisenberg et al., 1998; Yoshino et al., 2010; Zelman et al., 1991). Shared reality has
been theorized to modulate emotion by providing epistemic certainty and a sense of social
connection, or positive emotion, and by mitigating the discomfort of epistemic uncertainty, or
negative emotion, we can feel when reality is not shared (Echterhoff et al., 2009).

The present study did not support the model proposing mediation of the relationship
between shared reality and perceived pain by changes in emotion. On path a, shared reality did not
predict changes in positive or negative emotion. Though a manipulation check indicated that
shared reality was successfully manipulated, means on the PANAS decreased over time, and no
condition effects were found. On path b, positive and negative emotion did not predict perceived
pain. There were no indirect effects of shared reality on pain perception through emotion, positive
or negative. Finally, the direct effect of shared reality on pain perception was the opposite of what
the study hypothesized, with condition predicting increased pain perception in those who shared

reality. Below | offer speculations for why hypotheses might not have been supported.
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8.1 Shared Reality and Emotion

Shared reality has been theorized to increase positive emotion by providing epistemic
certainty and feelings of social connection and, by extension, decrease negative emotion aroused
by epistemic uncertainty. Conversely, a lack of shared reality is thought to create discomfort and
agitation increasing negative emotion (Echterhoff, Higgins, & Levine, 2009; Hardin & Higgins,
1996). Although the findings from this study are not definitive, the current pattern of results does
not support the hypothesis that sharing reality modulates emotions.

As noted earlier, four conditions are needed to achieve shared reality: a) a common inner
state, b) the common inner state pertains to some external referent in the world, such as a person
or experience, c¢) shared reality must be motivated by seeking social contact and epistemic
validation, and d) shared reality must be communicated, recognized, or perceived between those
involved (Echterhoff, Higgins & Levine, 2009; Hardin & Higgins, 1996). Although the
manipulation check indicated that participants felt they were sharing reality with the other person
in the shared reality condition, it is possible that the motivational requirement of shared reality was
not met. Indeed, the shared reality measure used (appendix c) did not include a question gauging
how motivated participants were to find agreement, and it is possible that participants did not feel
strongly motivated to share reality with a participant in a different zoom room that they could not
see (and would never meet). Future research would benefit from the use of a paradigm that
enhances motivation to share reality, as well as a measure assessing motivation to confirm that all
conditions of shared reality have been met.

Another possible explanation for these results is that the shared reality manipulation in this
study did not provide enough information for participants to “tune” their emotion towards their

shared reality partner. Shared reality is, in part, a process of inferring the inner states of others and
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comparing our own experience (Echterhoff & Higgins, 2018). Experimental paradigms
demonstrating social comparison processes, a key component to shared reality, typically provide
orienting information about where we stand relative to others. The present study did not provide
orienting information about the other participant’s experience, but rather provided information that
they were having a subjectively similar experience to the participant. Given the strong influence
of suggestion on perceived pain in the pain literature (Wolff, Krasnegor & Farr, 1965) this study
was designed to limit any suggestion about the other participant’s emotion or pain experience in
order to maintain internal validity of those measures. With limited information about the other
participant’s experience of emotion or pain, the shared reality manipulation may have simply
validated whatever the participants were feeling.

An alternative possibility is that shared reality does not substantially influence or predict
emotion. Limited experimental evidence on the effect of shared reality on emotion exists. The
shared reality literature would therefore benefit from testing the effect of shared reality on emotion
and incorporating measures of epistemic certainty and social connection—the mechanistic

variables implied to influence emotion—to better understand this relationship.

8.2 Emotion and Pain

Positive and negative emotion modulate pain in experimental settings, however the current
study results showed no relationship between emotion and perceived pain.
A possible reason for this null association is that the influence of emotion on pain is

contingent upon an interaction between valence and arousal (Rhudy & Meagher, 2001), such that
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mildly negative, physiologically arousing pain procedures may not be evocative enough to
modulate perceptions of pain. Given that both positive and negative emotion both unexpectedly
decreased over time, irrespective of condition, it is likely that the pain paradigm was not negatively
arousing enough to evoke strong emotion and consequently predict pain perception. Additional
research manipulating both positive and negative emotion in addition to shared reality is needed

to understand the levels or conditions under which emotions influence pain perception.

8.3 Shared Reality and Pain

Contrary to my hypothesis, sharing reality with another person about a cold-pressor task
increased perceived pain at the first measurement relative to the non-shared reality condition,
though the effect size was small. Further, there was no correlation between the shared reality
measure and pain measures at either time. Results suggest that sharing reality in this context did
not relate to pain.

One explanation for the current results may be that the experimental design limited the
impact of the shared reality manipulation. Shared experiences can be “amplified,” or experienced
with greater salience (Boothby, Clark & Bargh, 2014), including in the context of experimental
pain (Nahleen, Dornin, & Takarangi, 2019). It is possible that participants in the shared reality
condition only perceived themselves to be sharing an experience, rather than sharing inner states
about the experience. However, some work suggests that the amplification effect of shared
experiences is moderated by “psychological distance,” in other words, familiarity: In an
experimental pain study, participants who saw one another before the shared experience reported

greater amplification than those who had not seen the other participant (Nahleen et al., 2019).
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While the present study visually cued the presence of another person with a confederate zoom
profile, there was no video or photo providing the opportunity to gain familiarity. It is unclear if
the shared reality manipulation actually functioned as something more like a shared experience
manipulation, where the experience of the task, rather than the experience of inner states about the
task, would be most impactful.

The results of this study also mirror the empathy literature, where empathy for pain can
increase perceived pain (e.g., Fauchon et al. 2017; Hurter et al., 2014), though it is noted that the
effect of empathy on pain is moderated by accuracy: When a participant experiences empathy that
is perceived as being appropriate to the level of pain they are experiencing, perceived pain does
not increase. It is when the empathy expressed is perceived to be too much or too little that
perceived pain increases (Clark et al., 2017). Although the shared reality manipulation in this study
provided feedback about similarity or dissimilarity of inner states (rather than another person’s
perception of our pain), it is possible that sharing reality with another person made the pain feel
more “real” or validated, thereby enhancing pain perceptions.

It is also possible that the current pattern of results is documenting suppression of perceived
pain or pain reporting in the non-shared reality condition. Early work on social factors and pain
perception found that being observed by a stranger during a pain paradigm suppressed pain reports
and expressions compared to people who were not observed (Kleck, Vaughan, Cartwright-Smith,
Vaughan, Colby, et al., 1976). Though the experimenter was present during the cold pressor task
across conditions, sharing reality with another participant may have ameliorated all or some of the
effects of observation. Additionally, stressful situations can induce analgesic effects on pain under
some circumstances (Yilmaz, Diers, Diener, Rance, Wessa et al., 2010), specifically when a pain

paradigm follows a stress induction task. The present study did not manipulate or measure stress,
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but to the extent that participants found the experience to be stressful, the non-shared reality
condition may have experienced a stress-induced analgesic effect. Future studies would benefit
from incorporating a more complete measure of emotions that incorporates stress.

Finally, it is possible that shared reality enhances pain under certain circumstances. Despite
the strength of experimental controls limiting external influences on pain perception in the present
work, the current results mirror the mixed literature attempting to characterize the effect of social
factors like sharing reality on pain perception. Future work is needed to fully elucidate the impact

of sharing reality on perception of pain.

8.4 Limitations

The present study has a number of limitations. Perhaps most importantly, the challenges of
social distancing and remote experimentation over video make it difficult to control the
experimental environment. Circumstances dictate flexibility in our practices, and investigating the
impact of social influence on emotion and perception is uniquely challenging among participants
who are appearing on video from the comfort of their own homes. Though self-administered home
cold pressor tests are effective (Mclntyre et al., 2020) it is difficult to predict or interpret how the
home environment may influence experimental paradigms studying social factors, given the
myriad of social roles, memories, and emotions present in our homes. Further, being in our home
environment may imbue a sense of safety and security. Therefore, the present study likely presents
a very conservative manipulation of shared reality outside of a controlled laboratory setting.

The current study assessed only limited demographic information (age, vasculature

disorders), and future work would greatly benefit from a better understanding of how individual
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differences in health influence the effects observed here. In particular, future research on social
contact and pain should include other health indices as covariates, such as chronic pain,
psychological disorders, and use of medications.

Pain decreased over time, despite evidence that the pain from a cold pressor task increases
the longer the stimuli is applied (Brown et al., 2003). Though prior studies have validated the use
of home cold pressor tasks (MclIntyre et al., 2020) the present study is among the first to investigate
social influences on cold pressor pain at home. As noted, the social and emotional environment of
participant’s homes existed outside of experimental controls, and additional research is needed to
determine if or how a home-based study of acute pain modulates pain outcomes. Possible
experimental controls on home cold pressor tasks investigating social factors could include
measures to better understand how the home environment influences such paradigms.

Additionally, the present study measured pain at 2 minutes and 3 minutes into the cold
pressor task. In other words, the second pain measure was taken immediately after the participants
put down the frozen cup. It is possible that the second pain measure suffered from a demand
characteristic in which participants felt they were expected to report less pain since the cup was no
longer in their hand. The same could be true of emotion: the PANAS was given to participants at
the very beginning, and very end of the experimental paradigm. It could be the case that
participants inferred that they “should” be reporting less emotion overall since the experimental
procedures were complete.

Significant experimental evidence supports the impact of emotion on perceived pain,
however the current study was designed to measure, not manipulate, emotion. While emotion was
intentionally measured rather than manipulated to optimize measuring the effect of sharing reality

on this variable, it is unclear from the current pattern of results whether the observed levels of
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emotion meet a possible threshold of valence and arousal necessary for influencing pain
perception.

Overall, the shared reality manipulation would benefit from further refining. While the
shared reality manipulation was successful per the shared reality follow-up measure, the
manipulation was limited to short word lists providing no personalized information about the other
participant. Further, information about sharing reality was given to the participant from the
experimenter, rather than the participant. Future experiments could benefit from incorporating a
live confederate, and providing more specific details about the experience as part of the shared
reality manipulation.

Finally, the generalizability of the present study is limited to moderate, controlled acute
pain experiences. While experimental studies of acute pain yield important insight into pain
psychology, acute experimental pain is dissimilar from organic instances of pain in a number of
ways. Acute pain is often unexpected, but it is not possible to administer fully unexpected pain
under informed consent. It is noted that expectations about pain affect perceptions of pain (Hird et
al., 2019), thus it is not possible to know how the current findings may translate to organic
unexpected pain, such as a bee sting or a stubbed toe. Similarly, this research does not directly
contribute to knowledge regarding chronic pain populations. Acute pain perception is a distinct
psychological process from what is observed in chronic pain, for example, while upward social
comparisons reduce perceived acute pain in experimental settings, it is downward social
comparison that reduces measures of pain in the chronic pain literature (Taylor, Buunk &
Aspinwall, 1990; Tennen, Mckee & Affleck, 2000). Additionally, the long-term nature of chronic

pain involves learning about pain patterns, and responding to reminders that trigger pain (Fordyce,
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1976; Lumley, Cohen, Borszsz, Cano, Radcliffe et al., 2011). Thus, the implications of these

findings are limited to mainly experimental acute pain.

8.5 Conclusions

The present study tested the effect of shared reality on emotion and perceived pain, as well
as whether shared reality influenced perceived pain via emotion. Although hypotheses were not
supported, the results of this study reflect the complexity of the effect of social contact on
perceived pain. Social contact appears beneficial to perceived pain at times, but the field has yet
to determine when and why these benefits occur. Shared reality remains a likely candidate in future
studies that address the numerous limitations of this work, as the experience of sharing reality
encompasses validation and social norm information, both of which are shown to reduce perceived
pain under specific circumstances. Although hypotheses were not supported in the present study,
it is hoped that this work inspires future research on the effect of shared reality on emotion and

pain perception that will eventually elucidate interventions for pain reduction.
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Appendix A PANAS

Ters Qo Sraves Unrrysasery

Positive and Negative Affect Schedule (PANAS-SF)

Ing:;;acsa?ﬁve:rtfﬁé {)%Zthv%;(fe't slig:t:; or A little Moderately | Quite a bit | Extremely
) not at all
PAS | Interested ? E‘ %‘ E‘ E‘
PADAS | Distressed E‘ E‘ El E‘ E‘
PAVAS | Excited E‘ E‘ %‘ E‘ E‘
g e g g0
-
g o g g0
PAAS | Scared E‘ E‘ E‘ E‘ E‘
PAYS | Hostile E’ E’ E‘ E’ E’
PAVS | Enthusiastic E‘ E‘ E‘ E‘ E‘
e e g g0
PAYS | Irritable E‘ E‘ E‘ E‘ E‘
g9 [ 9§D
PAYS | Ashamed E‘ E‘ E‘ E‘ E‘
PANS | Inspired E‘ E‘ %‘ E‘ E‘
PAYAS | Nervous E‘ E‘ %‘ E‘ E‘
PAYS | Determined E‘ E‘ 5‘ E‘ E‘
PANS | Attentive E‘ E‘ E‘ E‘ E‘
e e g g0
PAYS | Active E‘ E‘ %‘ E‘ E‘
PSS | Afraid E‘ E‘ %‘ E‘ E‘
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Appendix B Visual Analog Pain Scale
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Appendix C Shared Reality Scale

Please rate your agreement with the following statements about you and your partner based

on the thermal challenge that you completed at the same time.

(1- Strongly Disagree, 7 — Strongly Agree)

Please rate your agreement with the following statements (1=Strongly Disagree,

7=Strongly Agree)

| think that my partner and | are on the same wavelength with regard to
the thermal challenge

My partner feels the same way about the thermal challenge as | do.

My partner agrees with my point of view of the thermal challenge.

My partner and | see the thermal challenge in the same way.

My partner agrees with my perception of the thermal challenge.

34



List A

Blurry
Slippery
Prickly
Bristly

Sparkling

List B

Glistening
Silky
Biting
Shiny

Smooth

Appendix D Shared Reality Manipulation
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Table 1 Correlations

1 2 3 4 5 6

1. Panas positive affect 1

2. Panas negative affect 1 .254*

3. Panas positive affect 2 .806** | .284**

4. Panas negative affect 2 0.166 | .682** | .214*

5. Pain time 1 0.067 | -0.095 | 0.005 | 0.045

6. Pain time 2 0.104 0.054 0.105 0.133 | .462**

7. Shared Reality 0.178 | -0.057 | 0.138 | -0.083 0.1 0.119
* indicates p < .05
** jndicates p < .01

Table 2 Descriptive Statistics
Non-Shared
Shared Reality Reality
M(SD) M(SD)

1. PANAS positive affect 1 25.6 (7.9) 24.71 (7.2)
2. PANAS negative affect 1 15.56 (5.8) 15.72 (5.21)
3. PANAS positive affect 2 24.4 (8.79) 24.39 (7.32)
4. PANAS negative affect 2 35.00 (13.69) 13.26 (3.76)
5. Paintimel 5.81 (1.62) 5.02 (1.94)
6. Paintime 2 2.87 (2.26) 2.89 (2.06)
7. Shared Reality 18.18 (2.96) 16.13 (3.69)
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Appendix E Figures
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Setup for
Shared Reality
Manipulation
Participant is
asked to wait for
“other
participant”

*Pre-task
Measure of
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(PANAS)
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Cold pressor (3 min)

Shared Reality Manipulation (Word Task),

Pain measure (VAS)
Verbal reporting

Pain Measure
(VAS)
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Post-task
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Emotion
Qualtrics

Shared Reality
Measure,
Debrief
Qualtrics

* Fake second participant and second experimenter profiles were moved to a breakout room before the measures begin.

Shared Reality
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Mo Shared
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Figure 2 Study Timeline
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