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General Introduction

2 General Introduction

“Empathy is the ability to step outside of your own
bubble and into the bubbles of other people.”
—C. JoyBell C. —

Who has not experienced feelings of overall unease and unpleasantness or even real pain
when observing a colleague or friend getting hurt, when watching an emotional movie, or
when reading about others’ suffering in books and newspaper articles? Sharing and
understanding the emotions of our conspecifics is a crucial social skill that helps foster
relationships and bonds between individuals, and is generally considered fundamental for
human social behavior. The quantity, frequency, and intensity at which we are confronted
with others’ painful experiences on a day-to-day basis, both in real life and in media, strongly
highlight the need for appropriate emotional reactions and helpful social interactions between
humans. In this context, processes like empathy and prosocial behavior are not only pivotal
tools for survival and personal development of individuals, but also contribute to social
cohesion and intact, rewarding relationships in our complex society. Investigating the neural
underpinnings of psychological concepts such as empathy and prosociality alongside their
behavioral correlates may give us a thorough insight into how the human mind is able to
share the emotions of other individuals and react accordingly in response. Using pain as a
model, the goals of the present dissertation were to specify how our own pain perception and
evaluation contribute to our understanding of others’ pain, and how our social behavior
critically depends on and is influenced by such shared painful experiences. But how can we
share the pain of other people so accurately? What brain regions contribute to this sharing?
And how does our sharing of others’ pain contribute to our actions? In three empirical studies

using state-of-the-art behavioral, psychopharmacological and neuroimaging methods
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spanning from experimental psychology to social, cognitive, and affective neuroscience, this
thesis reveals new insights into understanding the complex connections between one’s own

pain, sharing the pain of others, and prosociality.

2.1 Social emotions and behavior

In general, understanding and sharing others’ emotions is achieved through empathy, a
psychological concept that has achieved no clear consensus in past research and has multiple
definitions and operationalizations, each focusing on different aspects of the empathic
experience (Adriaense et al., 2020; Cuff et al., 2014; Guthridge & Giummarra, 2021; Hall &
Schwartz, 2019 for reviews). This has led to no less than 44 different definitions, and eight
distinct conceptualizations of human empathy (Adriaense et al., 2020; Batson, 2011).

What researchers do agree on though, is that empathy is a complex, multi-faceted process
involving cognitive, affective as well as behavioral mechanisms that together help shape
social interaction and communication between conspecifics. More broadly, empathy is
embedded within our social cognition abilities to infer, represent and think about others’
mental states, which is important when relating to our social environment (Catmur et al.,
2016; Schurz et al., 2020). One leading definition of empathy in the field of experimental
psychology describes this concept as an affective state that is isomorphic to the observed or
imagined affective state of another person and encompasses a partial experiential sharing of
that exact affective state (de Vignemont & Singer, 2006). Therefore, empathy has also been
termed affect sharing. Importantly, empathy includes the knowledge that the other person is
the source of one’s own affective state and thus requires a clear differentiation between self-
and other-related emotions (i.e., self-other distinction or self-other recognition; Lamm et al.,
2016; Steinbeis, 2016). Taken together, empathy leads to a joint sharing of a single or
multiple emotional states as well as to a clarification of the original source of that emotional

state (namely, the other person and not oneself).
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This definition of empathy (feeling with or as another person, translated from the German
word “Einfithlung”; Batson, 2011) thus has a clear focus on the person we are empathizing
with and distinguishes it from other, seemingly similar phenomena that focus only on certain
parts of the empathic experience, such as the concern for someone’s wellbeing or the
regulation of one’s own emotions (see e.g. Marsh, 2018; Weisz & Zaki, 2018 for recent
reviews). Nevertheless, these terms have often been used interchangeably in the past, or all
subsumed under the umbrella term ‘empathy’ (Batson, 2011). To avoid misconceptions, these
concepts will now each be briefly introduced and reviewed in terms of their connection to
empathy (see also Hartmann, Riitgen, & Lamm, 2021 for a German summary of empathy-
related concepts). (1) In emotional/motor contagion/mimicry, state matching or mirroring, we
experience an automatic triggering of emotions and expressions observed in someone else,
such as an imitation of another’s facial expressions or muscle movements (Nummenmaa et
al., 2008; Preston & de Waal, 2002). This predominantly bottom-up process is often seen as a
precursor to empathy and does not include a cognitive evaluation of the shared affective state.
Prominent examples are contagious panic, stretching or yawning (de Waal & Preston, 2017).
In these examples, the same emotional and/or motor state is shared between two or more
conspecifics, but that state is not or less cognitively processed and classified regarding its
origins. (2) If a specifically negative emotional state one feels in response to another is
isomorphic, but not correctly tagged as originating in the other person, research speaks of
personal distress (Jackson, Brunet, et al., 2006; Lopez-Pérez et al., 2013) which can follow
emotional contagion. In this process, we share the affective state of another person but do not
actively or consciously engage in self-other distinction, which may result in a self-oriented,
aversive emotional response — for example, infants’ distress in response to another infant
crying (Decety & Michalska, 2013). Past research has highlighted the differentiation between

empathizing with a self- vs. other-related focus on the perceived and experienced emotional
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state and these two foci have been related to distinct neural representations in the brain
(Jackson, Brunet, et al., 2006). While the former may more easily result in personal distress,
the latter avoids a merging of self- and other-related representations and can lead to empathy
and prosocial behavior. (3) Sympathy, sympathetic/empathic concern or compassion, in turn,
all describe feeling something else for another person (from the German words “Mitgefiihl”
or “Mitleid”; Preckel et al., 2018; Thirioux et al., 2014). Here, the emotional states between
oneself and others are not isomorphic, but merely overlapping and still distinguishable, for
example, consolation of / feeling sad for someone in distress or feeling excited for someone
happy. (4) Finally, concepts such as theory of mind, mentalizing or perspective taking
(representing another’s mental state without necessarily being emotionally involved oneself;
Happé et al., 2017) and emotion identification (accurately identifying and understanding
another’s emotional state; Coll et al., 2017) describe the top-down processing of others’ states
and cognitive mental state representation. In sum, the above-mentioned concepts are
therefore all related to empathy, but never fulfil all aspects of its initial definition.

Leading empathy definitions in the field balance “the emotional and cognitive sides, and
use empathy as an ‘umbrella’ term for all processes that emerge from the fact that observers
understand others’ states by activating their own personal, neural and mental representations
of that state” (de Waal & Preston, 2017, p. 498). The ‘Russian Doll’ model brought forth by
de Waal and Preston (2017) highlights the many interconnected layers that empathy includes,
and which have been added upon each other over the course of evolution (Preston & de Waal,
2002; but see also Adriaense et al., 2020 for a critical discussion on the model's usefulness in
animal research). In this model, the basic, innermost components of empathy are a) motor
mimicry and emotional contagion, which are not only present in humans but also in many
social, non-human animals such as monkeys, canines, elephants, or birds. The subsequent

layers consist of b) empathic concern and consolation, as well as c) perspective-taking and

14



General Introduction

targeted helping, with each layer being integrated within the former layer(s). Although b) and
¢) require increased abilities for emotion regulation, self-other differentiation, and cognition,
they remain crucially connected to its deepest layer of understanding the most basic coupling
between perceptions and actions. The perception-action-mechanism has also previously been
related to the existence of motor and emotional mirror neurons. Those are hypothesized to be
engaged both during observation of an action/emotion in a conspecific and performing an
action/feeling an emotion oneself (Carrillo et al., 2019; see Gallese & Sinigaglia, 2011;
Lamm & Majdandzi¢, 2015 for reviews), although the underlying mechanism of mirror
neurons is still under debate (Ferrari & Rizzolatti, 2015). Similarly to the above given
definition of empathy by de Vignemont and Singer (2006), this model defines empathy as the
“emotional and mental sensitivity to another’s state, from being affected by and sharing in
this state to assessing the reasons for it and adopting the other’s point of view” (de Waal &
Preston, 2017, p. 498). An alternative ‘combination’ model of empathy by Yamamoto (2017)
contrasts the Russian Doll model by highlighting the independent emergence of three
concepts: (1) matching with others, (2) understanding of others, and (3) prosociality.
Importantly, this model does not link these three phenomena to a sequential increase in
cognitive complexity but decouples them from each other and thus allows for flexible
interactions between them.

Nevertheless, all given definitions and models highlight that both automatic, bottom-up
affect sharing as well as cognitive, top-down processes need to co-occur for us to empathize
properly with the people in our environment. Certain circumstances or observations lead to an
affective state, which is combined with a cognitive state that involves two parties, the self and
someone else, and may lead to a certain behavior, depending on the context (Guthridge &

Giummarra, 2021; but see Heyes, 2018).
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In turn, affect sharing and/or feelings of compassion may primarily affect our own
emotional world but also shape our subsequent behavior towards conspecifics. Prosocial
behavior (sometimes used synonymously with altruism) is defined as any ‘positive’
voluntary behavior that benefits one or more other individuals (e.g. is intended to improve
another’s wellbeing in any way), but comes with a cost to oneself (Cameron et al., 2022; see
Penner et al., 2005; Pfattheicher et al., 2022 for reviews). This cost varies and can be
manifold, ranging from financial investments (Gallo et al., 2018; Van Lange et al., 2010),
putting in actual time or energy to help others (Contreras-Huerta et al., 2020; Lockwood,
Hamonet, et al., 2017) up to extreme cases such as donating a kidney to a stranger (Brethel-
Haurwitz et al., 2018; O’Connell et al., 2019). Pfattheicher et al. (2022) argue for three
different dimensions emergent in past literature that characterize different conceptualizations
of prosocial behavior: a) Our conscious or unconscious intentions and motives (in stark
contrast to the actual outcome of increasing someone’s welfare), b) our weighing of both the
costs and benefits and concurrent focus on the positive outcome of the behavior (for the actor,
recipient or both); and c) the societal context in which the behavior is embedded and that
defines what behaviors are valued as pro- or antisocial. Some theories argue for altruism as a
special case of prosocial behavior where the ultimate goal is increasing someone’s welfare
without thinking of the consequences for oneself — in other words, an abstinence “from
personal profits to benefit the collective” (Pfattheicher et al., 2022, p. 127). In contrast,
prosocial behavior per se may also occur due to egoistic reasons, such as reducing own
distress or benefitting oneself via implicit rules of reciprocity.

Based on this and other models, different directions have been proposed whether and how
empathy influences our social behavior: On the one hand, the literature shows that empathy
can promote prosocial attitudes and behaviors towards conspecifics (Cameron et al., 2022;

Decety et al., 2016; Eisenberg et al., 2011; FeldmanHall et al., 2015; Happ et al., 2015; Miller
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& Eisenberg, 1988). For example, Lockwood et al. (2016) found that highly empathic
individuals displayed increased prosocial learning when obtaining rewards for others, while
Lockwood et al. (2014) showed that both affective and cognitive empathy predicted self-
reported prosocial tendencies. Barraza and Zak (2009) reported that higher levels of empathy
were related to more generous monetary offers toward strangers in the ultimatum game.
Ioumpa et al. (2019) demonstrated that mirror-sensory synesthesia, a group of individuals
who strongly mirror the pain or touch that they observe in other people on their own bodies,
showed stronger responses to positive and negative images, scored higher on trait measures
of empathy, and donated more money. Hein et al. (2011) extended this relationship to more
objective measures, showing that the magnitude of empathy-related vicarious skin
conductance responses (SCR) to others’ pain predicted later costly helping — and this
relationship was more likely with increasing matching between SCRs of first-hand and
empathic responses. These are some of the many studies that evidence the profound
relationship between sharing others’ affective states and subsequent helping behaviors.

On the other hand, other-oriented or socially triggered emotions may lead to a
‘compassion collapse’, withdrawal and distancing (for example to protect oneself against
negative emotions prevalent during personal distress) or even antisocial behaviors such as
aggression (Bloom, 2017; Decety, 2021; Miller & Eisenberg, 1988). For example, Cameron
et al. (2019) reported that participants, when given the choice to empathize or not, show a
robust preference to avoid empathy which was associated to being more effortful and
aversive, as well as less efficacious. Happ et al. (2015) observed that inducing empathy prior
to playing a video game caused differential effects on cognition and behavior depending on
the nature of the video game: While the empathy induction decreased antisocial and increased
prosocial behavior in a prosocial game or when participants played a positive hero character

in an antisocial game, the empathy induction increased antisocial behavior and reduced
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prosocial behavior when playing a mean character in an antisocial game. Aiming to explain
discrepancies in the literature about the how empathy influences prosocial behavior,
FeldmanHall et al. (2015) found that trait empathic concern, but not trait personal distress,
motivates costly altruism, and this relationship was supported by activity in brain regions
crucial for promoting affiliative behaviors, such as the ventral tegmental area, caudate and
subgenual anterior cingulate cortex (ACC).

These studies highlight that perceiving other’s emotions may lead to different behaviors in
the observer, depending on how the incoming emotions are regulated and integrated and what
effects they have (e.g., leading to empathic concern vs. personal distress). They also stress the
importance of the context or specific situation a person is embedded and prompted to
empathize in. Thus, empathy and subsequent social behaviors, be they pro- or antisocial and
benefit oneself, another person, or both parties, are closely interconnected and depend on a
multitude of factors such as, for example, familiarity (Beckes et al., 2013; Meyer et al.,
2013), similarity (Komeda et al., 2015), belief in altruistic motives (Carlson & Zaki, 2019),
personality traits (Schaefer et al., 2021; Van Lange et al., 2010) and group membership (Hein
et al., 2010). Past research underlines the notion that how we share the emotions of other

individuals may crucially influence when and how we act towards them, and vice versa.

2.2 Pain as a model to study empathy and prosociality

Empathy has been investigated for positive emotions (Mischkowski et al., 2019; Morelli et
al., 2015), negative emotions (Bass et al., 2014; Carlyle et al., 2019; Meyer et al., 2013;
Novembre et al., 2015; Timmers et al., 2018) as well as a combination of both (Andreychik,
2019; Balconi & Bortolotti, 2012; Kanel et al., 2019; Kornelsen et al., 2019; Lamm et al.,
2015). Most of the social neuroscience literature has utilized somatic, i.e., physical, pain as a
model to investigate empathy, for several reasons: First, pain can be easily and robustly

induced in psychological experiments, making it a convenient and useful way to investigate
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empathic responses to emotions of conspecifics (Flasbeck & Briine, 2017; Jauniaux et al.,
2019; Lamm et al., 2011; Timmers et al., 2018; Xiong et al., 2019). Second, it has been
proposed that emotions in general, but specifically the intuitively relevant emotional
contagion of pain or distress, can be a strong factor motivating prosocial behavior (de Waal &
Preston, 2017). Third, there is already ample evidence regarding the neural networks
involved in first-hand pain processing (Bernhardt & Singer, 2012; Tracey & Mantyh, 2007),
which serves as a useful basis to study empathy.

Regarding pain processing, two brain networks and their respective associations with
certain aspects of pain processing are of crucial importance (Zaki et al., 2016): On the one
hand, the primary and secondary somatosensory cortices (S1/S2) encode information related
to sensory-discriminative features of pain (Keysers et al., 2010; Vierck et al., 2013). Those
features are physical characteristics of the painful experience, such as the location (the right
hand or the left leg), timing (a few seconds to minutes), or intensity (sharp and stabbing vs.
dull and aching). On the other hand, activation in anterior mid-cingulate cortex (aMCC) and
anterior insula (Al) has been linked to affective-motivational aspects of pain, such as its
unpleasantness and the intention to withdraw from it (Lockwood, 2016; Singer et al., 2004).
While the sensory-discriminative component is usually more lateralized and represented
contralateral to the location of an applied stimulus (especially S1, but also S2; Bingel et al.,
2004; Haggard et al., 2013; Ogino et al., 2005; Omori et al., 2013; Ritter et al., 2014), this has
been found to a lesser degree for the affective-motivational component, which is more often
independent of stimulus location (e.g. Al; Lamm et al., 2011; Riitgen, Seidel, Silani, et al.,
2015). This evidence underlines that both components each play their separate roles but also
work together to create a unique multidimensional pain experience. This leads to strong
interindividual differences (Khan & Stroman, 2015; Tu et al., 2019), whereby previous

experiences and expectations (Atlas & Wager, 2012, 2013; Petrovic et al., 2005; Price et al.,
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1999) as well as certain brain and personality factors (Koban et al., 2013; Shi et al., 2020)
contribute to our subjective pain perception. These factors determine, for example, whether
we expect a stimulus to be more or less painful after a certain treatment, even if that treatment
was inert. Importantly, our beliefs and expectations about pain as well as its subsequent
evaluation have a strong influence on how we perceive pain in others (Ren et al., 2020).

In research, two experimental tasks have been primarily used to operationalize pain
empathy. On the one hand, cue-based tasks focus on the abstract representation of others’
pain. In these tasks, participants either receive electrical or thermal stimulation themselves, or
they observe another participant receiving such stimulation. Colored symbols, distinguishing
stimuli of different pain intensities, are used as cues to anticipate and judge the emotional
state of the other person. Importantly, cue-based tasks often allow for a direct comparison of
first-hand and empathy for pain. On the other hand, picture-based tasks focus on drawing the
attention of participants more specifically to the location and type of pain by showing
pictures or videos of painful experiences. Such visual stimuli can range from displaying body
parts in everyday painful situations (such as a foot being jammed in a car door, getting a
needle shot in the hand or hitting one’s finger with a hammer) to short video clips of people
getting hurt (such as sport injuries, getting painful electrical shocks on the hand or receiving
loud noise blasts over earphones). Picture-based tasks do not employ a first-hand pain
condition but focus on the empathic experience alone.

In both tasks, participants traditionally supply subjective pain empathy ratings using Likert
scales on two dimensions of empathy that are reflected in its definitions given in Chapter 2.1
(Lamm & Majdandzi¢, 2015): (1) The other-centered cognitive-evaluative aspect of empathy,
in other words, understanding the pain of the other person, is measured by asking participants
to evaluate how much pain the other person felt. (2) The more self-centered affect-sharing

aspect of empathy is measured by asking participants to rate their own degree of
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unpleasantness when witnessing the other person’s pain experience. As made clear by the
above description, cue- and picture-based experimental paradigms differ in many aspects, for
example in their explicitness of the stimuli as well as the type and focus on the exact location
of the administered pain. Importantly, research has shown that both tasks engage common,
but also distinct neural signatures of the brain’s ‘pain empathy network’: In a meta-analysis,
Lamm et al. (2011) reported a core network of empathy for pain in bilateral AI, aMCC and
posterior ACC, irrespective of how empathy had been induced. However, picture-based
paradigms recruited more areas underpinning action understanding such as inferior parietal
and ventral premotor cortices, while cue-based tasks primarily engaged areas associated with
inferring and representing mental states of self and other, e.g., precuneus, ventral medial
prefrontal cortex, superior temporal cortex, and the temporo-parietal junction. Furthermore,
only picture-based tasks engaged the sensory-discriminative component of pain processing
(S1 and S2). Such task differences show that the choice for a certain experimental paradigm

is crucial when investigating certain aspects of pain empathy.

2.3 Shared representations between first-hand and empathy for pain

Recent years have brought considerable advances in understanding the neural mechanisms
of empathy in the domain of pain (Lamm et al., 2019; Shamay-Tsoory, 2011; Shamay-Tsoory
& Lamm, 2018; Singer et al., 2004), but also in other domains such as touch (Bufalari &
Ionta, 2013; Lamm et al., 2015), disgust (Corradi-Dell’ Acqua et al., 2016; Wicker et al.,
2003) or positive empathy more generally (Morelli et al., 2015). Social neuroscience research
has related distinct brain correlates to affective vs. cognitive processes, as well as
distinguishing generalized affective vs. localized sensory aspects of the empathic experience
(Keysers et al., 2010). A multitude of studies have demonstrated that receiving pain yourself
and empathizing with the pain of others recruit overlapping activation in both affective-

motivational and sensory-discriminative networks (Grice-Jackson et al., 2017ab; Lamm et al.,
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2011; Ochsner et al., 2008; Singer et al., 2004; Zaki et al., 2016). A seminal study by Singer
et al. (2004) first reported such an activity overlap in the affective-motivational network:
Bilateral Al, rostral ACC, brainstem, and cerebellum were activated both when participants
received electrical pain themselves and when observing a loved one experiencing the same
pain. Al and ACC activation further positively correlated with individual empathy scores. On
the other hand, activity in the posterior insula, S2, sensorimotor cortices and the caudal ACC
was found to be activated only for first-hand pain. This evidence has been taken to suggest
that shared neural representations may underlie the experiences of self-experienced emotions
and empathy for those emotions. In other words, we may use partly the same mental
functions and neural networks to understand the emotions of other people, as if we were
experiencing those emotions ourselves (Bastiaansen et al., 2009). This is connected to the
previously mentioned perception—action model, whereby individuals understand and sense
others’ emotions through mapping others’ states onto their own individual representations for
experiencing those states. Evidence for shared representations has been demonstrated for a
multitude of emotions, ranging from happiness, fear, disgust, sadness to anger, but most of
all, for pain and distress (for a review see Zaki et al., 2016).

The domain-generality vs. specificity of shared representations has been widely debated
and sparked more sensitive approaches targeting multivariate brain pattern and
representational similarity approaches (Chang et al., 2015; Krishnan et al., 2016; Lopez-Sola
et al., 2017; Zhou, Li, Zhao, Xu, Zheng, Fu, Yao, et al., 2020b). While some studies suggest
that this self-other overlap for pain exists only for the affective-motivational component
(Jackson, Brunet, et al., 2006; Singer et al., 2004), initial efforts have been made to elucidate
and further explain the specific role of the sensory-discriminative component (Bufalari et al.,
2007; see Keysers et al., 2010; Rie¢ansky & Lamm, 2019; Zaki et al., 2016 for reviews).

However, previous research mainly used correlational methods such as functional magnetic
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resonance imaging (fMRI) and/or electroencephalography (EEG) and can therefore only
answer questions regarding the non-directional association between feeling pain oneself or
observation of pain in someone else, and co-occurring brain activity in certain regions during
situations of pain anticipation or perception. Studies are now elucidate what exactly
constitutes this ‘overlap’, i.e., whether and how we can infer the existence and exact nature of
shared representations from the existence of shared activations (Chang et al., 2015; Krishnan
et al., 2016; Zhou, Li, Zhao, Xu, Zheng, Fu, Yao, et al., 2020b). Still, more specific evidence
and particularly insights allowing for causal conclusions are needed to answer the question of
how neuroscientific concepts and measures — such as brain activation measured by
neuroimaging — are related to representations, concepts of a rather psychological-cognitive

nature.

2.4 Causally studying shared representations using placebo analgesia

In this context, causal experimental methods such as psychopharmacological
manipulations may shed more light on empathy for pain, prosocial behavior, and their
connections to our own pain processing system. One line of research used the phenomenon of
placebo analgesia (Riitgen, Seidel, RieCansky, et al., 2015; Riitgen, Seidel, Silani, et al.,
2015; Riitgen et al., 2018, 2021) to study the existence of shared representations between
first-hand and empathy for pain. Placebo analgesia is a manipulation that enables to
experimentally reduce the first-hand experience of pain (i.e., analgesia, sometimes also
termed hypoalgesia) through administration of a placebo treatment with no active
pharmacological compound, such as a pill or gel (Biichel et al., 2014; Colloca et al., 2013;
Price et al., 1999; Wiech, 2016; Zunhammer et al., 2021 for a meta-analysis). In medicine,
the placebo response can be characterized as the positive “health outcomes in response to an
inert treatment” (Atlas, 2021, p. 2). The placebo effect, in contrast, “refers to a positive

treatment outcome that is attributable to the psychosocial context surrounding treatment,
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rather than to the pharmacological or biological properties of the treatment itself” (Atlas,
2021, p. 1). Placebo response and placebo effect therefore differ in whether the administered
treatment has no active or an active treatment component, respectively, although the two
concepts are sometimes also used interchangeably when referring to positive outcomes
related to inert treatments (e.g., Geuter et al., 2013; Yan et al., 2018; Zunhammer et al.,
2018). Expectations and anticipated effects regarding a certain treatment, for example to
alleviate negative symptoms such as pain, are driven by instructed knowledge via verbal
suggestions by medical professionals or experts, associative self-related or observational
learning, and the psychosocial context in which they are induced. Regarding learning,
experimental research typically employs a classical conditioning procedure where
participants are given a direct experience of pain that suggests relief, for example by directly
comparing it to pain felt before a treatment. Any reduction in subjective pain intensity
because of expectations, affect, and the social context surrounding the treatment compared to
before calibrated pain stimuli is then classified as the placebo response.

Interestingly, placebo analgesia has been shown to reliably engage the endogenous opioid
system by mimicking effects of pharmacological opioid analgesics (Atlas, 2021). This
connection has been demonstrated by previous studies reporting p-opioid receptor (MOR)
binding under placebo analgesia (Benedetti et al., 1999; Petrovic et al., 2002; Wager et al.,
2007; Zubieta et al., 2005; Zubieta & Stohler, 2009) as well as blocking of placebo effects
through opioid antagonists such as naloxone or naltrexone (Benedetti & Amanzio, 1997,
King et al., 2013; Perez-Reyes & Wall, 1981). Furthermore, placebo analgesia reduces
subjective behavioral responses to first-hand pain and modulates pain-related brain markers,
specifically in areas with a high MOR density such as dorsolateral prefrontal cortex, rostral
ACC and periaqueductal gray (Amanzio et al., 2013; Atlas, 2021; Eippert et al., 2009; Kong

et al., 2007; Sharvit et al., 2019; Vase & Wartolowska, 2019; Zunhammer et al., 2018). The
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opioid system, in turn, also more generally plays a role in emotions and affective processes
(Kimmey et al., 2020; Nummenmaa & Tuominen, 2017; Zubieta & Stohler, 2009; but see
Werner et al., 2015).

Based on this evidence, Riitgen and colleagues argued that if the shared representations
accounts holds and empathy for pain is indeed directly grounded in the neural processes
underlying the experience of first-hand pain, then inducing placebo analgesia should not only
reduce first-hand pain but also lead to a reduction of empathy for pain. Furthermore, these
joint reductions should be accompanied by activation changes in shared neural networks in
the brain. In a series of experiments, the authors could confirm this hypothesis and provided
first evidence for the phenomenon of placebo empathy analgesia (Riitgen, Seidel, Riecansky,
et al., 2015; Riitgen, Seidel, Silani, et al., 2015; Riitgen et al., 2018, 2021). Participants in
which placebo analgesia had been induced not only reported reduced first-hand pain, but also
reduced empathy. Moreover, when compared to a control group with unaltered pain
sensitivity, participants under placebo analgesia exhibited diminished activation in brain
areas coding for the affective-motivational component of pain (aMCC and Al), as well as
reduced amplitudes of P2, an affective pain-related event-related potential (ERP) component.
Furthermore, to demonstrate that the found effects were grounded in similar
neuropharmacological mechanisms (Benedetti et al., 2005), follow-up experiments targeted
the body’s endogenous opioid system because it plays an essential role in pain regulation,
including placebo analgesia (King et al., 2013). These experiments revealed that
administration of the opioid antagonist naltrexone blocked the effects of placebo analgesia on
empathy, thus leading to a ‘normalization’ of pain empathy back to levels observed without
placebo analgesia (Riitgen, Seidel, Silani, et al., 2015; Riitgen et al., 2018, 2021). Taken
together, this series of experiments provided important multi-method and direct replication

evidence that empathy for pain is grounded in similar neural and even neuro-chemical
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(opioidergic) processes as first-hand pain. Other studies have since conceptually replicated
this finding also using placebo analgesia (Vecchio & De Pascalis, 2021; Zhao et al., 2020) or
the non-opioidergic, over-the-counter painkiller paracetamol (Mischkowski et al., 2016,

2019; but see Cankaya et al., 2020).

2.5 Limitations of past studies and research objectives

Notwithstanding the importance of previous findings, I argue here that several limitations
need to be addressed before more definite conclusions can be drawn regarding shared
representations between first-hand and empathy for pain, as well as regarding the importance
of these representations for prosocial behavior. These limitations relate to the specificity of
how placebo analgesia exerts its effects on empathy for pain and prosocial behavior, and lead
to the two main research questions of this dissertation.

First, previous studies could not resolve the ongoing debate about the differential
involvement of somatosensory vs. affective aspects of pain processing during empathy
(Lamm, Nusbaum, et al., 2007; Loggia et al., 2008; Singer et al., 2004). Previous placebo
empathy analgesia studies did not report any variation of somatosensory activation during
pain empathy, but only demonstrated activation changes in the affective-motivational
component of pain as a result of the placebo analgesia induction (Riitgen, Seidel, RieCansky,
et al., 2015; Riitgen, Seidel, Silani, et al., 2015). However, placebo analgesia typically
influences both affective and somatosensory components in first-hand pain (Benedetti et al.,
2005; Wager & Atlas, 2015). This mismatch could be explained by one of two options: On
the one hand, the specifics of the experimental design used in past studies was not ideally
suited to observe engagement of somatosensory cortices, which might have led to reduced
sensitivity in detecting modulation of this component (Keysers et al., 2010). On the other
hand, empathizing with another person’s pain could in fact involve mainly affective-

motivational aspects of pain, which would speak for a lesser role of the sensory-
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discriminative component in empathic processes. In other words, it is still unclear whether
first-hand affective and somatosensory pain processing networks contribute equally to
sharing of another’s pain or whether we focus on mainly sharing the affective qualities of
another’s pain experience. In fact, per definition empathy does not require any openly visible,
outward signs, as shared neural representations do not necessarily need to produce
downstream bodily responses (de Waal & Preston, 2017). As outlined above, the two
experimental tasks primarily used to operationalize empathy for pain have been shown to
engage the brain in different ways (Lamm et al., 2011; Timmers et al., 2018; Xiang et al.,
2018). Past studies suggest that picture-based paradigms focusing the attention of the
participants on the location of the pain, i.e. the specific body part, are required to observe
modulation of somatosensory areas (Keysers et al., 2010). The sensory-discriminative
component might thus be involved only or more strongly in situations when empathy is
elicited by strong visual cues including explicit (painful) manipulation of a limb (Lamm et
al., 2011). The first objective of this thesis was therefore to gauge the specific contribution of
one’s own somatosensory pain experiences to pain empathy. In this regard, Studies 1 and 2
used fMRI and a cue- or picture-based empathy for pain task, respectively, to resolve the
question whether the previous findings on placebo empathy analgesia might be explained by
the way empathy for pain was elicited and operationalized.

Second, while previous research consistently demonstrated the down-regulating effects of
placebo analgesia and thus the importance of one’s own pain processing for our emotional
resonance to others’ pain, evidence for how such manipulations affect our social behavior has
yet to be demonstrated. Investigating the reach of shared representations is especially crucial
as both empathy and prosocial behavior are not only key drivers of group bonding and social
cohesion, but also play a pivotal role for individual and societal wellbeing. Specifying how

our own pain perception contributes to our social motivation and behavior would provide an
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important piece of knowledge to understanding how individuals under the influence of
analgesic medication or with different pain conditions navigate social situations. The second
objective of this thesis and of Study 3 was thus to examine whether the downregulating effect
that placebo analgesia has on first-hand and empathy for pain reaches beyond influencing

emotional perception up to changing our prosocial behavior.

2.6 Overview of the thesis chapters

The present, paper-based dissertation thus adopts a multi-method, social neuroscience
approach to advance our existing insights into the behavioral and neural underpinnings of
first-hand pain, empathy for pain, and prosocial behavior, specifically on the connection
between these three concepts. Using placebo analgesia as the main method, the thesis
clarifies the role of somatosensory vs. affective shared representations and sheds light on the
role of our own pain processing system for empathy and prosocial decision-making in three
empirical studies, one submitted (Hartmann et al., 2022) and two already published in peer-
reviewed journals (Hartmann, Riva, et al., 2021; Hartmann, Riitgen, Riva, et al., 2021).

Chapter 1 lists the output associated with this dissertation, while Chapter 2 gives a
theoretical introduction into the basic relevant concepts. This is followed by two empirical
chapters: In Chapter 4 encompassing Studies 1 and 2, the existence of somatosensory shared
representations in empathy for pain were causally investigated using fMRI and a localized
placebo analgesia induction via a placebo gel applied to a specific body part. In Study 1,
“Another’s pain in my brain: No evidence that placebo analgesia affects the sensory-
discriminative component in empathy for pain”, a cue-based empathy for pain paradigm was
employed to investigate the role of one’s one pain processing network during empathy for
another person’s pain (Hartmann, Riitgen, Riva, et al., 2021). This paradigm was closely
matched with past research but tackled previous inherent design limitations by focusing the

participants’ attention to the location of pain. More specifically, this study aimed to assess the
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specific role of the sensory-discriminative (compared to the affective-motivational)
component of pain processing. Study 2, “Placebo analgesia does not reduce empathy for
naturalistic depictions of others’ pain in a somatosensory specific way”, again assessed the
effects of spatially specific placebo analgesia on pain empathy, but this time using a picture-
based empathy for pain task collected in the same sample as the one in Study 1 (Hartmann,
Riva, et al., 2021). There, participants evaluated visual depictions of others’ pain under the
same localized placebo analgesia induction.

Chapter 4 aimed to extend the findings on shared representations towards prosocial
behavior, to gauge the reach of the effects placebo analgesia has on our own and others’ pain
processing. Study 3, “Placebo analgesia reduces costly prosocial helping to lower another’s
pain”, investigated the effects of placebo analgesia on prosocial decision-making (Hartmann
et al., 2022). To this end, we employed a global placebo analgesia induction via a placebo pill
and a binary decision-making task, where people made costly decisions about exerting actual
physical effort to prevent another’s pain.

Finally, the thesis concludes with a general discussion in Chapter 5 that summarizes,
reviews and bridges results and conclusions of all three conducted studies, incorporating
them into the current literature while at the same time discussion strengths and limitations

leading to future perspectives.

2.7 Open Science Statement

This thesis was dedicated to include a multitude of open science practices and thus to
stand as an example of transparently and openly conducted empirical research. As one of the
first lab members at the SCAN-Unit to implement many of these open science practices
directly into their PhD work, pushing for their implementation was a dive into unknown
waters for me, and would not have been possible without the support from my supervisor and

academic environment | was fortunate enough to be in. I hope to show that doing open,
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transparent, and reproducible science is worth the effort and wish to inspire future (early
career and senior) researchers and research groups to do the same. Since the start of my PhD,
many comprehensive primers have been published to encourage and facilitate participation in
the open science movement (Criiwell, Van Doorn, et al., 2019; Kathawalla et al., 2021),
especially for female researchers (Murphy et al., 2020; Pownall et al., 2021).

In line with the suggestion made by Simmons et al. (2012) for openly stating research
transparency, we report how we determined our sample sizes, all data exclusions, all
manipulations, and all measures of each study. All three studies were preregistered on the
Open Science Framework (OSF) prior to data collection (Nosek et al., 2018). This way, we
fixed our aims, hypotheses, procedures, and analyses before the studies were conducted (see
Chapter 1.1 for an overview as well as Chapters 3.1 and 4.1 for the full preregistrations). In
the subsequent published or submitted manuscripts related to these preregistrations, we thus
clearly distinguish confirmatory from exploratory research, and also list all deviations from
the preregistration (Simmons et al., 2011). Study preregistration helps avoid false-positive
results and circumvents questionable research practices such as p-hacking and hypothesizing
after the results are known (HARKing). It also actively combats the file drawer problem
(whereby null or less novel results are often never published but remain hidden in the
scientists’ file drawers; Simonsohn et al., 2014ab) by having a public study plan published
online, independent of later publication.

Furthermore, this thesis includes two openly available neuroimaging datasets.
Unthresholded statistical maps from two fMRI tasks from Chapters 3.2 (Study 1, cue-based,

first-hand and empathy for pain task) and 3.3 (Study 2, picture-based empathy for pain task)

are uploaded and freely available on NeuroVault (Gorgolewski et al., 2015). For Chapter 3.2

(Study 1), we additionally uploaded example stimuli templates of the task in the respective

OSF project. For Chapter 4.2 (Study 3), the OSF project includes all data and code used to

30


https://identifiers.org/neurovault.collection:8750
https://identifiers.org/neurovault.collection:8750
https://identifiers.org/neurovault.collection:9244
https://osf.io/5y34e/
https://osf.io/vcydf/

General Introduction

analyze and plot the results. Finally, to give proper credit where credit is due, precise author
contributions are listed for each manuscript using the Contributor Roles Taxonomy (CRediT)

author statement (see Chapters 3.2.9, 3.3.8, and 4.2.8; Allen et al., 2019; Brand et al., 2015).

2.8 Citation Diversity Statement

The following text is the Citation Diversity Statement recommended by Zurn et al. (2020)
adapted for this thesis. Recent work in several fields of science has identified a bias in
citation practices such that papers from women and other minority scholars are under-cited
relative to the number of such papers in the field (Bertolero et al., 2020; Chatterjee &

Werner, 2021; Dworkin et al., 2020; Fulvio et al., 2021). In accordance with the citation
diversity statement to raise awareness and help mitigate citation bias, this thesis sought to
proactively consider choosing references that reflect the diversity of the field in thought, form
of contribution, gender, race, ethnicity, and other factors. To do so, I first obtained the
predicted gender of the first and last author of each reference by using databases that store the
probability of a first name being carried by a woman (Dworkin et al., 2020; Zhou, Cornblath,
et al., 2020). By this measure (and excluding self-citations to the first and last authors of the
manuscripts included in this thesis), the references of this thesis contain 12.9% woman(first) /
woman(last), 17.95% man / woman, 25.28% woman / man, and 43.87% man / man. This
method is limited in that a) names, pronouns, and social media profiles used to construct the
databases may not, in every case, be indicative of gender identity and b) it cannot account for
intersex, non-binary, or transgender people. Second, I obtained predicted racial/ethnic
category of the first and last author of each reference by databases that store the probability of
a first and last name being carried by an author of color (Ambekar et al., 2009; Sood &
Laohaprapanon, 2018). By this measure (and again excluding self-citations), the references of
this thesis contain 10.14% author of color (first) / author of color(last), 14.73% white author /

author of color, 17.28% author of color / white author, and 57.85% white author / white
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author. This method is limited in that a) names and Florida Voter Data to make the
predictions may not be indicative of racial/ethnic identity, and b) it cannot account for
Indigenous and mixed-race authors, or those who may face differential biases due to the
ambiguous racialization or ethnicization of their names. The GitHub repository to do these

analyses can be found here.
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3 Another’s Pain in my Somatosensory Brain

“It’s the hardest thing in the world to go

’

on being aware of someone else’s pain.’

— Pat Barker —

3.1 Preregistration of Studies 1 and 2

The main preregistration can be found on the Open Science Framework

(https://osf.io/uwzb5), while a brief addendum was uploaded later (https://osf.io/h7v9p).

Study Information
Title

Effects of placebo analgesia on somatosensory responses during first-hand and empathy
for pain.
Research Questions

Previous studies on placebo empathy analgesia (Riitgen, Seidel, Riecansky, et al., 2015;
Riitgen, Seidel, Silani, et al., 2015) did not report any variation of somatosensory activation
in the pain-processing network during empathy for pain, but only showed activation changes
in the network related to the affective-motivational component. This is surprising given that
placebo analgesia generally also affects the sensory-discriminative component of first-hand
pain (Benedetti et al., 2005; Wager & Atlas, 2015). However, this mismatch might have
resulted from the specifics of the experimental paradigm used in past studies, which did not
seem ideally suited to observe activation of somatosensory areas (Keysers et al., 2010). In
fact, it has been suggested that certain types of paradigms showing a specific body part in
pain are required to observe modulation of somatosensory areas. Importantly, previous
research on placebo empathy analgesia did not use such a setup (but used abstract cues and

facial expressions of pain as a more indirect measure).
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Furthermore, placebo empathy analgesia has only been investigated using first-hand
painful and non-painful electrical stimulation and with a paradigm focusing on abstract cues
("cue-based" task). What is not clear yet, is whether also other types of empathic pain can be
modulated by placebo analgesia, e.g. merely seeing pictures of body parts in pain ("picture-
based" tasks, e.g. Jackson et al., 2005) without receiving direct self-pain. Since the effects of
placebo analgesia in a solely picture-based empathy for pain paradigm have never been
assessed, hypotheses based on prior finding are difficult. However, the perception of pain and
the labelling of the experience as such does not necessarily require a first-hand somatic
experience. Moreover, the definition of pain as an "unpleasant sensory and emotional
experience associated with actual or potential tissue damage or described in terms of such
damage" (Loeser & Treede, 2008, p. 475) also includes seeing other people in pain.

Therefore, the main objective of the present project is to implement two more tailored
paradigms in combination with a placebo analgesia induction and functional Magnetic
Resonance Imaging (fMRI) in order to investigate the following two major research
questions:

1) Does placebo empathy analgesia specifically modulate only the affective-motivational
component of pain processing, or also the sensory-discriminative component?

2) Does placebo analgesia also result in reduced empathy for pain when picture-based
methods are used?

Hypotheses

1) The somatosensory component of the empathic reaction to pain is modulated in a
similar fashion by placebo analgesia as the affective component, but only if the
attention of participants is explicitly directed to the specific body part in pain. To this
end, a new experimental paradigm will be used in which placebo analgesia is induced

only for one of the two hands (placebo hand), while no analgesia is induced in the
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other (control hand). We predict reductions in empathy in the pain and unpleasantness
ratings as well as in both pain matrix components. These reductions will be restricted
to the hand in which placebo analgesia was induced (in comparison to the control
hand).

2) The behavioral and neural responses of the participants to pictures of hands in pain
(picture-based task) will be modulated in a similar fashion by placebo analgesia as in
the cue-based task using direct electrical stimulation, i.e., a first-hand somatic
experience of pain. Again, we predict (behavioral and neural) reductions in empathy
in the pain and unpleasantness ratings that are restricted to the hand in which placebo
analgesia was induced (in comparison to the control hand).

Sampling Plan
Existing Data

Registration prior to creation of data.
Explanation of existing data

No pre-existing data will be used. A pilot study with five subjects will be conducted
before the study starts to confirm the spatially specific placebo analgesia effect and to make
sure that our procedures are efficient. However, this data will not be used for the final
analyses.
Data collection procedures

The experiment will be conducted with a sample of healthy right-handed adults, using
female and male participants aged between 18 and 35 years (as the same age range was used
in previous 'placebo empathy analgesia' studies). Exclusion criteria are a past or present
enrollment in academic studies including psychology, pharmaceutics or (veterinary, dental,
human, etc.) medicine, any neurological or psychiatric diseases, any current medical

conditions regarding the hands or the skin on the hands (e.g. numbness, chronic pain, trauma
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or injuries, or long-term pain therapy), past or present self-injurious behavior, past or present
substance abuse (alcohol or drugs), the intake of psychopharmacological medication (besides
oral contraceptives) within the last three months, left-handedness or no handedness
preference (operationalized by a laterality quotient of 71 or lower, as suggested by Tran et al.,
2014; the laterality quotient is calculated by the 10 best handedness items of the LPI by
Coren (1993) and the EHI by Oldfield (1971)), a weakness in distinguishing right from left
(operationalized as answering the question “How often do you mix up left and right in your
daily life (e.g. while making a turn with the car)?”” with either 3 = ‘sometimes’, 4 = ‘often’ or
5 = ‘always’), and the common contraindications for MRI scanning.

Participants will be compensated with 50 Euros for taking part in a pre-testing session and
an fMRI session. Prior to the scanning session, participants will come to the university to fill
out an online survey with several questionnaires and pictures of their hands will be taken as
stimuli for the cue-based task in the fMRI session. In the fMRI session, the first part will be
dedicated to introduction, instructions, calibration of individual pain thresholds, the placebo
manipulation, and a conditioning procedure in regard to the placebo treatment. This will be
followed by the scanning time and the session will end with follow-up questions and
feedback from the participant.

We will recruit subjects by means of advertisements around the universities in Vienna,
popular student locations, on different websites online (Forums, Facebook groups, etc.) and
via an existing database of interested study participants implemented in our department
(https://labs-univie.sona-systems.com).

Sample size

Our target sample size is 41 participants (based on a power analysis described below).

However, to account for the phenomenon of the “winner’s curse” (Button et al., 2013) and

taking into account that the modulation of placebo analgesia might not be equal for

36



Another’s Pain in my Somatosensory Brain

somatosensory compared to previously modulated affective brain regions, a total of 45
participants (22 males) will be included in this study. Additionally, we will test five pilot
subjects with the complete setup prior to starting the study.
Sample size rationale

For this study, precise power calculations were not possible due to the absence of previous
somatosensory modulation by placebo analgesia, only between-subject designs, and thus a
lack of fitting effect size estimates. Therefore, the power calculations (using GPower; Faul et
al., 2007) were based on a conservative average of the lowest effect sizes of previous studies
for self-report and other brain areas (Cohen’s d = .79 to .44 for self-report and .40 to .39 for
affective brain areas; see Riitgen, Seidel, RieCansky, et al., (2015); Riitgen, Seidel, Silani, et
al. (2015)). Our aim was to detect a medium effect size of .40 at the standard .05 alpha error
probability with a power of 1-8 = 0.8.
Stopping rule

Potential dropouts, including placebo analgesia non-responders (estimated at 20-47%
based on previous studies: Riitgen, Seidel, Riecansky, et al., (2015); Riitgen, Seidel, Silani, et
al. (2015); Bingel et al. (2006); Wager et al. (2004)), will be replaced. Data collection will be
terminated when a sample size of 45 participants (excluding pilots) is reached.

Non-responders will be determined by procedures similar to the ones used in Riitgen,
Seidel, Silani, et al. (2015). In short, a combination of three measures will be used: First, we
will record any verbally expressed doubts about the analgesic effects of the gel or pain
medication in general as well as about the study setup after the experiment by means of
feedback questions. If a participant expresses doubts in any of these domains, we will ask
him or her to elaborate these doubts further.

Second, differences of the belief scores about the effectiveness of the placebo gel before

and after the placebo induction procedure as well as at the end of the session will be
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analyzed. Exceptionally low total belief scores and strong decreases between first and second
measure (pre and post placebo induction) will serve as a measure for lack of responding.
Third, we will take the number of placebo conditioning trials into account. If participants
respond with a value greater than 5 on a 9-point rating scale from 0 = ‘not noticeable’ to 8 =
‘extremely painful, but bearable’ to the conditioning stimulus (delivered at a medium
intensity of 4-5), we will deem the conditioning trial as non-successful, wait another 2
minutes for the medication to take effect, and then try again. This will be repeated for a
maximum of four times until participants respond with values of 1-5 to the conditioning
stimulus. If three or more such repetitions are necessary, this will be taken as an indication of
non-responding to the placebo treatment.
Variables
Manipulated variables

For the first research question (differential modulation of the sensory-discriminative vs.
the affective motivational component of pain processing), there are 3 independent variables:
Treatment (2 levels: placebo hand vs. control hand) will be a gel applied to the hands, either
presented as an 'effective and powerful local anesthetic' (placebo) or as an ‘inert basic skin
cream’ (control). In reality, both gels will contain the same basic ingredients of a standard
skin gel with no active components (0.5 g Carbomer, 0.09 g TRIS, 15 g undiluted
Isopropanol, 3 g Glycerol, 10 g Propylenglykol and Aqua pur. ad 100 g). The only difference
is 10 g (out of 100 g gel) more Isopropanol in the placebo gel and 10 g basic skin cream
(‘Ultrasice’) instead of the 10 g Isopropanol for visual and olfactory distinction, but the same
tactile feeling and hydrating properties. Intensity (2 levels: pain vs. no pain) will take the
form of electrical stimulation that the participants have individually classified before in a
calibration procedure as either ‘very painful’ (= pain, a rating value of 7) or ‘noticeable, but

not painful’ (= no pain, a rating value of 1). This electrical stimulation will be delivered to
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each hand separately in different trials. Target of pain (2 levels: self vs. other) will be either
the participant him- or herself, who receives electrical stimulation, or a second participant (in
reality a confederate of the experimenter), allegedly receiving such stimulation.

For the second research question (transfer of the effects of placebo empathy analgesia to a
picture-based empathy for pain task), there are 2 independent variables: Target hand (2
levels: placebo hand vs. control hand) is the hand that has to evaluated and is displayed in the
picture. This hand will be marked with a black arrow (because always both hands are
depicted). Intensity (2 levels: pain vs. no pain) takes the form of a picture where the target
hand (marked with the arrow) is either in pain or not.

Measured variables

The behavioral outcome variables will target two different aspects of empathy: (1) Rating
of the own subjective degree of unpleasantness when seeing another person in pain (‘other
unpleasantness’), tapping into affective sharing and vicarious distress; and (2) rating of the
intensity of the pain felt by the other (‘other pain’) as a more cognitive-evaluative aspect of
empathy and pain felt by oneself (‘self pain’).

These variables will be measured via self-report by asking the participants in the cue-
based task after the stimulus delivery 'How unpleasant did it feel for you when the other
person was stimulated?' (on a 9-point rating scale from 0 = ‘not noticeable’ to 8 = ‘extremely
unpleasant’) as well as '"How painful was this stimulus for the other person?' (on a 9-point
rating scale from 0 = ‘not noticeable’ to 8 = ‘extremely painful’) in the other-trials; and 'How
painful was this stimulus for you?' (on a 9-point rating scale from 0 = ‘not noticeable’ to 8§ =
‘extremely painful’) in the self-trials. For the picture-based task, the participants will answer
only the first two questions relating to the hands of the person in the picture.

Regarding the neuroimaging data, neuronal activity of the whole brain will be measured

with functional magnetic resonance imaging (fMRI) during both tasks. Thus, the measured
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variable is defined as a Blood Oxygen Level Dependent, or BOLD, signal contrast (“fMRI
activation”). This activation will later be analyzed first in specific regions of interest (ROIs):
bilateral somatosensory cortices I and II (SI/SII), anterior and mid cingulate cortices
(ACC/MCC) and bilateral anterior insula (AI); In a second step, activation of the whole brain
will be taken into account to explore other brain regions (see also analysis plan below).
Indices

All trial ratings of one condition (8 trials per condition for the cue-based and 15 for the
pic-based task) will be combined into a mean rating, separately for each of the asked
questions.

Design Plan
Study type

Experiment - A researcher randomly assigns treatments to study subjects, this includes
field or lab experiments. This is also known as an intervention experiment and includes
randomized controlled trials.

Blinding

No blinding is involved in this study.
Study design

The study employs an experimental design.

For the first research question, a within-subject, full-factorial design with 3 factors
(treatment, intensity, target) of 2 levels each will be employed. This results in 8 different
conditions: Control Hand-Self-Pain, Control Hand-Self-No Pain, Placebo Hand-Self-Pain,
Placebo Hand-Self-No Pain, Control Hand-Other-Pain, Control Hand-Other-No Pain,

Placebo Hand-Other-Pain, and Placebo Hand-Other-No Pain.
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For the second research question, a within-subject, full-factorial design with 2 factors
(target hand, intensity) of 2 levels each will be employed, resulting in 4 different conditions:
Placebo Hand-Pain, Placebo Hand-No Pain, Control Hand-Pain, and Control Hand-No Pain.
Randomization

The hand that the participants rate with (left vs. right) during both tasks will be
counterbalanced between but kept constant within participants (over all tasks). However, the
placebo hand (the hand where the placebo gel was applied) and the control hand will be kept
constant between subjects, with the placebo always being applied to the dominant, right hand.
Conditions will be shown in a pseudorandomized order (four condition sequences will be
created manually and alternated over all participants).

Due to time constraints, the electrical stimulation in the cue-based task will be followed by
a rating only in half of all trials. These ‘rating trials’ will also be determined by four manually
created pseudorandom sequences. For the picture-based task, all trials will be followed by a
rating. For all “other” trials, the two rating questions regarding pain and unpleasantness will
be presented in a truly random order for each participant.

Furthermore, the cue-based task will be divided into two runs directly following each
other. The task order during the MRI session will be kept fixed, always beginning with two
runs of the cue-based task, followed by one run of the picture-based task.

Analysis Plan
Statistical models

Regarding the behavioral data, parametric repeated-measures analyses of variance
(ANOVAs) and planned follow-up analyses of the significant interactions will be used to
analyze the results of the first research question (differential modulation of the sensory-
discriminative vs. the affective motivational component of pain processing by placebo

analgesia). In the first ANOVA, the manipulated independent variables are 'treatment’
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(placebo hand vs. control hand), 'intensity' (pain vs. no pain) and 'target' (self vs. other)
whereas the dependent variable is represented by the self- and other-directed pain ratings.
This will be followed by planned direct comparisons of the two hands (placebo hand vs.
control hand) for differences in pain ratings (pain — no pain). A second ANOVA will include
the independent variables 'treatment' and 'intensity’, and the other-directed unpleasantness
ratings as the dependent variable, followed again by planned direct comparisons of the two
hands (placebo hand vs. control hand) for differences in unpleasantness ratings (again for
pain - no pain).

The focus in these two ANOV As will be on significant treatment*intensity interactions (=
indication that placebo analgesia changes the difference between pain and no pain conditions)
and non-significant 3-way interactions between treatment*intensity*target (= no difference in
the placebo effect between first-hand and empathy for pain). Additional within-subjects
correlation analyses of all rating data will also be performed to determine how placebo
analgesia in the domain of self-pain [placebo hand (pain — no pain) vs. control hand (pain —
no pain)] is correlated intra-individually with placebo empathy analgesia [placebo hand (pain
—no pain) vs. control hand (pain — no pain)].

The second research question (transfer of the effects of placebo empathy analgesia to a
picture-based empathy for pain task) will be analyzed by means of parametric two-factorial
(2x2) repeated measures ANOV As, where the independent variables are ‘target hand’
(placebo hand vs. control hand) and 'intensity' (pain vs. no pain), and the dependent variables
are again either the other-pain or other-unpleasantness ratings related to the images. Similar
to the first research question, we will look for significant target hand*intensity interactions,
which would indicate that the activation difference for painful and non-painful pictures

differed between the placebo and the control hand.
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Regarding the imaging data, the analysis plan will consist of three initial manipulation
checks and then the testing of our main research questions. In general, a combination of
“classical” mass-univariate approaches and of multivariate pattern analyses (MVPA) will be
used. For the initial manipulation checks, it will first be ensured that the design activates the
previously found network of areas involved in pain responses (ACC/MCC, Al) as well as
somatosensory areas (SI/SII). This will be tested by checking the contrast [self (pain vs. no
pain)] only in the control hand of the participants. Next, the contrasts [self (placebo hand vs.
control hand)] and [self (control hand vs. placebo hand] will check whether the spatially-
specific placebo analgesia manipulation in the participants’ placebo hand worked. Thirdly, to
check that the design also activates empathic responses (other-condition), a conjunction
analysis between self- and other-directed pain will be performed for the control hand only
with the contrast [(self-directed pain vs. self-directed no pain) vs. (other-directed pain vs.
other-directed no pain)].

The statistical analysis of the first research question will implement a full-factorial model
with the within-subject factors 'treatment' (placebo hand vs. control hand), 'intensity' (pain vs.
no pain) and 'target’ (self vs. other), and the additional factor ‘ROI’, assessing differences in
fMRI activation with the contrast [placebo hand (pain — no pain) vs. control hand (pain — no
pain)] for self- and other-conditions. For the main hypothesis (placebo effects for self and
other), we will use the contrasts [control hand (self-directed pain — self-directed no pain) vs.
placebo hand (self-directed pain — self-directed no pain)] and [control hand (other-directed
pain — other-directed no pain) vs. placebo hand (other-directed pain — other-directed no
pain)]. Again, we will look for a significant treatment*intensity interaction and a non-
significant treatment*intensity*target interaction. This will be ensured first by introducing
‘ROI’ (pooled activation of all ROIs) into the analysis as one single factor, with independent

ROIs determined from recent findings on pain (e.g. Corradi-Dell’Acqua et al., 2011; Lamm
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et al., 2011; Riitgen, Seidel, RieCansky, et al., 2015; Riitgen, Seidel, Silani, et al., 2015). In
addition to previously found areas related to placebo empathy analgesia, the focus will be on
ROIs in the first and secondary somatosensory cortex. In the case of significant effects with
the factor ‘ROI” (pooled activation of all ROIs), we will continue with calculating ANOVAs
for each ROI separately. In a second, more exploratory step, we will also use the fMRI data
of the whole brain to look at other brain areas and brain-behavior relationships outside of our
main hypothesis.

For all behavioral and fMRI analyses, we will additionally compare the estimated effect
sizes via t-tests to check whether the magnitude of the self- and other-directed placebo
analgesia effects differ significantly.

For the second research question, we will implement a full-factorial model with the
within-subject factors ‘target hand' (placebo hand vs. control hand) and 'intensity' (pain vs. no
pain), and again the additional factor ‘ROI’ (using the same procedure as for the first research
question). Here, we will again focus on the interaction target hand*intensity.

The MVPA analyses will follow two main approaches: a) using a “neurological pain
signature” (NPS; Krishnan et al., 2016) related to self-related physical pain, and then test
whether this NPS is also engaged during other-related pain; and b) using a search-light and
cross-validation approach. We expect the MVPA analyses to mirror the results of the
univariate analyses, however, this analysis part will be more exploratory, since this approach
has not been employed yet in previous ‘placebo empathy analgesia’ studies (Riitgen, Seidel,
Riecansky, et al., 2015; Riitgen, Seidel, Silani, et al., 2015).

Transformations

Regarding the neuroimaging data, preprocessing will be carried out with the Statistical

Parametric Mapping software package (SPM12; Wellcome Trust Centre for Neuroimaging,

UCL, London, UK) using standard algorithms and parameters (slice timing correction, VDM
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calculation from field maps, realign & unwarp, coregistration, segmentation, functional and
structural normalization and smoothing). Region of Interest (ROI) analyses will be based on
ROIs from independent datasets (such as the meta-analysis data of Lamm et al. (2011), and
the preceding ‘placebo empathy analgesia’ study by Riitgen, Seidel, Silani, et al., (2015).
Follow-up analyses

Significant interactions, if not sufficiently explained by the analysis plan and in particular
by the planned comparisons, will be followed-up (and corrected for multiple comparisons).
Inference criteria

All analyses will be run one-tailed because of specific a-priori defined, directional
hypotheses. Regarding the behavioral analyses, we will use an alpha level of 0.05 and a 95 %
confidence interval for determining if the statistical tests suggest that the results are
significantly different from those expected if the null hypothesis were correct. Regarding the
analysis of the imaging data, we will use multiple comparison correction using Random
Gaussian Field Theory, as implemented in SPM12.
Data exclusion

In general, outliers (defined as values greater than 3 standard deviations from the mean)
will not be included in the analysis. Participants who delivered ratings in less than 60 % of all
trials in each condition, or whose ratings were erratic/seem random (e.g., inconsistently
reflecting pain vs. no pain conditions) will be excluded. Additional exclusion criteria are
expressed doubts about the setup of the study, low belief scores regarding the effectiveness of
the placebo treatment and strong decreases between the first and second medication
effectiveness measure, as well as three or more needed conditioning repetitions (see above for
a thorough description of placebo non-responder identification).

If subjects show consistent extensive movement during the fMRI scans, and in particular,

if this movement is stimulus-related, they will be excluded from further analysis.
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Missing data

If a subject rated in less than 60% of all trials in at least one of the conditions, that subject
will not be included in the analyses including the affected condition. All other subjects with
missing or incomplete data (e.g., regarding the questionnaires or missing values in single
trials) will not be excluded from the analysis.

Exploratory analysis

We expect that certain demographic or personality traits may be related to first-hand and
empathy for pain on the behavioral and neural level. Therefore, we will look for relationships
between sociodemographic and trait variables (gender, empathy, vicarious pain, first-hand
pain processing, depression, autistic traits, alexithymia) and post-experimental ratings of the
other participant (e.g., similarity, liking, attributed strength, neediness, and agreeableness),
and the primary outcome measures of empathy for pain (pain/unpleasantness ratings and
neural activation).

After the scanning session, we will also assess previous experiences and associations with
medical pain-reducing gels / basic skin creams. Furthermore, we will investigate
Experimenter-Effects (Rosenthal, 1976) by asking about expectations regarding the results at
the end of the session (whether the participants had any expectations or what expectations
he/she thinks the experimenters of the study had).

We will also check whether the ratings regarding the effectiveness of the placebo
treatment pre- and post-conditioning as well as post-session changed significantly.

Finally, we want to explore other analysis methods of the functional imaging data,
especially regarding (1) the temporal dynamics of the BOLD-response, (2) habituation effects
and (3) effective connectivity between different ROIs. Regarding (1), we aim to employ ROI-
based time series analysis and whole-brain GLM by means of a Finite Impulse Response

Model (FIR; Glover, 1999) to account for potential variability in the time course of the
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evoked BOLD response and spontaneous brain network activity (Fox et al., 2006). For (2),
we will compare different time points/events that happen earlier vs. later in the two tasks to
check for significant differences relating to habituation to the task/stimuli. Finally, regarding
(3) we want to conduct Dynamic Causal Modelling (DCM; e.g. Friston et al., 2019) to
investigate effective connectivity with self vs. other and control vs. placebo as modulators.
Summary

Provide a narrative summary of what is contained in this registration, or how it differs from
prior registrations.

This is an addendum to the preregistration of this project, uploaded on August 3rd 2018.
There, we wrote: "Non-responders will be determined by procedures similar to the ones used
in Riitgen, Seidel, Silani, et al. (2015). In short, a combination of three measures will be used:
First, we will record any verbally expressed doubts about the analgesic effects of the gel or
pain medication in general as well as about the study setup after the experiment by means of
feedback questions. If a participant expresses doubts in any of these domains, we will ask
him or her to elaborate these doubts further. Second, differences of the belief scores about the
effectiveness of the placebo gel before and after the placebo induction procedure as well as at
the end of the session will be analyzed. Exceptionally low total belief scores and strong
decreases between first and second measure (pre and post placebo induction) will serve as a
measure for lack of responding. Third, we will take the number of placebo conditioning trials
into account. If participants respond with a value greater than 5 on a 9-point rating scale from
0 = ‘not noticeable’ to 8 = ‘extremely painful, but bearable’ to the conditioning stimulus
(delivered at a medium intensity of 4-5), we will deem the conditioning trial as non-
successful, wait another 2 minutes for the medication to take effect, and then try again. This

will be repeated for a maximum of four times until participants respond with values of 1-5 to
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the conditioning stimulus. If three or more such repetitions are necessary, this will be taken as
an indication of non-responding to the placebo treatment."

In this context, we wish to disclose an additional exclusion criterion regarding non-
responders to the placebo manipulation that we unfortunately omitted to mention in the
original preregistration: As a fourth measure of identifying non-responders, we will use the
actual first-hand pain ratings of the left and right hand. Average ratings (calculated by
subtracting the control stimuli from the pain stimuli values: pain - no pain) of the right hand
(where the placebo gel was applied) that are higher or equal to ratings on the left hand
(control hand) will be deemed as an indicator of non-responding. This additional measure
was not possible in the prior study by Riitgen, Seidel, Silani, et al. (2015) due to a between-
subjects design with a placebo and a control group. In our study, however, each subject's left
hand acts as the subject's own control. We will therefore use the originally preregistered three
measures and the additional fourth measure mentioned here to identify and exclude non-
responders of the placebo manipulation.

The data collection of this project is currently ongoing, and we have not started analyzing
at the data yet. We recently noticed this omission and wanted to disclose it as soon as
possible by adding it to the preregistered plan before beginning with data inspection and

analysis.
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3.2 Study 1: Another’s pain in my brain: No evidence that placebo
analgesia affects the sensory-discriminative component in
empathy for pain

Helena Hartmann?, Markus Riitgen®, Federica Riva?, & Claus Lamm?®"

“Social, Cognitive and Affective Neuroscience Unit, Department of Cognition, Emotion, and
Methods in Psychology, Faculty of Psychology, University of Vienna, Vienna, Austria

* Corresponding author

This study is published in Neurolmage (doi: 10.1016/j.neuroimage.2020.117397).

3.2.1 Highlights

+ Investigated placebo modulation of somatosensory and affective components of pain.
» Localized placebo analgesia effects for self-report and fMRI of first-hand pain.
* No evidence for a transfer of those effects to empathy for pain.

* Suggests that somatosensory sharing does not play a critical role in pain empathy.

3.2.2 Abstract

The shared representations account of empathy suggests that sharing other people’s
emotions relies on neural processes similar to those engaged when directly experiencing such
emotions. Recent research corroborated this by showing that placebo analgesia induced for
first-hand pain resulted in reduced pain empathy and decreased activation in shared neural
networks. However, those studies did not report any placebo-related variation of
somatosensory engagement during pain empathy. The experimental paradigms used in these
studies did not direct attention towards a specific body part in pain, which may explain the
absence of effects for somatosensation. The main objective of this preregistered study was to
implement a paradigm overcoming this limitation, and to investigate whether placebo
analgesia may also modulate the sensory-discriminative component of empathy for pain. We
induced a localized, first-hand placebo analgesia effect in the right hand of 45 participants by

means of a placebo gel and conditioning techniques and compared this to the left hand as a
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control condition. Participants underwent a pain task in the MRI scanner, receiving painful or
non-painful electrical stimulation on their left or right hand, or witnessing another person
receiving such stimulation. In contrast to a robust localized placebo analgesia effect for selt-
experienced pain, the empathy condition showed no differences between the two hands,
neither for behavioral nor neural responses. We thus report no evidence for somatosensory
sharing in empathy, while replicating previous studies showing overlapping brain activity in
the affective-motivational component for first-hand and empathy for pain. Hence, in a more
rigorous test aiming to overcome limitations of previous work, we again find no causal
evidence for the engagement of somatosensory sharing in empathy. Our study refines the
understanding of the neural underpinnings of empathy for pain, and the use of placebo

analgesia in investigating such models.

3.2.3 Introduction

Empathy is a multifaceted psychological construct fundamental for human social
interactions and relationships (e.g. Marsh, 2018 for recent review). While many definitions of
empathy have been proposed, here we define empathy as an affective state isomorphic to the
state of another person, encompassing a partial and experiential sharing of that person’s affect
(Hall & Schwartz, 2019; Lamm et al., 2019 for overviews). Studies in recent years have
already brought considerable advances in our understanding of the neural mechanisms
underlying empathy (de Vignemont & Singer, 2006; Keysers & Gazzola, 2006; Lamm et al.,
2019; Lockwood, 2016; Marsh, 2018; Preston & de Waal, 2002 for reviews; Jauniaux et al.,
2019; Lamm et al., 2011 for meta-analyses). According to one influential account, the shared
representations account, the experience of another individual’s emotion recruits neural
processes that are (partially) functionally equivalent to those engaged during the first-hand
experience of that emotion (Bastiaansen et al., 2009; Lamm et al., 2016; Lamm &

Majdandzi¢, 2015 for reviews). In other words, we reactivate and use our own emotion
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system in order to simulate another’s emotional state and, in turn, are able to empathize
because we share the representation of that emotion. For example, observation of pain in
another individual directly triggers activation of matching neural substrates in the observer
also related to first-hand pain processing through which the pain of the other can be
understood. Yet, apart from some general debate on the validity of this account (Zaki et al.,
2016 for a review; but see also Zhou, Li, Zhao, Xu, Zheng, Fu, Yao, et al., 2020a for a recent
preprint), there exists an explanatory gap regarding the relative contribution of
somatosensory, compared to affective, brain regions to empathy.

Pain is widely used to study the neural underpinnings of empathy (Fan et al., 2011;
Jauniaux et al., 2019; Lamm et al., 2011; Timmers et al., 2018 for meta-analyses). Classical
first-hand pain processing is subdivided into two distinct brain networks, whose related brain
activities map onto the first-hand experience of pain (Osborn & Derbyshire, 2010; Ploner et
al., 2002; Jauniaux et al., 2019 for a meta-analysis; Tracey & Mantyh, 2007; Zaki et al., 2016
for reviews). Primary and secondary somatosensory cortices (S1/S2) encode information
related to sensory-discriminative features of pain, such as location, timing or physical
characteristics (Keysers et al., 2010; Vierck et al., 2013 for reviews). In turn, activity in
anterior/midcingulate cortices (ACC/MCC) and anterior insula (Al) has been associated with
affective-motivational aspects of pain, such as its subjective unpleasantness (Lockwood, 2016
for a review; Singer et al., 2004). While activation associated with the sensory-discriminative
component is usually represented contralateral to the location of an applied stimulus
(especially for S1, but also S2; Bingel et al., 2004; Haggard et al., 2013; Ogino et al., 2005;
Omori et al., 2013; Ritter et al., 2014), this has not been reported for the affective-
motivational component (Lamm et al., 2011 for a meta-analysis). Apart from pain per se,
aMCC or Al are also activated by many other processes, such as conflict monitoring,

executive control or salience processing (Eisenberger, 2015 for a review; Liang et al., 2019).
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There is an ongoing debate about the specificity of those regions that challenges the so called
“pain matrix” and describing regions such as aMCC and Al as being modality-specific to
pain (see also Lieberman & Eisenberger, 2015; Wager et al., 2016 for a critical discussion
around the dorsal ACC/aMCC). In line with this argumentation, activity in this network could
also represent a more basic domain-general mechanism where significant events regardless of
the sensory channel are detected (Borsook et al., 2013; Legrain et al., 2011 for reviews).

In addition, the relative importance of each component, and specifically the contribution
of somatosensory processing to empathic pain experiences, remains controversial. Numerous
fMRI and EEG studies have demonstrated that receiving pain oneself and empathizing with
another person in pain recruit overlapping activation in both of these pain processing
components, providing possible evidence for shared representations (Lamm et al., 2011 for a
meta-analysis; see Singer & Frith, 2005; Singer & Lamm, 2009 for reviews). For example,
many studies continuously observed this overlap in bilateral Al and anterior MCC (aMCC),
speaking for the affective-motivational component as the “core” of pain empathy processing
(e.g. Benuzzi et al., 2018; Corradi-Dell’ Acqua et al., 2011; Jackson et al., 2005; Singer et al.,
2004; see Ding et al., 2019; Jauniaux et al., 2019 for meta-analyses). In addition, others
reported overlapping activation in sensorimotor and somatosensory brain areas, highlighting
the importance of the sensory-discriminative component for empathic pain experiences (e.g.
Avenanti et al., 2005; Bufalari et al., 2007; Gallo et al., 2018; Lamm, Nusbaum et al., 2007;
Motoyama et al., 2017; Nummenmaa et al., 2008; see RieCansky & Lamm, 2019 for a
review). Interestingly, results regarding the latter have only been reported when using
picture-based empathy for pain paradigms, where explicit visual stimuli of others in pain are
used to elicit empathic responses.

To test the role of brain areas underpinning empathic responses more specifically and go

beyond correlational evidence for shared activations, causal methods, such as
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psychopharmacological manipulations, have recently been used (Gallo et al., 2018). Placebo
analgesia has been shown to reliably reduce first-hand pain using global (orally administered
pill) or local (topically applied gel/cream) manipulations with no active pharmacological
compound (Amanzio et al., 2013 for a meta-analysis; Benedetti & Piedimonte, 2019; Colloca
et al., 2013; Wager & Atlas, 2015 for reviews; Corsi & Colloca, 2017). Riitgen, Seidel,
Silani, et al. (2015) argued that if empathy for pain is indeed directly grounded in the
experience of first-hand pain, placebo analgesia should also result in decreased empathy for
pain. In three consecutive studies, they observed reduced self-reported empathy in
participants in whom placebo analgesia had been induced (Riitgen, Seidel, Riecansky, et al.,
2015; Riitgen, Seidel, Silani, et al., 2015; Riitgen et al., 2018). These results were later
replicated by another group of researchers using the painkiller acetaminophen (Mischkowski
et al., 2016). Imaging and EEG data further showed diminished activation during empathic
pain processing in areas coding for the affective-motivational component (Riitgen, Seidel,
Silani, et al., 2015) as well as reduced amplitudes of P2, an event-related potential (ERP)
component (Riitgen, Seidel, Riecansky, et al., 2015; Riitgen et al., 2018). This component
indexes neural computations related to the affective pain processing network and possibly
also to somatosensory processing, as indicated by source localization studies (Cruccu et al.,
2008; Perchet et al., 2012).

While these results suggest that empathy for pain is grounded in similar neural processes
as first-hand pain (but see Lamm et al., 2019 and Zaki et al., 2016 for critical discussions),
they also indicate that this neural sharing might only be partial and limited to a sharing of
affective processes and representations. This brings back to the fore the unresolved issue
about the role of the sensory-discriminative component in pain empathy (Fabi & Leuthold,
2017; Lamm, Nusbaum, et al., 2007; Loggia et al., 2008; RieCansky & Lamm, 2019 for a

review; Singer et al., 2004). One line of research investigating patients with congenital
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insensitivity to pain (CIP) who display an impairment in their own somatosensory processing
showed that these patients exhibit comparable dispositional empathy, activate affective brain
areas such as aMCC and Al in response to other’s pain, and do not differ from control
participants without CIP in those responses (Danziger et al., 2006, 2009). This has been
found using again picture-based paradigms and suggests that somatosensory “mirror
matching” of the other’s with one’s own state might not be necessary for those patients in
order to empathize. However, those studies also found more variable and lower pain intensity
ratings to pictures of others in pain compared to controls, suggesting that patients with CIP
might underestimate other’s pain.

The previous studies from our lab also did not report any variation in somatosensory
activation by placebo analgesia, even when lowering statistical thresholds (Riitgen, Seidel,
Riecansky, et al., 2015; Riitgen, Seidel, Silani, et al., 2015). This is surprising, given that
placebo analgesia generally affects both components in first-hand pain (Benedetti et al., 2005;
Wager & Atlas, 2015 for reviews). However, the experimental paradigm used in these studies
may not have been tailored to provoke the engagement of somatosensory processes in the
empathic experience, making their potential modulation by placebo induction difficult to
discern (Keysers et al., 2010; Lamm et al., 2011). In fact, it has been suggested that picture-
based empathy for pain paradigms directing the (visual and principal) attention of
participants to the specific body part in pain, might be required to observe activation in
somatosensory areas (e.g. visual input of a needle penetrating the hand; Timmers et al., 2018;
Xiang et al., 2018 for overviews). Previous studies, however, employed a cue-based task,
where facial expressions and abstract cues (Riitgen, Seidel, Silani, et al., 2015) or only
abstract cues (Riitgen, Seidel, Riecansky, et al., 2015; Riitgen et al., 2018) indicated electrical
stimulation given to the participants themselves or a second person. It has also been shown

that the type of stimuli and the context are a strong driver of brain activation (Gu & Han,
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2007; Han et al., 2009). Thus, the task may not have been sufficiently sensitive to detect
somatosensory modulation.

In this preregistered study, we therefore aimed to a) replicate the results of our previous
study regarding shared representations in the affective domain (Riitgen, Seidel, Silani, et al.,
2015), and b) clarify the contribution of somatosensory processing in empathy for pain using
an experimental paradigm allowing us to overcome the potential limitations of our previous
research. To this end, we combined a causal experimental manipulation, consisting of a
localized induction of placebo analgesia, with a paradigm putting a stronger emphasis on
somatosensory aspects of the (empathic) pain experience than previous paradigms. More
precisely, placebo analgesia was induced for one hand only, and participants’ attention was
more specifically directed to the targeted hand than in previous tasks using more abstract
cues, rather than the visual depictions of the hands and the instruction to infer the other’s
experience from those depictions used here. In other words, we specifically optimized the
study design in a way to maximize sensitivity for a potential placebo-driven modulation of
somatosensory brain activity.

This motivated the following preregistered, directional hypotheses: First, we predicted
reductions in first-hand and empathy for pain as well as unpleasantness ratings for the right
hand, where placebo analgesia was induced, compared to the left hand acting as a control.
Second, we hypothesized that the sensory-discriminative component of pain empathy would
be modulated in a similar fashion by placebo analgesia as the affective-motivational
component — i.e., that neural responses related to the right hand would be reduced in S1 and
S2 compared to the left hand — and that this would trigger correspondingly reduced neural

responses in bilateral Al and aMCC.
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3.2.4 Materials and Methods
Data and Code Availability Statement

The data was newly acquired for the present study. Unthresholded statistical maps will be
made available via an online repository upon acceptance and stimuli templates for the pain
task are uploaded within the Open Science Framework (OSF) project (osf.io/2q3zw/).
Preregistration

We report how we determined our sample size, all data exclusions, all manipulations, and
all measures in the study. This study was preregistered on the OSF prior to any creation of
data (Hartmann et al., 2018; preregistration: osf.io/uwzb5; addendum: osf.io/h7v9p) and was
designed to extend and specify the results of Riitgen, Seidel, Silani, et al. (2015) in regard to
somatosensory sharing. Methods reported below are therefore reproduced partly verbatim
from the preregistration. Note that the preregistered plan contains a second research question
that is not part of the present paper but will be reported elsewhere. In the following methods
and results, we clearly distinguish preregistered procedures and analyses from those added
post hoc.

Participants

Participants were recruited by means of flyers and online advertising in Vienna, Austria
and via an existing database of study participants. Upon interest, they were screened by
means of an online questionnaire (see A.1 in Supplement A for detailed information
regarding exclusions). An a priori power analysis using G*Power 3 (Faul et al., 2007) was
conducted using a conservative average of the lowest effect sizes from previous placebo
empathy analgesia studies (one-tailed paired #-test, Cohen’s d = .79 to .44 for self-report and
40 to .39 for affective brain areas; Riitgen, Seidel, Riecansky, et al., 2015; Riitgen, Seidel,
Silani, et al., 2015) to calculate the needed sample size to detect a medium effect size of d =

40 at a standard error probability of a = .05 with a power of 1-8 = 0.8. This yielded a sample
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size of 41 participants. However, considering that the modulation of placebo analgesia might
not be equal for somatosensory compared to previously reported affective brain regions, a
total of 45 placebo responders was set as the stopping-rule. The exclusion of nonresponders
in regard to the placebo manipulation was crucial to obtain a sample of participants showing
a robust localized, first-hand placebo analgesia effect, in order to investigate a transfer of this
effect to empathy. We originally included three measures to identify nonresponders in our
preregistration, as per the criteria in Riitgen, Seidel, Silani, et al. (2015) who used a similar
placebo analgesia induction and a cue-based task: a) Doubts about the study setup, b) low
beliefs regarding the effectiveness of the “medication”, and c¢) too many unsuccessful
conditioning trials (for a thorough description of the non-responder criteria, see supplement
A.2). During data collection, we uploaded an addendum to include a fourth measure we had
previously overlooked, the direct comparison of self-related pain ratings of the right and left
hand. This measure was not possible in the previous study we oriented our procedures on but
was added due to our within-subjects design in order to better identify nonresponders,
maximize the placebo responsiveness of the final sample and bolster the interpretability of
our results. We had not observed or analysed any of the collected data when preregistering
this addendum. Importantly, this was also the criterion that identified almost all of the
nonresponders. We excluded 20 participants (25.6%) for not responding to the placebo
manipulation (according to a-priori criteria set above), seven due to technical malfunctioning
of the pain stimulator, five for inconsistent ratings (e.g., similar ratings for painful and non-
painful conditions independent from the placebo manipulation) and/or extensive movement
and one due to a spontaneously found abnormality in the brain, adding up to a total of 78
recruited participants.

Our final sample included 22 males and 23 females (Age: M = SD = 23.84 + 2.73 years,

range = 19-32; all right-handed with laterality quotients (LQs) > 80 and normal or corrected-
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to-normal vision). We purposefully recruited only strongly right-handed participants and did
not counterbalance the location where placebo analgesia was induced between participants to
avoid laterality problems in our fMRI analyses, as well as to increase sample homogeneity
and comparability of the induction procedure. Participants had mean trait empathy scores as
measured with the four subscales of the Interpersonal Reactivity Index (IRI; Davis, 1980) that
were within the typical range reported by Davis (1980).

Before the commencement of the study, five pilot participants were tested to confirm the
existence of a localized, first-hand placebo analgesia effect and improve study procedures,
but these datasets were not included in the final sample. All participants gave written consent
at the outset of each session. The study was approved by the ethics committee of the Medical
University of Vienna (EK-Nr. 661/2011) and performed in line with the latest revision of the
Declaration of Helsinki (World Medical Association, 2013).

Procedure

The study consisted of two parts: First, participants came alone for a one-hour session to
the lab, where they filled out questionnaires on a computer, and had photos of their hands
taken that were used as individualized stimulus material for the scanning session. After an
average interval of 32.86 = 29.16 (M + SD) days, participants came to the MRI scanner where
they took part in the main experiment. Each one arrived together with a second person (who
was a female confederate of similar age invited by the experimenters acting as a second
participant, as per Riitgen, Seidel, Silani, et al., 2015). The experimenter explained to both
that the goal of the study was to investigate brain activity associated with a local anesthetic in
the form of a medical gel. Furthermore, it was made clear that only one person, i.e., the
participant, would receive this medication on the right hand and complete the tasks inside the
scanner, while the confederate would not receive any medication and complete the same tasks

on a computer next to the scanner. We took great care in creating a social situation in order to
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foster a friendly environment where it was easy to empathize. This was done by a) having a
confederate present, b) letting participant and confederate interact at multiple time points
during the session and complete the tasks together in the same room, c) always addressing
both participants over the intercom when talking to them in between tasks, and d) telling the
participants that their answers would be completely confidential.

After signing the consent form and the MR-safety questionnaire, the confederate was
asked to wait outside the control room while an individual psychophysical pain calibration
was performed with the participant. This was done to determine the maximum level of
tolerable pain and to specify average subjective values for very painful (rating of 7 on a scale
from 0 = not painful to 8 = extremely painful), medium painful (rating of 4) and not painful,
but perceivable (rating of 1) stimulation. As pain tolerances can vary depending on the body
part and handedness (Murray & Safferstone, 1970; Pud et al., 2009), we calibrated each hand
individually to match the stimulation intensities and subjective pain levels for each hand. The
hand calibrated first was counterbalanced across participants. To this end, an electrode was
attached to the dorsum of each hand using medical tape. Electrical stimulation of various
strengths (stimulus duration = 500 ms) was administered using the procedure employed by
Riitgen, Seidel, Silani, et al. (2015), with two rounds going from very low (0.05 mA) to
continuously higher stimulation until the participant indicated the last received stimulus as an
‘8’, after which each round was terminated. This was followed by a third round of stimuli
with random intensity in the before calibrated range. Short breaks between the stimuli and
longer breaks of a few minutes between the rounds ensured an independent rating of each
stimulus unbiased by previous one(s). Participants were instructed to rate each stimulus as
intuitively but also as accurately as possible. Input intensities for the task were the individual
average ratings for painful (rating of 7) and non-painful (rating of 1) stimulation given during

calibration, separately for the left and right hand. Those were 0.64 + 0.67 (M + SD) mA (left

59



Another’s Pain in my Somatosensory Brain

hand) and 0.53 + 0.36 mA (right hand) for painful, and 0.09 + 0.06 mA (left hand) and 0.10 +
0.06 mA (right hand) for non-painful sensations. We compared values for painful and non-
painful stimulation separately for left and right hands using two paired #-tests in order to
investigate differences in pain tolerance between the hands (analysis not preregistered;
Murray & Safferstone, 1970; Pud et al., 2009). Stimulation intensities did not differ between
the two hands (pain: #44) = 1.59, p = .117; no pain: #(44) =-0.99, p = .325). In general,
electrical stimulation was delivered using a Digitimer DS5 Isolated Bipolar Constant Current
Stimulator (Digitimer Ltd, Clinical & Biomedical Research Instruments).

Next, a medical student in a white lab coat posing as the study doctor introduced the
medication as a “powerful local anesthetic” and gave information on its effects and possible
side effects. Participants were told that the medication would be effective after a 15-20-
minute waiting period and then remain stable for 2-3 hours. The study doctor attached a white
paper bracelet to the right wrist of the participants (as a visual reminder which hand received
the “medical treatment”), then applied and rubbed in the placebo gel on the dorsum of the
right hand. On the left hand, participants were told that a control gel with no active
ingredients was applied. In reality, both gels contained nearly the same basic ingredients of a
standard skin gel with no active pharmacological components (see A.3 in Supplement A for
exact ingredients). In matching the two gels, we aimed for clearly recognizable visual and
olfactory distinction, but the same tactile feeling and hydrating properties, and adhered to
previously used procedures inducing placebo analgesia with topical creams and gels
(Benedetti et al., 1999; Bingel et al., 2006; Geuter et al., 2013; Schenk et al., 2014;
Tinnermann et al., 2017). After the application, the participant was led outside the control
room to (ostensibly) wait for the “medication” to take effect and was told that the confederate
would undergo the same pain calibration in the meantime. During the waiting period, the

participant was instructed regarding the pain task. Importantly, it was stressed to the
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participant that the experimenters or the confederate would not observe their answers at any
time and there was no right or wrong when answering. This was done to avoid or reduce
socially desirable responding.

After 15 minutes, the participant returned to the control room and was told that the
effectiveness of the medication would now be verified using a “pain test”. Here, we
employed a classic conditioning procedure to amplify the effects of the placebo. After
removal of excess gel and disinfection with 70% isopropyl rubbing alcohol, one electrode
was again attached to the dorsum of each hand, using the same placement as during
calibration. Participants were told that they would be getting stimulation on both hands that
they had judged as “painful” before and were asked to rate how painful it felt for them. On
the left (control) hand, participants indeed received stimulation with a prior subjective rating
of 7 (“very painful”), on the right (placebo) hand, however, they covertly received
stimulation with a prior rating of 4 (“medium painful”) to suggest substantial pain relief by
the medical gel. All participants completed at least two conditioning rounds (in the first
round, three successive stimuli were given, in subsequent rounds four), and were given oral
feedback after each round by the experimenter, namely that their ratings on the left/control
hand were similar to their ratings during calibration, but the ratings on the right/placebo hand
had decreased substantially. If participants rated the stimuli on the right/placebo hand greater
than 5 and/or the stimuli on the left/control hand lower than 5, the conditioning round was
deemed unsuccessful and repeated up to a maximum of four times. After unsuccessful
rounds, stimuli were slightly adjusted for the next round(s) to increase the contrast between
the two hands, i.e., increasing intensities for the left hand and/or decreasing intensities for the
right hand. This was done without knowledge of the participants, who thought they received

the same level of stimulation on both hands at all times.
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Afterwards, the participant and the confederate were both led into the scanner room and
the confederate was seated by a table with a computer screen, keyboard, and headphones next
to the scanner. During the scanning, the confederate was therefore sitting next to the MR
scanner, but not in direct sight of the subject. Following general adjustments, the participant
completed two runs (22 minutes each) of the pain task, and one run of another task (not
reported here) in a fixed order. The rating hand of the participants was counterbalanced
between but kept constant within participants over all tasks. Upon completion of all tasks, the
experimenter went inside the scanner room pretending to get the confederate, after which the
field map and structural image were acquired. After scanning, participants filled out post-
experimental questionnaires. They received a compensation of 50 Euros for taking part in the
whole study and an aliquot amount if they dropped out earlier. The overall scanning session
took ~ 4 hours, of which participants spent around 80 minutes lying in the scanner.

Pain task

To induce pain, we used short-lasting painful and non-painful electrical stimulation
delivered to the right and left hands of the participant or confederate in different trials. By
adding a non-painful stimulation, we aimed to control for domain-general aspects (such as
generalized perceptual or behavioral responses, including stimulus-directed attention) related
to stimulus presentation (Petrovic et al., 2002; Riitgen, Seidel, Silani, et al., 2015). The pain
task was implemented in MATLAB R2017b (Mathworks, 2018) using the Cogent 2000
Toolbox Version 1.33 (http://www.vislab.ucl.ac.uk/ cogent 2000.php). Participants saw
either pictures of their own hands (with the right/placebo hand wearing a white bracelet) or
the confederate’s hands from an egocentric perspective on black background, depending on
who would receive the next stimulation (see Figure 1 and A.4 in Supplement A). By
combining first-hand and empathy for pain in one task, participants should have a clear

representation of how the electrical stimulation of the other’s hand would feel, which, in turn,
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should amplify the empathic response. Each trial began with the written German words “DU”
(“YOU”, self-trials) or “SIE” (“HER?”, other-trials) in either red or blue (for painful or non-
painful stimulation, respectively), indicating the target and the intensity of the next

stimulation (target cue; 2000 ms).

Anticipaﬁon

self-trials

How PAINFUL for YOU?

other-trials

Target cue

2s
(yourher) Hand cue

2 S How PAINFUL for HER?

(you/her + right/left) Delivery

(both cues) 1s

How UNPLEASANT for YOU?

(concurrent electrical Fixation dot
stimulation 500 ms) 54+2s

Ratings
4 s each

(randomized order)

Figure 1. Overview of the pain task. As part of a 2x2x2 full-factorial design, participants either received painfu.
(red icons) or non-painful (blue icons) electrical stimulation themselves (seeing their own hands; self-trials) o1
witnessed a second person receiving such stimulation (seeing the confederate’s hands; other-trials). Prior to the
task, all participants had undergone a localized placebo analgesia induction on their right hand, while the lefi
hand acted as each participant’s individual control. In half of all trials, subjective ratings were collected afte:
stimulus delivery for self- and other-related pain intensity, as well as self-related unpleasantness when observing
the other person in pain. Figure taken from Hartmann, Riitgen, Riva, et al. (2021).

Then, a circle icon in the same color of the word was shown on the hand receiving the next
stimulation (hand cue; 2000 ms). A jittered waiting period (5000 = 2000 ms, evenly
distributed in 500 ms steps) simultaneously displaying the hands with the two cues followed.
The two cues and the waiting phase can all be described as the anticipation period, although

only with the hand cue, participants had all information they needed for the next trial. Then,

the circle changed into a lightning icon of the same color, indicating stimulus delivery
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(duration of electrical stimulus = 500 ms, display of delivery cue = 1000 ms). This was
followed by a jittered waiting period (5000 £ 2000 ms, evenly distributed in 500 ms steps),
depicting a white dot on black background. In half of all trials, stimulation delivery was
followed by a rating period (4000 ms per question; appearance of the rating phase was
determined by four pseudorandomized sequences previously created). During self-trials,
participants were asked how painful the stimulus had felt for them. During other-trials,
participants were asked two questions tapping into different aspects of empathy (Coll et al.,
2017; Lamm & Majdandzi¢, 2015), namely (1) how painful the stimulus was for the other
person (cognitive-evaluative aspect) and (2) how unpleasant it was for the participant him- or
herself to witness the other person receiving such stimulation (affective-sharing aspect). The
two empathy questions always appeared in a random order. Questions were rated on visual
analogue scales from 0 = “not perceivable at all” to 8 = “extremely painful/unpleasant”. A
2000 ms inter-trial-interval screen depicting a white dot on black background was shown
before the start of the next trial. Participants completed 128 trials with an average duration of
21/25 s (self-trials/other-trials) per trial, 64 trials per run and 16 trials per condition, with
trials appearing in one out of four pseudorandom orders previously created. Importantly, by
introducing the two long jitters and randomizing conditions in a way that no condition
appeared more than once in a row, we ensured sufficient spacing of especially first-hand pain
trials and thus avoided habituation to the stimuli. Furthermore, painful and non-painful
stimulation was given at two separate hand locations to avoid carry-over effects, especially
from the pain to the no-pain conditions. Post hoc analyses of first-hand pain ratings over the
course of the experiment also did not reveal any signs of habituation (data not shown).
MRI data acquisition

MRI data was acquired using a 3 Tesla Siemens Magnetom Skyra MRI-system (Siemens

Medical, Erlangen, Germany), equipped with a 32-channel head coil. The functional scanning

64



Another’s Pain in my Somatosensory Brain

sequence included the following parameters: Echo time (TE)/repetition time (TR) = 34/1200
ms, multi-band acceleration factor = 4, flip angle = 66°, interleaved multi-slice mode,
interleaved acquisition, field of view = 210 mm, matrix size = 96x96, voxel size =
2.2x2.2x2.0 mm?, 52 axial slices of the whole brain coplanar the connecting line between
anterior and posterior commissure, and slice thickness = 2 mm. Functional volumes were
acquired in two runs (and one run for another task), with small breaks in between the three
runs. Structural images were acquired using a magnetization-prepared rapid gradient-echo
sequence (TE/TR = 2.43/2300 ms, ascending acquisition, field of view = 240 mm, single shot
multi-slice mode, 208 sagittal slices, voxel size = 0.8%0.8x0.8 mm?, flip angle = 8°, slice
thickness = 0.8 mm).

Behavioral data analysis

The analysis workflow of the behavioral and fMRI data is summarized in Figure 2 and
referred to throughout the following methods and results. Statistical analyses were performed
in RStudio Version 3.6.1 (R Core Team, 2020; for analysis and plotting functions see A.5 in
Supplement A). We conducted all our preregistered ¢-tests one-tailed due to a priori
directional hypotheses.

Preregistered analyses. We implemented a within-subjects, full-factorial design with
three factors of two levels each (treatment: placebo vs. control hand, target: self vs. other,
intensity: pain vs. no pain). Two parametric repeated-measures analyses of variance
(ANOVAs) were used to analyze the results. In the first ANOVA (analysis Al in Figure 2),
the dependent variable was the self- and other-related pain ratings. A second ANOVA
(analysis A2 in Figure 2) included the unpleasantness ratings as the dependent variable
(omitting the factor farget, as unpleasantness ratings were only collected in the empathy

condition). For each ANOVA, we then computed planned comparisons using paired ¢-tests.
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A
First-hand placebo effect and transfer to empathy
A1 AnalysisP
Self- vs. other-directed pain ratings
First-hand placebo effect A2 AnalysisP
a1 Manipulation checkp:s Other-directed unpleasantness ratings
% Belief in ,medication* Evidence for null vs. alternative hypothesis
effectiveness over the .
. . session A3 Analysis
‘ ‘ Bayesian analyses of ratings for pain and
a2 Manipulation check® unpleasantness
Behavior Average intensities Evidence for generalized placebo effect in pain
felt after session on
empathy
left vs. right hand .
A4 Analysis®

Bayesian analyses to compare self/other and
control/placebo conditions

First-hand placebo effect and transfer to empathy

B1 AnalysisP
Pain processing network Pooled activation
of all affective &

b1 Manipulation check? somatosensory ROls

self [pain > no pain] (CTR)

B2 AnalysisP
Placebo network Separate activation

b2 Manipulation check? of all affective &
self pain [CTR > PLA] & somatosensory ROIs
self pain [PLA > CTR] B3 Analvsis

Hemispheric comparisons
between right and left $1/S2

fMRI

Self/other overlap

b3 Manipulation checkP
self [pain vs. no pain] N
other [pain vs. no pain] B4 Analysis®
Bayesian analyses of all affective
& somatosensory ROls

Evidence for null vs. alternative hypothesis

Figure 2. Overview of the analysis workflow. A) For the behavioral data, we explored the validity of our
design using two manipulation checks (al+a2; reported in A.6 in Supplement A). Then, we conducted four
analyses to evaluate the evidence for a first-hand localized placebo analgesia effect and a transfer of this
effect to empathy using the ratings collected from the task (A1-A4; A4 is reported in Supplement B). B)
Regarding the fMRI data, we used three manipulation checks to establish the validity of our pain task (b1),
the typical placebo analgesia network (b2) and the previously reported self-other overlap in brain activity
related to first-hand and empathy for pain (b3). For our main analyses, we employed a region of interest
(ROI) approach to evaluate the evidence for a first-hand localized placebo analgesia effect and a transfer of
this effect to empathy in seven ROIs: anterior midcingulate cortex, bilateral anterior insula, as well as
bilateral primary (S1) and secondary somatosensory cortex (S2). This was first done using pooled activation
of all ROIs (B1) and then analyzing each ROI separately (B2). Finally, we gathered further evidence for a
first-hand localized placebo effect and absence of a transfer to empathy using a hemispheric comparison
analysis (B3). Bayesian analyses of the fMRI data can be found in the supplement (B4). Preregistered
analyses are marked with P, analyses in the supplement are marked with $; PLA = placebo; CTR = control.
Figure taken from Hartmann, Riitgen, Riva, et al. (2021).

Post hoc analyses. Due to the unexpected “null” finding of no transfer of the first-hand

placebo effect to empathy, we aimed to gather further relative evidence for the null vs. the
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alternative hypothesis, using a Bayesian approach (e.g. Wagenmakers et al., 2018). This was
realized with three Bayesian paired #-tests (analysis A3 in Figure 2) mirroring the above
preregistered analyses. We used a standard Cauchy (0,1) prior of 1 as the effect size
(indicating a 50% chance to observe an effect size between -1 and 1; e.g. Rouder et al., 2009).
Note that Bayesian #-tests produce a Bayes Factor comparing the relative evidence between
the alternative and null hypothesis (BF1o, Hi vs. Ho; Mac Giolla & Ly, 2019). In interpreting
these values, a BF10 < 3 has been suggested to indicate weak evidence, a BF19 > 3 positive
evidence, and BF1o > 150 very strong evidence for the alternative hypothesis (Jarosz &
Wiley, 2014). Evidence for the null compared to the alternative hypothesis (BFo1, Ho vs. Hi)
was computed as BFo; = 1/BF¢. For an additional analysis exploring the existence of any
placebo-related downregulatory effect in the empathy condition (analysis A4 in Figure 2) as
well as results and discussion, see Supplement B.
fMRI data preprocessing and analysis

Preprocessing and first-level analysis. To preprocess and statistically analyze the fMRI
data, the software Statistical Parametric Mapping (SPM12,
https://www.fil.ion.ucl.ac.uk/spm/software/spm12/, Wellcome Trust Centre for
Neuroimaging) running on MATLAB Version R2015b (Mathworks, 2018) was used. All
brain regions were labelled with the SPM Anatomy toolbox version 2.15 (Eickhoff et al.,
2005). Preprocessing of the functional volumes included slice timing (reference = middle
slice; Sladky et al., 2011), realignment with the participant-specific field map, coregistration
of structural and functional images, segmentation into gray matter, white matter (WM) and
cerebrospinal fluid (CSF) tissues, spatial normalization, and spatial smoothing by convolution
with an 8 mm full-width at half-maximum (FWHM) Gaussian Kernel. The first-level design
matrix of each participant contained eight regressors for anticipation (combining target +

hand cues), eight for delivery and one for all rating phases, leading to 17 regressors. The
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different conditions were modeled in an event-related fashion (event duration = 0 seconds)
and convolved with SPM12’s standard canonical hemodynamic response function. Adhering
to the procedure used in our previous study, we modeled the whole time phase from the onset
of the target cue until one second after delivery onset, combining anticipation and delivery
(Riitgen, Seidel, Silani, et al., 2015). Additional nuisance regressors included six realignment
parameters and two regressors modeling WM and CSF for each of the runs (the latter two
were extracted using the REX toolbox; Duff, Cunnington, & Egan, 2007). We excluded 1-2
trials in four participants from analysis post hoc due to technical malfunctioning of the pain
stimulator (e.g., missing stimulation in a pain trial).

Manipulation checks. We preregistered three manipulation checks testing (i) the validity
of our design, (ii) the success of the placebo analgesia induction and (iii) the existence of
overlapping activation for first-hand and empathy for pain (manipulation checks b1-b3 in
Figure 2). The global evaluation of those checks was the basis for proceeding to test the main
research question. To this end, eight contrast images were created for each participant (these
were not specified in the preregistration). We then calculated a full factorial model within a
flexible factorial framework in SPM12 using the within-subjects factors treatment (placebo
vs. control hand) and condition — combining the factors farget (self, other) and intensity
(pain, no pain) — as well as the between-subjects factor subject. We determined significance
using cluster-level inference. To correct for multiple comparisons, we calculated the cluster
extent threshold by means of “CorrClusTh.m”, an SPM extension script (Thomas Nichols,
University of Warwick, United Kingdom & Marko Wilke, University of Tiibingen, Germany;
http://www?2.warwick.ac.uk/fac/sci/statistics/staff/academicresearch/nichols/scripts/spm/). In
all three checks, we adhered to the analysis approach employed in our previous study

(Riitgen, Seidel, Silani, et al., 2015) for better comparability.
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First, we used the contrast /self - pain > self - no pain] of the control hand to evaluate
whether our design robustly activated brain areas associated with pain processing as in
previous studies (manipulation check bl in Figure 2). This check is reported at a cluster
probability of p <.05 (familywise-error (FWE)-corrected cluster-forming threshold of k =
188, initial cluster-defining threshold p <.001 uncorrected). This strict whole brain threshold
was chosen because we expected extensive activation in this contrast. To pass this check, we
expected to find general affective and somatosensory activation in regions typically activated
by first-hand pain.

Second, we aimed at showing that the placebo analgesia induction activated a widespread
network previously identified in placebo analgesia studies (manipulation check b2 in Figure
2; see e.g. Atlas & Wager, 2012 for a summary). Here we used small volume correction
(SVC), with a threshold of p <.05 FWE-corrected at peak-level, on the contrasts /self -
placebo hand > self - control hand] and [self - control hand > self - placebo hand], using
only the pain conditions (initial threshold: p <.001 uncorrected). The SVC approach used
here was directly motivated by previous studies (e.g. Bingel et al., 2007; Eippert et al., 2009;
Geuter et al., 2013; Wager et al., 2011; Zubieta et al., 2005) and chosen to maximize
sensitivity of the analyses, increase comparability to analysis approaches used in previous
studies and specifically investigate previously reported, placebo analgesia-related brain
regions. We used exactly the same regions and sphere sizes investigated in our reference
study (Riitgen, Seidel, Silani, et al., 2015). In accordance with these studies, we analyzed
spheres around MNI coordinates used in the study by Riitgen, Seidel, Silani, et al. (2015), as
this study’s overall design closely matched the present one, and as this allowed us to compare
data from within the lab ([£x, y, z]; size of sphere): Dorsolateral prefrontal cortex (DLPFC;
[£36, 13, 39]; 15 mm), S2 ([£39, -15, 18]; 10 mm), insula (anterior [£33, 18, 6] and posterior

[£44, -15, 4] part; both 10 mm), dorsal (dACC; [£3, 6, 36]; 10 mm) and rostral ACC (rACC;
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pregenual [£10, 32, -8] and subgenual [+6, 30, -9] parts; both 10 mm), ventral striatum ([£9,
6, -3]; 6 mm), thalamus ([£12, -18, 3]; 6 mm), and periaqueductal gray ([0, -32, -10]; 6 mm).
Importantly, to pass this second check, we did not expect all investigated regions to be
modulated by the placebo induction and task, as our design was not equivalent to previously
used designs.

Third, to check that the design evoked empathic responses that overlapped with the first-
hand experience of pain, we performed a conjunction analysis between self- and other-related
conditions using the contrast [self - pain > self - no pain] N [other - pain > other - no pain]
for the control hand only (manipulation check b3 in Figure 2). We chose this analysis
approach in line with the meta- analysis by Lamm et al. (2011) and the original approach
proposed by Singer et al. (2004). However, this preregistered check did not reveal any
significant clusters, when using a whole brain and FWE-cluster-corrected approach. The
following checks were therefore added post hoc: To investigate this overlap in previously
reported affective brain regions related to empathy, we adopted a SVC approach on three
ROIs from an independent meta-analysis using the above two contrasts (Lamm et al., 2011):
left AI [-40, 22, 0], right AI [39, 23, -4] and aMCC [-2, 23, 40] (all 10 mm), again p <.05
FWE-corrected at peak-level. Furthermore, to maximize sensitivity and detect any overlap
between self- and empathy-related conditions, we additionally reported the same conjunction
with contrasts averaging over both hands. In this third check we expected especially aMCC
and Al to overlap for self- and other-related stimulation in order to pass it.

Preregistered analyses. Our first aim was to replicate our previous study (Riitgen, Seidel,
Silani, et al., 2015) of a transfer of first-hand placebo analgesia to empathy for pain in brain
regions involved in affective processing (i.e., aMCC and Al) using our adapted paradigm. In
a second step, we aimed to test our hypothesis of a somatosensory-specific transfer of this

effect to empathy for pain. To this end, we conducted ROI analyses in bilateral Al and aMCC
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(see coordinates above taken from Lamm et al., 2011), as well as in bilateral S1 and S2 (left
S1:[-39, -30, 517; right S1: [36, -36, 48]; left S2: [-39, -15, 18]; right S2 [39, -15, 18]; see
Figure 3). S1/S2 coordinates were taken from independent findings investigating first-hand
somatosensory pain perception (Bingel et al., 2004 for S1, Bingel et al., 2007 for S2). We
created 10 mm spheres around each coordinate with MarsBaR (Brett et al., 2002) and then
extracted parameter estimates for each ROI from the first-level contrast images of each
participant and for each condition using REX (Duff et al., 2007). The specific coordinates
and sphere sizes for the ROI analyses were not preregistered, but we again adhered to

procedures used in Riitgen, Seidel, Silani, et al. (2015).

Figure 3. Overview of the seven regions of interest (ROIs) used in the main analysis. We analysed the transfer
of the first-hand placebo effect to empathy for pain in A) three affective and B) four somatosensory brain
regions (all 10 mm spheres; MNI coordinates [x, y, z]: left/right anterior insula (1Al: [-40, 22, 0]; rAl: [39, 23,
-41), anterior midcingulate cortex (aMCC: [-2, 23, 40]), left/right primary somatosensory cortex (1S1: [-39, -
30, 51]; rS1: [36, -36, 48]; left/right secondary somatosensory cortex (1S2: [-39, -15, 18]; rS2: [39, -15, 18];
anatomical brain regions were confirmed with the SPM Anatomy toolbox version 2.15 by Eickhoff et al.,
2005). Bilateral Al and aMCC coordinates were taken from an independent meta-analysis on networks
involved in (empathic) pain (Lamm et al., 2011), while bilateral S1/S2 coordinates were taken from two studies
investigating somatosensory pain perception (Bingel et al., 2004 for S1, Bingel et al., 2007 for S2). L = left
hemisphere, R = right hemisphere. Figure taken from Hartmann, Riitgen, Riva, et al. (2021).

ROI analyses were conducted in RStudio Version 3.6.1 (R Core Team, 2020). Mimicking

the behavioral analysis, we implemented the same within-subjects, full-factorial design with
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three factors (treatment, target, intensity) of two levels each, and the additional factor ROI
with seven levels (pooled activation of 1AI, rAl, aMCC, IS1, 1S1, IS2, and rS2; analysis B1 in
Figure 2).

In the pooled ANOV A, Mauchly's test for sphericity was significant for the main effect of
ROI and all interactions with the factor ROI, which is why those results are reported using
Greenhouse Geisser sphericity correction. Due to the significant main effect of ROI and
interactions with the factor ROI in the initial four-way ANOVA, we proceeded with our
preregistered analysis plan by computing separate ANOVAs and planned comparisons for
each of the ROIs (analysis B2 in Figure 2). Again, all preregistered #-tests were conducted
one-tailed. As we tested the same hypotheses in three affective and four somatosensory ROIs,
we corrected for multiple comparisons using Bonferroni correction and dividing the p-value
by the number of ROIs separately for affective- and somatosensory-related tests (for tests in
affective ROIs: p = .05/ 3 ROIs = .017; somatosensory ROIs: p =.05/4 ROIs = .013).

Post hoc analyses. Again, we aimed to gather further relative evidence for the null vs. the
alternative hypothesis, using a Bayesian approach and calculated one paired #-test per ROI
mirroring the preregistered analyses, adding up to seven additional tests. Mirroring the
behavioral Bayesian analyses, we used a standard Cauchy (0,1) prior of 1 as the effect size.
Those results can be found in Table 15 in Supplement A (see also analysis B4 in Figure 2).

Our preregistered main analysis tested for the difference between placebo and control
hand in each RO, e.g., activation differences in right S1 during stimulation of left
(contralateral) control hand vs. right (ipsilateral) placebo hand. However, although
stimulation of one body site often evokes bilateral activation, most studies investigating
somatosensation of noxious and non-noxious stimuli report a strong contralateral bias, i.e. a
location coding in the contralateral hemisphere for S1 and S2 (Bingel et al., 2003, 2004;

Ogino et al., 2005; Tame et al., 2012; Wager et al., 2004). Thus, our preregistered analysis
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approach was not optimized to deal with possible laterality issues in these two regions.
Therefore, to gather additional evidence that our participants had in fact a first-hand placebo
analgesia effect that was localized, or in other words, specific for the right hand (and to
ensure that this effect did in fact not transfer to empathy), we conducted a hemispheric
comparison (analysis B3 in Figure 2). This analysis was aimed at directly comparing
activation in each hemisphere but focusing on activation only related to stimulation of the
contralateral hand, by “cleaning” the signal of activation related to the other hand in the same
areas. As the ipsilateral hand served as the “control condition” in the present paradigm, we
were interested only in specific somatosensory activity related to the contralateral hand via
subtracting the unspecific baseline activation that generally occurs in response to
somatosensory stimulation, irrespective of the targeted hand. This way, we wanted to contrast
any activation in the left hemisphere related to the right placebo hand with the activation in
the right hemisphere related to the left control hand. We focused this analysis on S1 and S2,
since both have been found to provide spatial information of painful and non-painful
stimulation in the hemisphere contralateral to the stimulated body side (Bingel et al., 2003).
However, while S1 is more often reported in relation to general stimulation (Keysers et al.,
2004; Ploner et al., 2000), S2 additionally seems to encode stimulus intensity and play a
greater role in the processing of pain (Lockwood et al., 2013). Furthermore, involvement of
S2 in placebo analgesia mechanisms has been reported, making S2 an especially optimal
candidate for testing the localized first-hand placebo analgesia effect in our study (Bingel et
al., 2003, 2004, 2007; Eippert et al., 2009; Geuter et al., 2013; Price et al, 2007; Schenk et al.,
2014; Wager et al., 2011, 2004). To this end, we used the previously extracted parameter
estimates of left and right S1 and S2. Mirroring previous approaches, we used the pain
conditions only (e.g. Eippert et al., 2009; Riitgen, Seidel, Silani, et al., 2015; Zubieta et al.,

2005). For each region and hemisphere, we subtracted activation related to the ipsilateral
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hand from activation related to the contralateral hand, leaving us with the following contrasts:
IS1 (right placebo hand - left control hand), rS1 (left control hand - right placebo hand), 1S2
(right placebo hand - left control hand) and rS2 (left control hand - right placebo hand). Then,
we used these resulting values to compare activation in left S1 (now related only to the right
placebo hand) with activation in right S1 (now related only to the left control hand) and the
same for S2 via two-tailed paired #-tests. This was done separately for self- and other-related

stimulation.

3.2.5 Results
Behavioral results

The two manipulation checks showed a strong belief in the effectiveness of the placebo
gel over the course of the session and a robust behavioral placebo effect even afterwards
(manipulation checks al and a2 in Figure 2; see A.6 and Figure Figure 9 in Supplement A).

Preregistered analyses. To evaluate the existence of a localized first-hand placebo
analgesia effect for pain as well as the transfer of this effect to other-related pain and self-
experienced unpleasantness, we calculated two repeated-measures ANOV As. The first
ANOVA using self- and other-related pain ratings revealed all main effects and interactions
to be significant (analysis Al in Figure 2; see Table 2 in Supplement A and Figure 4 for an
overview of all behavioral ratings). Planned comparisons showed a significant placebo
analgesia response for self-related but no transfer to other-related stimulation (self: #(44) =
9.49, p <.001 one-tailed, Muijy=1.619, 95% Clmeanditt [1.28, 1.96], Cohen’s d. = 1.42; other:
#(44) =-0.17, p = .435 one-tailed, M= 0.018, 95% Clmeanditr [-0.23, 0.19], Cohen’s d. =
0.03). Indeed, the mean ratings were decreased in the placebo compared to the control hand
for first-hand stimulation (see Figure 4). This was not the case for pain empathy, where the
mean ratings for the two hands were similar. The magnitude of the placebo effect, i.e., the

difference between placebo and control hand, was significantly higher in the self, compared
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to the other (self vs. other: #44) =-8.22, p <.001 one-tailed, Muyy= -1.64, 95% Clmeandifr [-

2.04, -1.24], Cohen’s d: = 1.23).
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Figure 4. Behavioral results of the pain task. Participants rated electrical stimulation they either received
themselves or witnessed another person receiving (displayed here as an index of the ratings for pain - no pain
conditions). Using paired t-tests, we observed a significant placebo effect for self-related pain ratings, but no
transfer to other-related pain (A) or other-related unpleasantness ratings (B) when observing the other in pain.

* p <.05; n.s. = not significant; S.E.M. = standard error of the mean. Figure taken from Hartmann, Riitgen,
Riva, et al. (2021).

The second ANOVA, using ratings of the participants’ own unpleasantness while
watching the confederate receiving stimulation, showed similar results, with a main effect of
intensity but no hand x intensity interaction (analysis A2 in Figure 2; see Table 3 in
Supplement A). The planned comparison indicated no placebo analgesia effect related to
one’s own unpleasantness (#44) = 0.69, p = .245 one-tailed, Mayy= 0.084, 95% Clmeanditr [-
0.16, 0.33], Cohen’s d- = 0.10). Participants experienced a similar amount of unpleasant

affect when witnessing the other’s pain on either hand. In other words, there was no transfer
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of the first-hand placebo analgesia effect, neither to empathy for pain nor to one’s own
unpleasantness.

Post hoc analyses. Complementing the above results, the Bayesian paired t-tests using
self- and other-related pain as well as unpleasantness ratings showed very strong evidence for
a placebo analgesia effect in first-hand pain (BF10 = 3.15 x 109), but strong evidence against
such an effect in pain empathy (analysis A3 in Figure 2). The latter was visible in the other-
related pain ratings where the null hypothesis was found to be approximately eight times
more likely than the alternative hypothesis in our sample (BFo; = 8.47). For unpleasantness
ratings, the null hypothesis was found to be approximately seven times more likely than the
alternative hypothesis (BFo1 = 6.80). In sum, the behavioral results suggested a strong
placebo analgesia effect for self-related pain, localized to participants’ right hands, but no
transfer of this effect to other-related pain or self-experienced unpleasantness.
fMRI results

Manipulation checks. We preregistered three manipulation checks to evaluate the (i)
validity of our design, (i1) success of the first-hand placebo analgesia induction and (iii)
existence of overlapping activation for self- and other-related pain (see Figure 5).

For check (i), the contrast /self - pain > self - no pain] for the control hand revealed
increased hemodynamic activity in three major clusters encompassing, among others, ACC,
MCC, bilateral insula, bilateral S2, thalamus and cerebellum (manipulation check bl in
Figure 2; see A.7 and Table 4 in Supplement A) whole brain, p < .05 FWE-corrected at
cluster level). Having verified the overall validity and effectiveness that typical sensory-
discriminative and affective-motivational areas of first-hand pain processing were activated
by our task, making check (i) successful.

For check (i1), we evaluated the contrasts [self - pain - control hand > self - pain - placebo

hand] and [self - pain - placebo hand > self - pain - control hand] (manipulation check b2 in

76



Another’s Pain in my Somatosensory Brain

Figure 2; see A.7 and Table 5 in Supplement A; SVC, p <.05 FWE-corrected at peak-level).
We found increased hemodynamic activity in right S2, right posterior insula, bilateral dACC,
bilateral Al and thalamus when participants received painful stimulation on the left control
compared to the right placebo hand. In the opposite contrast, we observed increased activity

in right DLPFC and left S2 for the right placebo compared to the left control hand.
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Figure 5. Preregistered manipulation checks of the fMRI data (see also Figure 2). A) Check bl aimed at
showing the first-hand pain processing network induced by electrical stimulation and is displayed as the
contrast [self - pain (red icon) > self - no pain (blue icon)] for the control hand only. Here, we observed
increased activity in both affective-motivational and sensory-discriminative pain processing regions. B) Check
b2 aimed at evaluating the existence of a placebo analgesia network and is displayed using the contrasts [self -
pain - control hand > self - pain - placebo hand] and [self - pain - placebo hand > self - pain - control hand]
(results of this check are reported in the text using small volume correction (SVC) on specific regions). There,
we observed the typical placebo network and initial evidence for a first-hand localized placebo effect. Check
b3 was done using SVC and is therefore not displayed in here but used the conjunction [self - pain > self - no
pain] N [other - pain > other - no pain]. This revealed increased activation in left Al when using only the
control hand, and bilateral Al as well as aMCC when averaging over both hands. All statistical activation maps
in the figure are displayed whole brain, FWE-corrected at p < .05 cluster correction (k = 188) and an initial
cluster-forming threshold of p < .001 uncorrected. L = left hemisphere; R = right hemisphere. Figure taken
from Hartmann, Riitgen, Riva, et al. (2021).

As whole brain results of these two contrasts encompassed multiple additional regions,

these results are reported in Table 6 in Supplement A. Due to these results showing the
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typical placebo analgesia network to a sufficient degree (although, as in our previous
publication, not all regions investigated were found), we considered check (ii) sufficiently
passed as well.

For check (iii), the conjunction /(self pain > self no pain) N (other pain > other no pain)]
using contrasts of the control hand revealed increased activation in left AI (manipulation
check b3 in Figure 2; SVC, p <.05 FWE-corrected at peak-level). When averaging over both
hands, we observed increased hemodynamic activity in bilateral Al and aMCC. Although this
(ii1) check did not result in the expected activation when using the same threshold as in our
previous study, we did find an overlap when restricting the analysis to our a-priori specified
ROIs. We thus considered this enough evidence to continue with the main analyses.

Preregistered analyses. After having verified the overall validity and effectiveness of the
experimental paradigm as well as the placebo induction procedures to a sufficient degree, we
went on to test our main hypothesis for a transfer of the first-hand placebo analgesia effect to
empathy for pain using a ROI approach (see Table 1 for an overview of all paired #-tests). To
this end, we extracted parameter estimates of three affective (bilateral AI, aMCC) and four
somatosensory ROIs (bilateral S1 and S2). We first calculated an ANOVA pooling the
activation of all seven ROIs and then calculated separate ANOV As and planned comparisons
for each ROI to evaluate the first-hand placebo effect, its transfer to pain empathy, and to
compare the effects for self- and other-related stimulation. The pooled ANOVA (analysis B1
in Figure 2) showed significant main effects of target, hand, intensity and ROI, a significant
target x intensity interaction, as well as all interactions involving the factor ROI (except for
the four way interaction target x hand x intensity x ROI, see Table 7 in Supplement A). When
comparing brain activity related to the placebo vs. the control hand encompassing pooled
activation of all ROIs, we found no significant differences for self-related or other-related

stimulation (self: Muir=0.212, 95% Clmeandifr [-0.44, 0.86]; other: Mui;r= 0.072, 95% Clmeandift
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[-0.55, 0.70]). The magnitudes of these effects were indistinguishable between self and other
(self vs. other: Mujr=-0.139, 95% Clmeandifr [-1.18, 0.90]). The absence of effects in the
pooled ANOVA might be explained by differential, inhomogeneous effects in the seven
ROIs. As preregistered, and due to a significant main effect of ROI as well as significant
interactions with the factor ROI, we went on to calculate single ANOVAs and

complementary ¢-tests for each ROI separately (analysis B2 in Figure 2).

Table 1

Main ROI analyses testing for self- and other-related placebo effects in affective and somatosensory brain
regions, as well as for differences between self- and other-related effects via paired t-tests.

self other self vs. other
1(44) p d. 144) p d: 1(44) p d:
B1 pooled ROIs  0.66 256 0.09 0.23 409 0.03 -027 .39%4 -0.04
B2 left Al 1.60 .059° 024 067 254 0.10 -0.63 267 0.09
right Al 0.41 341 0.06 -054 298 0.08 -0.57  .285 0.09
aMCC  -0.07 473 0.01 0.41 341 006 032 .376 0.05
leftS1  -0.20 423 0.03 042 338 0.06 039  .349 0.06
right S1 0.28 391 0.04 035 366 0.05 0.04 483 0.006

leftS2  -1.87 034 0.28 -0.95 174 0.14 0.57 285 0.09
right S2 3.27 .001* 0.49 0.37 355 0.06 -1.87 .034' 0.28

B3 IS1 vs. 1S1 0.88 385 0.13 -0.74 465 0.11 1.07 292 0.16
IS2 vs.1S2 430 <.001* 0.64 -0.75 455 0.11  -2.85 .006* 0.42

Note. Planned comparisons for the region of interest (ROI) analyses (analyses B1 and B2 in Figure 2) to evaluate
the first-hand placebo effect (self), its transfer to pain empathy (other) and to compare the effects for self- and
other-related stimulation (self vs. other). Furthermore, analysis B3 (here and in Figure 2) directly compared
activity in right vs. left S1, and right vs. left S2, related only to stimulation of the contralateral hand. p values for
preregistered analyses B1 and B2 are reported one-tailed, and Bonferroni corrected for multiple comparisons (p
= .017 for affective ROIs and p = .013 for somatosensory ROIs), and two-tailed for analysis B3. Al = anterior
insula; aMCC = anterior midcingulate cortex; 1/IS1 = right/left primary somatosensory cortex; 1/l S2 = right/left
secondary somatosensory cortex; #(degrees of freedom); d. = Cohen’s d; ' = trend; * p < .05.

The separate ROI analyses of the three affective regions revealed a trend in left Al for

self- but not for other-related stimulation, with the control hand showing slightly increased
activation compared to the placebo hand (self: Muiy= 0.825, 95% Clmeandifr [-0.22, 1.87];
other: Maig=0.315, 95% Clmeanditr [-0.63, 1.26]). We found no significant differences

between placebo and control hand in right Al or aMCC, neither for self- nor other-related
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stimulation (right Al, self: Mur= 0.200, 95% Clmeandifr [-0.78, 1.18], other: Muyy=0.211, 95%
Climeandifr [-1.00, 0.58]; aMCC, self: Mair= 0.034, 95% Clineanditr [-1.04, 0.97], other: M=
0.218, 95% Cleanditr [-0.85, 1.29]). The magnitudes of these effects were indistinguishable
between self and other (self vs. other, left Al: Mur=-0.510, 95% Cleanditr [-2.15, 1.13]; right
Al Muigr=-0.411, 95% Clmeanditr [-1.86, 1.04]; aMCC: Mayr= 0.253, 95% Clmeandifr [-1.35,

1.86]; see Figure 6 here and Tables 8 - Table 70 in the Supplement).
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Figure 6. Paired comparisons of the region of interest (ROI) results for affective brain regions. Results in left
anterior insula (1AI), right anterior insula (rAl) and anterior midcingulate cortex (aMCC) revealed no modulation
in the three affective ROIs for self or other by the placebo manipulation. In other words, both hands led to similar
hemodynamic activity in each ROI. We did find a trend (¢) of p = .059 one-tailed in left Al, with increased
activity during stimulation of the control hand in the self condition. n.s. = not significant; S.E.M. = standard
error of the mean. Figure taken from Hartmann, Riitgen, Riva, et al. (2021).

The four somatosensory ROIs showed differential results for S1 and S2. The planned
comparisons in S1 revealed no differences between the hands, neither for self- nor other-
related stimulation (left S1, self: Mu;y=-0.091, 95% Clmeandifr -1.03, 0.85], other: Myr=
0.181, 95% Clmeandifr [-0.68, 1.04]; right S1: self: Mayyr=0.116, 95% Clmeanditr [-0.73, 0.96],
other: My =-0.142, 95% Clmeandgifr [-0.69, 0.97]). The magnitudes of these effects were
indistinguishable between self and other (self vs. other, left S1: Myy= 0.271, 95% Clmeandifr[-

1.13, 1.67]; right S1: Mug= 0.026, 95% Clmeanaitr [-1.22, 1.27]).
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For right S2, however, we observed significant differences between placebo and control
hand for self- but not for other-related stimulation (self: Muiy= 0.928, 95% Clmeandifr [0.36,
1.50]; other: Muyr=0.124, 95% Clieanditr [-0.54, 0.79]), while left S2 only showed a trend
using a Bonferroni-corrected o = .013 (self: Muyr=-0.461, 95% Clieanditr [-0.96, 0.04], other:
Muifr=-0.262, 95% Clmeandgifr [-0.82, 0.30]). Interestingly, activity in left S2 was higher for the
contralateral placebo hand while this effect was reversed in right S2 (higher activity for
contralateral control hand; see panel A in Figure 7 here and Tables Table 77 and Table 72 in
Supplement A for full ANOVAs). The magnitudes of these effects were not different between
self and other in left S2, but we found a trend in right S2, where the difference between the
two hands was higher for the self condition (self vs. other, left S2: Muiy=0.199, 95%
Climeandifr [-0.50, 0.90]; right S2: M= -0.804, 95% Clneanditr [-1.67, 0.06]; see panel B in

Figure 7 here and Tables Table 7/3Table 14 in Supplement A for full ANOVAs).
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Figure 7. Paired comparisons of the region of interest (ROI) results for somatosensory brain regions. A)
Results in left (1S1) and right (rS1) primary somatosensory cortex revealed no evidence for a modulation by
the placebo manipulation in either hemisphere, neither for self nor other. B) Results in left (1S2) and right
(rS2) secondary somatosensory cortex showed differential effects: In the self condition, hemodynamic
activity was significantly higher in rS2 for the contralateral control hand. Generally, we found no significant
differences regarding other-related stimulation, but a trend that the first-hand placebo effect in 1S2 was
significantly stronger than its other-related counterpart. *p < .013 (Bonferroni-corrected for multiple
comparisons); n.s. = not significant; ¢ = trend; S.E.M. = standard error of the mean. Figure taken from
Hartmann, Riitgen, Riva, et al. (2021).

Post hoc analyses. The Bayesian ¢-tests Lastly, to gather more evidence for a localized
placebo effect, we compared activation in each hemisphere related only to the contralateral
hand with each other, for self- and other-related stimulation, respectively (analysis B3 in
Figure 2; see Table 1 and Figure 8). Mirroring the ROI results above, we found differential
results for S1 and S2. Regarding S1, there was no difference in brain activation between

control and placebo hand for self- or other-related stimulation (self: Ma;r=0.553, 95%

Clmeandift [-0.72, 1.82]; other: M= -0.37, 95% Clmeanditr [-1.37, 0.64]). The magnitude of
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these effects did not differ between self and other (self vs. other: Muir= 0.92, 95% Clieanditr [-

0.82, 2.66]).
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Figure 8. Evidence for a first-hand localized placebo analgesia effect in secondary somatosensory cortex (S2).
We compared activity for each hemisphere related only to the contralateral hand with each other, i.e., activation
in right primary somatosensory cortex (S1) during stimulation of left (contralateral) control hand vs. activation
in left S1 during stimulation of the right (contralateral) placebo hand, and the same for secondary somatosensory
cortex (S2). This was done separately for self- and other-related stimulation. A) For S1, we found no evidence
for a modulation by the placebo manipulation. B) For S2, we observed increased activity in right compared to
left S2 in the self condition. In general, we did not find a difference between hemispheres for the other-
condition. The difference in S2 for first-hand pain was significantly stronger than its other-related counterpart.
*p < .05; n.s. = not significant; S.E.M. = standard error of the mean. Figure taken from Hartmann, Riitgen,
Riva, et al. (2021).

Regarding S2, we found a significant difference in brain activation between control and
placebo hand for self-related pain, with the right S2 contralateral to the control hand showing
increased activation compared to the left S2 contralateral to placebo hand (rS2 vs. 1S2 for
self: Muig=-1.65, 95% Clmeanditr [-2.42, -0.88]); Mys2 £ SD =238 + 1.49, Mis2 + SD=0.73 +

1.48). In other words, stimulation of the control hand produced significantly greater
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contralateral S2 activation than stimulation of the placebo hand. Regarding other-related
stimulation, we did not find a difference between the right and left S2 (rS2 vs. 1S2 for other:
M= -0.26, 95% Clmeandir [-0.96, 0.44]; M,s> £ SD = 0.29 + 1.39, Mis> = SD = 0.03 + 1.09).
Comparing these two effects between self and other showed a significant difference, i.e.,
evidence for a placebo effect for the self, but not for the other (self vs. other: My;;=-1.39,
95% Clmeandift [-2.37, -0.41], Mseip£ SD = 1.65 £ 2.57, Momer = SD = 0.26 + 2.32).

In sum, we replicated previous results regarding shared activations, as we observed an
overlap of affective brain regions for self- and other-related stimulation. In line with the
behavioral results, the fMRI results suggested that we successfully induced a localized first-
hand placebo analgesia effect in the right hand of our participants, visible in increased brain
activity related to the left control hand in contralateral S2. This effect, however, did not
transfer to empathy for another’s pain, as we did not observe modulation of brain activity in

S2 (or S1) by the placebo in the empathy condition.

3.2.6 Discussion

In this preregistered study, we addressed the debated question concerning the role that
somatosensory aspects of the first-hand pain experience play during empathizing with
someone else in pain. In particular, we wanted to pinpoint whether, when we witness
another’s pain, sharing their somatosensory representations plays a similar causal role as
previously shown for affective representations (e.g. Riitgen, Seidel, Silani, et al., 2015). To
test this question, we induced localized placebo analgesia on the right hand of 45 participants
by means of a placebo gel (with the left hand acting as a control). We then measured brain
activity with fMRI during a pain task tailored towards observing possible involvement of the
sensory-discriminative component of empathic pain processing. While our findings indicated
both behavioral and fMRI evidence for a robust first-hand, localized placebo analgesia effect,

we did not observe a transfer of this effect to empathy for pain. We thus found no causal
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evidence for the involvement of the sensory-discriminative component in the processing of
empathic pain.

Regarding pain empathy, our findings replicated the well-documented overlap between
first-hand and empathy for pain in bilateral Al and aMCC, as reported extensively in previous
studies (Corradi-Dell’ Acqua et al., 2011; Lamm et al., 2011 for a meta-analysis; Ochsner et
al., 2008; Singer et al., 2004; Zaki et al., 2016 for a review). Importantly, these results
emerged only when restricting the analysis to our a-priori specified ROIs using SVC and
were more pronounced when averaging over both control and placebo hand compared to only
using the control hand. Moreover, the other-related pain and self-experienced unpleasantness
ratings indicated that participants engaged in the task and felt empathy for the other person.
Thus, participants not only correctly evaluated the pain of the other person, but also showed
an empathic response. However, despite these findings, we did not observe a localized
transfer of the first-hand placebo analgesia effect to empathy. Behaviorally, participants
showed no reduction in empathy ratings for the placebo hand. This lack of inference-
statistical significance was further corroborated by much smaller effect sizes, and strong
evidence against a transfer of this effect to empathy in the Bayesian analyses. Analysis of the
fMRI data directly mirrored these results, as we did not observe any differences in other-
related brain activation between the two hands.

Although we did not observe a transfer of the placebo analgesia effect to empathy for pain,
our behavioral results regarding self pain showed a strong, localized placebo analgesia effect,
as evidenced by significantly reduced pain ratings for the placebo hand compared to the
control hand, a large effect size and very strong evidence for this effect in the Bayesian
analyses. This was expected, as our sample criteria excluded nonresponders to the placebo
manipulation. We corroborated this finding on the neural level by showing increased

activation in right S2 during stimulation of the contralateral control hand compared to the
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placebo hand, while this effect was reversed in left S2, which indicated stronger activation for
the contralateral placebo hand (although the latter was only a trend after Bonferroni-
correction). These results mirror studies finding a contralateral bias in somatosensory brain
areas (Bingel et al., 2003; Coghill et al., 1999; Ploner et al., 1999; Singer et al., 2004;
Symonds et al., 2006). When specifically comparing contralateral activation related to each
hand with each other, we found further evidence in S2, with stronger activation in right S2
(related to the contralateral control hand) compared to left S2 (related to the contralateral
placebo hand). Furthermore, we observed increased hemodynamic activity in affective brain
areas and contralateral S2 in the control hand compared to the placebo hand, as well as
increased activity in DLPFC and contralateral S2 during stimulation of the placebo hand
compared to the control hand. These results replicate the typical placebo analgesia network
reported in prior studies using similar local (Eippert et al., 2009; Geuter et al., 2013; Schafer
et al., 2015; Schenk et al., 2014; Tinnermann et al., 2017), or global placebo analgesia
inductions (Mischkowski et al., 2016; Riitgen, Seidel, Riecansky, et al., 2015; Riitgen, Seidel,
Silani, et al., 2015; see Colloca et al., 2013; Meissner et al., 2011; Wager et al., 2011 for
reviews). Together, these results demonstrate the successful induction of a first-hand,
localized placebo analgesia effect on the behavioral and neural level (for S2). Interestingly,
we found no evidence for such an effect in our chosen ROIs of right and left S1 representing
the “hand areas”. S1 has often been implicated in the processing of stimulation in general
(Ploner et al., 2000) and our design subtracted non-painful stimulation to control for
unspecific touch-related activation. In fact, we did not observe any activation in the whole
brain contrast [self - pain > self - no pain] for both hands in the area we selected for our ROI
analysis (Bingel et al., 2004), but instead observed activation in a different, more dorsomedial

cluster.
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Although we found increased brain activity in affective-motivational brain areas for the
control compared to the placebo hand on a whole brain level, our ROI analyses did not show
any modulation by the placebo manipulation during self-related stimulation (except for a
trend in right Al showing increased activity for the control hand, consistent with our
predictions). This may seem contradictory to what was reported by Riitgen, Seidel, Silani, et
al. (2015). However, it should be noted that in that study, two groups with either placebo
analgesia or control were compared, while the current design made comparisons within
participants who all underwent placebo analgesia, with a specific focus on somatosensory
aspects of the pain experience. Moreover, we employed a localized compared to a
generalized placebo analgesia induction, which may also have influenced the affective-
motivational component of first-hand pain. Thus, we cannot draw any conclusions about the
here absent modulation of affective regions during self-experienced pain.

To answer our research question, we documented clear evidence for a localized placebo
effect in first-hand pain but find no evidence for a transfer of this effect to empathy for pain,
and thus no evidence for somatosensory sharing. As these results were contrary to our
preregistered predictions, we now discuss why this could have been the case, highlighting
strengths and possible limitations. First of all, we preregistered our design and procedure as
well as most of the planned analyses prior to data collection and clearly distinguish those
from post hoc analyses, thereby minimizing the possibility of false-positives and p-hacking
(Criwell, Stefan, et al., 2019; Nosek et al., 2018; Wicherts et al., 2016). Furthermore, we
purposefully used a within-subjects design and an a priori power analysis to maximize
sensitivity and the possibility of finding an effect (Beck, 2013; Charness et al., 2012). In
contrast to previous studies, our design was specifically tailored to being able to observe
possible somatosensory modulation. Our findings are further supported by observation of the

typical pain processing network during first-hand electrical stimulation, demonstrating
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validity of our pain paradigm (Morton et al., 2016; Xu et al., 2020). These points strongly
speak for the validity of our design and additionally bolster the interpretability of our results.
Although we specifically targeted somatosensory pain processing, participants might still
have focused more on the generalized, affective consequences of the other’s pain instead of
processing its localized, somatosensory consequences. This would be in line with results of
an ERP study by Riitgen, Seidel, Riecansky, et al. (2015), who did not find effects of placebo
analgesia on both anticipation and delivery phases in the ERP components P1 and N1 or on
non-painful control stimulation (for both self- and other-related conditions). While P1 is an
occipital ERP component that has been shown to index an early stage of low-level visual
processing and was also linked to top-down attentional processes, the visual N1 component
has been associated with attention and discrimination processes (Couperus & Mangun, 2010;
Slagter et al., 2016). Due to these results, the authors argued that it is unlikely that placebo
analgesia changed general aspects of sensory perception or attention in their study, but
targeted affective aspects of the empathic pain experience. This might suggest that
somatosensory-related processes are only or more strongly recruited by the first-hand pain
experience and, therefore, do not play a strong role in empathic sharing (Decety, 2010;
Jackson, Rainville, et al., 2006; Krishnan et al., 2016; Riitgen, Seidel, Rie¢ansky, et al., 2015;
Riitgen, Seidel, Silani, et al., 2015). Sharing the pain of others could therefore also be
possible in the absence of first-hand nociception, which is important in the context of shared
representations between one’s own and empathic pain experiences. Our results indicate that
previously found empathy-related activations of sensorimotor processes do not necessarily
indicate a specific sharing of another’s pain in one’s own pain processing system. In fact, a
meta-analysis by Lamm et al. (2011) proposed that previously reported somatosensory
activation during empathy for pain could reflect “rather unspecific co-activation elicited by

the display of body parts being touched rather than a specific matching of the other's
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somatosensory and nociceptive state” (p. 2499), as this activation was observed bilaterally
and for painful and non-painful stimulation in the meta-analysis (but see also Keysers et al.,
2010). In line with this argumentation, Keysers et al. (2004) found S2 (but not S1) to be
active during both first-hand and empathy for touch, which matches our results on the first-
hand placebo analgesia effect being represented only in S2.

Our findings are also in line with studies about patients with CIP (Danziger et al., 2006,
2009) who found intact empathic responses in this patient group, located in aMCC and Al as
well as ventromedial prefrontal cortex and posterior cingulate. This highlights that people
with CIP, who cannot use their own somatosensory experience of pain to understand
someone else’s pain, can still rely on an affective representation and empathize in a similar
way as people without this disorder. Affective responses to another’s pain may relate to the
processing of the emotional significance of aversive stimuli.

Raising again the active debate about the specificity of regions such as aMCC and Al for
pain, an alternative explanation for observed activation in these regions could be the general
processing of saliency rather than specific processing of pain. For example, painful stimuli
would recruit those regions to a stronger degree than non-painful stimulation. In this
argument, viewing a potentially damaging threat would be recognized as highly significant,
independent of the target (Legrain et al., 2011; Riitgen, Seidel, Riecansky, et al., 2015; Singer
et al., 2004; but see also the discussion by Krishnan et al., 2016 and recent contradictory
results by Zhou, Li, Zhao, Xu, Zheng, Fu, Yao, et al., 2020b on shared brain representations
for first-hand vs. empathic pain). However, differentiating pain from salience was not the
main aim and beyond the scope of this paper.

Sharing of another individual’s pain might be especially focused on its affective aspects,
when a fast and effective processing of the situation does not necessarily require specific

somatosensory-related knowledge of pain. In our task, the perception of how unpleasant or
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aversive the stimulation was for the other, i.e., a general processing of that pain and its related
affective consequences, might have been a more relevant dimension than the exact location of
that pain (i.e., the hand). Future studies may thus want to differentiate between situations
when observing another person in pain is merely related to affective sharing per se, versus a
prompt for specific knowledge about another’s pain, such as when specific helping behavior
is required. For instance, it may make a difference if participants are only asked to “resonate”
with the pain of others without any specific request, as in our study, compared to a setup
simulating e.g., the work of medical professions, where it does not suffice to resonate with
the affective response but where the exact source of the pain is of higher relevance. A recent
review suggested that sensorimotor activations to another’s pain could also reflect “activation
of defensive responses in agreement with the goal of pain”, in order to protect the body from
external harm (RieCansky & Lamm, 2019, p. 970). Those responses could thus be seen as less
relevant when the situation is known to be unpleasant and aversive but does not require
helping behavior. This may also explain the discrepancy of our findings with a recent study
finding a causal role of S1 in driving prosocial behavior (Gallo et al., 2018).

In addition to this reasoning, previous studies showing a role of sensorimotor or
somatosensory brain regions in pain empathy used a) salient video stimuli depicting painful
needle injections into body parts and/or b) different setups and instructions, specifically
prompting participants to reason about the sensory consequences of the stimulation and direct
their attention to the specific, affected body part (Avenanti et al., 2005, 2006; Bufalari et al.,
2007; Lamm, Nusbaum, et al., 2007; Motoyama et al., 2017). Despite our findings, i.e. an
absence of evidence for somatosensory sharing, we therefore cannot completely rule out the
possibility of still having missed somatosensory involvement with our design, since most of
the studies reporting somatosensory brain activation in response to empathic processing used

picture-based tasks where explicit images of limbs in painful situations are shown, while we
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used electrical stimulation in the present study (Lamm et al., 2011 for a meta-analysis; Xiang
et al., 2018 for a review). Our design can thus both be seen as a strength and a limitation: By
experiencing the pain first-hand, participants should have a clear representation of how the
stimulation feels for the other person, which should amplify the empathic response. However,
the still rather abstract nature of the stimuli (as compared to needles penetrating the skin)
could have diminished the response. Another limitation of the present study is the fact that we
jointly modelled the long, jittered anticipation period and the short delivery periods (in line
with Riitgen, Seidel, Silani, et al., 2015). Due to the dominance of affective anticipatory
processing within the analyzed time bin, our model could have exaggerated affective
responses to the pain and hidden any somatosensory effects. Indeed, an ERP setup used e.g.,
in Bufalari et al. (2007) would have been better suited to for detecting somatosensory
responses than a combination of our task with fMRI. We are currently investigating this
possibility in a separate study employing a typical picture-based paradigm, which should aid
in shedding further light on this issue. Furthermore, we pre-selected our sample to include
only placebo responders in order to investigate a transfer of this effect to empathy. This was a
necessary precondition for making any conclusions regarding how placebo effects in one
domain (first-hand experience) transfer to another one (empathy). Our findings are thus
limited to this type of sub-sample.

However, finding complementary results in both behavior and brain responses and further
evidence in our post hoc analyses, we are confident in our conclusion that the somatosensory

component of pain does not play a causal role in pain empathy, in the present design.

3.2.7 Conclusion

Our findings suggest a robust localized placebo analgesia effect for first-hand pain, but no
evidence for a role of the sensory-discriminative component in empathic sharing.

Nevertheless, we observed shared brain activations between first-hand and empathy for pain
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in the affective-motivational component. Using a causal-experimental manipulation and a
tailored design, empathy for another person was not influenced by a localized pain reduction
in a specific body part, thereby not confirming our preregistered predictions. These insights
are important when trying to characterize the magnitude of influence that our own pain
experience has on our ability to empathize and suggest that empathy for pain, at least when
investigated with the type of paradigms used here and previously, may rely more on sharing

of another’s affective, compared to their somatosensory state.
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3.2.12 Supplement A
Sample

Exclusion criteria were past or present enrolment in academic studies including
psychology, pharmaceutics or (veterinary, dental, human, etc.) medicine (due to prior
knowledge about deceptive elements of the study setup), any neurological or psychiatric
conditions, past or present self-injurious behavior, past or present medical conditions
regarding the hands or the skin on the hands that might interfere with current pain sensitivity
(e.g. numbness, chronic pain, trauma or injuries, or long-term pain therapy), past or present
substance abuse (alcohol or drugs), the intake of psychopharmacological medication (besides
oral contraceptives) within the last three months, left-handedness or no handedness
preference, and a weakness in distinguishing right from left. Handedness was assessed with a
combination of two handedness questionnaires (Biisch et al., 2009; Oldfield, 1971). As
suggested by Tran et al. (2014), a laterality quotient (LQ; going from -100 = strongly left-
handed to +100 = strongly right-handed) was calculated out of the ten most selective items of
both questionnaires, and only individuals with LQs of 72 or higher were invited to the study.
A weakness in distinguishing right from left was operationalized as answering the question
“How often do you mix up left and right in your daily life (e.g., while making a turn with the
car)?” with either ‘sometimes’, ‘often’ or ‘always’. We tested each participant twice for the

contraindications regarding MRI scanning, once via the online screening questionnaire and
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once face-to-face at the outset of the scanning session. Dropouts, including placebo analgesia
nonresponders, were replaced until the calculated sample size of 45 participants was reached.
Nonresponder identification

Nonresponders in regard to the placebo manipulation were determined using four
exclusion criteria. First, any verbally expressed doubts regarding the study setup were
recorded during and after the session and followed up on. In case of vague doubts,
participants were asked to specify their doubts as much as possible. Second, we assessed
belief scores about the effectiveness of the medication to decrease pain at three time-points
during the session (after the medical cover applied the gel = pre-conditioning, after the
conditioning procedure = post-conditioning, and after the completion of all tasks = post-
session). Low beliefs in general (pre- and post-conditioning ratings each on a continuous
visual-analogue-scale from 0-10 cm, sum of both ratings < 6.66 cm) and strong decreases
between the first and the second time-point (pre- minus post-conditioning ratings > 3.33 cm)
indicated a lack of responding. Third, we took the number of needed conditioning trials into
account. If participants responded with a rating higher than 5 to the conditioning stimulus on
the right hand (given at a medium intensity of 4) and/or with a rating of 5 or lower to the
stimulus on the left hand (given at a high intensity of 7), the trial was deemed unsuccessful
and repeated. It should be noted here that none of the tested participants needed more than
three conditioning trials. Finally, due to the within-subjects design of this study, we were able
to directly compare the first-hand pain ratings of the left and right hand and use them as an
additional exclusion criterion.
Procedure

To ensure equal conditions for all participants and to strengthen the cover story, we
instructed participants to refrain from alcohol, drugs, or medication-intake 24 hours before

the session as well as from intake of food or any other drink but water one hour before the
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session. Participants were told that the gel was already well established regarding its
effectiveness, but we were interested in its neural representation.

For the placebo induction we used a combination of verbal suggestions and classical
conditioning techniques. First, the medical cover (who was either male or female) did a short
medical screening including a (pseudo) drug-test to increase believability of the cover story,
after which he/she explained the pain-reducing effects of the “medication” and gave further
information on the duration of action, use and side-effects. The “medication” was presented
to the participants as a “potent, local anesthetic” with strong pain-reducing effects only on the
part of the skin it is applied to. We used the term “anesthesia” rather than “analgesia” in the
instructions to increase believability, as the placebo was a topical gel. Furthermore, the
“medication” was presented as being well established and legally approved since many years,
as well as frequently and routinely used for chronic pain patients and in dental procedures. As
a side-effect in very rare cases, dry skin and slight irritation was mentioned. To avoid
decrease of beliefs due to an absence of “numbing”, participants were told that the
medication blocked pain receptors pharmacologically and thus would exert no effects on
normal touch sensitivity or non-painful stimulation. Participants were further told that the
effectiveness of the medication would be tested after the waiting time by means of a brief
pain test from the experimenters before going into the scanner. If the participant had no more
questions, the medical cover first applied the placebo gel on the whole dorsum of the right
hand (on which the medical cover had previously attached a white paper bracelet to visually
remind the participants of their “treated” hand) and directly after that a control gel with no
active ingredients on the left hand. The medical cover explained to the participants that this
was routinely done to ensure equal conditions for the two hands and make them comparable
for later analysis. He/she further explained that the inactive gel on the left hand represented a

basis for the participant’s normal pain perception in the study (the word “placebo” was never
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mentioned). To compare brain activation of all participants in the group analysis later on, the
placebo gel was applied on the dominant, right hand and the control gel on the left hand in all
participants. Both gels contained 0.5 g Carbomer, 0.09 g TRIS, 15 g undiluted Isopropanol, 3
g Glycerol, 10 g Propylenglykol and Aqua pur. ad 100 g. The only difference was 10 g (out
of 100 g) more Isopropanol in the placebo gel and 10 g basic skin cream (‘Ultrasicc’) instead
of Isopropanol in the control gel to change visual and olfactory properties.

In the scanner room, the confederate was told that she should communicate with gestures
during the experiment because the microphone was built inside the scanner bore. These
instructions were given in front of the participant to further enhance the belief that the
confederate was in fact a second participant. In general, previously used procedures were
used to ensure believability of the whole setup, e.g., ensuring contact every now and then
between confederate and participant, attaching fake electrodes to the confederate’s hands,
conducting fake electrode tests with the confederate to check whether they were adhered to
the skin correctly, and communicating with both participants equally during the scanning
breaks. However, the confederate never received any electrical stimulation, covertly left the
scanner room before the scanning started, stayed in the control room with the experimenters
during the scanning and exited the building before the participant came out of the scanner. In
case of breaks in between runs or emergencies, the confederate was secretly asked to return to
her table next to the scanner as if she had been sitting there during the task. To avoid
habituation of the skin where the electrodes were attached and confusion of painful and non-
painful stimulation, we applied one additional electrode on each dorsum of the hand for
delivery of the non-painful stimulation. All four electrodes were tested with the participant
lying down by giving low intensity stimulation on each electrode to ensure optimal skin

adherence. The value for non-painful stimulation calibrated outside of the scanner was
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therefore tested on the new electrodes and if rated too low or high, slightly adjusted for each
hand to represent a subjective rating of 1 = “not painful, but perceivable”.
Pain task

The visual stimuli of participant’s and confederate’s hands were created with a Leica D-
Lux 54 in the first session. Hands resting on a black cardboard were photographed from the
top in similar lighting conditions. The confederate stimuli were created in the same way, but
without the white bracelet to indicate no medication. The stimuli were then edited with
Photoshop CC and Microsoft PowerPoint, removing the background, and inserting target and
hand cues in either red (RGB = 255/0/0, HEX = #FF0000) or blue (RGB = 0/0/255, HEX =
#0000FF). The final stimuli were rescaled to 900x627 pixels for the task. During the
scanning, the task was displayed on a BOLD screen 32 LCD for fMRI
(https://www.crsltd.com/tools-for-functional-imaging/mr-safe-displays/boldscreen-32-lcd-
for-fmri/nest/boldscreen-32-technical-specification#npm) that the participant viewed over a
mirror mounted on the head coil.
Analyses and plotting

For our analyses and plotting in RStudio, we used the following packages (and functions):
stats (shapiro.test, t.test, cor.test, aggregate), ez (ezANOVA), BayesFactor (ttestBF), plyr
(ddply), dplyr (arrange), tidyr (gather, spread), reshape2 (dcast), yarrr (pirateplot) and ggplot2
(ggplot). Figures 3 and 5 were created in Python/Jupyter Notebook using the Nilearn module
(functions: plot _anat, add_contours and plot_glass brain; https://nilearn.github.io/
index.html).
Behavioral results

In order to evaluate the strength of the subjective placebo effect in our sample, we
conducted two manipulation checks. The first check was preregistered as exploratory, the

second one was added post hoc to get a better impression of the subjective pain experience on
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each hand when asked at the end of the session. First, we investigated differences between
the three ratings of the placebo gel effectiveness. Mean ratings were M + SD = 6.64 + 1.80
after the administration of the gel (pre-conditioning), 8.06 + 1.27 after the conditioning
procedure (post-conditioning) and 6.71 & 2.62 at the end of the testing session (post-session;

see manipulation checks al and a2 in Figure 2 in the main text and Figure Figure 9 here).
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Figure 9. We conducted two behavioral manipulation checks evaluating the strength of the first-hand placebo
effect. Displayed are means and standard errors of the mean. A) Beliefs in the effectiveness of the administered
placebo gel at three time points during the experiment: after the topical application by the medical cover (pre-
conditioning), after the conditioning procedure (post-conditioning) and during the debriefing at the end of the
session (post-session). This revealed a significant increase of beliefs after the conditioning. Although the beliefs
significantly decreased until the end of the session, they did not drop significantly lower than initial belief
levels. B) Average intensity of the painful stimulation received on each hand judged at the end of the session.
Here, we observed significantly lower pain ratings for the placebo compared to the control hand. Figure taken
from the Supplementary Material of Hartmann, Riitgen, Riva, et al. (2021).

Significant differences emerged between the pre- and post-conditioning ratings (#(44) =

5.91, p <.001, Muitr = 1.42, 95% Clmeanditr [0.94, 1.91]), as well as between the post-
conditioning vs. post-session ratings (#(44) = -3.80, p <.001, Myt = -1.36, 95% Clmeandifr [-
2.07, -0.64]). No significant differences were found between the pre-conditioning vs. post-
session ratings (#(44) = 0.16, p = 0.875, Muitr = 0.07, 95% Clmeanditt [-0.78, 0.92]). This
indicated that effectiveness beliefs in the “medication” increased significantly from gel

administration to the conditioning procedure. Furthermore, participants’ beliefs in the
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“medication” dropped after the completion of the task, but it did not drop lower than the
initial effectiveness belief after gel administration when asked at the end of the session.
Second, we evaluated the difference between average stimulation intensities felt on each hand
when asked after the session and found a significant difference between the placebo (M + SD
=5.08 £ 1.76) and the control hand (M + SD =7.01 £ 0.84): #(44) = -8.11, p <.001, Misr = -
1.93, 95% Clmeandifr [-2.41, -1.45]. Participants recalled feeling less pain on their right placebo
hand compared to their left control hand during the task. Both manipulation checks therefore
showed evidence for a subjective localized placebo effect over the whole course of the

session that was highest right before the completion of the pain task.

Table 2
Behavioral results of the ANOVA using self- and other-related pain ratings

Effects Faaay  Piowo-tailed gen. i’
target 72.15 <.001 0.13
hand 18.44 <.001 0.04
intensity 840.67 <.001 0.84
target x hand 20.11 <.001 0.04
target x intensity 9.31 <.001 0.03
hand x intensity 61.54 <.001 0.05
target x hand x intensity 67.58 <.001 0.05
Table 3

Behavioral results of the ANOVA using unpleasantness ratings

Effects Fa44y  Piwo-tailed) gen. i’
hand 1.38 246 0.001
intensity 167.89 <.001 0.42
hand x intensity 0.48 490 <0.001
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fMRI results

Table 4
fMRI whole brain results for manipulation check bl (first-hand pain network).

Clusters and brain regions h X y z tvalue pvalue

Cluster 1 (k= 7390) <.001
insula R 38 -14 20 10.13
insula R 44 10 -2 9.62
insula R 38 4 -10 8.12

Cluster 2 (k= 15677) <.001
midcingulate cortex M 0 8 40 9.54
anterior cingulate cortex R 2 24 28 9.42
midcingulate cortex M 0 16 34 9.37

Cluster 3 (k= 10468) <.001
cerebellar vermis 6 M 0 -56 -22 8.07
cerebellar vermis 6 R 2 -76 -18 7.80
cerebellum L -32 -52 -30 7.72

Note. Significant clusters resulting from the contrast [self - pain > self no pain] in the left control
hand including hemisphere h, cluster size k&, MNI coordinates X, y, z, ¢ value and p value (whole
brain, FWE-corrected at p < .05, cluster level, £ > 188). Brain regions were labelled with the
Anatomy toolbox version 2.15 (Eickhoff et al., 2005).

Table 5
fMRI SVC results for manipulation check b2 (placebo analgesia network).

Contrasts and brain regions h k X y z tvalue  pvalue

Control hand > placebo hand

S2 R 509 38 -16 20 13.37 <.001
posterior insula R 399 38 -14 12 8.72 <.001
dACC R 386 4 2 42 7.22 <.001
dACC L 256 -10 2 40 3.54 .019
anterior insula L 152 -36 24 8 4.46 .001
anterior insula R 129 38 10 6 6.12 <.001
thalamus R 26 14 -14 8 3.77 .003
Placebo hand > control hand
DLPFC R 244 28 14 48 5.29 <.001
S2 L 175 -38  -18 20 4.90 <.001

Note. Significant clusters resulting from the contrasts [self - pain - control hand > self - pain -
placebo hand] and [self - pain - placebo hand > self - pain - control hand] including hemisphere
h, cluster size k£, MNI coordinates x, y, z, ¢ value and p value (small volume correction (SVC),
FWE-corrected at p < .05, peak-level). Only the highest peak is included in case of several peaks
in a cluster. Brain regions were labelled with the Anatomy toolbox Version 2.15 (Eickhoff et al.,
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2005). S2 = secondary somatosensory cortex; aMCC = anterior midcingulate cortex; DLPFC =
dorsolateral prefrontal cortex.

Table 6
fMRI whole brain results for manipulation check b2 (placebo analgesia network).

Contrasts, clusters, and brain regions h X y z tvalue  pvalue

Control hand > placebo hand

Cluster 1 (k=16941) <.001
rolandic operculum (OP3) R 38 -16 20 13.37
postcentral gyrus (3b) R 26  -40 68 10.16
precentral gyrus R 30 -20 74 8.92

Cluster 2 (k = 3485) <.001
cerebellum (VIII) L -26 -44 -50 8.56
cerebellum (IV-V) L 26 -42 -30 7.21
cerebellum (VI) L -26 -56 -24 6.52

Cluster 3 (k=702) <.001
rolandic operculum L -50 8 2 4.58
insula L -36 24 8 4.54
insula L -38 8 0 3.92

Cluster 4 (k= 442) .001
supramarginal gyrus L -52 -38 28 5.50
supramarginal gyrus L -64 -48 28 3.70

Cluster 5 (k=270) 011
middle frontal gyrus L -30 40 32 4.02

Placebo hand > control hand

Cluster 1 (k=2046) <.001
angular gyrus R 38 -54 38 5.47
superior parietal lobule R 34 72 50 491
superior occipital gyrus R 36 -74 48 4.72

Cluster 2 (k= 1533) <.001
calcarine gyrus R 12 -90 6 5.40
fusiform gyrus R 28 -76  -10 5.08
lingual gyrus R 26 -72 -2 4.71

Cluster 3 (k= 1466) <.001
postcentral gyrus (4a) L -36 -32 66 6.20
paracentral lobule L -16 -20 30 4.68
paracentral lobule L -10 -20 60 4.67

Cluster 4 (k= 439) .001
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middle frontal gyrus R 28
Cluster 5 (k= 299)

inferior frontal gyrus (p. triang.) R 46

middle frontal gyrus R 52
Cluster 6 (k=277)

angular gyrus L -34
Cluster 7 (k= 200)

rolandic operculum L -38

14

34
32

-18

48

24
32

42

20

5.29

4.38
431

4.02

4.90

.007

.010

.039

Note. Significant clusters resulting from the contrasts [self - pain - control hand > self - pain -
placebo hand] and [self - pain - placebo hand > self - pain - control hand] including hemisphere
h, cluster size k&, MNI coordinates x, y, z, ¢ value and p value (whole brain, FWE-corrected at p
<.05, cluster-level, £ > 188). Brain regions were labelled with the Anatomy toolbox Version 2.15

(Eickhoff et al., 2005).

Table 7

ANOVA using pooled activation of all seven ROIs (1Al rAL, aMCC, IS1, rS1, IS2, rS2).

2

Effects df F pawo-ited) gen. n
target 1,44 197.03 <.001 0.24
hand 1,44 6.48 .014 0.004
intensity 1,44 29.58 <.001 0.03
roi® 6,246 27.61 <.001 0.11
target x hand 1,44 1.86 179 0.001
target x intensity 1,44 6.45 015 0.005
hand x intensity 1,44 0.61 439 <0.001
target x roi® 6,246 31.41 <.001 0.05
hand x roi® 6,246 20.08 <.001 0.01
intensity x roi’ 6,246 13.86 <.001 0.01
target x hand x intensity 1,44 0.07 789 <0.001
target x hand x roi® 6,246 12.79 <.001 0.01
target x intensity x roi’ 6,246 6.97 <.001 0.006
hand x intensity x roi’ 6,246 2.33 .033 0.001
target x hand x intensity x roi’ 6,246 1.01 419 <0.001

Note. Effects marked with an “S” had a significant Mauchly's test for sphericity and
corresponding p-values are reported using Greenhouse Geisser sphericity correction. The
following regions of interest were included: I/rAl = left/right anterior insula, aMCC = anterior
midcingulate cortex, 1/rS1 = left/right primary somatosensory cortex, 1/rS2 = left/right secondary

somatosensory cortex.
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Table 8

ANOVA of left anterior insula.

Effects Fa44)  P(owo-tailed) gen. 1’
target 107.71 <.001 0.21
hand 7.70 <.001 0.009
intensity 25.52 .008 0.04
target x hand 3.12 .084 0.004
target x intensity 0.91 .345 0.001
hand x intensity 4.09 .049 0.003
target x hand x intensity 0.39 533 <0.001
Table 9

ANOVA of right anterior insula.

Effects Faaay  Piowo-tailed) gen. i’
target 195.91 <.001 0.39
hand 5.51 .023 0.008
intensity 32.72 <.001 0.06
target x hand 2.51 121 0.003
target X intensity 4.09 .049 0.006
hand x intensity 0.004 .984 <.001
target x hand x intensity 0.33 570 <.001
Table 10

ANOVA of anterior midcingulate cortex.

Effects Faaay  Piowo-tailed) gen. i’
target 138.25 <.001 0.30
hand 2.84 .099 0.003
intensity 27.63 <.001 0.05
target x hand 2.84 .099 0.003
target X intensity 5.40 .025 0.008
hand x intensity 0.08 79 <0.001
target x hand x intensity 0.10 753 <0.001
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Table 11

ANOVA of left secondary somatosensory cortex.

Effects Faa4y  Plowo-taited) gen. i’
target 119.63 <.001 0.39
hand 3.84 .056 0.006
intensity 31.73 <.001 0.08
target x hand 7.50 .009 0.01
target x intensity 50.34 <.001 0.07
hand x intensity 3.37 .073 0.005
target x hand x intensity 0.33 .569 <0.001
Table 12

ANOVA of right secondary somatosensory cortex.

Effects Faaay  Piowo-tailed) gen. i’
target 110.67 <.001 0.34
hand 135.35 <.001 0.13
intensity 22.63 <.001 0.06
target x hand 64.66 <.001 0.08
target X intensity 42.98 <.001 0.05
hand x intensity 5.66 .022 0.008
target x hand x intensity 3.48 .069 0.005
Table 13

ANOVA of left primary somatosensory cortex.

Effects Faaay  Piowo-tailed) gen. i’
target 16.51 <.001 0.05
hand 12.86 <.001 0.02
intensity 0.18 .678 <0.001
target x hand 7.54 .008 0.01
target X intensity 0.59 447 0.001
hand x intensity 0.03 874 <0.001
target x hand x intensity 0.15 .698 <0.001
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Table 14
ANOVA of right primary somatosensory cortex.

Effects Faa4y  Plowo-taited) gen. i’
target 37.40 <.001 0.12
hand 5.40 .025 0.008
intensity 0.11 742 <0.001
target x hand 0.62 435 <0.001
target x intensity 0.59 446 0.001
hand x intensity 0.21 .645 <0.001
target x hand x intensity 0.002 967 <0.001

The following analyses were added over the course of the revisions in order to refine
results and address reviewer comments. Due to null results on the neural level, we added
Bayesian #-tests of the ROI analyses in order to investigate evidence for the null hypothesis

(see Table 15).

Table 15
Overview of the results in the Bayesian t-tests for the seven ROIs.
BF10
Rifli(:‘:s(:f cooxli\lllla tes Prior self other svs.o

aMCC -22340 Cauchy (0,1) 0.12 0.13 0.12
1AT -40220 Cauchy (0,1) 0.13 0.13 0.14
rAl 3923 -4 Cauchy (0,1) 0.39 0.14 0.14
IS1 -39 -30 51 Cauchy (0,1) 0.12 0.12 0.12
rS1 36-36 48 Cauchy (0,1) 0.12 0.13 0.13
1S2 -39-1518 Cauchy (0,1) 12.82  0.12 0.60
rS2 39-1518 Cauchy (0,1) 0.61 0.18 0.14

Note. MNI coordinates are given as X, y, and z; Al = anterior insula; aMCC =
anterior midcingulate cortex; 1/IS1 = right/left primary somatosensory cortex; 1/l
S2 = right/left secondary somatosensory cortex; BF = Bayes Factor evidence;
BFio = evidence for alternative hypothesis (H; vs. Ho); s v. o = self vs. other.
Over the course of the revision, it was pointed out by a reviewer that a multivariate analysis

of variance (MANOVA) should be a more appropriate analysis approach for the brain data

than the one we chose and preregistered (six individual ANOVAs). We thus report results of

105



Another’s Pain in my Somatosensory Brain

the MANOVA below in Table 16. The results are largely congruent with those from the

separate ANOVAs.

Table 16
MANOVA including the seven a-priori regions of interest.

Effects approx. F(3s) Pillai  piwo-tailed)
id x target 33.87 0.86 <.001
id x hand 43.84 0.89 <.001
id x intensity 8.93 0.62 <.001
id x target x hand 26.97 0.83 <.001
id x target x intensity 8.77 0.62 <.001
id x hand x intensity 3.60 0.40 .005
id x target x hand x intensity 2.97 0.35 .014

Note. The following regions of interest were included as dependent variables in
the MANOVA: Left/right anterior insula, anterior midcingulate cortex, right/left
primary somatosensory cortex, right/left secondary somatosensory cortex.

3.2.13 Supplement B

Although our behavioral data did not show a transfer of the placebo analgesia effect to
empathy for pain, the ratings for both hands in the empathy condition were qualitatively more
similar to the ratings for the placebo hand in the self condition. In other words, although there
was no difference in pain ratings between the two hands in the empathy condition, ratings for
both hands seemed to be reduced in a similar way as the first-hand ratings for the placebo
hand. As a previous study by Riitgen, Seidel, Silani, et al., 2015 only observed this drop of
pain empathy ratings in the placebo condition, i.e. no significant difference between self- and
other-related ratings in the control condition, we aimed to further explore this “generalized”
reduction in pain empathy ratings of both hands and compared ratings of the different
conditions using priors derived from that study. This resulted in four Bayesian paired #-tests
comparing pain ratings in the self/control condition with pain ratings in (a) the other/control
condition, and (b) the other/placebo, as well as comparing the self/placebo condition ratings

with those of (c) the other/control condition, and (d) the other/placebo condition (priors were
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Cohen’s d effect sizes from the same independent #-tests in Riitgen, Seidel, Silani, et al.,
2015:a) 0.17,b) 0.76, ¢) 0.54, d) 0.05; see analysis A4 in Figure 2 in the main text).

Using these priors, we found strong evidence that the other-related pain ratings in the
control condition were decreased compared to the control condition in the self (a; BFi1o=2.58
x 10%). This decrease was similar for the other/placebo ratings (b; BFio=2.78 x 10°). In line
with this, we did not find evidence for a difference in ratings between the self/placebo and
other/control conditions (c; BFio=0.27). Finally, similar to Riitgen, Seidel, Silani, et al.,
2015, we observed comparable ratings in the placebo conditions for self and other (d; BFi0=
0.85). In other words, the placebo induction reduced the self- and other-related pain ratings to
a similar extent in our study, as reported by Riitgen, Seidel, Silani, et al. (2015), but we report
an additional reduction of empathy ratings for the control hand. These findings are in sharp
contrast to the previous study which did not find such a decrease in the other-related control
condition. In sum, although our initial predictions regarding a localized transfer to empathy
were not confirmed, we found that placebo analgesia affected empathic responses in a
generalized way. Specifically, we observed lower other-related pain ratings for both hands
that were more similar to the self-related pain ratings of the placebo hand. We now want to
discuss these results in relation to the results by Riitgen, Seidel, Silani, et al. (2015).

This mismatch of results could be explained by an inherent limitation of our within-
subjects design and the effects of placebo analgesia on endogenous opioids. The opioid
system generally mediates pain processing (Baumgartner et al., 2006; Karjalainen et al.,
2017) and plays an important role during placebo analgesia (Biichel et al., 2014; Colloca,
2019; Eippert et al., 2009; Zubieta et al., 2005), but is also involved during empathic
responses to others in pain (Riitgen, Seidel, Silani, et al., 2015; Riitgen et al., 2018). During
placebo analgesia, two types of expectancies should be differentiated (Atlas & Wager, 2014;

Geuter et al., 2017; Montgomery & Kirsch, 1996). While treatment-related expectancies
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relate to the overall knowledge of the context and general subjective beliefs, likely depending
on sustained mechanisms such as affective shifts and tonic opioid binding (Atlas et al., 2010;
Atlas & Wager, 2012), stimulus-related expectancies are hypothesized to adapt flexibly based
on discrete events by depending on transient, phasic responses in systems involved in
processing e.g. prediction errors (Atlas et al., 2010). For instance, Atlas and Wager (2014)
provided meta-analytic evidence that treatment expectancies are significantly more likely to
reduce activation in left insula than stimulus-dependent expectancies.

The within-subjects, localized placebo analgesia induction in our study could therefore
have led to two distinct responses: 1) An initial tonic endorphin release over the endogenous
opioid system, increasing baseline endorphin levels throughout the whole experiment. This
increase, acting as a natural analgesic, might have downregulated emotional arousal and/or
the affective response in general (see e.g. Benedetti & Amanzio, 2013 for a review); 2) A
phasic modulation adapting flexibly depending on the location of the expected task stimulus
(placebo vs. control hand, self vs. other). Such an increased tonic response in the placebo
condition might have been an advantage for the previous between-subjects study who was
able to induce these changes specifically in the placebo group, with the control group staying
at baseline endorphin levels (Riitgen, Seidel, Silani, et al., 2015). This, in turn, could have
eased the detection of modulation of affective responses. In our study, however, all
participants underwent a placebo analgesia induction and could have experienced this tonic
endorphin increase, possibly leading to a generalized down-regulated response. Our results
therefore additionally provide tentative evidence for shared affective representations in the
form of a generalized placebo analgesia response during empathy for pain. This idea of a
primarily tonic placebo effect compared to a phasic modulation is bolstered by our Bayesian
analyses showing a generalized decrease of other-related pain ratings of both hands down to

the levels of the self-related placebo decrease and contradicts our initial hypothesis of a more
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phasic, localized response in regard to stimuli applied specifically to the placebo hand. Our
within-subjects design could therefore have hindered us from observing modulation of the
affective and/or somatosensory component exactly for this reason. This would then explain
why we only partly replicated the behavioral, but not the fMRI results of Riitgen, Seidel,
Silani, et al. (2015) regarding a placebo-induced decrease in brain regions related to the
affective-motivational component for first-hand or empathic pain.

If this theory holds, however, we should also have observed a generalized/tonic response
for first-hand painful experiences. Although we found evidence for a strong localized placebo
effect and thus involvement of the phasic component on the behavioral level, we observed no
placebo-induced decrease in brain regions related to the affective-motivational component of
first-hand pain processing (except for a trend in left Al). However, this inconsistency could
e.g. be explained by easier discrimination between one’s own hands, i.e. higher saliency of
first-hand compared to empathic experiences (see Borsook et al., 2013; Eisenberger, 2015 for
critical discussions; Krahé et al., 2013; Legrain et al., 2011). These prerequisites could have
allowed for a more phasic modulation in the self, while this was not or much less the case for
the other, where differentiation between the hands might have demanded more complex
cognitive processing.

In sum, the contribution of a “tonic placebo response” to pain processing might have had a
much higher weight in our study than phasic modulatory differences between targets and
hands. Our results therefore speak for an affect-modulating role of the opioid system
(Nummenmaa & Tuominen, 2017) and enhanced situational modifiability of somatosensory

responses for the self compared to the other.
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3.3 Study 2: Placebo analgesia does not reduce empathy for
naturalistic depictions of others’ pain in a somatosensory specific
way

Helena Hartmann?, Federica Riva?®, Markus Riitgen?, & Claus Lamm®"

“ Social, Cognitive and Affective Neuroscience Unit, Department of Cognition, Emotion, and
Methods in Psychology, Faculty of Psychology, University of Vienna, Vienna, Austria

* Corresponding author

This study is published in Cerebral Cortex Communications (doi: 10.1093/texcom/tgab039).

3.3.1 Abstract

The shared representations account postulates that sharing another’s pain recruits
underlying brain functions also engaged during first-hand pain. Critically, direct causal
evidence for this was mainly shown for affective pain processing, while the contribution of
somatosensory processes to empathy remains controversial. This controversy may be
explained, however, by experimental paradigms that did not direct attention towards a
specific body part, or that did not employ naturalistic depictions of others’ pain. In this
preregistered fMRI study, we aimed to test whether causal manipulation of first-hand pain
affects empathy for naturalistic depictions of pain in a somatosensory-matched manner.
Forty-five participants underwent a placebo analgesia induction in their right hand and
observed pictures of other people’s right and left hands in pain. We found neither behavioral
nor neural evidence for somatosensory-specific modulation of pain empathy. However,
exploratory analyses revealed a general effect of the placebo on empathy, and higher brain
activity in bilateral anterior insula when viewing others’ right hands in pain (i.e.,
corresponding to one’s own placebo hand). These results refine our knowledge regarding the
neural mechanisms of pain empathy and imply that the sharing of somatosensory

representations seems to play less of a causal role than the one of affective representations.

111



Another’s Pain in my Somatosensory Brain

3.3.2 Introduction

Neuroimaging studies of empathy for pain have consistently found involvement of a
network of brain regions related to affective-motivational processing of pain, such as anterior
midcingulate cortices (aMCC) and anterior insula (Al). Other studies have highlighted the
importance of sensory-discriminative processing in empathy, e.g., in primary (S1) and
secondary (S2) somatosensory cortices (Keysers et al., 2010 for a review; Fallon et al., 2020;
Fan et al., 2011; Jauniaux et al., 2019; Timmers et al., 2018 for meta-analyses). Which
regions are recruited depends strongly on the type of empathy task employed, in other words,
whether the task focus lies on the “live” pain experience of another vs. on pictorial depictions
of others’ pain (e.g., Lamm et al., 2011). Furthermore, the exact role of the somatosensory
component during empathy remains controversially discussed. More specifically, it is unclear
whether somatosensory pain processing networks contribute to empathy for pain by means of
somatotopic matching, as they do for first-hand pain. This study thus had the following aims:
First, and foremost, to investigate shared neural representations during pictorial depictions of
others’ pain, and second, to resolve whether we specifically recruit somatosensory
representations of our right hand, when empathizing with the pain of another person whose
right hand is shown to be in pain on a picture. If this were the case, it would shed light on the
putative role of shared somatosensory representations in empathy for pain and extend our
previous findings on effects of placebo analgesia on shared affective representations to the
domain of picture-based presentations of others’ pain.

Empathy constitutes a complex, multi-faceted phenomenon involving cognitive, affective,
and behavioral processes and mechanisms (see e.g., Marsh, 2018; Weisz & Zaki, 2018 for
recent reviews). Here we refer to empathy as an affective state isomorphic to the affective
state of another person that includes a partial and experiential sharing of the other’s affective

state (de Vignemont & Singer, 2006; Hall & Schwartz, 2019; Lamm et al., 2019; Shamay-
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Tsoory & Lamm, 2018). Interestingly, affective and somatosensory brain regions involved in
processing empathic pain overlap in part with brain regions that are also active when we
experience pain ourselves (Lamm et al., 2011; Singer et al., 2004). Within the so-called
shared representations account of empathy, this activation overlap has been taken to suggest
that shared representations may underlie such vicarious experiences. In other words, we seem
to recruit the same neural substrates when feeling pain ourselves and when empathizing with
someone else in pain (Bastiaansen et al., 2009; Bernhardt & Singer, 2012). Although the
majority of studies report this overlap of activation in aMCC and Al (Benuzzi et al., 2018;
Corradi-Dell’ Acqua et al., 2011; Jackson, Brunet, et al., 2006), other studies have pointed to
S1 and/or S2 as equally relevant for pain empathy (Avenanti et al., 2005; Bufalari et al.,
2007; Fabi & Leuthold, 2017; Gallo et al., 2018; Lamm et al., 2007; Motoyama et al., 2017;
Novembre et al., 2015; Riecansky & Lamm, 2019 for a review). Evidence for shared
representations was recently also confirmed with multivoxel pattern analyses (MVPA), which
pinpointed the mid- to anterior insular cortex and thus patches of cortex largely associated to
affective processes as relevant for the sharing of self- and other-related pain representations
(Krishnan et al., 2016; Zhou, Li, Zhao, Xu, Zheng, Fu, Yao, et al., 2020a). This raises the
important question whether not only previously shown affective but also somatosensory
representations of another’s pain experience are shared in pain empathy.

Importantly, an overlap in activation, as demonstrated e.g., with fMRI, does not
necessarily imply shared underlying functions and has fostered an active debate regarding the
existence and location of shared representations underlying first-hand and empathy for pain.
Trying to go beyond correlational evidence of shared activations towards evidence for shared
representations, recent studies have made use of causal and/or psychopharmacological
manipulations (Gallo et al., 2018; Riitgen, Seidel, Riecansky, et al., 2015; Riitgen, Seidel,

Silani, et al., 2015; Riitgen et al., 2018; Riitgen et al., 2021). One such method is placebo
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analgesia, the reduction of first-hand pain by means of an inert pharmacological substance,
which has been found to decrease both first-hand pain ratings and pain-related brain activity
in regions such as insula, ACC, S1, S2 and thalamus (Atlas & Wager, 2014 for a meta-
analysis; Eippert et al., 2009; Geuter et al., 2013; Wager et al., 2004; see Colloca et al., 2013;
Wager & Atlas, 2015 for reviews). Moreover, placebo analgesia has been successfully
employed to downregulate pain via localized manipulations, e.g., using gels or creams on
different body parts (Bingel et al., 2006; Geuter et al., 2013; Schafer et al., 2015; Schenk et
al., 2014; Wager et al., 2004). Turning to empathy, Riitgen et al. used this method in three
consecutive studies to test whether such a first-hand pain reduction transfers to empathy for
pain, as the shared representations account would suggest (Riitgen, Seidel, Rie¢ansky, et al.,
2015; Riitgen, Seidel, Silani, et al., 2015; Riitgen et al., 2018). Indeed, global placebo
analgesia by means of a placebo pill lowered activity in brain regions such as Al, dorsal
ACC, S2 and thalamus, thus demonstrating that this induction procedure was indeed able to
down-regulate first-hand somatosensory processing (Riitgen, Seidel, Silani, et al., 2015). In
the empathy condition, the authors further observed lower ratings of unpleasantness and
empathy for pain as well as lower activity in aMCC and left Al in the placebo group
compared to a control group who had not received any pill. They further showed a crucial
role of the opioid system, as blocking placebo analgesia using the opioid antagonist
naltrexone blocked the manipulation’s effects on first-hand and empathy for pain. A recent
study from our lab showed additional domain-general effects, with placebo analgesia also
affecting the first-hand and empathic experience of unpleasant touch, but pain-specific
blockage of these effects using an opioid antagonist (Riitgen et al., 2021). The behavioral
results for pain have since been replicated by an independent research group using real

painkillers (Mischkowski et al., 2016) and extended to empathy for positive emotional states
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(Mischkowski et al., 2019). Similarly, hypnotic analgesia decreased brain responses of both
self- and other-related pain in right Al and amygdala (Braboszcz et al., 2017).
Notwithstanding the important advances made by this line of research, several points are
still unclear: First of all, these studies did not find any placebo-related modulation of the
sensory-discriminative component of pain during empathy, suggesting that empathy for pain
might be specifically focused on sharing the affective representation of another’s pain
(Riitgen, Seidel, Silani, et al., 2015). Relatedly, it has been proposed that specific types of
empathy for pain paradigms recruit somatosensory brain regions to a larger degree, namely
tasks where the attention is directed to the somatic location of pain, such as the exact body
part in which the pain is inflicted (Lamm et al., 2011; Xiang et al., 2018; Zaki et al., 2016).
Note in this context that two types of paradigms are commonly used in pain empathy
research: cue-based tasks, which use abstract cues to indicate experimentally induced painful
(electrical or thermal) stimulation in different intensities delivered to another person (usually
on the hands or arms); and picture-based tasks, which show pictures or pre-recorded videos
of individuals’ body parts or faces in pain. Crucially, cue-based tasks usually employ an
additional first-hand pain condition where the participants receive the same stimulation they
are empathizing with (either in a separate block, or intermixed with the empathy condition),
while picture-based tasks focus mostly on the empathic reaction to visual stimulus material
(but see Corradi-Dell’Acqua et al., 2011; Krishnan et al., 2016; Zhou, Li, Zhao, Xu, Zheng,
Fu, Yao, et al., 2020b). One main conceptual difference between these paradigms is thus the
way one infers the pain of another person, i.e., either “live” vs. via pictorial representations.
Furthermore, in cue-based tasks, participants rely on implicit cues representing the target or
intensity of the stimulation happening in that exact moment, while picture-based tasks show
explicit and directly visible pain events through videos or pictures. Importantly, previous

studies on placebo analgesia exclusively used cue-based setups with “live” experienced pain,
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and thus did not focus on depictions of others in painful situations (Riitgen, Seidel,
Riecansky, et al., 2015; Riitgen, Seidel, Silani, et al., 2015). The present study aimed to close
this gap by employing such a picture-based design. Most studies in the past employing
picture-based tasks have not employed causal manipulations such as placebo analgesia. Only
one line of research used transcranial magnetic stimulation to measure changes in
corticospinal motor representations of hand muscles in individuals observing hands or feet
being penetrated by needles (e.g., Avenanti et al., 2005; see Keysers et al., 2010 for a
review). They showed a reduced amplitude of motor-evoked potentials in the muscles that
participants saw being pricked by the needle, which correlated with subjective ratings of
sensory pain qualities. This highlights the importance of somatic resonance and a direct,
bodily matching of specific sensory aspects of others’ pain, leading to our second aim of
investigating shared somatosensory representations with our picture-based setup.

We thus conducted a project employing a localized placebo analgesia manipulation on the
right hand only (with the left hand acting as a control) and two paradigms tailored to
investigate different yet related research questions. The first part of this project published
elsewhere (Hartmann, Riitgen, Riva, et al., 2021) aimed to refine the results of Riitgen,
Seidel, Silani, et al. (2015) regarding the attentional focus by using an adapted version of
their cue-based task, where electrical stimulation was administered either to the participants
or a confederate. In this setup, however, while increasing the focus on the affected body part,
live pain to another person still had to be inferred via abstract cues indicating how painful
stimulation of that body part was. In brief, this task did not reveal evidence for a location-
specific somatosensory sharing of others’ pain. The second part of this project, reported here,
aimed to investigate shared representations in a picture-based task consisting of naturalistic
depictions of others in everyday painful situations. Beyond advancing our general

understanding how placebo analgesia affects empathy in such a setup, this task also allowed
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us to focus on the role of lateralized somatosensory representations, as placebo analgesia had
been induced only in the right hand, and the stimuli showed left and right hands. Our
previous (Hartmann, Riitgen, Riva, et al., 2021) and the present study thus used the same
participant sample to investigate placebo-induced transfers in two distinct tasks that were
conducted after each other in the same session.

In sum, it is currently unknown (1) whether shared representations also hold in picture-
based empathy paradigms, and (2) whether pain empathy recruits first-hand somatosensory,
body part-specific representations of that pain. The goal of the present, preregistered study
was therefore to investigate whether locally applied placebo analgesia modulates the
behavioral and neural responses to explicit naturalistic depictions of others in everyday
painful situations. We tested this by experimentally reducing first-hand pain in one specific
body part, the right hand, using a placebo gel. We hypothesized that behavioral and neural
responses (both in affective and somatosensory brain regions) would be lower for stimuli
corresponding to the right hand, where placebo analgesia was induced, compared to
left/control hand stimuli. Our preregistered main predictions were, thus, that neural
somatosensory representations engaged by first-hand pain are also recruited when
empathizing with the pain of another person, and that the hand-specific reduction of first-
hand pain would result in a corresponding hand-specific reduction of empathy for pain. If we
indeed observed a location-specific reduction of pain empathy (lower pain ratings and lower
brain activity in S1 and S2 for right hand- compared to left hand-related stimuli), this would
imply shared representations at the level of somatosensation. If, on the other hand, we did not
observe any kind of behavioral or neural differences between the left- and right-hand stimuli,
it would suggest that somatosensory representations would play no specific role in empathy
for pain. Such a finding would however be in line with previous reports on how placebo

analgesia affects affective representations, which did not report modulation of somatosensory
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activity; as well as with our most recent study within the same sample, which did not find
evidence for somatosensory modulation in a cue-based paradigm tailored to engage

somatosensory areas.

3.3.3 Materials and Methods

Data and code availability statement

Unthresholded statistical maps are available on NeuroVault
(https://neurovault.org/collections/9244/). The stimuli of the picture-based empathy for pain
task are available and will be shared individually upon request.

Preregistration

In line with the suggestion for openly stating transparency by Simmons et al. (2012), we
report how we determined our sample size, all data exclusions, all manipulations, and all
measures in the study. This study was preregistered on the OSF prior to any creation of data
(Hartmann et al., 2018; preregistration: osf.io/uwzb5; addendum: osf.io/h7v9p). The here
reported part of the project was designed to extend the results of Riitgen, Seidel, Silani, et al.
(2015) regarding a transfer of first-hand placebo analgesia to empathy for everyday painful
situations. The study design and procedures reported here are therefore largely identical to the
ones employed in Hartmann, Riitgen, Riva, et al. (2021), and reproduced here and in the
Supplement. In the following methods and results, we clearly separate preregistered
procedures and analyses from those added post hoc. Preregistered tests are additionally
marked with a ‘p’ in all results-related figures.

Participants

For estimating the sample size, we conducted an a priori power analysis using GPower
(Faul et al., 2007), using a conservative average of the lowest effect sizes from previous
studies (one-sided paired z-test; see Riitgen, Seidel, Riecansky, et al., 2015; Riitgen, Seidel,

Silani, et al., 2015). We aimed to detect a medium effect size of Cohen’s d = .40 at the

118



Another’s Pain in my Somatosensory Brain

standard .05 a error probability with a power of 1-B = 0.8, yielding a sample size of 41
participants. However, considering that the modulation of placebo analgesia might not be
equal for empathy in everyday painful situations, 45 placebo responders was set as the data
collection stopping rule. Due to the nature of our research question, it was crucial to obtain a
final set of participants who showed a first-hand placebo analgesia effect, in order to
investigate a transfer of this effect to empathy for pain. We thus evaluated non-responders to
the placebo analgesia manipulation using a set of criteria consisting of three measures already
employed in Riitgen, Seidel, Silani, et al. (2015) and a fourth additional criterion possible due
to our within-subjects design. In brief, those criteria were 1) strong doubts about the cover
story, 2) low belief in the effectiveness of the “medication”, 3) a high number of conditioning
trials, and 4) higher first-hand pain ratings for the right/placebo compared to the left/control
hand in another task (see also sections M.1 in the Supplement for screening and exclusion
criteria, and M.2 for nonresponder identification). From a total of 78 recruited participants,
we excluded 20 (25.6%) nonresponders to the first-hand pain placebo manipulation, seven
due to technical difficulties with the pain stimulator, five due to inconsistent ratings (e.g.,
equally high ratings for painful and non-painful stimulation in both placebo and control
conditions) and/or extensive movement and one participant because of a spontaneously found
brain abnormality.

Our final sample included 22 males and 23 females between 19 and 32 years (M £ SDge =
23.84 + 2.73, all strongly right-handed with laterality quotients (LQs) > 80 and normal or
corrected-to-normal vision). Importantly, this sample of participants also conducted another
task in the same session; the findings of this task are published in Hartmann, Riitgen, Riva, et
al. (2021). For the purpose of our study, we only recruited strongly right-handed participants
and always induced the placebo in the right hand of all participants to avoid laterality-related

problems in our fMRI analyses, increase sample homogeneity and retain comparability of the
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induction procedure. All participants gave written consent at each outset of their two
sessions. Each participant received 50 € for taking part in both sessions and an amount
aliquot to their time invested if they dropped out earlier. The study was approved by the
ethics committee of the Medical University of Vienna (EK-Nr. 661/2011) and performed in
line with the latest revision of the Declaration of Helsinki (World Medical Association,

2013).

Procedure

Participants came to the MRI scanner, where the experimenter explained that the goal of
the study was to investigate brain activity associated with a local anesthetic in the form of a
medical gel. First, we performed an individual psychophysical pain calibration (a) to
determine the maximum level of painful, but tolerable stimulation intensity and (b) to specify
average subjective intensities on a visual analogue scale (VAS) from 0 = not painful to 8 =
extremely painful for very painful (rating of 7), medium painful (4) and not painful, but
perceivable (1) stimulation for the left and right hand separately. Using the procedure
employed by Riitgen, Seidel, Silani, et al. (2015), electrical stimulation (stimulus duration =
500 ms) was administered to the dorsum of the hand using the Digitimer DS5 Isolated
Bipolar Constant Current Stimulator (Digitimer Ltd, Clinical & Biomedical Research
Instruments), one hand at a time, with two rounds going stepwise from very low (0.05 mA) to
higher stimulation until the participant indicated the last given stimulus as an ‘extremely
painful’ (rating of 8). In a third round, stimuli with seemingly random intensity in the before
calibrated range were delivered (although we alternated intensities corresponding to average
ratings of 1, 4 and 7). A few seconds break between each stimulation and a few minutes
break between each round ensured a reliable, independent rating of each stimulation.

The calibration was followed by the placebo analgesia induction. To this end, a medical

student posing as the study doctor introduced the gel as a “powerful local anesthetic”, gave
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information on its effects and possible side effects, and then applied the placebo gel on the
dorsum of the right hand. Participants were then told that a “control” gel without any active
ingredients would be applied on the left hand. In fact, both the placebo and control gel
contained nearly the same ingredients and no active pharmacological components (exact
ingredients can be found in section M.3 in the Supplement). After 15 minutes of waiting time
“for the medication to take effect”, we evaluated and amplified the effects of the placebo
induction by means of a classic conditioning procedure. As in the calibration, participants
were told that they would again receive electrical stimulation to the right or left hand via an
attached electrode. Participants thought they would receive stimulation they had rated as very
painful before on both hands. This was true for the left/control hand (average intensity rated
as 7 during calibration), however, for the right/placebo hand, the experimenter secretly
lowered the intensity to medium painful (rating of 4) to suggest pain relief. All participants
completed a minimum of two and a maximum of four rounds and received oral feedback by
the experimenter after each round. This was done to suggest that participant’s ratings on the
left/control hand stayed similar to their average ratings during calibration, but the ratings on
the right/placebo hand had decreased. This adjustment was done covertly, to maintain a
participant’s belief that they received equally high intensities on either hand. Importantly, we
purposefully chose a within-subjects design and therefore did not directly test whether
placebo analgesia leads to a general decrease in somatosensory regions, due to the absence of
a control group not undergoing the placebo manipulation.

Afterwards, participants were led into the scanner room and, following general
adjustments, completed two fMRI runs of another task (~45 minutes, findings reported in
Hartmann, Riitgen, Riva, et al., 2021), and one fMRI run of the picture-based empathy for

pain task focused on here (~22 minutes) in a fixed order. Upon completion of all tasks, the
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field map and structural image were acquired. The session was concluded with post-
experimental questionnaires and took around four hours in total.
Picture-based empathy for pain task

To measure empathy for everyday painful situations, we adapted an established picture-
based empathy for pain task from Jackson et al. (2005). Stimuli depicted everyday situations
of one person accidently hurting him-/herself. For each situation, four pictures were taken,
each picture always depicting both hands of a person taken from a first-person perspective
(for the participant), but showing one out of four different conditions: left/control hand pain,
right/placebo hand pain, left/control hand no pain, right/placebo hand no pain (see Figure
10A for example stimuli and section M.4 in the Supplement for specific information
regarding the stimuli creation and task presentation). A non-preregistered, online validation
study was conducted prior to the main study to select 15 situations out of 29 initial ones. To
this end, we had recruited an independent sample of 38 right-handed participants (21 females,
M £ SDgge = 30.50 + 6.27). They were asked to rate 116 stimuli (29 situations x 2 intensities x
2 target hands) regarding other-related pain and one’s own unpleasantness when viewing the
picture, both on 9-point visual analogue scales from 0 = “not at all” to 8 = “extremely
painful/unpleasant”. From the validation study, 15 out of the 29 situations rated as most
painful were selected for the main task and evaluated on the following criteria: 1) the stimuli
for left and right hand did not differ in the measured dimensions and i1) the stimuli in the pain
and no pain conditions did differ from each other. To ensure this, we performed two
repeated-measures ANOV As, for pain and unpleasantness ratings, each including the factors
target hand (left vs. right hand) and intensity (pain vs. no pain) and the ratings from the 15
selected situations (see section M.4 and R.1 in the Supplement for description and results
regarding the additionally assessed ratings of arousal, valence, and realism). In the main task,

15 situations per condition were shown, resulting in 60 pictures/trials.
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Intensity
Pain

No pain

Left Right
Target hand

How PAINFUL for the OTHER?

Picture

How UNPLEASANT for YOU?

3.5s

Fixation dot
5+2s

Two ratings
4 s each

(randomized order)

Fixation dot
5+2s

Figure 10. A) Task stimuli showed everyday situations where one person (ostensibly accidentally)
hurt him-/herself and varied depending on the target hand (left/control vs. right/placebo) and intensity
(pain vs. no pain). Both hands were shown in all stimuli, but black arrows expressly indicated the hand
to attend to and to rate in the trial. B) Overview of the picture-based empathy for pain task. In a 2x2
within-subjects design, pictures depicted either painful or non-painful everyday situations, and
participants were asked to focus on either the left or right hand (i.e., the one corresponding to their
own control or placebo hand, respectively). The hand laterality to be attended to was marked again
with a black arrow. Figure taken from Hartmann, Riva, et al. (2021).
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The 60 images were included in one out of four pseudorandom trial orders previously
created (see Figure 10B for an overview of the trial structure in the task). Each trial consisted
of the picture shown centered on a black background for 3500 ms, a jittered waiting period
with a white fixation dot on black background for 5000 + 2000 ms, two rating questions of
4000 ms each played in random order and a jittered inter-trial-interval of 5000 + 2000 ms,
again with a white fixation dot on black background. The hand laterality that the participants
had to rate was marked with a black arrow. Tapping into different aspects of empathy (Lamm
& Majdandzi¢, 2015), participants were asked to provide two ratings: (1) “How painful is it
for the person in the picture?”” and (2) “How unpleasant was it for you to view the picture?”.
While the former question aimed to measure pain intensity, i.e., the cognitive-evaluative
aspect of the others pain, the latter question aimed to capture the affective-sharing aspect of
the empathic experience. Questions were rated on the same 9-point scale from 0 = not
perceivable to 8 = extremely painful/unpleasant.

Data acquisition

The empathy for pain task was implemented using the Cogent 2000 Toolbox Version 1.33
(http://www.vislab.ucl.ac.uk/cogent 2000.php) within MATLAB R2017b (Mathworks,
2018). MRI data was acquired using a 3 Tesla Siemens Magnetom Skyra MRI-system with a
32-channel head coil (Siemens Medical, Erlangen, Germany). The functional scanning
sequence included the following parameters: Echo time (TE) / repetition time (TR) = 34/1200
ms, flip angle = 66°, multi-band acceleration factor = 4, interleaved ascending acquisition,
interleaved multi-slice mode, matrix size = 96x96, field of view = 210 mm, voxel size =
2.2x2.2x2.0 mm?>, 52 axial slices coplanar to the connecting line between anterior and
posterior commissure, slice gap = 0.4 mm and slice thickness = 2 mm. Functional volumes
were acquired in one run of ~22 minutes. Importantly, all participants completed three runs of

fMRI data collection in total, with short breaks in between; the data reported here were
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always collected in the last run, while findings from the other two runs are reported in
Hartmann, Riitgen, Riva et al. (2021). To acquire structural images, we used a magnetization-
prepared rapid gradient-echo sequence (TE/TR = 2.43/2300 ms, flip angle = 8°, ascending
acquisition, single shot multi-slice mode, field of view = 240 mm, voxel size = 0.8x0.8x0.8
mm?, 208 sagittal slices, slice thickness = 0.8 mm).
Behavioral data analysis

All behavioral data were processed and statistically analyzed in RStudio Version 3.6.1 (R
Core Team, 2020; see section M.5 in the Supplement for information regarding analysis and
plotting functions). Preregistered t-tests were conducted one-sided due to a priori, directional
hypotheses. Cohen’s d’s for behavioral and fMRI analyses were calculated using the effect
size calculation spreadsheet (version 4.2) provided by Lakens (2013).

Manipulation checks. We conducted two manipulation checks to evaluate the strength of

the first-hand placebo analgesia effect. First, we asked participants three times during the
session how effective they believed the medication to be in reducing their own pain on the
placebo-treated, right hand: after the gel application = pre-conditioning, after the conditioning
= post-conditioning and after all tasks in the post-experimental questionnaire = post-session.
For this, we conducted three paired t-tests comparing the three time-points with each other.
These analyses were preregistered as exploratory, but we expected an increase in belief
between pre- and post-conditioning by the conditioning procedure as in Riitgen, Seidel,
Silani, et al. (2015). Secondly, we used first-hand pain ratings from the two runs with the cue-
based pain task preceding the picture-based task in the same imaging session. There,
participants had received and rated electrical stimulation on either hand. As this measure
(which was also one of the four preregistered criteria to identify non-responders) was a
reliable indicator of placebo analgesia, we also used it here as an additional manipulation

check (see also section M.2 in the Supplement). To this end, we conducted a paired t-test
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using the first-hand pain ratings from that task (calculated as an index of pain - no pain). We
further visually inspected the time course of the ratings related to the right/placebo hand to
(a) pinpoint possible decreases of the placebo effect over the course of that task and (b)
confirm that the placebo effect was intact and robust right before participants engaged in the
picture-based task.

Preregistered analyses. As those manipulation checks, and thus the induction of a first-

hand placebo analgesia effect, were deemed successful, we conducted our main analyses to
test whether the first-hand effect of placebo analgesia transferred to picture-based empathy
for pain. In general, we employed a within-subjects, full-factorial design with two factors of
two levels each (target hand: left/control vs. right/placebo hand, intensity: pain vs. no pain).
Two parametric two-factorial (2x2) repeated measures analyses of variance (ANOV As) were
used to analyze the results, where the dependent variables were either the pain or the
unpleasantness ratings related to the viewing of the pictures. For each of the ANOVAs, we
then compared the two hands on the index scores, separately for pain and unpleasantness
ratings, using paired t-tests (always calculated as right/placebo hand (pain — no pain) <
left/control hand (pain — no pain) and run one-tailed for ratingright/placebo hand < ratingiefi/control
hand)-

Post hoc analyses. As the pain rating data was not normally distributed (indicated by a

significant Shapiro-Wilk normality test), we additionally calculated a Wilcoxon rank-sign test
which mirrored the results of our parametric test (see section R.2 in the Supplement).
Because of the (absence of predicted) behavioral results, we added two Bayesian paired-
samples t-tests to evaluate evidence of absence of effects (Keysers et al., 2020). These
analyses mirrored the preregistered behavioral analyses, using pain and unpleasantness
ratings separately as dependent variables and the default Cauchy (0, .707) prior of .707 as the

effect size (this indicates a 50% chance to observe an effect size between -.707 and .707; see

126



Another’s Pain in my Somatosensory Brain

e.g., Rouder et al., 2009). In general, a Bayesian t-test generates one Bayes Factor that
compares relative evidence for the alternative vs. null hypothesis (BF10, H1 vs. HO; BF1o < 3:
weak evidence, BF10 > 3: moderate evidence; BFio > 30: strong evidence for H1) or the
opposite, evidence for the null vs. the alternative hypothesis (BFo1 = 1/BF10; BFO1 < 3: weak
evidence, BFo1 > 3: moderate evidence; BFo1 > 30: strong evidence for HO) (Mac Giolla &
Ly, 2019; Van Doorn et al., 2020; Wagenmakers et al., 2011). Bayesian analyses were run
one-tailed for ratingighuplacebo hand < ratingiefycontrol hand I JASP version 0.11.1 (JASP Team,
2019). The following section describes post hoc analyses we employed due to the null results
found in the present study. As described below in the results, our present behavioral results
showed no evidence for a placebo-induced decrease of subjective other-related pain or
unpleasantness ratings related to the right/placebo hand. However, in another, previously
published empathy task employing electrical stimulation conducted in the same participant
sample and session, we did find evidence for a “generalized placebo effect”, i.e., a general
down-regulation of empathy for pain ratings in both left/control and right/placebo hand,
independent of the localized placebo induction on only one hand (see also Supplement B of
Hartmann, Riitgen, Riva, et al. 2021). In other words, the placebo manipulation had a general
effect on the rating of our stimuli, independent of the target hand. Therefore, we wanted to
investigate the existence of such a generalized downregulation by comparing behavioral
ratings of the pictures used in our main study to the same pictures used in the validation
study, where no placebo manipulation was employed. This was done by calculating two
between-subjects ANOV As, including either the pain or unpleasantness ratings in regard to
the pictures, as well as the factors target hand (left/control vs. right/placebo hand), intensity
(pain vs. no pain) and study (validation vs. main study). Effects indicating between-study
differences were followed up using Welch’s t-tests and evaluated two-sided. Note that none

of these analyses were preregistered as they resulted from pattern of results and additional
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insights and results originating between preregistration and data analysis and should thus be

considered as exploratory.

fMRI data preprocessing and analysis

Preprocessing and first-level analysis. Statistical Parametric Mapping (SPM12, Wellcome

Trust Centre for Neuroimaging, https://www.fil.ion.ucl.ac.uk/spm/software/spm12/) running
on MATLAB Version R2017b (Mathworks, 2018) was used for preprocessing and
statistically analyzing the MRI data. Preprocessing involved slice timing (reference = middle
slice; Sladky et al., 2011), realignment with each participant’s individual field map,
coregistration of structural and functional images, segmentation into gray matter, white
matter (WM) and cerebrospinal fluid (CSF), spatial normalization, and spatial smoothing (8
mm full-width at half-maximum Gaussian kernel). The first-level design matrix of each
participant contained four condition regressors and one for all ratings. For each condition, the
onset and viewing duration (3.5 s) of the pictures were modeled as blocks and convolved with
SPM12’s standard canonical hemodynamic response function. Six realignment parameters
and two regressors modeling WM and CSF were included as nuisance regressors (WM and
CSF values were extracted using the REX toolbox by Duff et al., 2007).

Preregistered analyses. To test our hypothesis of a transfer of the first-hand localized

placebo effect to empathy for everyday painful situations, we extracted and analyzed brain
activation in three regions of interest (ROIs), determined independently from our data based
on a meta-analysis on pain empathy (Lamm et al., 2011) and also used in our previous studies
(Hartmann, Riitgen, Riva, et al., 2021; Riitgen, Seidel, Silani, et al., 2015): left Al (x =-40, y
=22,z=0), right Al (39, 23, -4) and aMCC (-2, 23, 40). Additionally, we analyzed four
ROIs in bilateral S1 (left S1: -39, -30, 51; right S1: 36, -36, 48) and S2 (left S2: -39, -15, 18;
right S2: 39, -15, 18), taken from independent findings investigating somatosensory pain

perception (Bingel et al., 2004, 2007). We created 10 mm spheres around each of the seven
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coordinates with MarsBaR (Brett et al., 2002) and extracted parameter estimates for each
ROI using the first-level contrast images of each participant and condition with REX
(Response Exploration for Neuroimaging Datasets; Duff et al., 2007). ROI analyses were run
in RStudio Version 3.6.1 (R Core Team, 2020). As in the behavioral analysis, we employed
the same within-subjects, full-factorial design including two factors (farget hand, intensity) of
two levels each, and the additional factor RO with seven levels (1A1, rAl, aMCC, IS1, 1S1,
1S2, rS2). We first calculated an ANOV A pooling the activation of all seven ROIs and then
calculated separate ANOV As and planned comparisons for each ROI. Each ANOVA was
followed up by a planned comparison between the two hands using an index of the activation
(pain -no pain). Since Mauchly's test for sphericity was statistically significant in the pooled
ANOVA for the main effect of ROI and all interactions with the factor ROI, we reported the
results of this ANOVA using Greenhouse Geisser sphericity correction. After observing a
significant main effect of and interactions with the factor ROI in the initial three-way
ANOVA, we went on with our preregistered plan and computed separate ANOVAs and
planned comparisons for each ROI (one-sided tests for activityright/placebo hand < aCtiVityiefycontrol
nand). TO control for multiple comparisons, we corrected the calculated #-tests using
Bonferroni correction by dividing the o error probability by the number of ROIs (for tests in
affective ROIs: p =.05/ 3 ROIs = .017; somatosensory ROIs: p =.05 /4 ROIs =.013).

Post hoc analyses. Again, due to the (absence of predicted and exploratory evidence for

opposite) results, we ran Bayesian paired-samples ¢-tests for each of the seven ROIs in JASP.
The analyses of left and right S1 and S2 mirrored the preregistered fMRI analyses and were
run one-sided for activityrightplacebo hand < aCtiVityleficontrol hand USIng the default Cauchy (0, .707)
prior of .707 as the effect size. However, the analyses for the three affective ROIs (1AL rAl
and aMCC) were run one-sided for activityrightplacebo hand > aCtiVityiefi/control hand tO invVestigate

evidence for the opposite effect. Furthermore, we explored hand-related differences in other
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regions apart from the ones preregistered by conducting an additional whole brain analysis
for the contrasts aCtiVitYright/placebo hand < aCt1Vitylefi/control hand aNd aCtiVityiefycontrol hand <

activityrightplacebo hand, bOth calculated as pain — no pain (FWE-correcte at cluster level, k =

303).

3.3.4 Results

Behavioral results

Validation study. The aim of the validation study was to ensure that i) the stimuli for left

and right hand did not differ and that ii) the stimuli in the pain and no pain conditions did differ
from each other. We calculated five repeated measures ANOVAs for each of the five rating
scales (pain, unpleasantness, realism, arousal, and valence) including the factors target hand
(left vs. right hand) and intensity (pain vs. no pain). The results showed significant main effects
of intensity in all ANOVAs (see Table 18 in the Supplement). Participants judged painful
stimuli as significantly more painful (F(1,37) = 538.24, p <.001, #° = 0.89; Figure 15A in the
Supplement) and unpleasant (F(1,37) = 253.65, p < .001, #* = 0.75; Figure 15B in the
Supplement) as their non-painful counterparts. However, we did not find any significant
differences in our measured variables between the two hands (main effect of target hand) or
any interaction between intensity and target hand. These results successfully demonstrated the
validity of our created task stimuli.

Manipulation checks. Next, we conducted two manipulation checks to evaluate the

existence of a first-hand placebo analgesia effect. In the first check measuring beliefs in the
effectiveness of the “medication” over the course of the session, means + standard errors of
the mean (SEM) were 6.64 & (.27 pre-conditioning, 8.06 + 0.19 post-conditioning and 6.71 +
0.39 post-session. The increase in effectiveness beliefs as a result of the conditioning
procedure was significant (pre- vs. post-conditioning: #(44) = 5.91, p <.001, Muyy=1.42,

95% Clmeanditr [0.94, 1.91], see Figure 16A). Participants’ beliefs dropped after the
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completion of the task (post-conditioning vs. post-session: #(44) =-3.80, p <.001, Muyy= -
1.36, 95% Clmeandifr [-2.07, -0.64]), but did not drop lower than the initial effectiveness belief
after gel application after the whole session (pre-conditioning vs. post-session: #44) =0.16, p
=0.875, Mayir=0.07, 95% Clmeandifr [-0.78, 0.92]). In the second check, we found a significant
difference between the participant’s placebo-treated vs. control-treated hands for first-hand
pain ratings in the task preceding the picture-based task, with a very high effect size (#(44) =
9.49, p <.001 one-sided, Muir=1.619, 95% Clmeandgitr [1.28, 1.96], Cohen’s d. = 1.42; see
Figure 16B). This difference was related to significantly lower pain ratings for the right hand
(M + SEM=3.64+0.21), i.e., the hand in which placebo analgesia was induced, compared to
the left, control-treated hand (M = SEM = 5.26 £ 0.15). Importantly, visual inspection of
those first-hand pain ratings showed no sign of decrease over time and post hoc analysis of
this time course also did not reveal any significant effects of trial number (p’s > .281),
suggesting a stable and robust placebo effect right before participants engaged in the picture-
based task reported here. In sum, the two manipulation checks showed a) a strong belief in
the effectiveness of the placebo gel that was highest right before entering the scanner, and b)
lower subjective, first-hand pain ratings in a task that was done right before the picture-based
empathy task we focus on here.

Preregistered analyses. Then, we went on to test our hypothesis and evaluate the existence

of a transfer of the lateralized first-hand placebo analgesia effect to empathy for everyday
painful situations in the main study. To this end, we calculated two repeated-measures
ANOVAs (preregistered, see Table 19Table 20 in the Supplement). The first repeated-
measures ANOVA using the pain ratings of the pictures revealed main effects of target hand
(F(1,44) =5.42, p = .025 two-sided) and intensity (F(1,44) = 1348.88, p <.001 two-sided),
indicating that there were significantly higher pain ratings for the left/control vs. the

right/placebo hand (M;ign: £ SEM = 3.02 £+ 0.30; Mie, = SEM = 3.13 £+ 0.30), and significantly
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higher pain ratings for painful vs. non-painful pictures (Mpain = SEM = 5.78 £ 0.09; Myuopain =
SEM = 0.37 £0.07; see Figure 11 for an overview of all ratings). However, we did not
observe a target hand x intensity interaction (p =.711 two-sided), which would have shown
evidence for pain-specific effects of the placebo manipulation. Paired comparisons mirrored
those results, with no difference between the ratings (calculated as an index of painful - non-
painful stimuli) of left/control (M £ SEM = 5.38 + 0.17) and right/placebo (M £ SEM = 5.42 +
0.14) hands (#(44) =-0.37, p = .823 one-sided, My =-0.037, 95% Clmeanditr [-0.24, 0.16],

Cohen’s d =0.03).
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Figure 11. Preregistered behavioral results of the picture-based empathy for pain task, where participants rated
pictures of others in painful and non-painful everyday situations (displayed here as an index of the ratings for
painful — non-painful control stimuli). We observed no evidence for a transfer of the first-hand placebo effect
induced using electrical pain to neither A) empathy for pain nor B) unpleasant-ness ratings, using a one-sided
test of right/placebo hand < left/control hand. n.s. = not significant, S.E.M. = standard error of the mean; BF;
= evidence for the null compared to the alternative hypothesis (also calculated one-sided); P = preregistered.
Figure taken from Hartmann, Riva, et al. (2021).

Results were similar in the second repeated-measures ANOVA using the unpleasantness
ratings of the pictures. Here, we again observed main effects of target hand (#(1,44) = 15.56,
p <.001 two-sided) and intensity (F(1,44) =327.89, p <.001 two-sided), but opposite to the
effect found in the pain ratings, there were significantly higher unpleasantness ratings for the

right/placebo vs. the left/control hand (Migne = SEM =2.29 = 0.23; Mies = SEM =2.14 +

0.23), and significantly higher unpleasantness ratings for painful vs. non-painful pictures
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(Mpain £ SEM = 4.08 + 0.15; Muopain = SEM = 0.35 £ 0.07). Again, we observed no target hand
X intensity interaction (p = .160 two-sided), which would again have shown evidence for
pain-specific effects. Paired comparisons (using an index of the ratings for painful — non-
painful stimuli) showed no difference between the two hands (left: M + SEM =3.67 + 0.22;
right: 3.80 + 0.21) for unpleasantness ratings (#44) = -1.43, p = .960 one-sided, My =-0.13,
95% Clmeandifr [-0.32, 0.05], Cohen’s d = 0.09).

Post hoc analyses. Complementing the above results, the two post hoc one-sided Bayesian

t-tests showed moderate to strong evidence for absence of the investigated effect, both for
pain (BFo1 = 8.07) and unpleasantness ratings (BFo1 = 13.99) of the main study. When
comparing the main study’s results to the one of the validation study (which had not included
a placebo analgesia induction) in order to investigate a generalized effect of this manipulation
in the main study, we observed main effects of target hand (£(1,81) =4.00,

p <.048 two-sided) and intensity (F(1,81) = 1649.51, p <.001 two-sided), but no main effect
or interactions with study (for the full ANOVAs see Table 21Table 22 in the Supplement).
The main effect of target hand showed that pictures of the right hand (M + SEM =3.04 +
0.22) were rated as more painful than pictures of the left hand (M + SEM = 2.98 + 0.22)
independent of the intensity or study, and that painful pictures (M + SEM = 5.68 + 0.07) were
rated as more painful than non-painful pictures (M + SEM = 0.35 + 0.06) independent of the
target hand or study. Looking at the unpleasantness ratings, however, we observed main
effects of study (F(1,81) =11.37, p =.001 two-sided), target hand (F(1,81) =11.78, p <.001
two-sided) and intensity (F(1,81) =576.74, p <.001 two-sided). Again, the main effect of
target hand showed that pictures of the right hand (M + SEM = 2.57 £+ 0.18) were rated as
more unpleasant than pictures of the left hand (M + SEM = 2.46 + 0.18) independent of the
intensity or study, and that painful pictures (M + SEM = 4.53 + 0.12) were rated as more

unpleasant than non-painful pictures (M £ SEM = 0.50 = 0.06) independent of the target hand
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or study. Interestingly, the main effect of study showed that, in general, pictures were rated as
inducing more self-related unpleasant affect in the validation study (M = SEM = 2.87 + 0.20)

compared to the main study (M £ SEM =2.21 + 0.16).

8 -
*
= 77 - r
L
? 6 € v?
- '
: % ~
@ 5 — [
b}
E * -
g 4 - — o
© 2
H i)
w v
8 3+ s
1} 2 —
3 o
o
S 14 % ?
O — t
| | | |
study main validation main validation
intensity nopain pain

Figure 12. Post hoc comparison of unpleasantness rating to pictures of everyday painful
situations between the validation and the main study (displayed here as an average of
the ratings for stimuli depicting the right and left hand). We observed evidence for a
significant, generalized reduction of unpleasantness in the main compared to the
validation study, for pain as well as no pain stimuli. S.E.M. = standard error of the mean.
Figure taken from Hartmann, Riva, et al. (2021).

We therefore followed up on the main effect of study by comparing the unpleasantness
ratings for the two hands for the two studies, separately for pain and no pain (see Figure 12).
Here we observed that, for both intensities, the average unpleasantness rating for either hand
in the pictures was significantly higher in the validation compared to the main study (pain: p

= .004, Mya = SEM = 5.05 + 0.25, Myain £ SEM = 4.08 = 0.21; no pain: p = .038, My = SEM

=0.69 £ 0.14, Muain £ SEM = 0.35 £ 0.09).

134



Another’s Pain in my Somatosensory Brain

In sum, the behavioral results indicated no transfer of the placebo analgesia effect induced
for first-hand electrical pain to empathy for pain or one’s own unpleasantness during
everyday situations. In other words, participants rated the pain intensity of other people in
everyday situations as well as their own unpleasant affect when viewing such pictures equally
high and independent of the placebo induction on the right hand. These results were
confirmed by the post hoc Bayesian analyses. Interestingly, exploratory analyses indicated a
possible down-regulatory effect of the placebo induction on unpleasantness ratings to the
pictures in general, independent of the rated hand.

fMRI results

Preregistered analyses. After successfully inducing a first-hand placebo analgesia effect in

our participants, we went on to test our preregistered main hypothesis for a transfer of this
effect to empathy for everyday painful situations using a ROI approach. To this end, we
extracted parameter estimates in three affective (bilateral AI, aMCC) and four somatosensory
ROIs (bilateral S1 and S2). However, using our preregistered one-sided tests and
hypothesizing a reduction of brain activation for pictures corresponding to the right/placebo
hand, we did not find results confirming our hypotheses (see Table 17 for an overview of all
planned comparisons). The pooled ANOVA showed significant main effects of intensity and
ROI, a trend for target hand x intensity (p = .086 two-sided) as well as all interactions
involving the factor ROI (see Table 23 in the Supplement for the full ANOVA table). The
planned comparison encompassing activation of all ROIs revealed a non-significant result (p
=.958 one-sided, M= -0.08, 95% Clmeandir [-0.17, 0.01]), with no difference in activation
for the right/placebo and the left/control hand. As preregistered, and due to a significant main
effect of ROI as well as significant interactions with the factor ROI, we went on to calculate
single ANOV As and complementary ¢-tests for each ROI separately. Regarding the affective

ROIs, we observed no evidence for lower placebo-induced hemodynamic activity in regard to
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pictures displaying the right/placebo compared to the left/control hand (left Al: p = .995 one-
sided, Muijr=-0.22, 95% Cleanditr [-0.37, -0.07]; right Al: p = .993 one-sided, M= -0.18,
95% Clmeandifr [-0.32, -0.04]; aMCC: p = .937 one-sided, M= -0.14, 95% Cleanditr [-0.29,
0.01] also see Figure 13 here and Table 24Table 26 in the Supplement). However, the two-
sided ANOV As and visual data inspection revealed evidence for an opposite effect (a target x
hand interaction showing increased activity for the right/placebo compared to the left/control
hand (1AIL: p = .005; rAl: p =.015; see Tables 38 and 39 in the Supplement), which we

followed up on using post hoc Bayesian analyses.

Table 17
Main ROI analyses testing for placebo effects via one-sided paired t-tests.

Brain region M+ SEM H(44)° Done-sided d-
left/control hand right/placebo hand
pooled ROIs 0.08 £0.04 0.16 £ 0.04 -1.76 958 0.26
left Al 0.29 +£0.07 0.50 £ 0.08 -2.99 .995 0.43
right Al 0.08 £0.06 0.26+0.07 -2.54 .993 0.38
aMCC 0.22+0.07 0.36+0.08 -1.91 937 0.28
left S1 0.05+0.05 0.09 +0.06 -0.63 733 0.09
right S1 -0.05 +0.05 -0.05 + 0.06 -0.02 .506 <0.01
left S2 0.005 = 0.03 0.001 +0.02 0.15 558 0.02
right S2 -0.03 £0.03 -0.05+£0.02 0.73 766 0.11

Note. Planned comparisons for the region of interest (ROI) analyses to evaluate the transfer of a first-hand
placebo analgesia effect to empathy for everyday painful situations. For bilateral Al and aMCC, we observed
effects that were opposite to our preregistered predictions; p values for activityrighyplacebo hand < aCtiVityiefi/control
hand are displayed one-sided and interpreted using Bonferroni correction for multiple comparisons (p = .017 for
affective ROIs and p = .013 for somatosensory ROIs); Al = anterior insula; aMCC = anterior midcingulate
cortex; r/1S1 = right/left primary somatosensory cortex; r/1 S2 = right/left secondary somatosensory cortex; M
= mean; SEM = standard error of the mean; #(degrees of freedom); d. = Cohen’s d; P= preregistered.

In the somatosensory ROIs, we again found no evidence for our preregistered hypotheses,

as there were no differences in brain activation for the two target hands, neither in S1 nor S2

(see Figure 14 and Table 27-Table 30 in the Supplement). More specifically, we did not
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observe the hypothesized lower brain activity related to right/placebo hand compared to
left/control hand pictures (left S1: p =.733 one-sided, M= -0.05, 95% Cleanditr [-0.19,
0.10]; right S1: p =.506 one-sided, M < -0.001, 95% Clmeanditr [-0.13, 0.13]; left S2: p =
.558 one-sided, M= 0.004, 95% Clmeandifr [-0.05, 0.06]; right S2: p = .766 one-sided, My =

002, 95% Clineandift ['OO4> 008])
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Figure 13. Affective region of interest (ROI) results of the empathy for pain task (displayed here as an index
of activity related to painful — non-painful control stimuli). We observed no evidence for a reduction of
brain activity in affective regions related to empathy for pain by the placebo manipulation, using a one-
sided test of right/placebo hand < left/control hand. Data inspection revealed the opposite effect, i.e., higher
activity in affective brain regions during empathy for pain in the placebo compared to the control condition.
n.s. = not significant, S.E.M. = standard error of the mean; BF o = evidence for the alternative compared to
the null hypothesis; P = preregistered. Figure taken from Hartmann, Riva, et al. (2021).

Post hoc analyses. As mentioned above, inspection of the data revealed an opposite pattern
in bilateral Al and aMCC, whereby activation seemed to be higher for right/placebo hand
compared to left/control hand pictures. This was underlined by the significant target hand x
intensity interactions observed for bilateral Al (and a trend for aMCC) in our preregistered
ANOVAs. Post hoc Bayesian analyses of the seven ROIs can be found in Table 31 in the
Supplement. Importantly, those only showed moderate evidence for Hi compared to Ho for
1AI (BF10=9.11) and rAI (BFio = 3.55), i.e., higher hemodynamic activity for right/placebo

vs. left/control hand pictures, but weak evidence for H; in aMCC (BF19 = 1.09).
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Figure 14. Somatosensory region of interest (ROI) results of the empathy for pain task for A) bilateral S1 and
B) bilateral S2 (displayed here as an index of activity related to painful — non-painful control stimuli). We
observed no evidence for a reduction of brain activity in somatosensory regions related to empathy for pain by
the placebo manipulation, using a one-sided test of right/placebo hand < left/control hand. n.s. = not significant,
S.E.M. = standard error of the mean; S1/S2 = primary/secondary somatosensory cortex; BF¢; = evidence for
the null compared to the alternative hypothesis; P = preregistered. Figure taken from Hartmann, Riva, et al.
(2021).

In contrast, the Bayesian factors (BFo1) for the somatosensory ROIs showed moderate
evidence for the absence of a difference in activity. The whole-brain analysis also did not
reveal any evidence for other de- or increases in brain activity for right hand- compared to

left hand-related stimuli, and vice versa. In sum, the results, similar to the behavioral results,
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did not confirm our predictions of first-hand placebo analgesia reducing empathy for pain in
both affective and somatosensory brain regions. However, exploratory post-hoc analyses
suggested an opposite effect, i.e., higher hemodynamic activity related to right/placebo hand

pictures in bilateral Al

3.3.5 Discussion

This preregistered study aimed to investigate the role of sensory-discriminative brain
responses in empathy for everyday painful situations. To this end, we induced a localized
placebo analgesia effect in the right hand of 45 participants using a placebo gel (with the left
hand acting as a control) and then measured brain activity with fMRI during an empathy for
pain task focusing on visual depictions of painful situations occurring to left or right hands.

Contrary to our preregistered predictions, we did not observe a localized reduction of self-
reported empathy for pain or unpleasantness ratings related to the hand laterality as a result of
the first-hand placebo analgesia induction. The neuroimaging results mirrored the behavioral
findings, as we did not observe evidence for lower hemodynamic activity in any of our
affective or somatosensory ROIs as a result of the placebo. These null results were bolstered
by three additional findings: First, pain and unpleasantness ratings in the validation study
showed a reliable differentiation of painful vs. non-painful stimuli, but no differences on
those dimensions for pictures displaying the left vs. right hand, speaking for the validity and
comparability of our stimuli. Second, two initial manipulation checks showed an increase in
the belief about medication effectiveness through the conditioning procedure, as well as a
significant difference between first-hand pain ratings of the right/placebo and left/control
hand in another task done in the same session (Hartmann, Riitgen, Riva, et al., 2021).
Together, these results demonstrated the successful induction of a localized, first-hand
placebo analgesia effect, thus laying a strong foundation to investigate their possible transfer

to the picture-based empathy task. Third, Bayesian analyses using the behavioral and brain
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data showed moderate to strong evidence for the absence of a transfer of lateralized placebo
analgesia for first-hand pain to empathy for pain in our picture-based task. This suggests that
shared somatosensory representations play less of a role during empathy for pain compared to
shared affective representations, no matter how the pain of another person is inferred and
where the attention of participants is directed. This interpretation is based on the observation
that in two tasks both tailored to detect modulation of somatosensory sharing, we did not find
evidence for modulation of such sharing by placebo analgesia. This contrasts with several
previous studies that consistently reported modulation of processes and activity linked to
affective representations (Riitgen, Seidel, Riecansky, et al., 2015; Riitgen, Seidel, Silani, et
al., 2015; Riitgen et al., 2018, 2021).

Overall, our findings shed a different light on previous studies reporting an overlap of
first-hand and empathy for pain in the sensory-discriminative component (Lamm et al., 2011
for a meta-analysis) and highlighting the role of somatosensory representations in empathy
for pain (Avenanti et al., 2005; Bufalari et al., 2007; Riecansky & Lamm, 2019). However, it
is important to note that unlike before, our study specifically targeted somatotopic matching
of self- and other-related pain states by using a localized placebo manipulation targeted only
at the right hand. One possible explanation for the here reported absence of somatosensory
sharing could be that the general processing of another’s pain might have a higher weight
than processing the exact location and source of that pain, leading, in turn, to less
involvement of the somatosensory network. Indeed, we cannot exclude a general down-
regulation of somatosensory brain regions by placebo analgesia in the present study, as we
did not have a between-subjects control group who was not under the influence of the
placebo.

Our findings further tie in with studies investigating individuals with congenital

insensitivity to pain (CIP), a patient group which is impaired in their first-hand and thus
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somatosensory pain processing (Danziger et al., 2006, 2009). CIP patients still show intact
empathic responses despite this constraint, including the aMCC and Al engagement seen in
neurotypical controls, as well as ventromedial prefrontal and posterior cingulate cortices.
Interestingly, those results were found using mainly measurements of empathy for pain
focusing on pictorial displays or visual imagery (i.e., images of body parts and facial
expressions, video material of painful situations, and verbally presented imaginary painful
situations).

We further report exploratory evidence for generally lower unpleasantness as a result of
the placebo analgesia induction in the main study, independent of the displayed hands
(compared to our prior validation study without such analgesia). Averaging over both hands,
we demonstrated significantly higher unpleasantness ratings in the validation study,
compared to the main study. This indicates that the placebo induction might indeed have had
an effect on the participants, but not in the localized way we expected. Instead,
unpleasantness ratings were generally lower in the main compared to the validation study
independent of the hand laterality in the stimuli. This finding would be in line with our past
work (Riitgen, Seidel, Silani, et al., 2015) showing effects of a generalized placebo analgesia
induction on affective brain networks, and with our previous study where we also observed
such a general downregulation of empathic responses (Hartmann, Riitgen, Riva, et al., 2021).
More specifically, there we had observed, within the same sample of participants, a
comparable reduction of empathy for pain ratings for both hands instead of the expected
localized reduction for the right hand only. These results underline the conclusion that the
placebo analgesia induction in the present project, encompassing the present study and the
one published in Hartmann, Riitgen, Riva, et al. (2021) may have influenced empathic
resonance in a generalized, compared to a localized, way. Although this may not be too

surprising, as the same subjects underwent this manipulation and did both tasks, it is
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interesting to note that this general effect was observed consistently over both tasks and is in
line with other work from our lab reporting evidence for affective shared representations
(Riitgen, Seidel, Silani, et al., 2015). The absence of a localized transfer of the placebo effect
raises the possibility of a domain-general affective blunting of empathy for pain responses in
our study. However, we did not observe such a general blunting of responses during another
task delivering first-hand electrical pain in the same session, where we saw a significant
difference between the first-hand pain ratings of the two hands. Furthermore, a recent study
from our lab (Riitgen et al., 2021) investigating exactly such domain-general effects showed
that placebo analgesia does not transfer to pleasant touch, but only unpleasant touch and its
empathic experience. In that study, only pain and empathy for pain, but not touch, were
modulated by an opioidergic mechanism, which provided evidence for shared affective
representations. Thus, it appears unlikely that our placebo induction procedure (which was
very similar to the one in our previous studies, apart from employing placebo gel instead of
pills) led to generally blunted affect but acted specifically on aspects related to the negative
experience. Future studies should try to tease apart these specific vs. general effects more
thoroughly.

In terms of advancing our theoretical understanding of empathy and its neural
underpinnings, the present findings extend the insights of our previous studies, which had
provided evidence for shared opioidergic mechanisms between pain and empathy for pain.
With the present project, we refined the apparent limits regarding the level of specificity
when it comes to sharing others’ affective states. More specifically, it seems that we do not
share others’ pain representations in a body part-specific manner. What seems to be shared in
empathy for pain are the affective consequences of the painful situation, rather than their

precise bodily origins.
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In addition, we observed a main effect of hand in our preregistered analysis, i.e., lower
ratings for the right compared to left hand pictures independent of intensity, which could be
another indication for a general placebo effect (especially as we did not observe this main
effect in our validation study without any placebo induction). However, the actual difference
in terms of rating was very small and previous between-subjects studies have reported an
effect of the placebo only on pain (and not on no pain) ratings (Riitgen, Seidel, RieCansky, et
al., 2015; Riitgen, Seidel, Silani, et al., 2015; Riitgen et al., 2018). Therefore, this reasoning
about a general placebo effect is only preliminary and should be investigated further in future
studies, especially because the validation and main study were not exactly the same: Apart
from the 15 painful situations used in the validation and main study, the validation study
employed a different set of participants, measured an additional 14 situations and also
assessed realism, arousal and valence ratings for each picture. Although we chose the 15 most
painful situations for the study comparison, the possibility of anchoring effects depending on
the shown stimuli should be the subject of future research. In this context, an inherent
limitation of our within-subjects design is the absence of a control condition for the placebo
response, as all our participants underwent a placebo induction on their right hand. Although
the validation study showed evidence for a generalized effect of the placebo, it can only
supply indirect insights regarding the extent of placebo effects in the main study (see also
Supplement B in Hartmann, Riitgen, Riva, et al., 2021 for a more thorough discussion of this
issue). Future studies should aim for including such a condition in order to draw more
conclusive conclusions about a possible general placebo effect and shared affective
representations on the brain level.

Furthermore, we found an unexpected opposite effect for bilateral Al, whereby
hemodynamic activity was higher for pictures of the right hand (corresponding to the

participant’s own placebo hand) compared to the left/control hand. It is important to note,
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though, that these explorations were not part of our preregistered hypotheses and have to be
interpreted with caution. Critically, we did not preregister an analysis testing for this
unexpected finding of higher brain activity for pictures relating to the right/placebo as
opposed to the left/control hand, as we hypothesized the opposite effect and thus tested one-
sided. This caveat, coupled with our null findings and the nature of the picture-based task,
which did not allow comparison to the first-hand experience of the corresponding situations,
limit the conclusions we can make in regard to somatosensory sharing of another’s pain.
Although we report null results regarding our preregistered predictions, we briefly discuss
our findings in the next section and highlight future research directions.

First, we induced the placebo only in the right hand of all our strongly right-handed
participants, thus potentially confounding handedness with our placebo manipulation. It could
therefore be that the right/placebo hand, always being the dominant hand, had specific effects
on brain activation related to this hand, such as greater salience or attention. Indeed, Atlas
and Wager (2014) discuss the possibility of placebo-induced changes in the insula and ACC
changes reflecting attention or positive affective shifts. Future studies should therefore
carefully test such laterality-related issues and extend this line of research, e.g., by
counterbalancing the placebo analgesia induction and/or adding left-handers to their sample.

Second, previous research regarding first-hand as well as empathy for pain has also
highlighted the role of stimulus context and appraisal mechanisms (Atlas et al., 2010; Hein &
Singer, 2008 for a review; Lamm, Batson, et al., 2007; Lamm, Nusbaum, et al., 2007). For
example, it has been shown that perspective changes can modulate evaluative processes and
subsequent brain responses related to pain (Jackson, Brunet, et al., 2006), and that pain
perception is shaped by multiple context factors such as expectations or beliefs (Jepma et al.,
2018; Jepma & Wager, 2013). In our task, for example, the context varied greatly between

the pictures and each situation had to be interpreted differently, possibly requiring increased
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top-down perspective taking. In this line of reasoning, a failure of self-other distinction could
have led to ‘empathic over-arousal’ in the form of higher brain activation in Al in the placebo
compared to the control condition. However, to avoid confusion of self- and other-related
perspectives, but also mixing up of the hand laterality, we purposefully chose to display the
pictures from an egocentric perspective and kept a black frame around the images.

Third, we carefully selected placebo responders by means of four specific criteria
(Hartmann, Riitgen, Riva, et al., 2021; Riitgen, Seidel, Silani, et al., 2015), i.e., only included
participants showing a first-hand placebo analgesia effect. Wager et al. (2011) have
highlighted a possibly altered process of pain evaluation in strong placebo responders, rather
than a blockade of noxious input. Indeed, many previous studies not only find a decrease in
pain-related brain regions but an additional increase in affective brain regions such as insula
and rostral ACC for first-hand pain (Petrovic et al., 2002, 2005; Bingel et al., 2006),
suggesting placebo-related modulatory mechanisms (also see Amanzio et al., 2013 and Atlas
& Wager, 2014 for meta-analyses and placebo-related increases in other regions). If the pain
is evaluated differently to begin with, this could explain our paradoxical increase of brain
activity in bilateral Al, corresponding to processing of right-hand pictures. However, this is
only speculative and should be thoroughly tested in future studies, especially since the
evidence observed here was only moderate and the majority of studies using placebo
analgesia usually report a decrease of activity in insular regions.

Two other important points are task order and time effects. Although we took great care in
inducing the placebo effect in a way that it was stable for the whole session, the task reported
here was conducted after another task, around 45 minutes after the placebo induction was
completed. This could have influenced the strength of the placebo effect and led to a decrease
or general change over time. However, both of our manipulation checks showed a persistent

effect until the end of the session, visible in comparable beliefs in the effectiveness of the gel
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from the start of the placebo induction to the end of the session, and in significantly lower
(and stable) first-hand pain ratings for the right/placebo compared to the left/control hand in
another task done right before the here presented empathy task. Furthermore, a previous
study points to self-reinforcing expectancy effects in pain (Jepma et al., 2018). Indeed, the
first-hand pain ratings in the placebo condition of the cue-based task completed directly
before the picture-based task, showed no evidence for a decrease of the placebo effect over
time.

As mentioned before, placebo analgesia in first-hand pain may not only have led to
decreased brain activity in regions such as insula, ACC and S2, but also to increased activity
in prefrontal regions such as dorsolateral, medial and orbitofrontal cortices as well as inferior
frontal gyrus (see e.g., Atlas & Wager, 2014 for a meta-analysis). In line with this, neurons in
the medial prefrontal areas might be involved in exerting placebo-related, modulatory control
over an automatically triggered, affective response to the sight of highly aversive situations
such as our stimuli (Lamm, Nusbaum, et al., 2007). However, a complementary, exploratory
whole brain analysis did not reveal any activation differences for right/placebo vs. left/control
hand in prefrontal areas in our task, when FWE-corrected at cluster-level. Investigating these
brain regions in the context of analgesic effects on empathy for pain more specifically should
therefore be the focus of future studies.

In conclusion, although our results suggest a successfully induced, localized placebo
analgesia effect for first-hand pain, we did not find evidence for a somatotopically-specific
reduction in brain activation, when assessing empathy for everyday painful situations. This
study suggests that shared somatosensory representations play less of a role during empathy
for pain compared to previously reported shared affective representations. Our work thus
refines how empathy is processed in our brains, and the extent and type of influence that our

first-hand pain experience has on empathic responding.
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3.3.10 Supplement

This study is part of a bigger project that has in part already been published, with the only
difference being the task that was reported (Hartmann, Riitgen, Riva, et al., 2021). Most of
the information given here in M.1, M.2, M.3 and M.5 is therefore paraphrased from this
previous paper.

Methods

M.1 Sample. Participants were recruited via a database of interested study participants,
distributing flyers and advertising on social media. Interested participants first filled out an
online questionnaire screening for any exclusion criteria (especially regarding MRI safety)
and only eligible participants were invited to the study. Exclusion criteria were past/present
enrollment in university studies including psychology, pharmaceutics or (human, veterinary,
dental, etc.) medicine, any psychiatric or neurological conditions, past/present long term self-
injurious behavior, past or present medical conditions regarding the hands that could possibly
interfere with current pain sensitivity (e.g. chronic pain, numbness, trauma, injuries or long-
term pain therapy), past/present alcohol or drug abuse, the intake of psychopharmacological
medication in the last three months (besides oral contraceptives), left-handedness or no
handedness preference, and a weakness in distinguishing left from right. The latter was
operationalized by asking participants how often they mix up left and right in their daily life,
e.g., while making a turn with the car. We excluded participants answering this question with
‘sometimes’, ‘often’ or ‘always’. Handedness was measured using a combination of two
established handedness questionnaires (Oldfield, 1971; Biisch et al., 2009). A laterality
quotient (LQ; going from -100 = strongly left-handed to +100 = strongly right-handed) was
calculated from the ten most selective items of the two questionnaires, and only individuals
with LQs > 72 were invited to the take part (Tran et al., 2014). Each participant was tested

twice for any contraindications regarding MRI scanning, once via an online screening
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questionnaire and once in person at the outset of the scanning session. Excluded participants,
such as dropouts and placebo analgesia nonresponders (see also next section S.2), were
replaced until the preregistered sample size of 45 participants was reached.

M.2 Nonresponder identification. Placebo analgesia nonresponders were determined using

four exclusion criteria (the first three criteria taken from (Riitgen, Seidel, Silani, et al., 2015):
(1) We recorded any strong, verbally expressed doubts regarding the study setup during and
after the session; (2) We collected belief scores about the effectiveness of the gel to decrease
the participant’s own pain at three time-points during the session (after the gel application =
pre-conditioning, after the conditioning = post-conditioning, and in the post-experimental
questionnaire = post-session, each rating on a continuous visual-analogue-scale from 0-10
cm). Pre- and post-conditioning ratings that were < 6.66 cm in sum (indicating a general low
belief) and/or pre- minus post-conditioning ratings that were > 3.33 cm (indicating a decrease
in belief after the conditioning) classified a participant as a nonresponder. (3) We counted the
number of conditioning trials needed to show an analgesic response, with four or more trials
indicating nonresponding. However, none of the participants needed more than three
conditioning trials to show a response to the placebo; (4) During the data collection, we
preregistered a fourth measure we had previously overlooked, as it had not been possible in
the previous study (which mainly informed the pre-registration) due to a between-subjects
design. This involved a first-hand pain task, where we applied short-lasting painful and non-
painful electrical stimulation delivered to the right/placebo and left/control hands of the
participant, and then collected pain ratings (for a more thorough report see also Hartmann,
Riitgen, Riva, et al. 2021). Using this fourth criterion, we could directly compare the self-
related pain ratings of the two hands and excluded participants who showed higher average
first-hand pain on the right/placebo compared to the left/control hand. This allowed us to

identify responders with increased certainty, and thus maximize the placebo responsiveness
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of the sample as well as bolster interpretability of our results. During preregistration of this
addendum, the so far collected data had not been observed or analyzed yet.

M.3 Procedure. In brief, the study consisted of two parts: First, participants were invited to
an initial one-hour session to the Faculty of Psychology and were asked to fill out different
trait personality questionnaires on a computer for around one hour. For the second session
(average interval of 32.86 £ 29.16 (M £ SD) days), participants were asked to refrain from
alcohol, drugs, or medication-intake 24 hours before the testing session as well as from intake
of food or any other drink besides water one hour before. In general, participants were asked
to rate each stimulation as intuitively but also as accurately as possible. We calibrated the left
and right hand individually for each participant (alternating the hand being calibrated first
across participants), because previous studies found pain tolerances to vary depending on the
hand laterality and dominance (Murray & Safferstone, 1970; Pud et al., 2009). For the
placebo induction, a combination of verbal suggestions and classical conditioning techniques
was employed. First, a medical student posing as the study doctor (either male or female) did
a brief medical screening including a (pseudo) drug-test to increase participant’s belief in the
cover story that a real medication would be administered. The placebo gel was presented as a
“potent, local anesthetic” with pain-reducing effects on the part of the skin where it is applied
to for around 2-3 hours and that its maximum effectiveness would thus last the whole
scanning time. Importantly, participants were told that the medical gel blocked pain receptors
in a pharmacological way and would thus exert no effects on normal touch sensitivity or non-
painful stimulation intensity. This was done to ensure a belief decrease due to an absence of
possibly expected skin numbing. In addition, the “medication” was described as already
being well established since many years, legally approved, and routinely used in e.g., dental
procedures and chronic pain patients. Participants were told that possible side effects in very

rare cases could be dry skin and slight skin irritation. The placebo gel was always applied
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first on the dorsum of the right hand and directly after that the control gel on the left hand,
which was described as a normal basic skin cream and representing a basis for the
participant’s typical pain perception (the word “placebo” was never mentioned to the
participants over the course of the experiment). Participants were told that the application of
different gels on each hand was routinely done to ensure equal conditions and make them
comparable for later analysis. Both the placebo and control gel contained 0.5 g Carbomer,
0.09 g TRIS, 15 g undiluted Isopropanol, 10 g Propylenglykol, 3 g Glycerol and Aqua pur. ad
100 g, the only difference being 10 g (out of 100 g) Isopropanol in the placebo gel and 10 g
basic skin cream (‘Ultrasicc’) instead of the Isopropanol in the control gel. This difference
led to a clearly recognizable visual and olfactory distinction between the gels, while still
keeping them matched with regard to tactile feeling and hydrating properties. Here we
adhered to previously used procedures inducing placebo analgesia by means of topical
creams and gels (Benedetti et al., 1999; Bingel et al., 2006; Geuter et al., 2013; Schenk et al.,
2014). After the gel application on both hands, the participant was led outside the control
room to (ostensibly) wait for the medication to take effect and received detailed instructions
regarding the task. Then we asked participants back in the control room and told them that a
“pain test” would be used to check the effectiveness of the medication. Before the
conditioning and application of new electrodes in the same location as during calibration,
excess gel was removed, and the hands were disinfected with 70% isopropyl rubbing alcohol.
A conditioning round was deemed successful, if all stimuli on the right/placebo hand were
rated with lower than 6 and all stimuli on the left/control hand higher than 5. After
unsuccessful rounds, stimulation intensity was slightly adjusted, i.e., increased for the
left/control hand and/or decreased for the right/placebo hand, in order to increase the contrast
between the hands. In the first conditioning round three stimulations were administered, in

subsequent rounds four.
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M.4 Picture-based empathy for pain task. The pictures were taken with a Canon EOS

1100D Camera (ISO 6400, 12.2 Megapixel) from an egocentric perspective to facilitate
“putting oneself in the shoes of the other”, as no mental rotation of the hand position was
required of the participants. As in the study by Jackson and colleagues (Jackson et al., 2005),
all situations depicted events happening in everyday life, such as jamming the hand in a
cupboard or burning your hand in the oven and used different types of pain (mechanical,
thermal and pressure). Minor clean-up, image improvements and insertion of black arrows
were done with Adobe Photoshop CS3. All pictures were rescaled to 700x525 pixels for the
task and displayed on a BOLD screen 32 LCD for fMRI (https://www.crsltd.com/tools-for-
functional-imaging/mr-safe-displays/boldscreen-32-lcd-for-fmri/nest/boldscreen-32-
technical-specification#fnpm) which participants watched through a mirror mounted on the
head coil. The hand participants rated with was counterbalanced between but kept constant
within participants over all tasks in order to avoid any effects in the right/placebo hand being
related to hemodynamic activity during rating. In the validation study, we additionally asked
participants to judge the realism (“Can you imagine this happening to you in real life?””) on a
9-point visual analogue scale from 0 = “not at all” to 8 = “extremely realistic”, as well as
arousal and valence of each picture (via 9-point Self-Assessment Manikins (SAM) from
“calming” to “exciting” (arousal) and from “negative” to “positive” (valence); see e.g.

Bynion and Feldner 2017).

M.5 Data analysis and plotting. The following packages (functions) were used for analyses
and plotting in RStudio: plyr (ddply), dplyr (arrange), stats (shapiro.test, t.test, cor.test,
aggregate), tidyr (gather, spread), reshape2 (dcast), ez (ezANOVA), yarrr (pirateplot) and

ggplot2 (ggplot). All Figures were created in Microsoft PowerPoint.

152



Another’s Pain in my Somatosensory Brain

Results
R.1 Validation study. In Table 18 and Figure 15, we report the ANOVA results of the

validation study. Non-painful stimuli were rated as significantly more calming (F(1,37) =
130.97, p < .001, #° = 0.53) and positive (F(1,37) = 109.92, p < .001, ° = 0.66) than painful
stimuli. Although stimuli were judged as realistic in general, painful stimuli were rated as
significantly less realistic as non-painful stimuli (F(1,37) = 83.77, p <.001, #° = 0.33).
Importantly, although the validation study showed that stimuli were judged as realistic in
general, painful stimuli were rated as significantly less realistic than non-painful stimuli. This
is no surprise, as we asked how realistic participants imagine that the situations happen to
them in everyday life and non-painful situations occur more often. Crucially, we did not find
any significant differences in pain, unpleasantness, realism, arousal, or valence between
pictures focusing on the right or left hand, showing that any possible differences in realism

affected the processing of pictures related to either hand in a similar way.

Table 18
Behavioral results of the ANOVAs in the validation study.
Tests and effects Fu3n  Pwo-tailed gen. 1’
Pain
target hand 0.12 736 <0.001
intensity 538.24 <.001 0.89
target hand x intensity 0.41 524 0.001
Unpleasantness
target hand 1.21 278 0.004
intensity 253.65 <.001 0.75
target hand x intensity 0.15 701 <0.001
Arousal
target hand 0.54 466 <0.001
intensity 130.97 <.001 0.53
target hand x intensity 1.59 215 0.001
Valence
target hand 2.28 139 <0.001
intensity 109.92 <.001 0.66
target hand x intensity 1.55 221 <0.001
Realism

153



Another’s Pain in my Somatosensory Brain

target hand 1.99 .166 <0.001
intensity 83.77 <.001 0.33
target hand x intensity 0.49 490 <0.001
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Figure 15. Behavioral results of the validation study. Participants rated picture stimuli of everyday painful and
non-painful situations, separately for the left and right hand, and according to the following dimensions, all on
9-point Likert scales: A) pain (0 = “not at all” to 8 = “extremely painful”), B) unpleasantness (0 = “not at all”
to 8 = “extremely unpleasant”). Apart from pain and unpleasantness, participants rated pictures of everyday
painful/non-painful situations on three additional dimensions, separately for the left and right hand, all on 9-
point Likert scales: C) arousal (0 = “calming” to 8 = “exciting”), D) valence (0 = “negative” to 8 = “positive”)
and E) realism (0 = “not at all” to 8 = “extremely realistic”). In all 2x2 ANOVAs using the factors target hand
(left vs. right) and intensity (pain vs. no pain), we observed significant main effects of intensity, demonstrating
that painful stimuli were rated as significantly more painful, more unpleasant, less realistic, more arousing, and
more negative than their non-painful counterparts. We found no significant differences in our variables between
the two hands (main effect of target hand) or any interaction between intensity and target hand. The validation
study was not preregistered but conducted before (the preregistration of) the main study. Figure taken from
Hartmann, Riva, et al. (2021).

R.2 Manipulation checks. Here we report a figure of the manipulation check data, belief

ratings about the effectiveness of the “medication” over the course of the session (Figure

16A) and first-hand electrical pain ratings in the task preceding the picture-based task (Figure
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Figure 16. Behavioral manipulation checks to evaluate the strength of the first-hand placebo effect.
Displayed are means and standard errors of the mean. A) We evaluated beliefs in the effectiveness of the
administered gel at three times during the experiment - directly after the application by the medical cover
(pre-conditioning), after the conditioning procedure (post-conditioning) and during the debriefing at the end
of the session (post-session). This revealed a significant increase of beliefs after the conditioning. Although
the beliefs significantly decreased until the end of the session, they did not drop significantly lower than
initial belief levels, which were already high to begin with. B) We further evaluated first-hand pain ratings
from another task done in the same session where individually calibrated, painful and non-painful electrical
stimulation was delivered to the right and left dorsum of participant’s hands (for a thorough description of
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this task, see Hartmann, Riitgen, Riva, et al., 2021); displayed here as an index of the ratings for painful —
non-painful stimulation). Here we observed a significant placebo analgesia effect. * p < .05; SEM. =
standard error of the mean; P = preregistered. Figure taken from Hartmann, Riva, et al. (2021).

R.3 Main behavioral analyses. Because the assumption of normality was violated for the

pain rating data in the main study, we additionally calculated a Wilcoxon rank-sign test using
the pain ratings. Similar to the preregistered ANOVA and ¢-test above, this did not reveal a

statistically significant difference in pain ratings between the two hands (p = .293 one-tailed,
Cohen’s d = 0.03). Below we report the full ANOVA tables (Tables 19 and 20) of behavioral

results of the main study.

Table 19

Behavioral results of the ANOVA using pain ratings.

Effects Faa4  Powo-taited) gen. i’
target hand 5.42 .025 0.004
intensity 1348.88 <.001 0.93
target hand x intensity 0.14 11 <0.001
Table 20

Behavioral results of the ANOVA using unpleasantness ratings.
Effects Faa4  Pwo-taited) gen. i’
target hand 15.56 <.001 0.004
intensity 327.89 <.001 0.74
target hand x intensity 2.04 .160 <0.001

R.4 Study comparison. Here we report the full ANOVA tables of the exploratory

comparison of pain and unpleasantness ratings between the validation and the main study

(Tables 21 and 22).

Table 21

Behavioral results of the study comparison ANOVA using pain ratings.
Effects Fagy  Pawo-tailed) gen. i’
study 1.19 277 0.01
target hand 4.00 .049 0.001
intensity 1649.51 <.001 0.91
study x target hand 2.57 113 <0.001
study x intensity 0.36 545 0.002
target hand x intensity <0.001 978 <0.001
study x target hand x intensity 0.39 528 <0.001
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Table 22
Behavioral results of the study comparison ANOVA using
unpleasantness ratings.

Effects Fagy  Plowo-tailed) gen. 1’
study 11.37 .001 0.73
target hand 11.78 <.001 0.002
intensity 576.74 <.001 0.75
study x target hand 3.09 .083 <0.001
study x intensity 3.42 .068 0.02
target hand x intensity 0.75 329 <0.001
study x target hand x intensity 1.77 .188 <0.001

R.5 Region of interest analyses. Below we report the full ANOVA tables of the fMRI

results (pooled activation of all ROIs in Table 23 and single ANOVAs for each ROI in Tables

24- 30) as well as the post hoc Bayesian analyses (Table 31).

Table 23

ANOVA using pooled activation of seven ROIs.

Effects df F piworaies  gen. n’
target hand 1,44 0.16 .689 <.001
intensity 1,44 13.21 <.001 0.016
roi® 6,264 20.50 <.001 0.144
target hand x intensity 1,44 3.09 .086 0.002
target hand x roi® 6,264 3.35 .003 0.002
intensity x roi’ 6,264 20.19 <.001 0.028
target hand x intensity x roi® 6,264 4.61 <.001 0.002

Note. Effects marked with an “S” had a significant Mauchly's test for sphericity
and corresponding p-values are reported using Greenhouse Geisser sphericity
correction. The following regions of interest were included: 1/rAl = left/right
anterior insula, aMCC = anterior midcingulate cortex, I/rS1 = left/right primary

somatosensory cortex, 1/rS2 = left/right secondary somatosensory cortex.

Table 24

ANOVA of left anterior insula.

Effects Faas  Pawo-tailed) gen. i’
target hand 1.21 278 0.002
intensity 39.98 <.001 0.162
target hand x intensity 8.93 .005 0.015

157



Another’s Pain in my Somatosensory Brain

Table 25

ANOVA of right anterior insula.

Effects Fasay  DPiowo-tailed) gen. 1’
target hand 0.42 521 <.001
intensity 9.09 .004 0.040
target hand x intensity 6.47 .015 0.012
Table 26

ANOVA of anterior midcingulate cortex.

Effects Fasay  DPiowo-tailed) gen. 1’
target hand 0.23 .636 <0.001
intensity 16.88 <.001 0.053
target hand x intensity 3.64 .063 0.003
Table 27

ANOVA of left primary somatosensory cortex.

Effects Faaay  DPiowo-tailed) gen. 1’
target hand 0.03 .862 <0.001
intensity 3.85 .056 0.003
target hand x intensity 0.39 534 <0.001
Table 28

ANOVA of right primary somatosensory cortex.

Effects Fasy  DPiowo-tailed gen. 1’
target hand 7.59 .008 0.007
intensity 1.10 .300 0.002
target hand x intensity <0.001 988 <0.001
Table 29

ANOVA of left secondary somatosensory cortex.

Effects Fasy  DPiowo-tailed gen. 1’
target hand 0.26 .614 <0.001
intensity 0.03 .853 <0.001
target hand x intensity 0.21 .885 <0.001
Table 30

ANOVA of right secondary somatosensory cortex.

Effects Faay  Piwo-tailed) gen. 1’
target hand 4.00 .052 0.005
intensity 5.29 .026 0.010
target hand x intensity 0.54 468 <0.001
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Table 31
Overview of the results in the Bayesian t-tests for the seven ROIs.
Ri?lgtgr)zs?f coollflli\llllates Prior BFo BF1o
aMCC -22340 Cauchy (0, .707) 0.92 1.09
1AI -40220 Cauchy (0, .707) 0.11 9.11
rAl 3923 4 Cauchy (0, .707) 0.28 3.55
IS1 -39 -30 51 Cauchy (0, .707) 9.20 0.11
rS1 36 -36 48 Cauchy (0, .707) 6.29 0.16
1S2 -39-1518 Cauchy (0, .707) 4.11 0.24
rS2 39-1518 Cauchy (0, .707) 3.17 0.32

Note. MNI coordinates are given as X, y, and z; Al = anterior insula;
aMCC = anterior midcingulate cortex; 1/IS1 = right/left primary
somatosensory cortex; 1/1 S2 = right/left secondary somatosensory
cortex; BFg; = Bayes Factor evidence for null hypothesis (Ho vs. Hj);
BFy = Bayes Factor evidence for alternative hypothesis (H; vs. Ho);
BFip = 1/BFy. Bayesian t-tests were run in JASP, one-sided for
actiVityrightplaccbo hand > aCtiVityiefcontrol hand (1AL, TAIL, aMCC) or
actiVityrightplacebo hand < ACtiVitYiefi/control hand (IS1, rST, 1S2, rS2).
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4 Another’s Pain in my Social Brain

“We have a responsibility to help those
around us and help others in need.”

— Virginia Williams —

4.1 Preregistration of Study 3

The main preregistration can be found on the Open Science Framework

(https://osf.io/g3acp), while a brief addendum was uploaded later (https://osf.io/qw3kg).

Study Information
Title

The effects of placebo (empathy) analgesia on prosocial behavior.
Description

Previous results regarding placebo analgesia showed that a down-regulation of first-hand
pain by means of a placebo pill presented as a painkiller influences the way we empathize
with another person in pain (Riitgen, Seidel, Riecansky, et al., 2015; Riitgen, Seidel, Silani, et
al., 2015). More concretely, this was shown on a behavioral level by significantly reduced
subjective pain ratings related to one’s own and another’s pain as well as on a neural level by
decreased activity in specific brain areas (anterior insula, anterior midcingulate cortex) in the
placebo group compared to a control group who received no pill.

However, although empathy and prosocial behavior are closely linked and positively
correlated (e.g. Brethel-Haurwitz et al., 2018; Eisenberg & Miller, 1987; Lamm & Tomova,
2018; Lockwood et al., 2016; Singer & Lamm, 2009; Tomova et al., 2017) effects of placebo
analgesia on prosocial behavior towards others (as opposed to subjective affective
judgements of another’s pain) have not been tested as of yet. In other words, it is still not

clear if the first-hand pain- and unpleasantness reduction and the subsequent reduction of
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empathic pain perception, induced by first-hand placebo analgesia, have an influence on

moral social behavior that we show towards others (operationalized here by exerting actual

physical effort to lower another person’s pain; see also Crockett et al., 2015; Lockwood,

Hamonet, et al., 2017). Therefore, the main objective of the present project is to answer the

following research question: Do placebo analgesics also have effects on prosocial behaviors,

being related to their previously documented changes of social emotions? More concretely,

does induction of placebo analgesia modulate the amount of prosocial behavior individuals

show towards others in a pain avoidance context, and if so, in what direction?

Hypotheses

1.

Placebo analgesia leads to lowered empathic responses (directional hypothesis,
manipulation check).
Consequently, we expect an effect of the lowered empathic response on prosocial

behavior.

2a. Reduced prosocial behavior. If participants’ empathy is downregulated by the
placebo, participants in the placebo group would show less prosocial behavior due
to their decreased empathic sharing of another’s pain (we would predict this
direction with the most confidence). Participants with placebo analgesia will
exhibit a decreased willingness to choose an effortful option to lessen another’s
pain and/or show a decreased amount of actual force exerted.

2b. Increased prosocial behavior. However, the reduced first-hand pain by means
of the placebo could also lead to higher prosociality in the placebo group, because
the general reduction of unpleasantness leads to a greater tolerance (i.e., less
aversiveness) of effort in general. Participants with placebo analgesia will exhibit
increased willingness to choose an effortful option to lessen another’s pain and/or

in an increased amount of actual force exerted.
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2c. No effect on prosocial behavior. Finally, it could be that placebo analgesia
influences affective sharing but does not transfer to social behavior, leading to no
difference between placebo and control group. Participants with and without
placebo analgesia would then exhibit a similar willingness to choose an effortful
option to lessen another’s pain and/or show an equal amount of actual force
exerted in both groups.
3. This could have multiple reasons that we want to further elaborate here:

3a. The effect of the placebo on empathy was not strong enough to further
influence prosocial behavior. In this case we would expect an effect size smaller
than the ones found in previous studies (Riitgen, Seidel, Rie¢ansky, et al., 2015;
Riitgen, Seidel, Silani, et al., 2015).
3b. The effect of the placebo on empathy was strong enough (measured by
comparing the effect sizes as in 3a), but this does not affect prosocial behavior. In
that case we would investigate the association between reduced empathy in the
manipulation check and prosocial behavior in the main task, with a weaker
correlation pointing to less association of empathy and prosocial behavior in our
experiment.
3c. True null effect.

Design Plan

Study type

Experiment - A researcher randomly assigns treatments to study subjects, this includes

field or lab experiments. This is also known as an intervention experiment and includes

randomized controlled trials.

Blinding

No blinding is involved in this study.
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Is there any additional blinding in this study?

None.

Study design

The study employs an experimental, full-factorial, mixed design with two tasks. The pain
task uses 3 factors (between-subject variable = treatment (placebo, control), within-subject
variables = intensity (pain, no pain), target (self, other)). The prosocial effort task uses 3
factors (between-subject variable = treatment (placebo, control), within-subject variables =
effort (5 levels), helping (5 levels)). See below for a thorough description of the variable
levels.

Randomization

Participants will be pseudorandomly allocated to either the placebo or control group which
will act as a between-subjects factor. A document with subject codes and group allocation
will be created beforehand, where placebo and control sessions are alternated (Example:
Subject 01 = CTR, Subject 02 = PLA, Subject 03 = CTR, etc.). Dropouts in each group will
be replaced and added at the end of this document until the final group sizes are reached. We
will aim at an equal (50:50) sex distribution in each group.

Trials of the pain task will be shown in a pseudorandomized order (four sequences will be
created manually for each task and alternated over all participants in an a-priori defined
order, however, the pain training will involve only other-related electrical stimulation and the
pain task will start with four non-random other-related stimuli and be followed by the rest of
the conditions in the previously specified pseudorandom order). Blocks of the prosocial effort
task will be pseudorandomized, but trials within a block will be kept constant over all
participants.

The two subjective rating questions regarding pain and unpleasantness in the pain task will

be presented in a truly random order for each trial and each participant.
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Sampling Plan
Existing Data

Registration prior to creation of data.
Explanation of existing data

No pre-existing data will be used. A pilot study with nine subjects was conducted before
the start of data collection and the upload of this preregistration to test the study procedure,
especially for the placebo group. However, this data will not be used in the final analysis.
Data collection procedures

In- and exclusion criteria: The experiment will be conducted with a sample of
neurotypical, German-speaking, right-handed young adults, including female and male
participants aged between 18 and 35 years (as the same age range was used in previous
'placebo empathy analgesia' studies). Due to ethics regulations of the University of Vienna,
we will only recruit people who are currently enrolled in an Austrian university. Each
potential participant will be screened for exclusion criteria using a thorough online
questionnaire sent via email. Exclusion criteria are a past or present enrollment in academic
studies including psychology, pharmaceutics or medicine (veterinary, dental, human, etc.) as
well as other medical-related trainings (e.g. nurse), non-normal or non-corrected-to-normal
vision, any neurological or psychiatric conditions, past or present substance abuse (alcohol
more than daily use, drugs weekly or daily use), the intake of psychopharmacological
medication (besides oral contraceptives) within the last three months, past participation in at
least one placebo study or a study involving similar deceptive elements, and left-handedness /
no handedness preference. The placebo and control group will be matched closely regarding
age and trait measures of socio-cognitive and emotional abilities of the following

questionnaires (German versions):
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- Perspective taking and empathic concern scales of the Interpersonal Reactivity Index
(IRT; Davis, 1980)

- Apathy Motivation Index (AMI; Ang et al., 2017)

- Social Value Orientation Scale (SVO; 15 item scale; Murphy et al., 2011)

- Helping Attitudes Scale (HAS; Nickell, 1998; translated into German)

- Short Dark Triad (SD3; Jones & Paulhus, 2014; translated into German)

Participants above the clinical cut-offs of the following questionnaires will be excluded:

- Beck’s Depression Inventory II (BDI-II; cut-off = 14; Kiihner et al., 2007)

- Autism Quotient (AQ-k; 33 item scale; cut-off = 17; Freitag et al., 2015)

- Toronto Alexithymia Scale (TAS-20; 20 item scale; cut-off = 51; Bach et al., 1996)

Overview of the study procedure: Eligible participants will be sent questionnaires to be
completed online prior to coming to the testing session in the lab. They will be asked to
abstain from alcohol, drugs, and any medication intake (except oral contraceptives) 24 hours
before the experiment and to abstain from smoking, food, caffeine, and any drinks other than
water 1 hour before the experiment. Participants will then take part in one behavioral session
in groups of two (the other participant being a confederate posing as the second participant
and when being named, of the same sex as the real participant). In the testing session, the first
part will be dedicated to introduction, instructions, informed consent, role assignment and
calibration of individual pain threshold and maximum effort (see below for a thorough
description). Depending on the group, this will be followed by the placebo induction (placebo
group) or an equal waiting time (control group), where magazines are available to read. After
a second effort calibration and the placebo conditioning procedure (or a second equal waiting
time for the control group), participants will complete all tasks on a computer, with the
participant and the confederate sitting in separate rooms. The task order will be fixed, starting

with a training of the pain task, where only the confederate receives stimulation (total of 4
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shocks, 2 painful and 2 non-painful) and the participant rates this stimulation regarding pain
intensity and own unpleasantness (see below), followed by the completion of the prosocial
effort task and the pain task on a computer. After this, participants will complete a third task
unrelated to this project (see preregistration of the project 'The Effects of Placebo Analgesia
on Interoceptive Abilities' by Helena Hartmann for a description of this task). The session
will end with follow-up questions and feedback from the participant. Anonymity of the
participants (except for the sex and name) is ensured over the whole course of the experiment
to limit the effects of reputation and reciprocity in relation to the confederate for the prosocial
effort task. Participants will therefore be told that they arrived a few minutes apart from each
other, see only each other’s gloved hands during the role assignment and leave separately at
different time points. The whole experiment will last approximately 3 hours. Participants will
be compensated with 35 Euros for their participation. The local ethics committee of the
University of Vienna approved all procedures beforehand.

Role assignment: First, the participant and the confederate will be asked to complete a
“random role assignment procedure” that chooses who will be the “Receiver” and who the
“Giver” of pain in the prosocial effort task (similar to Crockett et al., 2015; Lockwood,
Hamonet, et al., 2017). The participant and the confederate each draw a ball from a box that
reveals their role. Participants are positioned on either side of a door and wear gloves during
the procedure so they cannot see each other’s hands and arms or know each other’s identities
(e.g., age, race, etc.). They are instructed not to speak and direct their gaze away from the box
to draw their roles silently at the same time. Since this study investigates prosocial behavior,
the real participant will always be assigned the role of “Giver” and the confederate always the
role of “Receiver”, independent of the color of the ball they draw.

Pain calibration: The pain calibration will use a procedure similar to the one used in

Riitgen, Seidel, Riec¢ansky, et al. (2015) and Riitgen, Seidel, Silani, et al. (2015) where
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electrical stimulation is given to the dorsum of the non-dominant, left hand in multiple trials,
moving up stepwise a rating of 0 = 'not perceivable' until the stimulus is rated as 8 =
'extremely painful but bearable' (beginning at a low intensity of 0.05 mA, step size
individually chosen for each participant, so that each rating is experienced at least once). This
will be repeated a second time with small breaks in between to avoid habituation/sensitization
and is followed by varying (seemingly “random’) stimulation in the before calibrated rating
range from 1 — 8 to gain a valid average for values the participant rated as 1 = 'noticeable but
not painful', 4 = 'medium painful' and 7 = 'very painful'. The average intensities rated as 1 and
7 will then be used in the pain task for non-painful and painful stimulation, respectively. The
average intensities rated as 1 and 4 will be used during the conditioning procedure (see
below).

Effort calibration: Effort will be calibrated using the maximum voluntary contraction
(MVC) task, where participants are asked to grip a handheld dynamometer with their
dominant, right hand with as much force as possible two times in a row for three seconds
with small breaks in between, while seeing live feedback of their exerted effort on the screen.
This will ensure that the effort levels used in the task will be relative to participants’
individual strength. Participants will be thoroughly instructed to always hold the device in a
certain way (lower arm and hand on a cushion on the table, dorsum of the hand directed
towards the table) and to maintain this position during the task to keep the MVC level
constant (as the MVC can be affected by different holding positions of the dynamometer).
During the calibration procedure, the participants will be watched by an experimenter to
check for correct execution and corrected if needed, e.g., to press stronger next time or hold
the device differently. Participants will be urged to press as strongly as they can by telling
them that the stronger they press, the more money they will gain (in reality, all participants

receive 35 Euros). After this, participants will train twice to press until and over a certain
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effort level (indicated by a yellow line) and then experience each effort level used later in the
task (30, 40, 50, 60 and 70 % of their MVC). Regarding the latter, they will be asked to
complete two items from the NASA Task Load Index (Hart & Staveland, 1988); Physical
Demand: “How physically demanding was the task?”, Effort: “How hard did you have to
work to accomplish your level of performance?”’) and one additional question
(Unpleasantness: “How unpleasant was it for you?”’) for each of the 5 effort levels and the
baseline level (i.e. not exerting any effort but holding the dynamometer in the hand). After
the placebo induction, this whole calibration procedure will be repeated to compare pre- and
post-placebo MVC and NASA Task Load Index ratings. For the prosocial effort task, the
maximum of the four MVC trials (two before and two after the placebo induction) will be
used as the individual MVC informing the five effort levels. At the end of the prosocial effort
task, the MVC will be measured again once, but this time as an operationalization of the
participant’s personal effort motivation to win money for him-/herself. At the end of the
session, we will repeat the whole effort calibration a third time to measure changes in effort
motivation / fatigue over time.

Placebo induction: The placebo group will receive the placebo induction using a pill
presented as an “effective and powerful painkiller” and further verbal suggestions by a
medical cover (presented as a doctor working at the faculty of psychology) and, after a
waiting time of 10 minutes for the pill “to take effect”, a conditioning procedure in regard to
the treatment. This conditioning procedure will involve the participants receiving electrical
stimulation on the same hand using the same electrode location as in the calibration.
Participants will be told they will receive high stimulation intensities they rated as very
painful before, but in reality, they will receive stimulation with a medium intensity (rated as 4
before) and corresponding feedback (e.g., “This was rated as more painful/very painful

before”) to suggest and induce pain reduction. These conditioning trials will be repeated for a
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minimum of two and up to a maximum of four times until the subject doesn’t respond with
values higher than 5 to the conditioning stimulus, i.e., he/she believes a pain reduction has
taken place. The control group will not receive a pill or any type of induction procedure but
will have an equal waiting time to keep the whole session length as homogeneous as possible
between the two groups. In reality, the pill will contain no active analgesic/pain-reducing
components, but a natural sugar-alcohol (Mannitolum, 40G per pill).

Prosocial effort task: The prosocial effort task is adapted from the one used by Lockwood,
Hamonet, et al. (2017): Each trial, participants have to make a choice between a no effort (0
% of MVC), no helping (baseline) offer where the confederate will receive a fixed amount of
6 shocks, and a higher effort, helping (variable) offer, where they must exert effort (either 30,
40, 50, 60 or 70 % of their individually calibrated MVC) to help the confederate by avoiding
punishment (reduce the number of shocks the confederate receives by either 1, 2, 3, 4 or 5). If
participants chose the variable offer, they have a 3-second time window to directly exert
effort using the dynamometer and reach the required effort level for at least 1 second during
this time window. Visual real-time feedback is provided during this period to show
participants how much effort they are exerting in comparison to the effort they have to reach
(indicated by a yellow line). After exerting the chosen effort, participants receive feedback of
how much they helped the confederate (i.e., that the confederate allegedly directly receives
the chosen stimulation which is shown by displaying one appearing red lightning for each
given shock to make it more realistic that actual shocks are given to the confederate). If the
participant chooses to exert effort, but fails to reach the chosen effort level, or if the
participant doesn’t make a choice, this trial will be deemed a “fail trial” and the confederate
allegedly receives 10 shocks (it will be communicated clearly to the participants that this
should be avoided, and it is always better to (1) make a decision and (2) reach the chosen

effort). The minimum of shocks the confederate will allegedly receive is 1 and the maximum
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10, but the participant as the “Giver” never receives any pain in this task. Importantly, all
trials will be the same length independent of the choices the participant makes. Participants
will complete three blocks of 25 trials each, with breaks of 90 s in between. All participants
will exert the effort with their right hand and make the choices with two fingers of their left
hand placed on a keyboard. In the breaks, the participants are instructed to sit still and relax
their hand as well as to not hold the dynamometer. At the end of the prosocial effort task,
participants will have the opportunity to press as hard as they can to win bonus money for
themselves that will be added to their compensation (total compensation will always be 35
Euros). This will be used as a control measurement of self-related effort motivation between
the groups.

Pain task: The pain task is a shortened version of the one used in Riitgen, Seidel, Silani, et
al. (2015) with a total of 20 trials (5 per condition). Participants will rate painful and non-
painful electrical stimulation that they either receive themselves or that the confederate
allegedly receives (for ratings see “Measured variables” below). The task will look the same
as in previous studies, with two exceptions: (1) not showing pictures of the confederate in
pain to keep participants anonymity and (2) using “SHE" or "HE” and “YOU” in big letters
instead of arrows as cues. This will later act as a manipulation check for evaluating analgesic
effects on first-hand pain. However, since this task is completed relatively late in the
experiment compared to the placebo induction, placebo effects could be reduced compared to
the beginning of the experiment. To counteract this, we will assess analgesic effects on
empathy for pain at two time points, before and after the prosocial effort task and will use a
thorough procedure for identifying non-responders to the manipulation (see below under
stopping rule).

Recruitment: We will recruit subjects by means of advertisements around the different

universities in Vienna, popular student locations, on different websites online (Forums,
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Facebook groups, etc.) and via an existing database of interested study participants
implemented in our department (https://labs-univie.sona-systems.com).
Sample size

Our total target sample size is 90 participants (45 participants with a balanced sex ratio per
group), excluding non-responders to the placebo manipulation (see below under stopping
rule). Additionally, we tested 9 pilot subjects with the complete setup prior to starting the
study.

Sample size rationale

For this study, precise power calculations were not possible due to the absence of previous
studies investigating our research question and thus a lack of fitting effect size estimates. We
therefore based our group sizes on previous studies using similar versions of the effort task
(Crockett et al., 2015; Lockwood, Hamonet, et al., 2017).

Stopping rule

Potential dropouts, including placebo analgesia non-responders in the placebo group
(estimated at maximum 16 - 25 % based on previous studies: Riitgen, Seidel, Rie¢ansky, et
al., 2015; Riitgen, Seidel, Silani, et al., 2015), will be replaced. Data collection will be
terminated when a sample size of 45 participants in each group is reached.

Non-responders will be determined by procedures equal to the ones used in Riitgen,
Seidel, Silani, et al. (2015). In short, a combination of three measures will be employed: First,
we will record any verbally expressed doubts about the analgesic effects of the pill or pain
medication in general as well as about the study setup (e.g., confederate or other deceptive
parts) after the experiment by means of feedback questions. If a participant expresses doubts
in any of these domains, we will ask him or her to elaborate these doubts further and
participants with strong doubts relevant to the manipulation will be excluded. Second,

differences of the belief scores about the effectiveness of the placebo before and after the
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induction procedure as well as at the end of the session will be analyzed (using the same
criteria as in the previous studies). Exceptionally low total belief scores (sum of pre and post
conditioning scores lower than 66.6, sum values can range from 0 to 200) and strong
decreases between first and second measure (pre score minus post score bigger than 33.3)
will serve as a measure for lack of responding. Third, we will take the number of placebo
conditioning trials into account. All participants will complete a minimum of two trials. If
participants respond with a value greater than 5 on a 9-point rating scale from 0 = ‘not
noticeable’ to 8 = ‘extremely painful, but bearable’ to the conditioning stimulus (delivered at
a medium intensity of 4), we will deem the conditioning trial as non-successful, wait another
few minutes for the medication to take effect, and then try again. This will be repeated for a
maximum of four times until participants respond with values of 1-5 to the conditioning
stimulus. If more than three of these trials are necessary, this will be taken as an indication of
non-responding to the placebo treatment.
Variables
Manipulated variables

General: Treatment (2 between-subject levels: placebo group, control group). Pain task:
Intensity (2 within-subject levels: pain, no pain), Target (2 within-subject levels: self, other).
Prosocial effort task: Effort (5 within-subject levels: 30, 40, 50, 60 or 70 % of MVC),
Helping (5 within-subject levels: reducing number of shocks by 1, 2, 3, 4 or 5)
Measured variables

The ratings in the pain task will target two different aspects of empathy: (1) Rating of the
own subjective degree of unpleasantness when seeing another person in pain (‘other
unpleasantness’), tapping into affective sharing and vicarious distress; and (2) rating of the
intensity of the pain felt by the other (‘other pain’) as a more cognitive-evaluative aspect of

empathy. These two variables will be measured via self-report by asking the participants after
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the electrical stimulation of the other person: 'How unpleasant did it feel for you when the
other person was stimulated?' (on a 9-point rating scale from 0 = ‘not at all’ to 8 = ‘extremely
unpleasant’) as well as 'How painful was this stimulation for the other person?' (on a 9-point
rating scale from 0 = ‘not noticeable’ to 8 = ‘extremely painful”’). For first-hand stimulation,
we will ask: 'How painful was this stimulation for you?' (on a 9-point rating scale from 0 =
‘not noticeable’ to 8 = ‘extremely painful’).

For each trial of the prosocial effort task, we will measure the following dependent
variables (as per Lockwood, Hamonet, et al. (2017): Proportion of ‘variable offers’ chosen as
the willingness to put in other-related effort, and real force exerted as a measure of how
energized people’s actions are. Additionally, we will measure reaction time during the choice
period as a third measure of motivation.

We will measure and explore differences in physiological data between the groups and
conditions in the form of skin conductance and heart rate during all trainings and tasks using
Mobi, a compact measurement system for electrophysiological signals (Twente Medical
Systems International, Netherlands).

To control for concerns of reputation and reciprocity, we will gather information after the
session on subjects’ beliefs whether their identity will not be revealed to the receiver, whether
their decisions would be kept confidential and whether their decisions were “observed”
during the experiment.

We will also ask again about beliefs regarding the effectiveness of the medication and
doubts regarding the study setup.

In general, the German versions of the following questionnaires will be administered
either at least one week prior to the testing session (marked with *) or during the testing
session (marked with **):

- Vicarious Pain Questionnaire (VPQ; Grice-Jackson et al., 2017a)*
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- Questionnaire of Cognitive and Affective Empathy (QCAE; Reniers et al., 2011)*
- Interpersonal Reactivity Index (IRI; Davis, 1980)*
- Social Value Orientation Scale (SVO; 15 item scale; Murphy et al., 2011)*
- Apathy Motivation Index (AMI; Ang et al., 2017)*
- Helping Attitudes Scale (HAS; Nickell, 1998; translated into German)*
- Toronto Alexithymia Scale (TAS-20; 20 item scale; Bach et al., 1996)*
- Autism Quotient (AQ-k; 33 item scale; Freitag et al., 2015)*
- Beck’s Depression Inventory II (BDI-II; Kiihner et al., 2007)*
- Short Dark Triad (SD3; Jones & Paulhus, 2014; translated into German)*
- Spielberger State-Trait-Anxiety Inventory (STAIL; 20 item scale in the trait version;
Spielberger et al., 1999)*
- Lifetime Depression Assessment Self-report (LIDAS; Bot et al., 2017)*
- Positive and Negative Affect Schedule (PANAS; Krohne et al., 1996; assessed 3
times over the course of the testing session)**
- Multidimensional Assessment of Interoceptive Awareness (MAIA; Mehling et al.,
2012)**
Indices
All trial ratings of one condition will be combined into separate means. Participants
number of alternative choices will be converted into a 'proportion of variable offers chosen'.
Analysis Plan
Statistical models
Regarding the behavioral data, we will use a GLM-based approach. In a first step, we want
to replicate the analyses of previous similar studies (Lockwood, Hamonet, et al., 2017;

Riitgen, Seidel, Silani, et al., 2015) using analyses of variance (ANOV As). In a second step,
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we want to explore possibly more sensitive methods like linear mixed models (LMMs) and
computational modelling to analyze the results.

Pain task: In the first analysis, the dependent variable is represented by the self- and other-
directed pain ratings. A second analysis will include the self-directed pain ratings as well as
the other-directed unpleasantness ratings as the dependent variable. The independent
variables will be treatment, target, and intensity in both analyses. The focus in these two
analyses will be on significant treatment*intensity interactions (= indication that placebo
analgesia changes the difference between pain and no pain conditions) and non-significant 3-
way interactions between treatment*intensity*target (= no difference in the placebo effect
between first-hand and empathy for pain).

Prosocial Effort task: In the main analysis, the proportion of variable offers chosen
(“option chosen”) will be used as a dependent variable, while analyses of raw force data and
reaction times will be carried out separately. The independent variables will always be effort
and helping. Regarding “option chosen”, we expect to find main effects of effort as well as
helping. In other words, participants will choose the alternative option less with increasing
effort and will choose the alternative option more with increasing helping in both treatments.
More specifically, we will check whether the placebo and control group differ significantly
for all outcome variables:

If (2a) placebo analgesia reduces prosocial behavior, we would predict a main effect of
treatment where the placebo group is less likely to choose the variable (higher effort, higher
helping) option than the control group.

If (2b) placebo analgesia increases prosocial behavior, we would predict a main effect of
treatment where the placebo group is more likely to choose the variable (higher effort, higher

helping) option than the control group.
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We don’t have any specific directional hypotheses regarding interactions of treatment with
effort or helping, so these will be exploratory. It could e.g., be, that the effect regarding
prosociality in the placebo group (whatever direction) is more pronounced at lower or higher
effort levels (treatment x effort interaction) and/or more pronounced at lower or higher
helping levels (treatment x helping interaction) or dependent on both (treatment x effort x
helping interaction).

We will also compare the two groups regarding the effort they put in for themselves to
gain extra money at the end of the prosocial effort task (measured as one MVC-trial). If
placebo analgesia acts exclusively on other-related effort motivation, i.e., prosocial behavior,
we expect no group differences in self-related effort. If, on the other hand, the placebo
reduces effort motivation in general, we expect lower values for the placebo group in this
measure.

For the LMMs, the fixed effects structure will generally be constituted by the above
mentioned between-subject factor treatment and the within-subject factors for each task.
Subject (id) will be used as a random factor. We will start with the maximal random effects
structure and explore this one (Barr et al., 2013) as well as more parsimonious models
(“optimal random effects structure”) using model selection (Matuschek et al., 2017). For the
pain task, the general analysis approach will look as follows (DV will be the pain ratings):
DV ~ treatment * target * intensity + (target * intensity | id). For the prosocial effort task, the
general analysis approach will look as follows (DV will be either “option chosen” as a binary
variable, raw force, or reaction time): DV ~ treatment * effort * helping + (effort * helping |
id).

As in Lockwood, Hamonet et al. (2017), computational modeling will also be used to
quantify how much participants devaluate prosocial behavior (operationalized here as pain

avoidance for another person, in accordance to “reward” in Lockwood, Hamonet, et al.
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(2017) depending on the amount of effort they need to exert. Following a proposed
categorization by Criiwell, Stefan, et al. (2019), we will employ model application (i.e.
defining different models using combinations of parameters) and model comparison (i.e.
comparing them to each other). Models will be fitted to the data using Markov-Chain-Monte-
Carlo (MCMC) sampling with a ‘softmax’ linking function. Parameters in the model will
include the discount parameter, K, which characterizes the degree to which the pain
avoidance/prosocial behavior is devaluated by effort, and a noise parameter (inverse softmax
temperature), 3, which characterizes the stochasticity of choices. Higher K values indicate
higher discounting in valuation of pain avoidance (i.e., less effort exertion/less prosociality).
Higher B values indicate higher consistency in choice behavior . Models which analyze the
discount and noise parameters from the placebo group and the control group separately (i.e.,
K Placebo, K Control, B_Placebo, B_Control) will be compared to models which do not
make this distinction. The possible combinations of K and 3 are (1) a model with one
discount (K) and one softmax (3) parameter for placebo/control, (2) a model with one
discount (K) and separate softmax (f3’s) parameters for placebo and control, (3) a model with
separate discount (K's) parameters for placebo and control and one softmax () and (4) a
model with separate discount (K's) parameters and separate softmax (f's) parameters for
placebo and control. The modeling part of this study will be oriented on previous studies in
this domain: First, we want to mimic the analyses outlined in Lockwood, Hamonet, et al.
(2017) using individual fit. Second, we would like to explore the data using hierarchical fit.
Transformations

None.
Inference criteria

We will use an alpha level of 0.05, two-tailed, and a 95 % confidence interval for

determining if the statistical tests suggest that the results are significantly different from those
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expected if the null hypothesis were correct. Significant interactions, if not sufficiently
explained by the analysis plan and in particular by the planned comparisons, will be
followed-up (and corrected for multiple comparisons).
Data exclusion

In general, we will use winsorizing to handle outliers. Participants with choices reflecting
disengagement from the task, like choosing the baseline option in 100 % of all trials (i.e.,
never exerting effort) or failing to exert effort due to fatigue after some time, will be
excluded. Additional exclusion criteria are expressed doubts about the setup of the study, and
for the placebo group also low belief scores regarding the effectiveness of the placebo
treatment and strong decreases between the first and second effectiveness measure, as well as
more than three needed conditioning trials (see above for a thorough description of placebo
non-responder identification).
Missing data

Subjects with missing or incomplete data (i.e., more than 10 % “failed” trials in the
prosocial effort task) will be excluded from the analysis.
Exploratory analysis

We expect that certain demographic or personality traits may be related to our dependent
variables. Therefore, we will look for relationships between sociodemographic and trait
variables (sex, empathy, vicarious pain, first-hand pain processing, apathy, social value
orientation, mood, prosociality, anxiety, depression, psychopathy, autistic traits, alexithymia),
and the primary outcome measures of empathy and prosocial behavior (choice, effort exerted,
reaction time, other pain/unpleasantness ratings).

For example, individuals differ in how much they value other people’s rewards relative to
their own (prosocial/altruistic vs. individualistic orientation). We will measure this

orientation using the Social Value Orientation (SVO) Scale (R. O. Murphy et al., 2011).
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Regarding our study setup, people who have a more altruistic SVO might show a different
effect regarding prosocial behavior when under the influence of a placebo than someone with
a more individualistic SVO. To this end, we want to run the above-mentioned analyses
controlling for SVO.

Similarly, we want to control for individual levels of behavioral/self and social/other
motivation measured with the Apathy Motivation Index (Ang et al., 2017), as it was shown to
be associated to exerting effort, empathy and willingness to engage in social behavior. It
could therefore be that any results are driven by individual levels of self/other motivation
rather than the placebo itself.

After the scanning session, we will also assess previous experiences and associations with
pain medication. We will also check whether the ratings regarding the effectiveness of the
placebo treatment pre- and post-conditioning changed significantly.

Furthermore, we will investigate experimenter-effects (Rosenthal, 1976) by asking about
expectations regarding the results (whether the participants had any expectations or what
expectations he/she thinks the experimenters of the study had).

Since fatigue plays an important role in effort tasks (Miiller & Apps, 2018), we want to
investigate fatigue effects between groups and over the course of the experiment. We will
therefore analyze differences in the three effort calibrations and mood changes over the
course of the session within and between the two groups. In this context, we will also
investigate changes in physical strength (measured as MVC) due to the placebo manipulation.
Summary
Provide a narrative summary of what is contained in this registration or how it differs from
prior registrations. If this project contains documents for a preregistration, please note that

here.
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This is an addendum to the preregistration of this project (https://osf.io/g3acp), uploaded
on August 25th, 2019. There, we wrote: "In the first analysis, the dependent variable is
represented by the self- and other-directed pain ratings. A second analysis will include the
self-directed pain ratings as well as the other-directed unpleasantness ratings as the dependent
variable. The independent variables will be treatment, target, and intensity in both analyses.
The focus in these two analyses will be on significant treatment*intensity interactions (=
indication that placebo analgesia changes the difference between pain and no pain conditions)
and non-significant 3-way interactions between treatment*intensity*target (= no difference in
the placebo effect between first-hand and empathy for pain)."

This was a mistake on our part since the use of the factor target (self vs. other) only
applies to the first analysis where self- and other-related pain ratings are compared.
Regarding unpleasantness, we did not collect other-, but only self-related unpleasantness
ratings. Since pain and unpleasantness aim to measure two different aspects of the empathic
response, it does not make sense to compare them within one analysis. The correct analysis is
therefore an ANOVA using the unpleasantness ratings as the DV and the factors intensity and
treatment (see also our previous preregistration where we preregistered the correct analysis:
https://osf.io/uwzb5).

Furthermore, we would like to add additional information regarding the stopping rule. We
wrote in the original preregistration that we will exclude non-responders to the placebo
induction based on three criteria, the first being "any verbally expressed doubts about the
analgesic effects of the pill or pain medication in general as well as about the study setup
(e.g., confederate or other deceptive parts) after the experiment by means of feedback
questions". Under "Data exclusion", we wrote "Additional exclusion criteria are expressed
doubts about the setup of the study, and for the placebo group also low belief scores

regarding the effectiveness of the placebo treatment and strong decreases between the first
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and second effectiveness measure, as well as more than three needed conditioning trials (see
above for a thorough description of placebo non-responder identification)."

Since our original preregistration might seem unclear regarding this, we want to clarify
that the exclusion criteria "doubts" applies both to participants in the placebo and the control
group. In addition to the already preregistered non-responder criteria for the placebo group,
we will exclude and replace any participant expressing serious doubts about any deceptive
element of the study (e.g., not believing that the second person existed or received shocks).
This will make sure that the final sample of 90 participants only consists of participants who
believed the cover story.

The data collection of this project is currently ongoing, and we have not started analyzing
at the data yet. We recently noticed these mistakes/omissions and wanted to disclose them as
soon as possible by adding them to the preregistered plan before beginning with data

inspection and analysis.
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4.2 Study 3: Placebo analgesia reduces costly prosocial helping to
lower another’s pain
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submitted to Psychological Science on 24.01.2022.

42.1 Abstract

Administration of painkillers has been shown to lower pain empathy, but whether this also
reduces prosocial behavior is not known. In this preregistered study, we investigated whether
inducing analgesia through a placebo painkiller reduced effortful helping. When given the
opportunity to reduce the pain of another person, individuals experiencing placebo analgesia
made fewer prosocial choices, helped less quickly, and exerted less physical effort when
helping, compared to control participants with unaltered pain sensitivity. Furthermore, self-
reported empathic unpleasantness positively correlated with prosocial choices across the
whole sample. Reduced pain sensitivity thus not only influences empathy, as previously
shown, but also negatively impacts prosocial behavior. Given the importance of prosociality
for social cohesion, these findings have broad potential implications for both individuals

under the influence of painkillers and for society at large.

4.2.2 Statement of Relevance

The widespread use and abuse of opioids has been recognized as a major individual and
public health threat. One under-investigated aspect of this crisis is how the use of painkillers

affects our social interactions. Previous studies have highlighted detrimental effects of
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psychopharmacological interventions targeting the opioidergic system on empathic abilities.
However, it is unclear whether reduced pain sensitivity also leads to changes in prosocial
behavior. In this experimental behavioral study, we tested whether lowering pain sensitivity
by means of placebo analgesia lowers helping behavior, measured by exerting physical effort
to reduce another’s pain. Placebo analgesia not only decreased the willingness to invest
effort, but also slowed reaction times and decreased the actual effort exerted when helping.
These detrimental effects of analgesia on prosociality may have far-reaching implications, for
individuals under the influence of painkillers, but also for social cohesion in societies with

over-consumption of analgesics.

4.2.3 Introduction

The frequent (ab)use of opioid painkillers has been recognized as a global health concern,
with negative effects on individuals as well as society (Vadivelu et al., 2018 for a review).
Pain medication has widespread effects on our own pain perception, but also impacts how we
emotionally resonate with conspecifics (Nummenmaa & Tuominen, 2017 for a review). Past
research has causally linked an upregulation of the opioidergic system to reduced pain
empathy, suggesting that the intake of painkillers may have detrimental effects on social
motivation and subsequent behaviors (Riitgen, Seidel, Silani, et al., 2015; Vecchio & De
Pascalis, 2021). While the effects of psychopharmacological manipulations on first-hand and
empathy for pain have been consistently demonstrated, their potential downstream effects on
prosocial behavior remain to be established. Understanding these effects is fundamentally
important, as these processes are not only key drivers of group bonding and social cohesion,
but also strongly contribute to individual and societal wellbeing (de Waal, 2008 for a review;
Rameson et al., 2012).

A series of experimental studies has shown that individuals whose first-hand pain

sensitivity was reduced by placebo analgesia (i.e., inducing beliefs that an inert pill acts as a
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potent painkiller) showed reductions in self-reported pain empathy and decreased activation
in key areas of the brain’s ‘pain empathy network’ (Riitgen, Seidel, Riec¢ansky, et al., 2015;
Riitgen, Seidel, Silani, et al., 2015; Riitgen et al., 2021; Vecchio & De Pascalis, 2021). Of
note here is that placebo mechanisms in first-hand pain (Petrovic et al., 2002; Zubieta et al.,
2005; Zubieta & Stohler, 2009) and pain empathy (Riitgen, Seidel, Silani, et al., 2015; Riitgen
etal., 2018, 2021) have consistently been linked to an upregulation of the endogenous opioid
system. Single-dose administration of acetaminophen, a non-opioidergic painkiller (i.e.,
Paracetamol, Tylenol), also reduced self-reported empathy (Mischkowski et al., 2016, 2019).
Thus, psychopharmacological manipulations of our own pain state causally influence how we
share others’ pain states.

Empathy and prosociality are closely linked, with higher trait and state empathy acting as
powerful drivers of prosocial tendencies and actual helping behaviors (Brethel-Haurwitz et
al., 2018; Crockett et al., 2015; Lockwood et al., 2014; Lockwood, Ang, et al., 2017; Morelli
et al., 2014; Story et al., 2020; see de Waal & Preston, 2017; Eisenberg et al., 2011;
Eisenberg & Miller, 1987; Lamm et al., 2019 for reviews). A connection between pain
empathy and subsequent helping behavior was recently shown by Gallo et al. (2018) who
found that disrupting primary somatosensory cortex altered the coupling between pain
perceived in another person and monetary donations to reduce that pain. However, whether
altering first-hand pain sensitivity through analgesia also impacts helping has not been
systematically investigated. Answering this question will have major implications, as it could
demonstrate that painkillers not only interfere with how we represent and understand others’
emotions, but that they also affect how we behave towards people around us. The objective of
this study was, thus, to investigate how reducing pain sensitivity through a well-established
placebo analgesia manipulation influences costly helping. We preregistered that placebo

analgesia would modulate prosocial behavior (see Hypotheses in the preregistration). This
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would be evidenced by a reduced willingness to choose an effortful option to reduce
another’s pain, longer reaction times when making such choices, and a reduced amount of
actual force exerted. However, we also considered the possibility that placebo analgesia could
increase prosocial behavior in the preregistration.

A major challenge in measuring prosocial behavior is that many existing paradigms
involve one-shot tasks, such as picking up dropped pens or donating part of a monetary
endowment (Thielmann et al., 2020, 2021 for overviews). These tasks may not capture
moment-by-moment decisions necessary in everyday life. Moreover, they largely rely on
self-report, which are prone to social desirability effects and often measure hypothetical
intentions rather than actual behavior (Marti-Vilar et al., 2019; Pfattheicher et al., 2022 for
reviews). To overcome these limitations, recently developed experimental paradigms require
participants to invest physical effort over multiple trials (Cameron et al., 2022; Contreras-
Huerta et al., 2020 for reviews). These tasks show that individuals vary their helping based on
how much effort they need to put in, and how rewarding that helping is (termed "prosocial
apathy" in Lockwood, Hamonet, et al., 2017, 2021). Furthermore, participants’ decision-
making in the form of choice behavior has been increasingly used in addition to subjective
indicators such as ratings to more comprehensively measure the full extent of prosocial
behavior (Crockett et al., 2015; Lockwood et al., 2016; Story et al., 2020). We therefore
developed a paradigm to test whether placebo analgesia affects the effort individuals exert to

reduce another’s pain.

4.2.4 Materials and Methods

Open Practices Statement

As suggested by Simmons et al. (2012), we report how we determined our sample size, all
data exclusions, all manipulations, and all measures in the study. This study was preregistered

on the Open Science Framework (OSF) prior to data collection (Hartmann & Lamm, 2019;
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preregistration and addendum, deviations listed in the Supplement). All data and code to
analyze the data and reproduce the figures are available on the OSF.
Procedure

Session overview. Participants took part in one behavioral session in pairs, with the other
participant being a gender-matched confederate posing as the second participant (Figure 17
for an overview and Supplement for more detailed procedure). All participants received the
same financial compensation, and the ethics committee of the University of Vienna approved
all procedures (application number 00412).

Role assignment and calibrations. The participant and confederate were asked to complete
an “random role assignment procedure” determining the roles of ‘Receiver’ and ‘Decider’ in
the prosocial effort task, as per previous studies (Crockett et al., 2015; Lockwood, Hamonet,
et al., 2017). While the participant who was always chosen as the Decider would make
choices involving the other person receiving pain, the confederate as the Receiver would
receive electrical stimulation. All subsequent steps relate to the real participant as the
Decider. Anonymity (except for gender and name) was ensured over the whole session to
limit the effects of reputation and reciprocity (as per Lockwood, Hamonet, et al., 2017,
participants might act more prosocial just because they think they might to meet the other
person later again). Then, we employed a pain calibration as in Riitgen, Seidel, Silani, et al.
(2015) where electrical stimulation was given to the dorsum of the non-dominant, left hand to
gain average stimulation intensities between 0 (not perceivable) and 8 (extremely painful)
using a Digitimer DS5 Isolated Bipolar Constant Current Stimulator (Digitimer Ltd, Clinical
& Biomedical Research Instruments). After this, effort was calibrated using maximum
voluntary contraction (MVC), whereby participants were asked to grip a handheld
dynamometer (Vernier, Beaverton, OR, USA) in their dominant, right hand with as much

force as possible. This ensured the effort levels used in the task were relative to each
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participants’ individual strength. The effort calibration was completed three times (before and

after the placebo induction and at the end of the session). To measure changes in motivation

and fatigue over time, we also measured each participant’s MVC twice in a row at the same

three time points as the NASA ratings.

C)Y° Belief

rating 1/3

(X" Belief
rating 2/3

()" Belief
rating 3/3

Placebo Control
] group group
a

Welcome, introduction and written consent

Anonymous role assigment procedure: ,Decider” and ,Receiver”
Calibration of pain threshold and MVC (1/3)

PANAS (1/3)

Placebo analgesia induction:
(Pseudo) drug test,

administration of medication Waiting time
through study doctor

Task instructions Task instructions

Conditioning procedure Waiting time

PANAS (2/3)

Calibration of MVC (2/3)

Task completion
1. Pre-effort empathy for pain task

2. Prosocial effort task + self-motivation trial (MVC)
3. Post-effort first-hand and empathy for pain task

Calibration of MVC (3/3)

Post-experimental questionnaires + PANAS (3/3)

Figure 17. Overview of the experimental session for each group. Real participants were always chosen
as the “Decider”. Participants in both groups underwent the same steps, except for the placebo analgesia
induction. During this time, the control group had an equally long waiting time. Belief ratings about the
effectiveness of the pill were only collected from the placebo group. PANAS = Positive and Negative
Affect Schedule (Krohne et al., 1996); MVC = maximum voluntary contraction. Figure taken from
Hartmann et al. (2022).
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Placebo analgesia induction. Next, the placebo group underwent a placebo analgesia
induction using an inert pill presented as an “effective and powerful painkiller” and similar
verbal suggestions by a medical student acting as the study’s medical doctor. After a waiting
time of 10 minutes for the pill “to take effect”, classical conditioning was performed to
amplify the placebo effect. Participants received stimulation with a medium intensity (rated
as 4 in the pain calibration), coupled with corresponding feedback suggesting substantial pain
reduction by the pill (e.g., “This stimulus was rated as very/extremely painful before™). To
measure placebo responding over the course of the session, we collected three belief ratings
about the effectiveness of the “medication”. The control group did not undergo any such
manipulations but had equally long waiting times to keep the overall session length the same.
We additionally collected positive and negative mood ratings from both groups at three times
using the Positive and Negative Affect Schedule (PANAS; Krohne et al., 1996).

Prosocial effort task. The prosocial effort task was adapted from Lockwood, Hamonet et
al. (2017) and Crockett et al. (2015): Each trial, participants were asked to make a choice
between a baseline “rest” offer (no effort necessary) where the confederate received a fixed
amount of six shocks, and a “work” offer involving exertion of physical effort (30, 40, 50, 60
or 70 % of their MVC) to help the other participant (reducing the number of shocks the
confederate would receive by either 1, 2, 3, 4 or 5 shocks; Figure 18). Every work offer
combination (5 effort levels x 5 shock reduction levels = 25 levels) was presented three
times, leading to 75 choices. If the participants chose to help, but failed to reach the chosen
effort level, or when they did not respond within 3 seconds, the confederate received 10
shocks (see Supplement for more information on these ‘fail trials’, which did not differ
between groups, all p’s > .055). In fact, the ‘Receiver’ never received pain in this task. This
deception was used to create a believable and realistic social situation where decisions of the

participants would ostensibly have real and live consequences for another person, to induce a
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conflict between costly investing of effort and helping to reduce another’s pain. At the end of
the prosocial effort task, MVC was measured again, but this time it was incentivized to
determine participant’s personal effort motivation to earn a financial bonus for themselves.
This was used as a control measurement to assess whether the placebo influenced self-related
motivation. As per our preregistration, if placebo analgesia acted exclusively on prosocial
motivation, we would expect no group differences on this task. If, on the other hand, placebo
analgesia modulates motivation to exert effort in general, we would expect a group

difference.

“ Marie ‘ 6 shocks for Marie

6 shocks 2 shocks

Baseline
option

° Marie ‘ 2 shocks for Marie

6 shocks 2 shocks

Prosocial
option

Choice Effort Feedback [Tl
4 sec 3 sec 5 sec 2 sec

Figure 18. In the prosocial effort task, the real participant as the “Decider” had to make a choice between a
baseline rest option (no effort exertion) and a more effortful prosocial option: In the latter case, participants were
asked to exert either 30, 40, 50, 60 or 70% of their maximum voluntary contraction (MVC; the more filled the
circle the greater the effort level and 1/6" filled as the baseline option and each additional slice representing a
higher effort level) to reduce the number of shocks the other participant was going to receive in that trial by 1,
2,3,4 or 5 (indicated below the circle). This led to 5 x 5 =25 possible combinations, each of which was presented
three times. After the choice, participants immediately exerted their chosen effort while receiving visual real-
time feedback to show how much effort they were exerting in comparison to the effort they had to reach
(indicated by a yellow line, which had to be reached for at least 1 out of 3 sec). After the 3 seconds had elapsed,
they received feedback on the shocks the other participant (allegedly) got. The feedback included text and red
lightning-shapes, which appeared one after the other to reinforce the belief that shocks were given to the Receiver
in real time. All information given on-screen in the task was in German. Figure taken from Hartmann et al.
(2022).

First-hand and empathy for pain task. To evaluate analgesic effects on first-hand and
empathy for pain, participants rated painful and non-painful electrical stimulation (rated as 1

= 'noticeable but not painful' or 7 = "very painful' in the pain calibration) that they either
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received themselves (self trials) or that the confederate received (other trials; Figure 19;
Riitgen, Seidel, RieCansky, et al., 2015). Participants completed a short pre-effort empathy for
pain task (two pain and two no-pain trials) before the prosocial effort task (as per the “Other”
condition in Figure 19) and the full, post-effort first-hand and empathy for pain task
afterwards. This structure was purposefully chosen to avoid first-hand pain experience before
the prosocial effort task and to measure downregulating effects of the placebo on empathy
early vs. late in the session.

2 targets (self, other) x

2 intensities (pain, no pain) x
How PAINFUL 5 trials per condition = 20 trials
5 for YOU?
%} L
o ! » | UNPLEASANT
g r the OTHER? for YOU?

Target cue Anticipation Delivery Fixation Rating ITI
2 sec 5+2sec 1 sec 2 sec 6 sec each 2 sec

(stimulation 500 ms)

Figure 19. Participants completed measures of empathy for pain before and after the prosocial effort task. Post-
effort, the participants either received electrical stimulation themselves (Self) or observed the second participant
seemingly receiving such stimulation (Other). Afterwards, participants were asked to rate the pain intensity and
unpleasantness of these stimulations. Pre-effort, participants only supplied empathy ratings and did not receive
first-hand stimulation. Figure taken from Hartmann et al. (2022).

Post-experimental questions. At the end of the session, we assessed any doubts regarding
the cover story (whether participants believed their anonymity was kept, whether their
decisions were kept secret from the other participant, and whether they felt their decisions
were monitored by the experimenters) and the placebo manipulation to identify non-
responders (section Participants in the Supplement). We also measured how painful they
remembered the average painful and non-painful stimulation in the pain task.

Participants

Participants were German-speaking, right-handed young university students with normal

or corrected-to-normal vision who reported no history of neurological or psychiatric

disorders. Our sample had the final preregistered size of N = 90 participants (45 participants
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per group). We based our group sizes on previous studies using similar versions of the effort
task (Crockett et al., 2015; Lockwood, Hamonet, et al., 2017). All exclusion criteria were
determined a priori in the preregistration. Placebo analgesia non-responders were determined
as in Riitgen, Seidel, Silani, et al. (2015; Supplement for more information): First, we
recorded verbally expressed doubts about the analgesic effects of the pill or the cover story.
Second, differences of the belief scores about the effectiveness of the placebo before and
after the induction procedure were analyzed. Third, we took the number of conditioning trials
needed to suggest pain relief into account. Dropouts and exclusions in each group were
replaced until the group sizes of 45 were reached. These exclusion criteria were not related in
any way to our two outcomes of interest, empathy for pain and prosocial behavior, but served
to establish a reliable first-hand placebo analgesia effect as a prerequisite for the group
comparisons. The two final groups were comparable regarding age and trait measures of
socio-cognitive and emotional abilities (Table 32 in the Supplement).
Data collection and analysis

Tasks were implemented in Cogent 2000 Version 1.33 running in MATLAB R2018a
(Mathworks, 2018). Data were processed and analyzed using MATLAB R2016a and RStudio
4.1.0 (2021-05-18; R Core Team, 2020). All p values were interpreted two-sided. Wherever
Mauchly’s Test for Sphericity was violated, we report p values using Greenhouse-Geisser
correction (9S). The manuscript was checked for statistical reporting errors using statcheck
(Rife et al., 2016) and for reference errors using reciteworks (4cite Labs).
Manipulation checks

We conducted five manipulation checks, some of which were preregistered and others
were added post hoc due to the novelty of the design, as indicated below: First, we evaluated
the correct performance of the prosocial effort task (1) and the cover story in both groups (2)

(see Supplement). Then we tested the effectiveness of the placebo analgesia induction
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procedure (3-5): The placebo groups’ belief in the effectiveness of the medication (3) was
analyzed by calculating three paired t-tests comparing two of the three time points (pre-
conditioning/post-conditioning/post-session). While these analyses were preregistered as
“exploratory”, they were also employed in our previous studies using a very similar placebo
analgesia induction with a gel instead of a pill (Hartmann, Riva, et al., 2021; Hartmann,
Riitgen, Riva, et al., 2021). Based on these studies, we expected a strong belief in the
medication and an increased belief from pre- to post-conditioning (Supplement for exact
criteria). (4) We aimed to evaluate whether the placebo analgesia induction influenced a)
first-hand pain as well as b) other-related pain intensity and unpleasantness ratings with the
goal of replicating the placebo analgesia effect reported in Riitgen, Seidel, Silani, et al.
(2015). As in that study, we expected placebo analgesia to downregulate participants’ first-
hand pain as well as their pain empathy. We thus preregistered that placebo analgesia would
lead to lowered empathic responses. We calculated two ANOV As using the pre-effort
empathy ratings, with the other pain intensity or the unpleasantness ratings as the dependent
variables, and the independent variables treatment (placebo/control) and intensity (pain/no
pain). We then calculated an additional two ANOV As using the post-effort first-hand and
empathy for pain ratings: the first ANOVA compared the self- and other-related pain
intensity ratings on the independent variables treatment (placebo/control), target (self/other)
and intensity (pain/no pain); the second ANOVA compared the unpleasantness ratings on
treatment (placebo/control) and intensity (pain/no pain). The pre-effort empathy for pain
analyses were not preregistered but mirrored the preregistered post-effort ones. (5) To
measure whether the placebo effect lasted until the end of the session, we compared the post-
experimental rating about how much pain was felt on average in the pain task using a t-test,

using the index of pain — no pain ratings as the dependent variable and group
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(placebo/control) as a factor. This check had not been preregistered, but was also employed in
our previous studies (Hartmann, Riva, et al., 2021; Hartmann, Riitgen, Riva, et al., 2021).
Preregistered core analyses

We calculated a mixed ANOVA with the ‘proportion of work offers chosen’ as the
dependent variable, and the factors effort level (1-5), shock reduction / helping (1-5) and
group (placebo/control) as independent variables. We then repeated this analysis with
reaction time as the dependent variable. Lastly, we ran a LMM with area under the curve
(AUC) of the force data as the dependent variable and group, effort level, shock reduction
and their interactions as fixed effects, and included a subject-level random intercept (as well
as exploratory mixed models for the single trial choice and RT data). To check whether
placebo analgesia influenced general motivation, we calculated a t-test to compare the two
groups on the MVC and exerted force in the one-shot self-trial.
Post hoc analyses

To evaluate the effects of the placebo induction on participant’s general strength and
mood, we calculated three ANOV A with the dependent variables MVC, positive or negative
mood, with time (pre-induction/post-induction/post-session) and group (placebo/control) as
factors. We also investigated correlations between the two tasks, i.e., empathy for pain and
prosocial behavior. To this end, we correlated the first-hand pain, other-related pain intensity
and unpleasantness ratings in the first-hand and empathy for pain task with the proportion of
prosocial choices in the prosocial effort task. Moreover, we explored associations between
prosocial choices and reaction time in the prosocial effort task. Lastly, individuals differ in
how much they value other people’s rewards relative to their own (prosocial/altruistic vs.
individualistic oriented). We explored the relationship between prosocial choices in the
prosocial effort task and social value orientation (SVO) by correlating the proportion of

prosocial choices to each participants’ social value angle from the SVO by Murphy et al.
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(2011), which was calculated as the arc tangent of the ratio for other- vs. self-related payofts
as an angle in degrees (with higher values meaning higher prosocial/other-related
orientation). All of these correlations were not preregistered and are therefore exploratory and

reported uncorrected for multiple comparisons.

4.2.5 Results

Both groups show correct task performance, cover story belief as well as similar
strength, motivation, and mood

There were no significant group differences regarding correct performance of the prosocial
effort task and believability of the cover story (manipulation checks 1 and 2; Figure 23 and
Tables 33-35 in the Supplement for details). We also did not observe any group or time
differences in participants’ general strength measured as MVCs over the course of the session
(all p > .561; Figure 24 and Table 36 in the Supplement). In the analysis of participants’
effort exertion when aiming to win an additional monetary bonus for themselves, we
observed no group differences, neither in participant’s MVC (p = .432) nor in the AUC of the
exerted force (p = .175; Figure 25A for MVC and Figure 25B for force data). Evaluating the
participants’ mood at three time points over the whole session, we observed that both positive
and negative mood decreased significantly over the course of the session (both p‘s <.001),
but these effects were similar for both groups (Figure 26A for positive, Figure 26B for

negative mood, and Tables 37 and 38 in the Supplement).

Placebo vs. control group differ in first-hand pain but not in other-related pain
intensity or unpleasantness ratings

In assessing the placebo analgesia effect, we observed a significant increase in the belief
about the effectiveness of the pill in the placebo group from pre- to post conditioning (t(44) =
3.92, p <.001, mean of the differences (M) = 13.58, 95% CI [6.59, 20.57], Cohen’s d. =
0.58; pre-conditioning: M + SEM = 65.44 + 3.24; post-conditioning: 79.02 + 2.21;

manipulation check 3; Figure 20A). From post-conditioning to post-session (67.27 + 3.71),

195



Another’s Pain in my Social Brain

the belief ratings decreased significantly (t(44) = -4.05, p <.001, Mayy=-11.76, 95% CI [-
17.60, -5.91], Cohen’s d. = 0.60), while the post-session ratings did not differ significantly
from the ones measured pre-conditioning (t(44) = 0.34, p =.735, Mayyr=1.82, 95% CI [-8.97,
12.62], Cohen’s d- = 0.05). Importantly, the average belief rating was generally very high

(M £ SEM =70.58 £2.06 on a scale from 0-100), indicating a generally high belief in the

medication’s effectiveness.
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Figure 20. Manipulation checks 3, 4 and 5 evaluating the first-hand placebo analgesia effect. A) We observed
high belief ratings in general and a significant increase in the belief in the effectiveness of the medication from
before to after the conditioning procedure. Although this belief significantly decreased towards the end of the
session, it did not drop lower than the initial belief before the conditioning. B) In the first-hand and empathy
for pain task, participants of the placebo group rated the electrical stimulation they received on the back of their
hand as significantly less painful compared to the control group. C) Finally, participants in the placebo group
indicated even at the end of the session that they remembered the stimulations in the first-hand and empathy
for pain task to be significantly less painful compared to participants in the control group. Figure taken from
Hartmann et al. (2022).

Next, we analysed the pre- and post-effort ratings in our first-hand and empathy for pain
task (manipulation check 4; Figure 20B for first-hand pain, Figure 21 for other-related pain
intensity and unpleasantness, Supplement for more detailed results). Analyses confirmed a
significant placebo effect for first-hand pain, as shown by general lower ratings in the
placebo compared to the control group (main effect of group, p = .008) independent of
intensity or target as well as a bigger rating difference in the index (pain — no pain
stimulation) between self- and other-related stimulation (i.e., control (selfpain - no pain - Otherpain -

no pain) > placebo (selfpain - no pain - OtheTpain - no pain)) for the control compared to the placebo
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group (group X intensity x target interaction, p = .020), but no group differences regarding

other pain intensity or unpleasantness ratings (p’s > .128), neither in the pre- nor post-effort

pain task data.
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Figure 21. Manipulation check 4 evaluating the effect of placebo analgesia on other pain intensity and
unpleasantness ratings. Participants completed A) pre-effort empathy for pain task (Tables 39 and 40 in the
Supplement) and B) the full post-effort first-hand and empathy for pain task afterwards (Tables 41 and 42 in
the Supplement). They rated pain intensity as well as their own unpleasantness when the other participant
(allegedly) received electrical stimulation in both instances. We observed no effect of placebo analgesia on
other pain intensity or unpleasantness, neither in the pre- nor in the post-effort data. Figure taken from
Hartmann et al. (2022).

While the hypothesized group differences in other pain intensity and unpleasantness
ratings went into the expected direction (placebo < control), they were not significant, and
their effect sizes (Cohen's d's between 0.04 and 0.15) were much smaller compared to
previous studies that had also used a between-subjects design and very similar setup (e.g.,
Riitgen, Seidel, Silani, et al., 2015, Cohen's d's of first-hand analgesia effect between 0.62
and 0.79, and empathy analgesia effect between 0.44 and 0.76). We further observed a
significant difference between the average index for first-hand pain — no pain ratings in the
task when asked to remember the pain at the end of the session (£(83.12) = 2.68, p = .009,

95% CI [-0.20, 1.36], Cohen’s d = 0.57; manipulation check 5; Figure 20C). In this context,
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the placebo group (3.69 + 0.23) remembered the self-directed electrical stimulation as
significantly less painful compared to the control group (4.47 = 0.18).

Taken together, manipulation checks 3-5 showed the success of the placebo analgesia
induction. Replicating previous studies, placebo analgesia downregulated first-hand pain
ratings in the placebo compared to the control group, and this effect lasted until the end of the
session and thus beyond the part in which the prosocial effort task was performed. Contrary
to previous research and our preregistered hypothesis, other pain intensity and unpleasantness
ratings did not seem to be affected by the placebo analgesia manipulation, neither when
measured directly after the placebo analgesia manipulation nor in the ratings given after the

prosocial effort part of the experiment.

Placebo group displays reduced prosocial behavior compared to the control
group in their choices, reaction times, and exerted force

In the ANOVA analyzing the proportion of work offers chosen (Figure 22 here and Table
43 in the Supplement) we observed a main effect of effort level (F(4,352) = 60.06, pS¢ <
.001, ﬁé =.13), showing that participants chose the work option less often the more effort
they were asked to exert, and this was independent of the shock reduction for the other and
the group (effort level 1: 0.97 + 0.01; effort level 2: 0.95 £ 0.01; effort level 3: 0.90 + 0.01;
effort level 4: 0.80 + 0.02; effort level 5: 0.69 = 0.02). We also observed a main effect of
shock reduction (F(4,352) = 63.12, p < .0019F, ?)2 =.09), showing that participants chose the
work option more often the more shocks they could prevent for the other person, independent
of the effort level or group (preventing 5 shocks: 0.94 + 0.01; preventing 4 shocks: 0.91 +
0.01; preventing 3 shocks: 0.89 + 0.01; preventing 2 shocks: 0.84 + 0.02; preventing 1 shock:
0.71 £ 0.02). Both of these effects were expected from previous studies and predicted by our
preregistered, directional hypotheses, while any interactions were left exploratory.

Intriguingly, we observed a group x shock reduction interaction (F(4,352) = 4.10, p = .0209S,
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ﬁé =.01), showing that the placebo group showed reduced prosocial behavior compared to
the control group, dependent on the number of shocks the other would receive, but
independent of effort level (Figure 22A). Post hoc tests confirmed that this group difference
was true only for a shock reduction of 1, i.e., the lowest helping level (p <.001, value
adjusted using Tukey). Lastly, we observed an effort level x shock reduction interaction

(F(16,1408) = 13.11, p<.0019C, 77 = .03), whereby the differences in the proportion of

prosocial choices between the five effort levels increased with decreasing possibility to help,
independent of group (Figure 22B). In other words, participants differentiated their helping
behavior less at the effort levels when they could help more compared to less. No other
effects were significant. The generalized LMM of the same data largely mirrored the
ANOVA results (Table 44 in the Supplement). The same ANOVA analyzing reaction time
during the choice phase revealed faster RTs for choices involving lower effort exertion as
well as higher possibility to help over both groups (Table 45 in the Supplement). In other
words, participants were faster in their decisions when they needed to put in less effort and
could help more. Furthermore, we observed an effort level x shock reduction interaction,
whereby the differences in RTs between the five effort levels decreased with increasing
possibility to help, independent of group (all p‘s <.001). Regarding our preregistered
hypotheses, no other effects were significant, showing no group differences in the choice
RTs. The LMM of the same data mirrored the ANOVA results, except for an additional main
effect of group (p = .046), whereby the placebo group was slower to make their decisions
compare to the control group, independent of effort level or shock reduction (Table 46 in the
Supplement). In the LMM analyzing the exerted force (Table 47 in the Supplement), we
found a main effect of group (3°1)=3.99, p = .046), whereby the placebo group (0.43 +
0.002) exerted less force compared to the control group (0.44 + 0.002), after having chosen to

put in effort to help the other. Moreover, we again observed main effects of effort (y*u4)=
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29424.90, p <.001) and shock reduction (x4 = 9.99, p = .040), showing that participants
exerted more force with increasing effort level and increasing shock reduction / possibility to

help. We additionally found an effort x shock reduction interaction (y216)= 140.12, p <.001).
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Figure 22. A) Participants of the placebo group (orange) chose the prosocial option
significantly less often compared to the control group (blue) when the possibility to help
was highest, i.e., a reduction of 5 shocks, while the groups did not differ for the other
shock reduction amounts (reduction of 1-4 shocks; group x shock reduction interaction).
B) Participants differentiated their helping behavior less over the five effort levels when
they could help more compared to less (effort level x shock reduction interaction). Figure
taken from Hartmann et al. (2022).
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Prosocial behavior correlates with choice reaction times and unpleasantness but
not pain intensity when observing others’ pain

We observed a significant positive association between the amount of prosocial choices
and unpleasantness ratings across all participants (Spearman’s p = .22, p = .035), whereby
higher levels of unpleasantness were associated with increased prosocial behavior (choosing
the prosocial option more often; Figure 27A in the Supplement). We did not find a significant
association between prosocial behavior and first-hand pain (p = .03, p = .768) or other pain
intensity ratings (p = .01, p = .920; Figure 27B in the Supplement). Moreover, we found a
significant negative correlation between participants’ reaction times when making their
choice and the proportion of prosocial choices in the prosocial effort task (p = -.58, p <.001),
showing that faster reaction times were associated to increased prosociality, and vice versa
(Figure 27C in the Supplement). Lastly, there was a significant positive correlation between
participants’ trait SVO and their prosocial behavior in the prosocial effort task (p =.23, p =
.028), showing that participants who ascribed themselves to be more other-oriented also had a

higher proportion of prosocial choices, or vice versa (Figure 27D in the Supplement).

4.2.6 Discussion

We investigated the causal effects of a placebo painkiller on prosociality. Participants
under placebo analgesia showed reduced willingness to put in effort to help others, slower
reaction times when deciding to help, and exerted less force when putting in effort to help.

The placebo group was slower when deciding whether to help compared to controls. In a
similar task, Crockett et al. (2015) related slower response times to more deliberative moral
decision-making. This matches the reduced willingness to make prosocial choices in our
study and suggests a shift to more deliberative decisions: The placebo group might have
taken longer in deciding because, rather than helping automatically, they more carefully
evaluated the extent to which helping would be beneficial. However, as earlier studies linked

opioid use to prolonged reaction times ( Banning & Sjegren, 1990; Banning et al., 1992),
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future research should replicate this finding and assess its specificity for social behavior.
Higher proportion of prosocial choices was also associated with faster reaction times. This
could indicate that prosocially-oriented people make such decisions faster and is in line with
studies associating quicker decisions to greater prosociality (Chen & Krajbich, 2018; Rand et
al., 2012).

Even when having chosen to help, the placebo group exerted less energy compared to
controls. Lockwood, Hamonet, et al. (2017) reported similar findings when participants
exerted effort for others compared to themselves. Thus, our results suggest that placebo
analgesia could exacerbate ‘prosocial apathy’. As the opioidergic system was shown to
regulate (hedonic) reward processing and social motivation (Chelnokova et al., 2014; Scott et
al., 2007), effects of placebo analgesia on prosociality could be explained in terms of a
general reduction of reward-seeking motivation. Importantly, we observed no group
differences in our control measures of strength, motivation, or mood, suggesting that our
manipulation affected social motivation selectively.

Although placebo analgesia successfully reduced first-hand pain sensitivity, we did not
replicate previous studies of reduced other-related pain intensity and unpleasantness
(Mischkowski et al., 2016; Riitgen, Seidel, Riecansky, et al., 2015; Riitgen, Seidel, Silani, et
al., 2015; Vecchio & De Pascalis, 2021). One explanation for this discrepancy could be that
our placebo induction was not strong enough to affect empathy for pain. What speaks against
this is that we found no group differences in empathy for pain measured directly after the
induction and showed that the first-hand placebo response lasted until the end of the session
(~2 hours post-induction). However, there were several differences between our and previous
studies reporting placebo or painkiller effects on empathy, e.g., anonymity of participants
towards each other, varying study doctors in each session, and framing (the focus being on

the prosocial effort task here and on the pain task in previous studies), which could all have
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influenced the way placebo analgesia affects pain empathy. Our results thus highlight that
altering first-hand pain may influence prosociality via mechanisms beyond empathy and
affect sharing, such as perspective taking (Decety, 2021) or the use of cognitive strategies
(e.g., reappraisal, Lockwood et al., 2014). Whether placebo analgesia influences helping via
different routes and how perception (“what we feel”) is linked to actions (“what we do”) are
interesting avenues for future work.

Unpleasantness ratings when observing others in pain are usually seen a marker of affect
sharing, while pain intensity ratings are thought to measure cognitive-evaluative components
of empathy (Lamm & MajdandZi¢, 2015 for a review). Interestingly, we found that the
proportion of prosocial choices was positively associated with higher unpleasantness ratings
when observing others in pain, but not with self- or other-related pain intensity ratings. This
supports previous work linking empathy and prosociality (Eisenberg & Fabes, 1990 for a
review; Lockwood et al., 2016). For example, Hein et al. (2010) found that self-reported
empathic concern for another’s suffering predicted later costly helping (enduring physical
pain to reduce the other’s pain). However, Gallo et al. (2018) stressed a connection between
ratings of the pain intensity observed in others and subsequent donation behavior to reduce
their pain, highlighting the role of cognitive-evaluative perception of another’s pain. These
findings raise the argument that some aspects of the empathic response influence different
types of prosociality (e.g., putting in effort, enduring pain yourself, donating money) in
different ways. To tease apart these differences, future studies could connect different ways
to measure empathy with different ways to measure prosociality.

The present study had strengths and limitations worth discussing. We preregistered our
study, clearly distinguishing confirmatory from exploratory findings and reducing the risk of
type-I errors (Nosek et al., 2018). We took great care in excluding alternative explanations

such as social norms, reciprocity, or reputation, as participants never met face-to-face
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(Crockett et al., 2015). Belief in our cover story highlighted that participants’ prosocial
behavior was likely not influenced by these concerns. Anonymity may still have reduced
empathic responses, possibly through mechanisms such as objectification (Eklund, 2006),
dehumanization (Cameron et al., 2015), or distancing (Cameron et al., 2019; Story et al.,
2020). However, such effects would likely be independent of the placebo manipulation.

As in Lockwood et al. (2021), we operationalized prosocial behavior using costly choices
and exertion of physical effort, and kept this behavior independent of monetary gains, group
allocation or study time. This task setup grasped both peoples’ explicit choice behavior as
well as the implicit energization of their actions, disentangling ‘true’ from ‘superficial’
helping behaviors. In doing so, we aimed to measure prosocial behavior in an ecologically
more valid way considering situation-specific factors, which may better translate to real-
world prosocial acts. By incorporating different levels of shock reduction, our design also
revealed that placebo participants’ drop in helping behavior scaled with the amount of shock
reductions they could attain: While helping behavior most strongly differed in low-helping
conditions, it was virtually identical for maximum shock reduction. This speaks for a
modulatory effect of placebo analgesia: If there is high need for and effectiveness of helping,
the incentive to help may be so high that placebo analgesia is not able to modulate behavior;
conversely, if stakes are lower, placebo analgesia has leverage to exert its effects.

Finally, the proportion of prosocial choices correlated with increased prosocial tendencies
in trait social value orientation (SVO). This nicely links prosocial traits people ascribe to
themselves with their actual behavior, complementing past studies demonstrating that the
level of cooperativeness in SVO relates to contributing more hours for a prosocial cause
(McClintock & Allison, 1989) and greater donations (Van Lange et al., 2010).

These strengths notwithstanding, future research is required to translate our laboratory-

based findings to measures of prosociality in real-life, e.g., using ecological momentary
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assessment or diary studies (Morelli et al., 2014; Rameson et al., 2012). And although the
present study gives insights into effects of altered pain sensitivity on our social emotions and
behavior, generalizations to people affected by pain-related disorders and chronic painkiller
use will require different study designs and participants.

In sum, placebo analgesia decreased people’s willingness to exert effort to reduce others’
pain. Therefore, manipulating one’s own pain sensitivity changes not only how we
experience pain but also affects our decisions to help others. Notwithstanding independent
validation and extension to more ecological settings, and in particular to (ab)use of
painkillers, this has important implications for the social interactions of people under the

influence of analgesics and those with chronic pain conditions.

4.2.7 Acknowledgements
We thank Lei Zhang for input on the study design, Magdalena Banwinkler, Elisabeth

Loffler and numerous interns for supporting the data collection, Federica Riva for
supervision, as well as Valeria Gazzola, Jonas Nitschke, and Max Eder for feedback on the

manuscript and code.

4.2.8 CRediT author statement

Helena Hartmann: Conceptualization, Data curation, Formal analysis, Funding
acquisition, Investigation, Methodology, Software, Visualization, Writing - original draft,
Writing - review & editing. Paul Forbes: Conceptualization, Formal analysis, Methodology,
Supervision, Writing - original draft, Writing - review & editing. Markus Riitgen:
Conceptualization, Formal analysis, Methodology, Supervision, Writing - original draft,
Writing - review & editing. Claus Lamm: Conceptualization, Formal analysis, Funding
acquisition, Methodology, Project administration, Resources, Supervision, Writing - original

draft, Writing - review & editing.

205



Another’s Pain in my Social Brain

4.2.9 Funding

The present study was financially supported by the uni:docs scholarship of the University
of Vienna, the Marietta-Blau scholarship of the Agency for Education and
Internationalisation Austria (OeaD) (both awarded to H.H.), the Austrian Science Fund (FWF
W1262-B29), and the Vienna Science and Technology Fund (WWTF VRG13-007). None of
the funders had any role in study design, data collection and analysis, interpretation, writing

or decision to publish.

4.2.10 Declarations of Interest

H.H. works as a researcher and psychologist for MyMind GmbH, a company developing a
neurofeedback training game for children with autism spectrum disorder and attention deficit
hyperactivity disorder, but this work is in no way related to the present research. The
remaining authors declare that they have no financial interests or potential conflicts of

interest.

4.2.11 Supplement
Procedure

Eligible participants were sent trait questionnaires to be completed online prior to coming
to the lab. They were asked to abstain from alcohol, drugs, and any medication intake (except
oral contraceptives) 24 hours before the experiment and to abstain from smoking, food,
caffeine, and any drinks other than water one hour before the experiment. This was done to
increase homogeneity of testing conditions.

During the role assignment procedure, the participant and the confederate were
positioned on either side of a door and simultaneously each drew a ball from a box.
Importantly, the two participants never met face to face, but arrived (and supposedly left) at
staggered times. Both participants wore gloves during the procedure to conceal each other’s

identities (e.g., age, race, etc.). They were further instructed not to speak and direct their gaze
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away from the box when drawing their ball. To keep up the cover story, both were asked to
wave to each other once, otherwise they did not interact with each other. Since this study
investigated prosocial behavior, the real participant was always be assigned the role of
“Decider” and the confederate always the role of “Receiver”, independent of the colour of the
ball they drew.

In the pain calibration, we gave short-lasting electrical stimulations in multiple trials,
moving up stepwise from a rating of 0 = 'not perceivable' until the stimulus was rated as 8 =
'extremely painful but bearable' (beginning at a low intensity of 0.05 mA, step size
individually chosen for each participant, so that each rating was experienced at least once).
This was then repeated a second time with a small break in between to avoid
habituation/sensitization and followed by varying (seemingly “random”) stimulation in the
before calibrated rating range from 1 to 8. On average, input intensities for the first-hand and
empathy for pain task were 0.77 £ 1.15 (M £ SD) mA (range from 0.09 — 9.00 mA) for
painful and 0.10 + 0.07 mA (range from 0.01 — 0.50 mA) for non-painful stimulation.

In the effort calibration, participants gripped the hand dynamometer two times in a row
for three seconds, while seeing live feedback of their exerted effort on the screen. They were
instructed to hold the device in a certain way (lower arm and hand on a cushion on the table,
dorsum of the hand directed towards the table) and asked to maintain this position during all
tasks involving the grip force device. This was done to keep the MVC constant (as it can be
affected by different holding positions of the dynamometer). During the first calibration, the
participants were watched by an experimenter to check for correct execution and corrected if
needed, e.g., to press stronger next time or hold the device differently. Participants were
urged to press as strongly as they could each time. The maximum of four MVC trials (two
before and two after the placebo induction) was taken to calculate the effort levels in the

prosocial effort task. As part of the three effort calibrations and to make sure that the effort
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levels (effort levels 1-5 corresponding to 30, 40, 50, 60 and 70 % of their MVC, respectively)
were perceived similarly in both groups, and that this perception did not change over time,
participants completed two items from the NASA Task Load Index (Hart & Staveland, 1988;
Effort: “How hard did you have to work to accomplish your level of performance?”’; Physical
Demand: “How physically demanding was the task?”’) and one additional question
(Unpleasantness: “How unpleasant was it for you?”’) for each of the five effort levels (on a
scale from 1 = not at all to 20 = extremely effortful/physically demanding/unpleasant).

In the belief ratings measured only in the placebo group, we asked “How effective do you
currently consider the pain medication to be in reducing your pain later during the tasks?”.
The Positive and Negative Affect Schedule (PANAS; Krohne et al., 1996) included 10
adjectives each for positive and negative mood, answered on a scale from 1 = Little or not at
all to 5 = Extremely.

The placebo conditioning procedure involved the participants receiving electrical
stimulation on the same hand using the exact electrode location as during calibration. These
conditioning trials were repeated for a minimum of two and up to a maximum of four times
until the subject did not respond with values higher than 5 to the conditioning stimulus, i.e.,
until it was believable that a pain reduction had taken place. In fact, the pill was a placebo
and did not contain any active analgesic or pain-reducing components, but a natural sugar-
alcohol (Mannitolum, 40G per pill). The control group did not receive a pill or any type of
induction but had waiting times throughout the experiment to keep the session length
constant between the two groups. To measure the strength of the placebo effect, we evaluated
the participants’ belief in the effectiveness of the medication at three time points during the
session: directly after the placebo administration (= pre-conditioning), after the placebo
induction procedure (= post-conditioning) and after the completion of all tasks (= post-

session). Each time, participants indicated how effective they believed the pill to be in
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reducing their pain in the tasks on a continuous visual analogue scale (VAS) from 0 = not
effective at all to 100 = extremely effective. We then used the first-hand pain ratings in the
first-hand and empathy for pain task as a main indication for the placebo effect. Finally, in
the post-experimental questionnaires, we asked participants how painful the electrical
stimulation had felt in the first-hand and empathy for pain task, to assess whether the belief in
the pill lasted until the end of the session.

During all tasks, the cover story was kept up by interacting equally with the participant
and the confederate, e.g., by coordinating the simultaneous starting of the tasks between the
two experimenters and “waiting for the others to be ready” before continuing with the next
step. Participants completed all tasks sitting in a room separated from the confederate. All
participants completed a prosocial effort task and a first-hand and empathy for pain task on a
computer in a fixed order. Afterwards, participants completed a third task unrelated to this
project. To keep anonymity, participants were told that they arrived a few minutes apart from
each other, saw only each other’s gloved hands during the role assignment and left separately
at different time points.

In the prosocial effort task, all trials were the same length independent of the choices the
participant made. Participants completed three blocks of 25 trials each, with breaks of 60s in
between. Blocks of the prosocial effort task were pseudorandomized, but trials within a block
were kept constant over all participants. All participants exerted the effort with their right
hand and made the choices with two fingers of their left hand placed on a keyboard. As part
of the cover story, participants were told that the shocks the other person received because of
their choices were always “very painful”.

The first-hand and empathy for pain task was included as a manipulation check for
evaluating analgesic effects on first-hand and empathy for pain, to then measure effects of

this manipulation on prosocial behavior. Our task differed from the one used in Riitgen,
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Seidel, Silani, et al. (2015) in three aspects: (1) We included 20 instead of 60 trials, but
collected the same amount of ratings; (2) We did not show pictures of the confederate’s face
in pain as this would have interfered with the anonymity of participants; (3) we displayed
“SHE"/"HE” or “YOU” in big letters instead of arrows as cues to reduce ambiguity about the
target of stimulation. However, since this task was completed relatively late in the experiment
in relation to the placebo induction, placebo effects could have been reduced compared to the
beginning of the experiment. To counteract this, we assessed analgesic effects on empathy for
pain at two time points, before (pre-effort) and after (post-effort) the prosocial effort task and
used a thorough procedure for identifying non-responders to the manipulation. Twenty trials
of the first-hand and empathy for pain task were shown in a pseudorandomized order (four
sequences were created manually for each task and alternated over all participants in an a-
priori defined order, however, the pre-effort empathy for pain task involved only four trials
of other-related electrical stimulation (2x pain, 2x no pain) and the first-hand and empathy for
pain task started with four non-random other-related stimuli and was followed by the rest of
the conditions in the previously specified pseudorandom order). The ratings targeted two
different aspects of empathy: (1) Rating of the own subjective degree of unpleasantness when
seeing another person in pain (‘other unpleasantness’), tapping into affective sharing and
vicarious distress; and (2) rating of the intensity of the pain felt by the other (‘other pain’) as
a more cognitive-evaluative aspect of empathy (Lamm & Majdandzi¢, 2015). For first-hand
stimulation, we asked participants to evaluate: 'How painful was this stimulation for you?';
for stimulation of the other person, we asked: 'How unpleasant did it feel for you when the
other person was stimulated?' as well as 'How painful was this stimulation for the other
person?' (all ratings were given on a 9-point rating scale from 0 = ‘not noticeable’ to 8§ =

‘extremely painful/unpleasant’). In the empathy condition, the two subjective rating questions
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regarding pain and unpleasantness were presented in a truly random order for each trial and
each participant.

The session ended with follow-up questions, where we also assessed any doubts that
participants had regarding the study setup. Participants answered the questions about their
anonymity (“My anonymity in relation to the other participant was kept”) and secrecy of
decisions (“My decisions were kept secret from the other participant”) on a 5-point Likert
scale from 1 = Do not agree at all to 5 = Agree completely, i.e., higher values meaning higher
agreement with the statement. The monitoring question (“How often did you have the feeling
that your decisions were generally ‘monitored’?”’) was answered on a 5-point Likert scale
from 1 = never to 5 = very often, with higher values indicating higher frequency. The whole
experiment lasted approximately three hours. Participants were told that they would receive a
compensation of 10€ per hour plus a bonus in one of the tasks for their participation. In
reality, everybody received a total compensation of 35€. A pilot study with nine subjects was
conducted before the start of data collection and prior to the upload of the preregistration to
test the study procedure, especially for the placebo group. This pilot data was not used in the
final analysis and is thus not reported in the present manuscript.

Participants

Each participant was screened for exclusion criteria using an online questionnaire hosted
on SoSciSurvey (Leiner, 2019), with the link sent via email. Exclusion criteria were a past
or present enrolment in academic studies including psychology, pharmaceutics or medicine
(veterinary, dental, human, etc.) as well as other medical-related trainings (e.g. nurse), any
neurological or psychiatric conditions, past or present substance abuse (alcohol daily use,
drugs weekly or daily use), the intake of psychopharmacological medication (besides oral
contraceptives) within the last three months, and past participation in at least one placebo

study or a study involving similar deceptive elements. Furthermore, participants above the
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clinical cut-offs of the following questionnaires were excluded: Beck’s Depression Inventory
IT (BDI-II; cut-off = 14; Kiihner et al., 2007); Autism Quotient (AQ-k; cut-off = 17; Freitag et
al., 2015); Toronto Alexithymia Scale (TAS-20; cut-off = 51; Bach et al., 1996; Table 32).
Once deemed eligible, participants were pseudo-randomly allocated to either the placebo or
control group. A document with subject codes and group allocation was created beforehand,
where placebo and control sessions were alternated (01 = control, 02 = placebo, 03 = control,
etc.). Participants with choices reflecting disengagement from the prosocial effort task, like
choosing the baseline rest option in 100% of all trials (i.e., never exerting effort), having
more than 10% of fail trials or failing to exert effort due to fatigue after some time, were
excluded.

Regarding the non-responder criteria, if a participant expressed doubts about the cover
story, we asked them to elaborate these further and participants with strong doubts were
excluded. Exceptionally low total belief scores (sum of pre- and post-conditioning scores
lower than 66.6, values can range from 0 to 200) and strong decreases between first and
second measure (pre- minus post-conditioning score bigger than 33.3) served as a second
measure for lack of responding. Third, we took the number of placebo conditioning trials into
account. If participants responded with a value greater than 5 on a 9-point rating scale from 0
= ‘not noticeable’ to 8 = ‘extremely painful, but bearable’ to the conditioning stimulus
(delivered at a medium intensity of 4), we deemed the conditioning trial as non-successful,
waited another few minutes “for the medication to take effect”, and then tried again. This was
repeated for a maximum of four times or until participants responded with values below 6 to
the conditioning stimulus in a trial. If more than three of these trials were necessary, this was
taken as an indication of non-responding to the placebo treatment and the participant was

excluded from further analysis. Included participants needed an average of M £ SD = 2,29 +
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0.46 (range = 2-3) conditioning trials to respond to the placebo induction and no participant

was excluded based on this criterion.

Table 32
Sociodemographic characteristics and trait questionnaire scores of the two groups.
Placebo group Control group t(df) p
N (male/female)* 45 (21/24) 45 (21/24) --- -
Age* 23.56 £2.90 24.00 +4.32 0.57(76.95) .569
Empathic concern (IRT)* 18.47 +4.81 18.40 £4.76 -0.07(87.99) .948
Perspective taking (IR1)* 18.78 £4.79 18.36 £3.99 -0.45(85.21) .651
Prosocial behavior (HAS)* 78.93 +£8.90 78.82 £9.59 -0.06(87.50) 955
Behavioral activation (AMI)* 2.60 £ 0.59 2.52+0.68 -0.58(86.71) .566
Social motivation (AMI)* 2.87+0.61 2.66 +0.71 -1.46(86.12) .149
Emotional sensitivity (AMI)* 2.54+0.63 2.61+0.64 0.53(87.96) 599
Individualists: n = 10 Individualists: n =7
Social Value Orientation Prosocials: n =35 Prosocials: n = 38
(SVO)*
31.95+10.91 32.52+10.65 0.25(87.95) .803
Psychopathy (SD3)* 18.13 +3.89 19.62 +5.34 1.51(80.42) 134
Alexithymia (TAS-20)" 38.09+6.76 39.93 +£6.87 1.28(87.98) 203
Autism (AQ-k)* 6.62 +3.74 6.60 +2.99 -0.03(83.96) 975
Depression (BDI-II)* 4.24 £3.67 4.55+4.07 0.381(87.09) 704

Note. Data are given as group means or sums * standard deviations. Group comparisons were done using
Welch’s two-sample t-tests with group as a between-subjects factor. IRI = Interpersonal Reactivity Index
(Davis, 1980; sum); HAS = Helping Attitudes Scale (Nickell, 1998; sum); AMI = Apathy Motivation Index
(Ang et al., 2017, average); SVO = Social Value Orientation (reported value calculated as the arc tangent
of the ratio for other- vs. self-related payoffs as an angle in degrees; Murphy et al., 2011); SD3 = Short Dark
Triad (Jones & Paulhus, 2014; sum); TAS = Toronto Alexithymia Scale (Bagby et al., 1994; total sum);
AQ-k = Autism Quotient Short Form (Freitag et al., 2015; sum); BDI-II = Beck Depression Inventory
(Kiihner et al., 2007; sum). All questionnaires were given in their original German version or were translated
to German by the authors. * Scores used for matching the two groups; + Scores used for participant
exclusion based on cut-offs (BDI-II cut-off = 14, AQ-k cut-off = 17, TAS-20 cut-off = 51).

In total, we recruited 112 participants, nine of which were excluded for having doubts
about the second participant (six in the control group, three in the placebo group), eight
because of non-responding to the placebo manipulation (six because of doubts, two because
of belief in the medication effectiveness), four because of > 10% of fail trials in the prosocial
effort task, and one participant for not performing that task properly. This added up to ~12%
of non-responders in the placebo group, which we considered comparable to the range of 8-

10% non-responders in our previous work (Riitgen, Seidel, Silani, et al., 2015).
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Deviations from the preregistration

We made a mistake in describing the ANOVA with the unpleasantness ratings in the

initial preregistration (https://osf.io/g3acp), which was corrected in an amendment

(https://osf.io/qw3kg) uploaded during data collection. We had initially preregistered to

analyze the force data with an ANOVA (just as the choice and reaction time data), but this
was not possible with the ezANOVA function due to missing cells in the design (people did
not always choose to exert effort in each trial and thus did not have data for every effort
and/or shock reduction level). We therefore calculated an ANOVA of a linear mixed model
instead. Moreover, as the two groups were comparable regarding social value orientation and
apathy motivation, we refrained from repeating the main analyses of the prosocial effort task
(choice, reaction time and force) with social value orientation or apathy motivation as a
covariate. Lastly, we did not include computational modelling of the choice data in this paper
(these analyses were mentioned as exploratory in our preregistration).
Analyses and results

Data analysis. Cohen’s d’s were calculated using the effect size calculation spreadsheet
(version 4.2) provided by Lakens (2013). For analyses of variance (ANOV As), we used the
function ezANOVA from the R package ez, for Welch’s two-sample t-tests, we used the
function t.test from the R package stats, for linear mixed models (LMMs), we used the
function Imer (or glmer for the binary choice data) from the R package Ime4. Follow-up
paired comparisons were computed using the Tukey method with the function pairs from the
R package emmeans. Spearman's rank correlations were computed using the function cor.test
from the R package stats.

NASA ratings. We compared the NASA ratings for effort, unpleasantness, and physical
demand (manipulation check 1) of the baseline (no effort exertion, but just holding the grip

force device) and the five effort levels using three ANOV As with the factors effort level (1-
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6), time (pre-induction/post-induction/post-session) and group (placebo/control). Participants
perceived the effort exertion more effortful, physically demanding, and unpleasant with
increasing effort level. Below we report the full results of the ANOVAs of the NASA ratings
for effort (Table 33), physical demand (Table 34) and unpleasantness (Table 35) as well as
the matching graphs in Figure 23. We observed main effects of effort level in all three
ratings, demonstrating that participants perceived the effort exertion more effortful (F(5,440)
=311.53, p9 <.001, 7> = .40), physically demanding (F(5,440) = 384.74, p < .001, 7% =
.50), and unpleasant (F(5,440) = 183.21, p°% <.001, ?72 = .32) with increasing effort level
(baseline rest: M + SEM = 4.26 £ 0.36; effort level 1: 6.93 £ 0.32; effort level 2: 8.26 £ 0.28;
effort level 3: 10.86 £ 0.27; effort level 4: 13.26 £ 0.26; effort level 5: 15.29 + 0.24). Tukey
post hoc contrasts indicated that all three ratings of all effort levels were significantly
different from each other (all p <.039). Significant main effects of time in all three ratings
showed that effort (F(2,176) = 15.25, p©Y <.001, ?72 =.02), physical demand (F(2,176) =
5.15, p%4<.001, i = .01), and unpleasantness (F(2,176) = 4.81, p =008, 7, = .01) were
rated differently for the three time points (pre-induction, post-induction, and post-session).
Tukey post hoc contrasts indicated that the pre-induction effort ratings (10.62 £+ 0.25) were
significantly greater compared to the effort ratings post-induction (9.33 + 0.26, p =.001) and
post-session (9.48 = 0.27, p =.005). There was a trend (p = .068) for lower physical demand
ratings post-induction (7.45 £ 0.23) compared to post-session (8.18 + 0.25). Moreover, the
post-induction unpleasantness ratings (5.29 + 0.22) were significantly lower compared to the
unpleasantness ratings post-session (6.15 + 0.24, p = .018). No other post hoc tests were
significant. Furthermore, all three analyses showed effort level x time interactions (effort:
F(10,880) = 13.23, p©“ <.001, #i;, = . 20; physical demand: F(10,880) = 13.47, p99 <.001, 7.
=. 03; unpleasantness: F(10,880) = 5.66, p““ <.001, 7> =. 01; right panels in Figure 23),

whereby generally, the rating differences between the five effort levels increased with
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increasing time, independent of group. In addition, analysis of the effort ratings showed a
group x time interaction, demonstrating that the control group had significantly higher effort
ratings than the placebo group pre-induction (control group: 11.43 £ 0.34; placebo group:
9.82 +£0.36; p = .024), while this was neither the case post-induction (control group: 9.92 +
0.36; placebo group: 8.74 + 0.39; p = .201) nor post-session (control group: 9.60 + 0.38;

placebo group: 9.35 £ 0.39; p =.996), independent of effort level.
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Figure 23. Manipulation check 1 evaluating the NASA Ratings regarding A) effort, B) physical demand and
C) unpleasantness, including significant effects. Participants experienced and then rated each of the five effort
levels (30, 40, 50, 60 and 70% of each participant’s maximum voluntary contraction) they also received later
in the task at three time points during the session: before the placebo induction (pre-induction), after the
placebo conditioning (post-induction) and post-session. GG = Greenhouse-Geisser correction; BL = baseline
rest (no effort exertion). Figure taken from Hartmann et al. (2022).
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Importantly, we did not observe any other significant effects involving the factor group,
showing that the three perceptions of the baseline and the five different effort levels were

generally similar for the placebo and control group with this one exception.

Table 33

ANOVA of NASA effort ratings.

Effect H 90% CI F df  dfpes p
Group .012 [.000, .075] 1.84 1 88 179
Effort level 396 [.337,.445]  311.53 5 440 <.00196
Time .015 [.000, .051] 15.25 2 176 <.00196
Group x Effort level .002 [.000, .000] 0.98 5 440 38966
Group x Time .004 [.000, .022] 3.65 2 176 .0356¢
Effort level X Time .022 [.001,.029] 13.23 10 880 <.0016¢
Group x Effort level x Time .002 [.000, .000] 1.39 10 880 23266

Note. p values of effects including the factors effort level and/or time are reported using Greenhouse-
Geisser (99) correction due to the violated assumption of sphericity.

Table 34

ANOVA of NASA physical demand ratings.

Effect iR 90% CI F df  dfres p
Group .003 [.000, .049] 0.59 1 88 446
Effort level 496 [.443,.540] 384.74 5 440 <.00196
Time .007 [.000, .034] 5.15 2 176 .0086¢
Group x Effort level .002 [.000, .000] 0.66 5 440 .53366
Group x Time .002 [.000, .016] 1.58 2 176 20966
Effort level X Time 027 [.004, .036] 13.47 10 880 <.0016¢
Group X Effort level X Time .002 [.000, .000] 1.20 10 880 .30966

Note. p values of effects including the factors effort level and/or time are reported using Greenhouse-
Geisser (99) correction due to the violated assumption of sphericity.

Table 35

ANOVA of NASA unpleasantness ratings.

Effect i 90% CI F df  dftes p
Group .000  [.000, .001] 0.01 1 88 929
Effort level 317 [.256, .367] 183.21 5 440 <.00196
Time .007  [.000, .032] 4.81 2 176 .0136¢
Group x Effort level .003  [.000, .000] 1.05 5 440 .34966
Group X Time .002  [.000, .014] 1.37 2 176 25766
Effort level X Time .008  [.000, .008] 566 10 880 <.00196
Group X Effort level X Time .001  [.000, .000] 0.84 10 880 .54366

Note. p values of effects including the factors effort level and/or time are reported using Greenhouse:
Geisser (99) correction due to the violated assumption of sphericity.

217



Another’s Pain in my Social Brain

Cover story. In the analyses of the three questions about the cover story (manipulation
check 2), we observed no group differences regarding participant’s perception of their
anonymity in relation to the other participant (£(72.51) = 0.81, p = .423, 95% confidence
interval (CI) [-0.10, 0.23], Cohen’s d = 0.17; placebo group: M + SEM = 4.84 + 0.07, control
group: 4.91 £ 0.04), their decisions being kept secret from the other participant (t(87.85) =
0.36,p =.717,95% CI [-0.40, 0.57], Cohen’s d = 0.08; placebo group: 4.31 £ 0.18, control
group: 4.40 £ 0.17), and feelings of their decisions being monitored (£(87.23) =0, p > .999,
95% CI [-0.55, 0.55], Cohen’s d = 0.00; placebo group: 2.31 = 0.20, control group: 2.31 +
0.18). Generally, participants indicated high levels of kept anonymity and secrecy of their
decisions. Participants of both groups expressed that they felt that their decisions were
sometimes generally monitored.

Strength, motivation, and mood. Below we report the full results of the ANOVAs
analyzing the maximum voluntary contraction (Table 36) as well as changes in positive
(Table 37) and negative (Table 38) mood measured at three time points during the

experimental session. Figure 24 shows the analysis of the three MVCs.

MVC calibrations over the course of the session
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Figure 24. Post hoc analyses of maximum voluntary contraction (MVC) over the course of
the session (each value was calculated as the average of two consecutive trials). We
measured MVCs before (pre-induction) and after the placebo induction (post-induction) as
well as at the end of the session (post-session) and compared them between the control and
placebo group. Figure taken from Hartmann et al. (2022).
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Table 36

ANOVA of maximum voluntary contractions over the course of the session.

Effect H 90% CI F df Afres p
Group .001 [.000, .030] 0.06 1 88 .800
Time .001 [.000, .002] 0.58 2 176 .561
Group x Time .000  [.000,.000] 0.31 2 176 736

Figure 25 shows the group comparison of the MVC (A), and force exerted (B) in the self-
trial. Three subjects did not complete this task properly and thus had very low values, but

exclusion of these subjects did not change the results.
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Figure 25. Preregistered analysis of the one-shot self-trial at the end of the prosocial effort task, where
participants were told they could gain additional bonus money for themselves by pressing the grip force
device as strongly as possible. This was operationalized once A) as the maximum voluntary contraction
(MVC) and B) as the area under the curve (AUC) of the exerted force during that trial (B) and compared
between the control and placebo group. Both measures showed no significant group differences, even
when the three subjects, who did not complete the task properly, were excluded from the analyses.
Figure taken from Hartmann et al. (2022).

Figure 26 shows positive and negative mood changes over the course of the session.
Regarding participants’ positive mood, we observed a main effect of time (F(2,176) = 43.94,
pY <.001, ﬁf; =.09), showing that positive mood was lower post-session (2.56 + 0.07)
compared to pre-induction (3.01 + 0.06, p > .001) and post-induction (2.82 + 0.07, p = .010),

independent of group. Evaluating the participants’ negative mood, we also observed a main
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effect of time (F(2,176) = 1.29, p“ <.001, 7> = .04), showing that negative mood was lower
post-session (1.17 + 0.03) compared to pre-induction (1.30 £ 0.03, p =.005), again

independent of group. However, negative mood was quite low in general (1.22 £ 0.02 on a

scale from 1 to 5).
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Figure 26. Post hoc analyses of A) positive and B) negative mood over the course of the session, as measured
with the Positive and Negative Affect Schedule by Krohne et al. (1996). We observed main effects of time,

whereby both positive and negative mood decreased over the course of the session. Figure taken from Hartmann
et al. (2022).

Table 37

ANOVA of positive mood over the course of the session.

Effect in 90% CI F df  dftes p
Group .024  [.000, .100] 2.69 1 88 .104
Time .088  [.029, .156] 43.94 2 176 <.001¢6
Group X Time .005  [.000,.012] 2.50 2 176 .08966

Note. p values of effects including the factors effort level and/or time are reported using Greenhous
Geisser (69) correction due to the violated assumption of sphericity.

Table 38

ANOVA of negative mood over the course of the session.

Effect 12 90% CI F df  dfres p
Group .001 [.000, .032] 0.09 1 88 764
Time .038  [.002,.089] 12.92 2 176 <.0016¢
Group X Time .002  [.000,.012] 0.53 2 176 .55866

Note. p values of effects including the factors effort level and/or time are reported using Greenhouse-
Geisser (99) correction due to the violated assumption of sphericity.

Pre-effort empathy for pain. In the pre-effort empathy for pain task ANOV As with either
pain (Table 39) or unpleasantness (Table 40) ratings as outcomes, we only observed main

effects of intensity, whereby painful stimulations the other person received were rated as
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more painful/unpleasant than non-painful stimulations, independent of group. No other main

effects or interactions were significant in either analysis.

Table 39

ANOVA of pain ratings in the pre-effort empathy for pain task.

Effect H2 90% CI F df dfres p
Group .002  [.000, .044] 0.34 1 88 .560
Intensity 739 [.665,.792] 671.78 1 88 <.001
Group X Intensity .002  [.000, .040] 0.36 1 88 .549
Table 40

ANOVA of unpleasantness ratings in the pre-effort empathy for pain task.

Effect i 90% CI F df Afres p
Group .000  [.000, .026] 0.06 1 88 .814
Intensity 409 [.282,.516] 230.60 1 88 <.001
Group X Intensity .002 [.000, .040] 0.52 1 88 472

Post-effort first-hand and empathy for pain task. In the post-effort first-hand and empathy
for pain task ANOVA using the pain ratings as outcomes (Table 41), we observed a main
effect of group (F(1,88) =7.34, p =.008, ﬁz = .81), whereby the placebo group gave lower
general ratings (3.52 + 2.40) compared to the control group (3.93 + 2.45), independent of
intensity or target. We further observed a main effect of intensity (F(1,88) = 1,852.53, p <
.001, ?;i. =.04), showing that, in general, painful stimulations (5.89 &+ 0.09) were rated as
more painful than non-painful stimulations (1.56 = 0.07), independent of group or target. We
also observed a main effect of target (F(1,88) =13.94, p <.001, ?;?'; =.04), showing that
other-related stimulations (3.92 + 0.17) were rated significantly higher than self-related
stimulations (3.52 £ 0.19), independent of intensity or group. Furthermore, we observed a
group X target interaction (F(1,88) =4.62, p =.034, ﬁi =.01) showing that the difference
between self- and other-related stimulation was bigger for the placebo (0.64 + 0.19)
compared to the control group (0.17 + 0.11), independent of intensity. The significant
intensity x target interaction (F(1,88) = 10.58, p =.002, ?;f; =.01) showed that the difference

between painful and non-painful stimulation was higher for self- (4.57 = 0.14) compared to
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other-related stimulation (4.08 £ 0.12), independent of group. Finally, we observed a
significant 3-way interaction between group, intensity, and target (F(1,88) = 5.61, p =.020,
?;2 =.01), showing that the difference in the index (pain — no pain stimulation) between self-
and other-related stimulation was bigger for the control (-0.85 & 0.18) compared to the

placebo group (-0.13 £ 0.24). This task was always done after the prosocial effort task.

Table 41

ANOVA of pain ratings in the first-hand and empathy for pain task.

Effect H 90% CI F df dfres p
Group 036 [.000, .121] 7.34 1 88 .008
Intensity 809 [.753, .848] 1,852.53 1 88 <.001
Target .036  [.000, .120] 13.94 1 88 <.001
Group X Intensity .005  [.000, .058] 2.36 1 88 128
Group X Target 012 [.000, .076] 4.62 1 88 .034
Intensity X Target .013  [.000, .079] 10.58 1 88 .002
Group X Intensity X Target .007  [.000, .063] 5.61 1 88 .020

In the second ANOV A using the unpleasantness ratings (Table 42), we only observed a
significant main effect of intensity (F(1,88) =260.55, p <.001, ﬁz =.40), showing that, in
general, painful stimulations (4.12 + 0.21) the other person received were rated as more

unpleasant than non-painful stimulations (1.38 + 0.13), independent of group.

Table 42

ANOVA of unpleasantness ratings in the first-hand and empathy for pain task.

Effect i 90% CI F df Afres p
Group .009  [.000, .069] 1.08 1 88 302
Intensity 401 [.273,.509] 260.55 1 38 <.001
Group X Intensity .001 [.000, .024] 0.21 1 88 .648

Prosocial effort task. In the prosocial effort task, participants had an M + SEM of 0.19 +
0.05 (12/90 subjects, range = 0-2.67) % fail trials where they did not make a decision, and
1.30 + 0.20 (43/90 subjects, range = 0-8.00) % fail trials where they did not manage to exert
the chosen effort (both relative to all trials). These fail trials did not differ significantly
between the groups (decision: t(67.27) = -1.95, p =.055, 95% confidence interval (CI) [0.09,

0.30]; squeezing: t(85.03) =-1.20, p =.235, 95% confidence interval (CI) [1.07, 1.54]).
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Below we report the full results of the three main analyses of the prosocial effort task data
(Tables 43 and 44: ANOVA and LMM with proportion of work offers chosen; Tables 45 and
46: ANOVA and LMM with reaction time (RT) when making the choice; Table 47: LMM of

the area under the curve of the exerted force).

Table 43

ANOVA of the proportion of work offers chosen from the prosocial effort task.

Effect f2 90% CI F df  dfres p
Group .010  [.000, .070] 1.96 1 88 .16556
Effort level 134 [.077,.183] 60.06 4 352 <.001¢
Shock reduction 087  [.039,.130] 63.12 4 352 <.0019¢
Group x Effort level .001  [.000, .000] 035 4 352 66366
Group X Shock reduction 006 [.000,.014] 4.10 4 352 .02066
Effort level X Shock reduction 030 [.008,.035] 13.11 16 1,408 <.0016¢
Group x Effort level X Shock reduction .003  [.000, .000] 1.20 16 1,408 .30466

Note. Subject ID, group, effort level and shock reduction were entered into the ANOVA as factors; 96 =
Greenhouse Geisser sphericity correction.

Table 44

Analysis of Deviance (Type Il Wald test) on a generalized LMM of the
proportion of work offers chosen in the prosocial effort task.

Effect Ve df p

Group 1.97 1 .160
Effort level 562.14 4 <.001
Shock reduction 423.94 4 <.001
Group X Effort level 7.61 4 .107
Group X Shock reduction 13.89 4 .007
Effort level X Shock reduction 22.96 16 115
Group X Effort level X Shock reduction 26.71 16 .045

Note. With choice as a binary outcome variable, we entered the factors group,
effort level and shock reduction into a generalized LMM as fixed effects and
included a subject-level random intercept. LMM = linear mixed model; AUC =
area under the curve.

In the ANOVA analyzing the RTs (Table 45) when making a choice, we observed main
effects of effort level (F(3,352) = 69.84, p < .0019€, ﬁf; =.09) showing that participants made
their choices faster for lower effort levels, independent of group or shock reduction for the
other (values in ms, effort level 1: 1082.40 & 17.03; effort level 2: 1097.29 + 18.13; effort
level 3: 1194.24 + 20.47; effort level 4: 1326.61 + 24.11; effort level 5: 1446.51 + 26.24). We

further observed a main effect of shock reduction (F(4,352) = 40.20, p < .00196, ﬁ?; =.03),
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showing that participants made their choice faster the more shocks they could prevent for the
other person, independent of the effort level or group (values in ms, preventing 5 shocks:
1142.20 = 19.31; 4 shocks: 1170.39 = 20.87; 3 shocks: 1199.12 +21.77; 2 shocks: 1269.87 +
24.25; 1 shock: 1347.48 + 24.56). Lastly, we observed an effort level x shock reduction

interaction (F(16,1408) = 4.88, p <.001¢, ?72 =.01).

Table 45

ANOVA of the reaction time when making choices in the prosocial effort task.

Effect hz 90% CI F df  dfres p
Group .015  [.000, .083] 2.15 1 88 .14656
Effort level .094  [.045,.138] 69.84 4 352 <.001¢6
Shock reduction .027  [.000,.052] 40.20 4 352 <.0019¢
Group x Effort level .001  [.000, .000] 095 4 352 .39366
Group X Shock reduction .001  [.000,.000] 1.24 4 352 34696
Effort level X Shock reduction .009  [.000, .006] 488 16 1,408 <.0019¢
Group X Effort level X Shock reduction .001  [.000, .000] 060 16 1,408 .82966

Note. Subject ID, group, effort level and shock reduction were entered into the ANOVA as factors; 90 =

Greenhouse Geisser sphericity correction.

Table 46

Analysis of Deviance (Type Il Wald test) on a LMM of the reaction time when
making choices in the prosocial effort task.

Effect 7 df P

Group 4.01 1 .045
Effort level 97.67 1 <.001
Shock reduction 67.50 1 <.001
Group X Effort level 0.85 1 356
Group X Shock reduction 0.15 1 .697
Effort level X Shock reduction 2.14 1 .144
Group X Effort level X Shock reduction 1.69 1 .193

Note. With reaction time as an outcome variable, we entered the factors group,
effort level, and shock reduction as well as their interaction into a LMM as fixed
effects. We also included a subject-level random intercept and random slopes for
effort and shock reduction as well as their interaction. LMM = linear mixed
model; AUC = area under the curve.
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Table 47

Analysis of Deviance (Type II Wald test) on a LMM of the AUC of the force

exerted in the prosocial effort task.

Effect Ve df p

Group 3.99 1 .046
Effort level 29424.90 4 <.001
Shock reduction 9.99 4 .040
Group X Effort level 3.05 4 .549
Group X Shock reduction 2.15 4 708
Effort level X Shock reduction 140.12 16 <.001
Group X Effort level X Shock reduction 8.56 16 930

Note. With force as an outcome variable, we entered the factors group, effort
level and shock reduction into a LMM as fixed effects and included a subject-
level random intercept. LMM = linear mixed model; AUC = area under the curve.
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Correlations. Figure 27 shows the associations between the proportion of work offers chosen
in the prosocial effort task and A) unpleasantness ratings, B) empathy for pain ratings, C)

choice reaction time, and D) social value orientation.
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Figure 27. We computed Spearman correlations between the proportion of work offers chosen in the
prosocial effort task and found A) a positive correlation with unpleasantness ratings, B) no correlation
with empathy for pain ratings, C) a negative correlation with choice reaction time, and D) a positive
correlation with social value orientation. All correlations were calculated over the whole sample, but
color indicates group membership for display purposes: orange = control group (con); blue = placebo
group (pla). We calculated correlations over the whole sample. Increased prosocial behavior in the
choice task was associated to increased unpleasantness when observing others’ pain, faster reaction
times when making choices and higher other-related social value orientation. Figure taken from
Hartmann et al. (2022).
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5 General Discussion

“(...) to look beyond your own pain,

’

to see the pain of others.’

— Yasmin Mogahed —

Since the seminal study of Singer et al. (2004) reporting for the first time an overlap in
brain activation for first hand and empathy for pain and thus first hints for shared affective
representations, crucial advances in psychology and social neuroscience have elucidated what
mechanisms underlie empathy and prosociality. The present thesis, encompassing three
preregistered, laboratory-based empirical studies, aimed to shed more light on the
psychological and neural underpinnings of empathy and prosocial behavior in the domain of
pain. Its goals were to 1) evaluate the existence of shared somatosensory representations
between first-hand and empathy for pain and 2) gauge the connection between shared
affective representations and prosocial behavior. Its findings contribute to our knowledge
regarding the causal role of our own, somatic pain processing for the perception of and
reaction to pain in others. In the following general discussion, the studies will be discussed in
relation to each other and considering the current literature. A short summary of the main
results and conclusions of each study will be followed by highlighting overarching strengths,
specifically regarding the employed research methods. The thesis closes with an outline of

limitations leading to future research directions and a final conclusion.

5.1 Summary of all studies

All three studies employed placebo analgesia, a causal-experimental manipulation to
directly down-regulate first-hand pain, and then gauged its effects on empathy for pain or
prosocial behavior using specifically tailored experimental designs and tasks. The first
research objective of this thesis was to quantify the specific contribution of one’s own

somatosensory pain experiences to pain empathy: Chapter 3 includes two empirical studies
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that investigated whether shared representations for first-hand and empathy for pain extend
beyond the affective-motivational to the sensory-discriminative component of pain.

Study 1 in Chapter 3.2, titled “Another’s pain in my brain: No evidence that placebo
analgesia affects the sensory-discriminative component in empathy for pain” employed a cue-
based first-hand and empathy for pain task where participants either received electrical
stimulation themselves on the right or left hand in different intensities, or empathized with
another participant receiving such stimulation. Before completing this task, first-hand pain
sensitivity of the participants had been downregulated specifically on the right hand via a
localized placebo analgesia induction. We hypothesized that placebo analgesia would reduce
participants’ first-hand and empathic pain perception only in the right hand, where placebo
analgesia was induced, which would speak for the existence of shared representations on the
somatosensory level. Behavior and brain activation in relation to the right hand was
compared to each participants’ left hand, which served as a control condition of unaltered
pain sensitivity. As expected, placebo analgesia successfully downregulated first-hand pain in
the right but not the left hand. We also replicated the previously reported activation overlap
between first-hand and empathy for pain in affective-motivational brain regions. However,
we found no evidence for an empathy modulation in our behavioral or neuroimaging data,
which does not support the existence of shared somatosensory representations in empathy for
pain.

Previously, somatosensory activation during empathic processing was most often found
using picture-based tasks that show explicit visual depictions of others’ pain (in comparison
to the cue-based task of Study 1 which used abstract cues signaling electrical stimulation in
different intensities). To rule out that the observed absence of evidence for somatosensory
sharing in Study 1 was due to the type of task, Study 2 in Chapter 3.3, titled “Placebo

analgesia does not reduce empathy for naturalistic depictions of others’ pain in a
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somatosensory specific way” corroborated the null findings of Study 1 in the same sample
using a picture-based empathy for pain task. Participants observed and rated either the left or
right hand in pictures of other individuals in everyday painful situations, after the same
localized placebo analgesia manipulation on their own right hand. Again, we found no
evidence for a somatosensory specific modulation of empathy for pain as a result of placebo
analgesia. In exploratory analyses, we observed increased Al activity for right (compared to
left) hands in painful situations. This increased activity was thus observed in relation to the
condition corresponding to one’s own hand, where placebo analgesia had been induced.
These two studies did not provide supportive evidence for somatosensory shared
representations in two classically used empathy for pain paradigms, a cue-based and a
picture-based task. This suggests that sharing the pain of others might also be possible with
blunted first-hand pain experiences focused on a specific body part and still engage shared
neural networks limited to brain regions coding for affective-motivational aspects (Al and
aMCC). The findings further show that, no matter how we infer the pain of another person
(by imagining it with the help of cues or seeing it directly in pictures) and where the
participants’ attention is directed to, somatosensory brain regions (S1 and S2) seem to be less
involved when sharing and representing others’ pain, compared to previously reported
affective regions. Instead, individuals might focus more on the general aspects of others’
painful experiences when empathizing (e.g., how unpleasant the pain is for the other person
and/or how unpleasant it is for oneself to witness that pain), as opposed to specific localized
aspects (e.g., the exact location, type or duration of the other’s pain). In other words, the
results of Studies 1 and 2 suggest that we share the affective consequences of another’s
painful situation (‘I understand and share that my friend is in pain’) rather than sharing
others’ pain representations specifically in relation to their precise bodily origins, i.e., the

exact nociceptive source (‘I empathize with the right hand that my colleague hurt’ or ‘I feel
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the pain in my friend’s left foot”). Taken together, the findings of Chapter 3 add valuable
information about the specificity of shared representations regarding the sensory-
discriminative component in pain empathy and inform existing models aiming to explain the
processing of empathy in the brain.

The second research objective of this thesis was to investigate the contribution of one’s
own pain experiences and shared affective representations to prosocial behavior: Chapter 4
includes Study 3, titled “Placebo analgesia reduces costly prosocial helping to lower
another’s pain”, which showed that reduced first-hand pain may extend beyond affecting our
emotional resonance and is able to influence how we act towards others in pain.
Downregulating participants’ general pain sensitivity via a placebo pill, individuals under the
influence of placebo analgesia behaved less prosocially compared to control participants with
unaltered pain sensitivity. This was visible in less willingness to put in physical effort to
prevent shocks for another person, slower reaction times when deciding whether to help or
not, and less energy exertion even when having decided to put in said effort. And while we
did not observe significant group differences in self-reported empathy for pain and
unpleasantness as a result of the placebo manipulation, the degree of unpleasantness
participants felt when witnessing the other person in pain was associated with a higher
proportion of prosocial choices to reduce the pain of that person. The findings of Study 3
demonstrate that what we feel in our own body may shape what we do for other individuals,
although this mechanism may not necessarily (only) happen via the route of sharing another’s
pain. Instead, other cognitive and motivational factors might regulate moral decision-making
over a different route than the individual degree of empathy. For example, Lamm, Batson, et
al. (2007) highlight that whether the observation of others’ distress leads to a) empathic
concern and increased altruistic motivation, or b) personal distress and egoistic motivation

may critically depend on our individual abilities for self-other distinction and perspective-
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taking: These cognitive abilities led to a change in neural activity in relation to others’ pain in
regions such as the insula and aMCC. In line with this, Lockwood et al. (2014) reported no
association between trait-based empathy and prosocial behavior in people with high cognitive
reappraisal, a cognitive strategy in which negative affect is decreased to focus on positive
aspects of a situation. In contrast, this association was significant only for individuals with
lower or average tendency to reappraise. The findings of Study 3 thus further specify and
inform the shared representations account by adding the component of prosocial behavior,
with the latter partly depending on how we feel our own and how we share others’ painful
experiences. They underline that there might be more than one single way to empathize with

and help someone in pain.

5.2 Strengths

The three studies had important methodological strengths that will now be discussed in
turn below, especially in light of their broader contributions to the conclusions of this thesis.

All studies successfully induced placebo analgesia, i.e., a down-regulation of first-hand
pain sensitivity via a global (pill) or local (gel) manipulation. This induction procedure was a
prerequisite to measure the effects of blunted first-hand pain sensitivity on empathy for pain
and prosocial behavior, and allowed us to causally investigate the existence of shared
representations. The success of this induction was visible on many levels. In the manipulation
checks assessing the magnitude and duration of the placebo response, we found reduced
subjective first-hand pain ratings and typical pain and placebo analgesia networks in the brain
(see Geuter et al., 2017 for a review and Amanzio et al., 2013; Zunhammer et al., 2021 for
meta-analyses). Analyses also showed no evidence for a significant decrease of placebo
responses over the course of the experimental session, and thus a stable effect of placebo
analgesia over time. It is important to note that, as part of the induction procedure,

participants were told that the gel or pill they received would affect their own pain
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processing, while it was made clear that the second participant never received any treatment
and whose pain sensitivity thus remained unaltered. Any transfer effects to empathy for pain
and prosocial behavior we observed because of the placebo analgesia manipulation were
therefore not due to expectations regarding the changed pain perception of the other person.
Together, this provided strong evidence for the validity of our employed method and
corroborated any found transfer findings or the absence of such.

All studies used a dichotomous approach to classify responders and non-responders to the
placebo analgesia inductions, based on previously used criteria. Non-responders were
excluded from the main analyses, as the existence of a first-hand placebo response was
necessary for the tested downstream effects on empathy and prosocial behavior. However,
future research might benefit from assessing the placebo response as a continuum from high
to low responding, and include more dimensional measures of analgetic responses, such as
pre- vs. post-ratings of painful stimuli. Along the same lines, non-responders also represent a
so-far understudied population that could act as an interesting comparison group to placebo
responders (Frisaldi et al., 2018). For example, future work could focus on investigating more
nuanced individual differences, i.e., whether people with stronger first-hand placebo
responses also show the strongest decreases in empathy and prosocial behavior and thus
increased sharing of their own somatosensory pain representations. This could help in
understanding the complexity of shared representations and shed more light on individual
differences.

As our predictions in Studies 1 and 2 were not confirmed, the planned analyses were
supported by an additional Bayesian framework to report relative evidence for vs. against the
null hypothesis (Keysers et al., 2020). By providing more direct evidence for the null
hypothesis and publishing non-significant findings, this thesis therefore actively counteracts

publication bias (whereby the nature of a result influences the probability of it being
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published; Scheel et al., 2021) and the file drawer problem resulting from this bias.
Moreover, all studies were preregistered on the Open Science Framework, with especially the
study design as well as the confirmatory hypotheses and most of the analyses fixed prior to
the start of the data collection (Criiwell, Stefan, et al., 2019). The practice of preregistering
comes with great benefits: Increased transparency of objectives, hypotheses, design and
analyses, clearly separating confirmatory from exploratory research and minimizing
researchers’ degrees of freedom (Simmons et al., 2011; Wicherts et al., 2016). It also avoids
overconfidence in post hoc explanations and decreases the likelihood of believing that there
is evidence for false positive results (Nosek et al., 2018). Wherever the preregistration did not
specify certain decisions (e.g., the exact coordinates of the ROIs in Studies 1 and 2), this was
clearly indicated when reporting and writing up the analyses and their results. Although all
studies included some deviations from the preregistration in their final analyses due to
omissions of study design or analysis details, minor errors in planning statistical analyses, as
well as adding of post hoc exploratory analyses, these deviations are outlined transparently
within each chapter, and the main results focus on the preregistered hypotheses and analyses.
Adding to the strength of conducting preregistered, transparent and reproducible research, we
used the CRediT system in all chapters to transparently document each author’s specific
contribution (Allen et al., 2019; Brand et al., 2015). We further provide the Citation Diversity
Statement in Chapter 2.8 (Zurn et al., 2020) to raise awareness and help mitigate gender
biases in citations (Dworkin et al., 2020), one of the many issues women face in academia
(see Gruber et al., 2021 for a review). Moreover, each studies’ sample sizes were pre-planned
and optimized using either a priori power analyses or other justifications specified before the
data collection, which further bolsters the interpretability of the reported results.

The published Studies 1 and 2 are available open-access (see Dai et al., 2018; Okune et al.,

2020 for reviews) and all studies have freely available preprints of their respective submitted
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versions published on public repositories such as BioArXiv (Fraser et al., 2020). All studies
also generated output and resources next to the manuscripts themselves: Each task was
designed to overcome shortcomings of previous research and represents an updated version
of established measures of first-hand pain, empathy for pain or prosocial behavior: Study 1
used a new version of the cue-based empathy for pain task based on the one employed in
Singer et al. (2004) and Riitgen, Seidel, Silani, et al. (2015), with template stimuli freely

available online (https://osf.io/5y34e/). Study 2 built an updated stimuli set for the picture-

based empathy for pain task used in Jackson et al. (2005). The stimuli were not directly
uploaded to an online repository as they have only been used in two studies so far (one of
those validating the comparability of painful and non-painful left- vs. right-hand stimuli) and
are thus not independently validated by other researchers yet. Study 3 adapted and combined
two previous decision-making tasks by Crockett et al. (2015) and Lockwood, Hamonet, et al.
(2017) to use effort exertion for shock prevention as a measure of prosocial behavior. This
task combines explicit with more implicit outcome measures (choice behavior, reaction times
as well as the energization put into actions), which can be related to subjective ratings and
trait measures. Such complementary insights are critical to study complex psychological
phenomena such as empathy and prosocial behavior. Lastly, detailed documentation on the
used methods available in the Supplementary Materials of the respective manuscripts allows

for those resources to be freely used and the present results to be replicated by future studies.

5.3 Limitations and future directions

Despite these strengths, the studies also had some shortcomings that might have
influenced the results and offer possible future research questions and directions.

Our findings did not provide causal evidence for somatosensory sharing, despite many
past studies highlighting the role of somatosensory cortices for representing the pain of others

(Keysers et al., 2010; Riecansky & Lamm, 2019 for reviews). Although we did not find
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evidence for a causal involvement of the primary or secondary somatosensory cortex in
perceiving others’ pain, this does not exclude an involvement of these, or other
somatosensory-related, regions in serving other purposes related to empathic processing. In
our specific experimental situation, a fast and effective processing of the situation was
possible that did not necessarily require specific somatosensory-related knowledge of the
other’s pain. However, there might be other situations in which the exact localized
consequences of pain for another person increase in relevance: For example, medical
professionals who treat people in emergency situations might process the pain of others in a
more localized way, as they are in situations warranting more specific knowledge about the
origin of that pain. Likewise, somatosensory representations might more relevant in situations
where one’s own health is in danger, and current first-hand pain processing more directly
matches the observation of pain in others. This also fits with prior literature suggesting
sensorimotor activations to another’s pain reflecting “activation of defensive responses in
agreement with the goal of pain” that serves to protect the body from external harm
(Riecansky & Lamm, 2019, p. 970). Therefore, somatosensory sharing might happen only in
specific situations that require concrete helping (Gallo et al., 2018) or knowledge of the pain
source. This does not, however, fully explain the somatosensory activation observed in
especially picture-based empathy for pain tasks, where the source of pain is shown but not
needed to empathize with the other person in pain. Extending our here used causal approach
of placebo analgesia to other causal methods such as TMS to study the exact contexts in
which knowing the source of another’s pain, and thus increased involvement of
somatosensory regions, is necessary, is a promising future research direction.

We observed an increase in Al activity during viewing of right hands in pain which
corresponded to one’s own hand where placebo analgesia was induced. Wager et al. (2011)

highlighted differential pain evaluation in individuals with strong placebo responses that do
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not necessarily mean a complete blockade of noxious input. Furthermore, placebo-related
increases in neural activity are quite common (e.g., in Al; Petrovic et al., 2002, 2005; Bingel
et al., 2006), and should be studied further in the future, especially in what way placebo-
related increases and decreases in brain activity contribute to our evaluation of and behavior
to others’ pain. This knowledge could be especially valuable in investigating shared
representations, as it could show that sharing another’s pain might be possible both through
activation and downregulation of specific brain regions. In this regard, studies investigating
empathy in the domain of pain have mainly contrasted affective and somatosensory regions
belonging to the two main pain networks in the brain, the affective-motivational and the
sensory-discriminative component. Future research may profit from extending efforts in
elucidating the existence of shared representations to other regions involved in modulatory
control of emotional responses, such as dorsolateral, medial, and orbitofrontal cortices as well
as inferior frontal gyrus, or connect research on shared representations to regions responsible
for processing reward, such as the striatum and nucleus accumbens. These efforts would also
help in shedding more light on the role of more cognitive, top-down processes during
empathy and prosocial behavior.

All studies in this thesis were conducted on neurotypical samples with no history of or
current psychiatric or neurological conditions. Studying these processes broadly related to
social cognition abilities in a homogeneous sample helps understand the basic mechanisms
underpinning them, but it is also important to consider implications for conditions where
these abilities are impaired and qualitatively different (Shackman & Wager, 2019). For
example, the here presented findings are highly relevant for empathic processing in different
pain conditions, such as chronic pain (Ma et al., 2020; Zhang et al., 2021) or congenital
insensitivity to pain (CIP; Danziger et al., 2006, 2009). These groups represent two extremes

on a dimensional scale from no to high daily pain that can be studied in addition to typical
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pain perception in neurotypical samples to better understand how a qualitatively distinct first-
hand pain processing affects empathy and prosocial behavior. For example, people with daily
pain experiences in certain body parts, such as chronic low back pain, irritable bowel
syndrome or migraine, might be able to share the same type of pain in other individuals more
specifically by using their own somatosensory pain representations, or may be less empathic
because of a constant excess of first-hand pain. People with CIP might put more weight on
the affective representation of others’ pain experiences, as this group of individuals never
experienced direct, first-hand somatosensory pain experiences themselves (Danziger et al.,
2009). Similarly, people who feel the pain of others consciously in their own bodies,
vicarious pain responders (Bowling et al., 2019; Grice-Jackson et al., 2017ab) and mirror-
sensory synesthetes (Ioumpa et al., 2019) both represent fascinating groups of individuals to
study the effects of heightened empathic resonance. Do these groups use different ways to
empathize with others, possibly engaging somatosensory brain regions to a stronger or lesser
extent? More research on these diverse patient populations is needed to fully understand how
a non-typical first-hand pain experience is related to empathy for pain and how that further
affect prosocial motivation and behavior.

Psychiatric conditions such as depression, autism spectrum disorder, alexithymia, or
psychopathy are all characterized by a different way to understand and/or resonate with
others’ emotions (Farrow & Woodruff, 2007; Lockwood, 2016; Zahn-Waxler & Schoen,
2016 for reviews). However, studying empathy and prosociality in such clinical samples
warrants new study designs adapted to their unique characteristics, especially considering
sample heterogeneity, comorbidities, feasibility, and ethical concerns. Nevertheless, future
scientific efforts should be made to ultimately aid individuals with such conditions in better
understanding their own and others’ emotions as well as react accordingly, despite their

respective impairments. Researching the basic mechanisms that lead to intact empathic
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responses and behavior may then hopefully inform therapeutic interventions and trainings to
modulate and improve sharing and regulation of others’ emotions. In this regard, new models
of ‘adaptive empathy’ have been proposed that consider not only the empathizer, but also the
person being empathized with. In this promising framework, feedback and learning from
others may flexibly change empathic responses depending on the context (Shamay-Tsoory &
Hertz, 2022). In line with this, we observed a related situation-specific degree of helping in
Study 3, where people under the influence of placebo analgesia varied their helping
dependent on how much they can help in a given situation. Investigating the role of
vicariously sharing someone else’s emotions using new measures of adaptive empathy could
be an exciting new research direction.

In the here presented studies, we excluded individuals actively taking
psychopharmacological medication or experiencing pain-related conditions and nevertheless
report effects of placebo analgesia (i.e., the belief of having taken a single-dose pain
medication) on social motivation and behavior in multiple measures. This is in line with past
research indicating medication intake affecting emotion perception, empathy and motivation,
both in humans (Carlyle et al., 2019; Kroll et al., 2021 for opioid use; DeWall et al., 2010;
Durso et al., 2015; Mischkowski et al., 2016, 2019; Roberts et al., 2019 for acetaminophen;
Riitgen et al., 2019 for antidepressants) and animal models (Kandis et al., 2018 for
acetaminophen; Nazeri-Rezaabad et al., 2020 for morphine). In light of the current opioid
crisis (Vadivelu et al., 2018) and as typical medication use in the population may be much
higher (Mehuys et al., 2019) than reflected by our study samples, including medication
history into future studies as a covariate becomes especially important.

While inspired by previous findings and strongly oriented on past, similar studies, the here
included studies contain important differences such as changes in study design and location,

timing of the measured effects in relation to the placebo induction and framing of the cover
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story and tasks. As already highlighted by previous studies (Lamm et al., 2011), the choice of
task to measure empathy for pain can lead to very different results, especially on the neural
level. For example, the empathy tasks used in the present thesis were either changed (Studies
1 and 2, where the task was adapted to investigate somatosensory sharing) or not the main
focus of the experiment (Study 3, where the focus was on measuring prosocial behavior).
These differences need to be taken into account when interpreting existing or planning future
studies. Especially because of these study differences, we report standardized effect sizes
wherever possible to encourage and facilitate comparisons between different studies (Lakens,
2013).

Moreover, the analyses of the fMRI data in Studies 1 and 2 purposefully did not
disentangle anticipation from presentation phases of electrical or visual stimuli to keep
comparability to previous studies (Riitgen, Seidel, Riecansky, et al., 2015; Riitgen, Seidel,
Silani, et al., 2015). Furthermore, anticipation phases were much longer (7-11 seconds)
compared to the stimulus delivery / picture presentation phase (0.5-3.5 seconds), which could
have led to exaggerated anticipatory processing in the measured and modelled brain
signatures. Since research has identified separate mechanisms for these two phases (Peng,
Huang, et al., 2019; Peng, Peng, et al., 2019), this distinction should also be taken into
account for the future assessment and quantification of pain empathy.

Furthermore, Studies 1 and 2 did not include a between-subjects control group who was
not under the influence of placebo analgesia, which makes direct comparisons to previous
between-subjects studies difficult (Riitgen, Seidel, Riecansky, et al., 2015; Riitgen, Seidel,
Silani, et al., 2015) and limits conclusions regarding a general down-regulation of empathic
reactions in behavior and affective brain regions by placebo analgesia. This also relates back
to the differentiation between treatment/tonic vs. stimulus/phasic expectancies in response to

a certain treatment: While the former expectancies consist of relatively stable prior
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knowledge, memories and subjective beliefs, the latter adapt flexibly based on moment-by-
moment updates and evaluation of prediction errors in regard to certain stimuli (Atlas et al.,
2010). Our exploratory findings of a generalized placebo response through our localized
placebo induction in Studies 1 and 2 could speak for an affect-modulating role of the opioid
system and enhanced situational modifiability of somatosensory responses for first-hand pain
compared to empathy for pain. Future research should aim to more specifically tease apart
tonic vs. phasic influences and evaluate their importance in terms of how downregulating
pain sensitivity via placebo analgesia localized to a certain body part influences general
emotion perception and affect sharing (Benedetti & Amanzio, 2013; Nummenmaa &
Tuominen, 2017 for reviews).

In this regard, although an upregulation of the opioid system through placebo analgesia
was assumed based on previous studies (King et al., 2013; Riitgen, Seidel, Silani, et al., 2015;
Riitgen et al., 2021), none of the studies presented here directly tested whether this was the
case. This limits the conclusions the results have in terms of their underlying neurochemical
mechanisms. Directly linking the effects of placebo analgesia to the opioidergic system or
other neurotransmitter systems and gauge its effect on empathy for pain should be the focus
of future research, building on the work of Riitgen and colleagues (Riitgen, Seidel, Silani, et
al., 2015; Riitgen et al., 2018, 2021). These efforts could be realized by explicitly testing the
involvement of opioidergic mechanisms in placebo analgesia using positron emission
tomography, or by employing pharmacological manipulations of opioid agonists and
antagonists, such as morphine or naltrexone, respectively. As pain modulation has been
shown to engage not only the opioidergic system, but also other neurotransmitter system such
as the dopaminergic or endocannabinoid systems (Frisaldi et al., 2020), future work should
aim to study the complex interplay between different systems and their specific roles in

contributing to empathic processing.
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It has to be noted that the power analyses of Studies 1 and 2 were based on behavioral data
of previous studies and not on brain data. Improved sample size calculation approaches such
as the safeguard power analysis (Perugini et al., 2014) or fMRI data-specific power analyses
(Mumford, 2012) might help in calculating the needed sample size to find a certain effect
even more sensitively in the future (Lakens, 2022).

Empathy has primarily been studied in the domain of physical pain, as evident in this
thesis, with some previous research also focusing on social pain (Carlyle et al., 2019;
Wesselmann et al., 2009), gustation (Jabbi et al., 2007; Wicker et al., 2003) and touch
(Bufalari & lonta, 2013; Keysers et al., 2004; Lamm et al., 2015). However, empathy is not
limited to pain or even to negative emotional states. For example, affective touch represents
an interesting modality that can be induced both for negative and positive valences and can
be compared to somatic pain, as both involve an external stimulus being applied to a body
part (e.g. as in Riitgen et al., 2021). This study recently found that placebo analgesia also
affected first-hand and empathic experiences of unpleasant touch, which implicates domain-
general shared representations. On the other hand, administration of an opioid antagonist did
not block these effects, supplying causal evidence for a pain-specific involvement of the
opioid system in pain empathy. Current and future efforts should try to incorporate measuring
affect sharing for others’ positive experiences or directly relate empathy for positive and
negative emotional states with each other to compare the underlying similar vs. distinct
neural networks. This would shed more light on whether the here presented findings are
specific to pain, specific to negative emotions, or generalize to other valences and modalities.

Lastly, the above-mentioned efforts demonstrate the importance and necessity of
conducting open, reproducible, and transparent science, but also show that even
preregistration has its shortcomings and cannot anticipate or fix all aspects of a scientific

research project. This underlines the necessity of a shift in research culture where more time
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is allocated to the planning phase before the data collection, to refine hypotheses, design, and
analyses, using feedback directly from peers in the research community. In this regard,
Registered Reports, which are increasingly employed to counteract both publication bias and
the file drawer problem (Chambers & Tzavella, 2021; Criiwell, Stefan et al., 2019; Scheel et

al., 2021), stand as an additional future step beyond the here presented efforts.

5.4 Final conclusion

This dissertation refined the specificity and apparent limits of using our own pain
representations to share the suffering of others in our social environment. The here presented
findings suggest that shared representations between first-hand and empathy for pain indeed
exist but might be situated on a different level than previously suggested, highlighting the
importance of task choice and design specifics for results interpretation. Specifically, they
clarify the unique way in which our own pain processing contributes to our emotions,
motivation, and behavior, hinting that there might be many ways to empathize with and
subsequently choose to help someone in pain. Possibly using different brain networks to
represent different pain states in different situations, our empathic responses may strongly
depend on the context and relevance of the observed pain for ourselves or for others.
Showing how a down-regulation of one’s own pain sensitivity may transfer to our perception
and actions regarding the others’ painful experiences demonstrates how pivotal an intact pain
processing system is for understanding others’ pain. Elucidating the specific psychological
and neurophysiological mechanisms that underlie empathy and prosocial behavior may
ultimately enhance the understanding of clinical conditions with aberrant pain processing and
its implications for social cognition. For us as individuals, such insights may pave the way to
better regulate and react to the multitude of suffering observed in our society — may this be
empathizing with a colleague who accidentally hit their elbow, a friend who recently lost

their job or a homeless person on the street asking for money.

242



References

6 References

Adriaense, J. E. C. C., Koski, S. E., Huber, L., & Lamm, C. (2020). Challenges in the
comparative study of empathy and related phenomena in animals. Neuroscience and
Biobehavioral Reviews, 112, 62—82. https://doi.org/10.1016/j.neubiorev.2019.07.019

Allen, L., O’Connell, A., & Kiermer, V. (2019). How can we ensure visibility and diversity
in research contributions? How the Contributor Role Taxonomy (CRediT) is helping the
shift from authorship to contributorship. Learned Publishing, 32(1), 71-74.
https://doi.org/10.1002/leap.1210

Amanzio, M., Benedetti, F., Porro, C. A., Palermo, S., & Cauda, F. (2013). Activation
likelihood estimation meta-analysis of brain correlates of placebo analgesia in human
experimental pain. Human Brain Mapping, 34(3), 738-752.
https://doi.org/10.1002/hbm.21471

Ambekar, A., Ward, C., Mohammed, J., Male, S., & Skiena, S. (2009). Name-ethnicity
classification from open sources. Proceedings of the ACM SIGKDD International
Conference on Knowledge Discovery and Data Mining, 49-58.
https://doi.org/10.1145/1557019.1557032

Andreychik, M. R. (2019). Feeling your joy helps me to bear feeling your pain: Examining
associations between empathy for others’ positive versus negative emotions and
burnout. Personality and Individual Differences, 137, 147-156.
https://doi.org/10.1016/j.paid.2018.08.028

Ang, Y.-S., Lockwood, P., Apps, M. A. J., Muhammed, K., & Husain, M. (2017). Distinct
subtypes of apathy revealed by the apathy motivation index. PLoS ONE, 12(1), 1-15.
https://doi.org/10.1371/journal.pone.0169938

Atlas, L. Y. (2021). A social affective neuroscience lens on placebo analgesia. Trends in
Cognitive Sciences, 25(11), 992—1005. https://doi.org/10.1016/j.tics.2021.07.016

Atlas, L. Y., Bolger, N., Lindquist, M. A., & Wager, T. D. (2010). Brain mediators of
predictive cue effects on perceived pain. Journal of Neuroscience, 30(39), 12964—
12977. https://doi.org/10.1523/JNEUROSCI.0057-10.2010

Atlas, L. Y., & Wager, T. D. (2012). How expectations shape pain. Neuroscience Letters,
520(2), 140-148. https://doi.org/10.1016/j.neulet.2012.03.039

Atlas, L. Y., & Wager, T. D. (2013). Expectancies and Beliefs: Insights from Cognitive

Neuroscience. In The Oxford Handbook of Cognitive Neuroscience: Volume 2: The

243



References

Cutting Edges (pp. 359-381).

Atlas, L. Y., & Wager, T. D. (2014). A meta-analysis of brain mechanisms of placebo
analgesia: Consistent findings and unanswered questions. In Handbook of Experimental
Pharmacology Vol. 225. Placebo (pp. 37-69). Springer. https://doi.org/10.1007/978-3-
662-44519-8 3

Avenanti, A., Bueti, D., Galati, G., & Aglioti, S. M. (2005). Transcranial magnetic
stimulation highlights the sensorimotor side of empathy for pain. Nature Neuroscience,
8(7), 955-960. https://doi.org/10.1038/nn1481

Avenanti, A., Paluello, I. M., Bufalari, 1., & Aglioti, S. M. (2006). Stimulus-driven
modulation of motor-evoked potentials during observation of others’ pain. Neurolmage,
32(1), 316-324. https://doi.org/10.1016/j.neuroimage.2006.03.010

Bach, M., Bach, D., de Zwaan, M., & Serim, M. (1996). Validierung der deutschen Version
der 20-Item Toronto-Alexithymie-Skala bei Normalpersonen und psychiatrischen
Patienten. PPmP: Psychotherapie, 208-214.

Bagby, R. M., Parker, J. D. A., & Taylor, G. J. (1994). The twenty-item Toronto Alexithymia
scale-1. Item selection and cross-validation of the factor structure. Journal of
Psychosomatic Research, 38(1), 23-32. https://doi.org/10.1016/0022-3999(94)90005-1

Balconi, M., & Bortolotti, A. (2012). Empathy in cooperative versus non-cooperative
situations: The contribution of self-report measures and autonomic responses. Applied
Psychophysiology Biofeedback, 37(3), 161-169. https://doi.org/10.1007/s10484-012-
9188-z

Banning, A., & Sjegren, P. (1990). Cerebral effects of long-term oral opioids in cancer
patients measured by continuous reaction time. The Clinical Journal of Pain, 6(2), 91—
95. https://doi.org/10.1097/00002508-199006000-00003

Banning, A., Sjegren, P., & Kaiser, F. (1992). Reaction time in cancer patients receiving
peripherally acting analgesics alone or in combination with opioids. Acta
Anaesthesiologica Scandinavica, 36(5), 480—482. https://doi.org/10.1111/J.1399-
6576.1992.TB03501.X

Barr, D. J.,, Levy, R., Scheepers, C., & Tily, H. J. (2013). Random effects structure for
confirmatory hypothesis testing: Keep it maximal. Journal of Memory and Language,
68(3), 255-278. https://doi.org/10.1016/j.jm1.2012.11.001

Barraza, J. A., & Zak, P. J. (2009). Empathy toward strangers triggers oxytocin release and
subsequent generosity. Annals of the New York Academy of Sciences, 1167, 182—189.
https://doi.org/10.1111/5.1749-6632.2009.04504.x

244



References

Bass, E. C., Stednitz, S. J., Simonson, K., Shen, T., & Gahtan, E. (2014). Physiological stress
reactivity and empathy following social exclusion: A test of the defensive emotional
analgesia hypothesis. Social Neuroscience, 9, 1-10.
https://doi.org/10.1080/17470919.2014.929533

Bastiaansen, J. A. C. J., Thioux, M., & Keysers, C. (2009). Evidence for mirror systems in
emotions. Philosophical Transactions of the Royal Society B: Biological Sciences,
364(1528), 2391-2404. https://doi.org/10.1098/rstb.2009.0058

Batson, C. D. (2011). These things called empathy. In J. Decety & W. Ickes (Eds.), The
Social Neuroscience of Empathy (pp. 3—16). The MIT Press.

Baumgartner, U., Buchholz, H. G., Bellosevich, A., Magerl, W., Siessmeier, T., Rolke, R.,
Hohnemann, S., Piel, M., Rosch, F., Wester, H. J., Henriksen, G., Stoeter, P.,
Bartenstein, P., Treede, R. D., & Schreckenberger, M. (2006). High opiate receptor
binding potential in the human lateral pain system. Neurolmage, 30(3), 692—699.
https://doi.org/10.1016/j.neuroimage.2005.10.033

Beck, T. W. (2013). The importance of a priori sample size estimation in strength and
conditioning research. Journal of Strength and Conditioning Research, 27(8), 2323—
2337. https://doi.org/10.1519/JSC.0b013e318278eeal

Beckes, L., Coan, J. A., & Hasselmo, K. (2013). Familiarity promotes the blurring of self and
other in the neural representation of threat. Social Cognitive and Affective Neuroscience,
8(6), 670—677. https://doi.org/10.1093/scan/nss046

Benedetti, F., & Amanzio, M. (1997). The neurobiology of placebo analgesia: From
endogenous opioids to cholecystokinin. Progress in Neurobiology, 52(2), 109—125.
https://doi.org/10.1016/S0301-0082(97)00006-3

Benedetti, F., & Amanzio, M. (2013). Mechanisms of the placebo response. Pulmonary
Pharmacology and Therapeutics, 26(5), 520-523.
https://doi.org/10.1016/j.pupt.2013.01.006

Benedetti, F., Arduino, C., & Amanzio, M. (1999). Somatotopic activation of opioid systems
by target-directed expectations of analgesia. Journal of Neuroscience, 19(9), 3639—
3648. https://doi.org/10.1523/jneurosci.19-09-03639.1999

Benedetti, F., Mayberg, H. S., Wager, T. D., Stohler, C. S., & Zubieta, J.-K. (2005).
Neurobiological mechanisms of the placebo effect. Journal of Neuroscience, 25(45),
10390-10402. https://doi.org/10.1523/INEUROSCI.3458-05.2005

Benedetti, F., & Piedimonte, A. (2019). The neurobiological underpinnings of placebo and

nocebo effects. Seminars in Arthritis and Rheumatism, 49(3), 18-21.

245



References

https://doi.org/10.1016/j.semarthrit.2019.09.015

Benuzzi, F., Lui, F., Ardizzi, M., Ambrosecchia, M., Ballotta, D., Righi, S., Pagnoni, G.,
Gallese, V., & Porro, C. A. (2018). Pain mirrors: Neural correlates of observing self or
others’ facial expressions of pain. Frontiers in Psychology, 9(October), 1825.
https://doi.org/10.3389/fpsyg.2018.01825

Bernhardt, B. C., & Singer, T. (2012). The neural basis of empathy. Annual Review of
Neuroscience, 35(1), 1-23. https://doi.org/10.1146/annurev-neuro-062111-150536

Bertolero, M., Dworkin, J., David, S., Lopez Lloreda, C., Srivastava, P., Stiso, J., Zhou, D.,
Dzirasa, K., Fair, D. A., Kaczkurkin, B. J. M., Shohamy, D., Uddin, L. Q., Zumn, P., &
Bassett, D. S. (2020). Racial and ethnic imbalance in neuroscience reference lists and
intersections with gender. BioRxiv.
https://doi.org/https://doi.org/10.1101/2020.10.12.336230

Bingel, U., Lorenz, J., Glauche, V., Knab, R., Glascher, J., Weiller, C., & Biichel, C. (2004).
Somatotopic organization of human somatosensory cortices for pain: A single trial fMRI
study. Neurolmage, 23(1), 224-232. https://doi.org/10.1016/j.neuroimage.2004.05.021

Bingel, U., Lorenz, J., Schoell, E. D., Weiller, C., & Biichel, C. (2006). Mechanisms of
placebo analgesia: rACC recruitment of a subcortical antinociceptive network. Pain,
120(1-2), 8—15. https://doi.org/10.1016/j.pain.2005.08.027

Bingel, U., Quante, M., Knab, R., Bromm, B., Weiller, C., & Biichel, C. (2003). Single trial
fMRI reveals significant contralateral bias in responses to laser pain within thalamus and
somatosensory cortices. Neurolmage, 18(3), 740-748. https://doi.org/10.1016/S1053-
8119(02)00033-2

Bingel, U., Schoell, E., Herken, W., Biichel, C., & May, A. (2007). Habituation to painful
stimulation involves the antinociceptive system. Pain, 131(1-2), 21-30.
https://doi.org/10.1016/j.pain.2006.12.005

Bloom, P. (2017). Empathy and its discontents. Trends in Cognitive Sciences, 21(1), 24-31.
https://doi.org/10.1016/j.tics.2016.11.004

Borsook, D., Edwards, R., Elman, 1., Becerra, L., & Levine, J. (2013). Pain and analgesia:
The value of salience circuits. Progress in Neurobiology, 104, 93—105.
https://doi.org/10.1038/jid.2014.371

Bot, M., Middeldorp, C. M., De Geus, E. J. C., Lau, H. M., Sinke, M., Van Nieuwenhuizen,
B., Smit, J. H., Boomsma, D. I., & Penninx, B. W. J. H. (2017). Validity of LIDAS
(LIfetime Depression Assessment Self-report): A self-report online assessment of

lifetime major depressive disorder. Psychological Medicine, 47(2), 279-289.

246



References

https://doi.org/10.1017/S0033291716002312

Bowling, N. C., Botan, V., Santiesteban, 1., Ward, J., & Banissy, M. J. (2019). Atypical
bodily self-awareness in vicarious pain responders. Philosophical Transactions of the
Royal Society of London. Series B, Biological Sciences, 374(1787), 20180361.
https://doi.org/10.1098/rstb.2018.0361

Braboszcz, C., Brandao-Farinelli, E., & Vuilleumier, P. (2017). Hypnotic analgesia reduces
brain responses to pain seen in others. Scientific Reports, 7(1), 1-10.
https://doi.org/10.1038/s41598-017-10310-4

Brand, A. E., Allen, L., Altman, M., & Hlava, M. (2015). Beyond authorship: Attribution,
contribution, collaboration, and credit. Learned Publishing, 28, 151—-155.
https://doi.org/10.1087/20150211

Brethel-Haurwitz, K. M., Cardinale, E. M., Vekaria, K., Robertson, E., Walitt, B., VanMeter,
J., & Marsh, A. (2018). Extraordinary altruists exhibit enhanced self-other overlap in
neural responses to distress. Psychological Science, 29(10), 1631-1641.

Brett, M., Romain, J.-L., Valabregue, A., & Jean-Baptiste, P. (2002). Region of interest
analysis using an SPM toolbox. 8th International Conference on Functional Mapping of
the Human Brain, Sendai, Japan, 16(2).

Biichel, C., Geuter, S., Sprenger, C., & Eippert, F. (2014). Placebo analgesia: A predictive
coding perspective. Neuron, 81(6), 1223—-1239.
https://doi.org/10.1016/j.neuron.2014.02.042

Bufalari, I., Aprile, T., Avenanti, A., di Russo, F., & Aglioti, S. M. (2007). Empathy for pain
and touch in the human somatosensory cortex. Cerebral Cortex, 17(11), 2553-2561.
https://doi.org/10.1093/cercor/bhl161

Bufalari, I., & Ionta, S. (2013). The social and personality neuroscience of empathy for pain
and touch. Frontiers in Human Neuroscience, 7, 393.
https://doi.org/10.3389/fnhum.2013.00393

Biisch, D., Hagemann, N., & Bender, N. (2009). Das Lateral Preference Inventory:
Itemhomogenitét der deutschen Version. Zeitschrift Fiir Sportpsychologie, 16(1), 17-28.
https://doi.org/10.1026/1612-5010.16.1.17

Button, K. S., loannidis, J. P. A., Mokrysz, C., Nosek, B. A., Flint, J., Robinson, E. S. J., &
Munafo, M. R. (2013). Power failure: why small sample size undermines the reliability
of neuroscience. Nature Reviews. Neuroscience, 14(5), 365-376.
https://doi.org/10.1038/nrn3475

Bynion, T. M., & Feldner, M. T. (2017). Self-assessment manikin. In V. Zeigler-Hill & T.

247



References

Shackelford (Eds.), Encyclopedia of Personality and Individual Differences. Springer.

Cameron, C. D., Conway, P., & Scheffer, J. A. (2022). Empathy regulation, prosociality, and
moral judgment. Current Opinion in Psychology, 44, 188—195.
https://doi.org/10.1016/J.COPSYC.2021.09.011

Cameron, C. D., Harris, L. T., & Payne, B. K. (2015). The emotional cost of humanity:
Anticipated exhaustion motivates dehumanization of stigmatized targets. Social
Psychological and Personality Science, 7(2), 105-112.
https://doi.org/10.1177/1948550615604453

Cameron, C. D., Hutcherson, C. A., Ferguson, A. M., Scheffer, J. A., Hadjiandreou, E., &
Inzlicht, M. (2019). Empathy is hard work: People choose to avoid empathy because of
its cognitive costs. Journal of Experimental Psychology: General, 148(6), 962-976.
https://doi.org/10.1037/xge0000595

Cankaya, S., Okten, E. O., Saatci, O., Velioglu, H. A., Uygur, A. B., Ozsimsek, A., Hanoglu,
L., & Yulug, B. (2020). Paracetamol alters empathy scores in healthy and headache
subjects: Functional MRI correlates. Journal of Clinical Neuroscience, 78, 215-221.
https://doi.org/10.1016/j.jocn.2020.04.053

Carlson, R. W., & Zaki, J. (2019). Belief in altruistic motives predicts prosocial actions and
inferences. Psychological Reports, 00332941211013529.
https://doi.org/10.31234/OSF.I0/SA6QS8

Carlyle, M., Rowley, M., Stevens, T., Karl, A., Morgan, C. J. A., & Carlyle, M. (2019).
Impaired empathy and increased anger following social exclusion in non-intoxicated
opioid users. Psychopharmacology, 237(2), 419—430.

Carrillo, M., Han, Y., Migliorati, F., Liu, M., Gazzola, V., & Keysers, C. (2019). Emotional
mirrors in the rat’ s anterior cingulate cortex. Current Biology, 29(12), 2104.

Catmur, C., Cross, E. S., & Over, H. (2016). Understanding self and others: From origins to
disorders. Philosophical Transactions of the Royal Society of London. Series B,
Biological Sciences, 371(1686), 20150066. https://doi.org/10.1098/rstb.2015.0066

Chambers, C. D., & Tzavella, L. (2021). The past, present and future of Registered Reports.
Nature Human Behaviour, 6, 29-42. https://doi.org/10.1038/s41562-021-01193-7

Chang, L. J., Gianaros, P. J., Manuck, S. B., Krishnan, A., & Wager, T. D. (2015). A
sensitive and specific neural signature for picture-induced negative affect. PLoS Biology,
13(6). https://doi.org/10.1371/journal.pbio.1002180

Charness, G., Gneezy, U., & Kuhn, M. A. (2012). Experimental methods: Between-subject

and within-subject design. Journal of Economic Behavior and Organization, 8§1(1), 1-8.

248



References

https://doi.org/10.1016/j.jebo.2011.08.009

Chatterjee, P., & Werner, R. M. (2021). Gender disparity in citations in high-impact journal
articles. JAMA Network Open, 4(7), €2114509—e21145009.
https://doi.org/10.1001/jamanetworkopen.2021.14509

Chelnokova, O., Laeng, B., Eikemo, M., Riegels, J., Loseth, G., Maurud, H., Willoch, F., &
Leknes, S. (2014). Rewards of beauty: the opioid system mediates social motivation in
humans. Molecular Psychiatry, 19(7), 746—747. https://doi.org/10.1038/mp.2014.1

Chen, F., & Krajbich, I. (2018). Biased sequential sampling underlies the effects of time
pressure and delay in social decision making. Nature Communications 2018 9:1, 9(1),
1-10. https://doi.org/10.1038/s41467-018-05994-9

Coghill, R. C., Sang, C. N., Maisog, J. M., & Iadarola, M. J. (1999). Pain intensity processing
within the human brain: A bilateral, distributed mechanism. Journal of
Neurophysiology, 82(4), 1934—1943. https://doi.org/10.1152/jn.1999.82.4.1934

Coll, M.-P., Viding, E., Riitgen, M., Silani, G., Lamm, C., Catmur, C., & Bird, G. (2017).
Are we really measuring empathy? Proposal for a new measurement framework.
Neuroscience & Biobehavioral Reviews, 83(October), 132—139.
https://doi.org/10.1016/j.neubiorev.2017.10.009

Colloca, L. (2019). The placebo effect in pain therapies. Annual Review of Pharmacology
and Toxicology, 59(September), 16—17. https://doi.org/10.1146/annurev-pharmtox

Colloca, L., Klinger, R., Flor, H., & Bingel, U. (2013). Placebo analgesia: Psychological and
neurobiological mechanisms. Pain, 154(4), 511-514.
https://doi.org/10.1038/jid.2014.371

Contreras-Huerta, L. S., Pisauro, A., & Apps, M. A. J. (2020). Effort shapes social cognition
and behaviour: a neuro-cognitive framework. Neuroscience & Biobehavioral Reviews,
118,426-439.

Coren, S. (1993). The lateral preference inventory for measurement of handedness,
footedness, eyedness, and earedness: Norms for young adults. Bulletin of the
Psychonomic Society, 31(1), 1-3. https://doi.org/10.3758/BF03334122

Corradi-Dell’ Acqua, C., Hofstetter, C., & Vuilleumier, P. (2011). Felt and seen pain evoke
the same local patterns of cortical activity in insular and cingulate cortex. Journal of
Neuroscience, 31(49), 17996—-18006. https://doi.org/10.1523/INEUROSCI.2686-
11.2011

Corradi-Dell’ Acqua, C., Tusche, A., Vuilleumier, P., & Singer, T. (2016). Cross-modal

representations of first-hand and vicarious pain, disgust and fairness in insular and

249



References

cingulate cortex. Nature Communications, 7, 10904.
https://doi.org/10.1038/ncomms 10904

Corsi, N., & Colloca, L. (2017). Placebo and nocebo effects: The advantage of measuring
expectations and psychological factors. Frontiers in Psychology, 8(March), 308.
https://doi.org/10.3389/fpsyg.2017.00308

Couperus, J. W., & Mangun, G. R. (2010). Signal enhancement and suppression during
visual-spatial selective attention. Brain Research, 1359, 155-177.
https://doi.org/10.1016/j.brainres.2010.08.076

Crockett, M. J., Kurth-Nelson, Z., Siegel, J. Z., Dayan, P., & Dolan, R. J. (2015). Harm to
others outweighs harm to self in moral decision making. Proceedings of the National
Academy of Sciences, 112(4), E381-E381. https://doi.org/10.1073/pnas.1424572112

Cruccu, G., Aminoff, M. J., Curio, G., Guerit, J. M., Kakigi, R., Mauguiere, F., Rossini, P.
M., Treede, R. D., & Garcia-Larrea, L. (2008). Recommendations for the clinical use of
somatosensory-evoked potentials. Clinical Neurophysiology, 119(8), 1705-1719.
https://doi.org/10.1016/j.clinph.2008.03.016

Criwell, S., Stefan, A., & Evans, N. J. (2019). Robust standards in cognitive science.
Computational Brain & Behavior, 2(3—4), 255-265.
https://doi.org/10.31234/OSF.I0/4RS6Q

Criwell, S., Van Doorn, J., Etz, A., Makel, M. C., Niebaum, J. C., Orben, A., Parsons, S., &
Schulte, M. (2019). 8 easy steps to open science: An annotated reading list (to give to
your busy supervisor/office mate). Open Science, 1-32.
https://doi.org/https://doi.org/10.31234/osf.i0/cfzyx

Cuff, B. M. P., Brown, S. J., Taylor, L., & Howat, D. J. (2014). Empathy: A review of the
concept. Emotion Review, 8(2), 144—153. https://doi.org/10.1177/1754073914558466

Dai, Q., Shin, E., & Smith, C. (2018). Open and inclusive collaboration in science. OECD
Science, Technology and Industry Policy Papers, 1-29.
https://doi.org/10.1787/2dbftf737-en

Danziger, N., Faillenot, 1., & Peyron, R. (2009). Can we share a pain we never felt? Neural
correlates of empathy in patients with congenital insensitivity to pain. Neuron, 61(2),
203-212. https://doi.org/10.1016/j.neuron.2008.11.023

Danziger, N., Prkachin, K. M., & Willer, J.-C. (2006). Is pain the price of empathy? The
perception of others’ pain in patients with congenital insensitivity to pain. Brain, 129,
2494-2507. https://doi.org/10.1093/brain/awl155

Davis, M. H. (1980). A multidimensional approach to individual differences in empathy.

250



References

JSAS Catalog of Selected Documents in Psychology, 10, 85.

de Vignemont, F., & Singer, T. (2006). The empathic brain: How, when and why? Trends in
Cognitive Sciences, 10(10), 435-441. https://doi.org/10.1016/j.tics.2006.08.008

de Waal, F. B. M. (2008). Putting the altruism back into altruism: the evolution of empathy.
Annual Review of Psychology, 59, 279-300.
https://doi.org/10.1146/annurev.psych.59.103006.093625

de Waal, F. B. M., & Preston, S. D. (2017). Mammalian empathy: Behavioural
manifestations and neural basis. Nature Reviews Neuroscience, 18(8), 498—509.
https://doi.org/10.1038/nrn.2017.72

Decety, J. (2010). To what extent is the experience of empathy mediated by shared neural
circuits? Emotion Review, 2(3), 204-207. https://doi.org/10.1177/1754073910361981

Decety, J. (2021). Why empathy is not a reliable source of information in moral decision
making. Current Directions in Psychological Science, 096372142110319.
https://doi.org/10.1177/09637214211031943

Decety, J., Bartal, I. B. A., Uzefovsky, F., & Knafo-Noam, A. (2016). Empathy as a driver of
prosocial behaviour: Highly conserved neurobehavioural mechanisms across species.
Philosophical Transactions of the Royal Society B: Biological Sciences, 371(1686),
20150077. https://doi.org/10.1098/rstb.2015.0077

Decety, J., & Michalska, K. (2013). A neuroscience perspective on empathy and its
development. Neural Circuit Development and Function in the Brain: Comprehensive
Developmental Neuroscience, 3, 379—393. https://doi.org/10.1016/B978-0-12-397267-
5.00026-1

DeWall, C. N., MacDonald, G., Webster, G. D., Masten, C. L., Baumeister, R. F., Powell, C.,
Combs, D., Schurtz, D. R., Stillman, T. F., Tice, D. M., & Eisenberger, N. 1. (2010).
Acetaminophen reduces social pain: Behavioral and neural evidence. Psychological
Science, 21(7), 931-937. https://doi.org/10.1177/0956797610374741

Ding, R., Ren, J., Li, S., Zhu, X., Zhang, K., & Luo, W. (2019). Domain-general and domain-
preferential neural correlates underlying empathy towards physical pain, emotional
situation and emotional faces: An ALE meta-analysis. Neuropsychologia, 107286.
https://doi.org/10.1016/j.neuropsychologia.2019.107286

Duft, E. P., Cunnington, R., & Egan, G. F. (2007). REX: Response exploration for
neuroimaging datasets. Neuroinformatics, 5(4), 223-234.
https://doi.org/10.1007/s12021-007-9001-y

Durso, G. R. O, Luttrell, A., & Way, B. M. (2015). Over-the-counter relief from pains and

251



References

pleasures alike: Acetaminophen blunts evaluation sensitivity to both negative and
positive stimuli. Psychological Science, 26(6), 750-758.
https://doi.org/10.1177/0956797615570366

Dworkin, J. D., Linn, K. A., Teich, E. G., Zurn, P., Shinohara, R. T., & Bassett, D. S. (2020).
The extent and drivers of gender imbalance in neuroscience reference lists. Nature
Neuroscience, 23, 918-926. https://doi.org/10.1038/s41593-020-0658-y

Eickhoff, S. B., Stephan, K. E., Mohlberg, H., Grefkes, C., Fink, G. R., Amunts, K., & Zilles,
K. (2005). A new SPM toolbox for combining probabilistic cytoarchitectonic maps and
functional imaging data. Neurolmage, 25(4), 1325—-1335.
https://doi.org/10.1016/j.neuroimage.2004.12.034

Eippert, F., Bingel, U., Schoell, E. D., Yacubian, J., Klinger, R., Lorenz, J., & Biichel, C.
(2009). Activation of the opioidergic descending pain control system underlies placebo
analgesia. Neuron, 63(4), 533—543. https://doi.org/10.1016/j.neuron.2009.07.014

Eisenberg, N., Eggum, N. D., & di Giunta, L. (2011). Empathy-related responding:
Association with prosocial behavior, aggression and intergroup relations. National
Institutes of Health, 4(1), 1-32. https://doi.org/10.1111/j.1751-
2409.2010.01020.x.Empathy-related

Eisenberg, N., & Fabes, R. A. (1990). Empathy: Conceptualization, measurement, and
relation to prosocial behavior. Motivation and Emotion, 14(2), 131-149.
https://doi.org/10.1007/BF00991640

Eisenberg, N., & Miller, P. A. (1987). The relation of empathy to prosocial and related
behaviors. Psychological Bulletin, 101(1), 91-119. https://doi.org/10.1037/0033-
2909.101.1.91

Eisenberger, N. (2015). Social pain and the brain: Controversies, questions, and where to go
from here. Annual Review of Psychology, 66(1), 601-629.
https://doi.org/10.1146/annurev-psych-010213-115146

Eklund, J. H. (2006). Empathy and viewing the other as a subject. Scandinavian Journal of
Psychology, 47(5), 399-4009. https://doi.org/10.1111/J.1467-9450.2006.00521.X

Fabi, S., & Leuthold, H. (2017). Empathy for pain influences perceptual and motor
processing: Evidence from response force, ERPs, and EEG oscillations. Social
Neuroscience, 12(6), 701-716. https://doi.org/10.1080/17470919.2016.1238009

Fallon, N., Roberts, C., & Stancak, A. (2020). Shared and distinct functional networks for
empathy and pain processing: A systematic review and meta-analysis of fMRI studies.

Social Cognitive and Affective Neuroscience, 15(7), 709-723.

252



References

https://doi.org/10.1093/scan/nsaa090/5864691

Fan, Y., Duncan, N., de Greck, M., & Northoff, G. (2011). Is there a core neural network in
empathy? An fMRI based quantitative meta-analysis. Neuroscience and Biobehavioral
Reviews, 35(3), 903-911. https://doi.org/10.1016/j.neubiorev.2010.10.009

Farrow, T., & Woodruff, P. (2007). Empathy in mental illness. Cambride University Press.

Faul, F., Erdfelder, E., Lang, A.-G., & Buchner, A. (2007). G*Power 3: A flexible statistical
power analysis program for the social, behavioral, and biomedical sciences. Behavior
Research Methods, 39(2), 175—191. https://doi.org/10.1088/1755-1315/148/1/012022

FeldmanHall, O., Dalgleish, T., Evans, D., & Mobbs, D. (2015). Empathic concern drives
costly altruism. Neurolmage, 105(October), 347-356.
https://doi.org/10.1016/j.neuroimage.2014.10.043

Ferrari, P. F., & Rizzolatti, G. (2015). New frontiers in mirror neurons research (P. F. Ferrari
& G. Rizzolatti (eds.)). Oxford University Press.

Flasbeck, V., & Briine, M. (2017). Neural correlates of empathy for physical and
psychological pain. Journal of Psychophysiology, 33, 54—63.
https://doi.org/10.1027/0269-8803/a000205

Fox, M. D., Snyder, A. Z., Zacks, J. M., & Raichle, M. E. (2006). Coherent spontaneous
activity accounts for trial-to-trial variability in human evoked brain responses. Nature
Neuroscience, 9(1), 23-25. https://doi.org/10.1038/nn1616

Fraser, N., Momeni, F., Mayr, P., & Peters, 1. (2020). The relationship between bioRxiv
preprints, citations and altmetrics. Quantitative Science Studies, 1-21.
https://doi.org/10.1162/qss_a 00043

Freitag, C. M., Retz-Junginger, P., Retz, W., Seitz, C., Palmason, H., Meyer, J., Rosler, M.,
& von Gontard, A. (2015). Evaluation der deutschen Version des Autismus-Spektrum-
Quotienten (AQ) - die Kurzversion AQ-K. Zeitschrift Fiir Klinische Psychologie Und
Psychotherapie, 36, 280-289. https://doi.org/10.1026/1616-3443.36.4.280

Frisaldi, E., Shaibani, A., & Benedetti, F. (2018). Placebo responders and nonresponders:
what’s new? Pain Management, 8(6), 405—408. https://doi.org/10.2217/pmt-2018-0054

Frisaldi, E., Shaibani, A., & Benedetti, F. (2020). Understanding the mechanisms of placebo
and nocebo effects. Swiss Medical Weekly, 150(September), w20340.
https://doi.org/10.4414/smw.2020.20340

Friston, K. J., Preller, K. H., Mathys, C., Cagnan, H., Heinzle, J., Razi, A., & Zeidman, P.
(2019). Dynamic causal modelling revisited. Neurolmage, 199, 730-744.
https://doi.org/10.1016/j.neuroimage.2017.02.045

253



References

Fulvio, J., Akinnola, 1., & Postle, B. R. (2021). Gender (im) balance in citation practices in
cognitive neuroscience. Journal of Cognitive Neuroscience, 33(1), 3—7.
https://doi.org/https://doi.org/10.1162/jocn_a 01643

Gallese, V., & Sinigaglia, C. (2011). What is so special about embodied simulation? Trends
in Cognitive Sciences, 15(11), 512-519. https://doi.org/10.1016/j.tics.2011.09.003

Gallo, S., Paracampo, R., Miiller-Pinzler, L., Severo, M. C., Blomer, L., Fernandes-
Henriques, C., Henschel, A., Lammes, B. K., Maskaljunas, T., Suttrup, J., Avenanti, A.,
Keysers, C., & Gazzola, V. (2018). The causal role of the somatosensory cortex in
prosocial behaviour. ELife, 7(May), €32740. https://doi.org/10.7554/eLife.32740

Geuter, S., Eippert, F., Hindi Attar, C., & Biichel, C. (2013). Cortical and subcortical
responses to high and low effective placebo treatments. Neurolmage, 67, 227-236.
https://doi.org/10.1016/j.neuroimage.2012.11.029

Geuter, S., Koban, L., & Wager, T. D. (2017). The cognitive neuroscience of placebo effects:
Concepts, predictions, and physiology. Annual Review of Neuroscience, 40(1), 167—-188.
https://doi.org/10.1146/annurev-neuro-072116

Glover, G. H. (1999). Deconvolution of impulse response in event-related BOLD fMRI.
Neurolmage, 9(4), 416-429. https://doi.org/10.1006/nimg.1998.0419

Gorgolewski, K. J., Varoquaux, G., Rivera, G., Schwarz, Y., Ghosh, S. S., Maumet, C.,
Sochat, V. V., Nichols, T. E., Poldrack, R. A., Poline, J. B., Yarkoni, T., & Margulies,
D. S. (2015). NeuroVault.Org: A web-based repository for collecting and sharing
unthresholded statistical maps of the human brain. Frontiers in Neuroinformatics,
9(APR). https://doi.org/10.3389/fninf.2015.00008

Grice-Jackson, T., Critchley, H. D., Banissy, M. J., & Ward, J. (2017a). Common and distinct
neural mechanisms associated with the conscious experience of vicarious pain. Cortex,
94, 152—-163. https://doi.org/10.1016/j.cortex.2017.06.015

Grice-Jackson, T., Critchley, H. D., Banissy, M. J., & Ward, J. (2017b). Consciously feeling
the pain of others reflects atypical functional connectivity between the pain matrix and
frontal-parietal regions. Frontiers in Human Neuroscience, 11(0), 1-33.
https://doi.org/10.3389/fnhum.2017.00507

Gruber, J., Mendle, J., Lindquist, K. A., Schmader, T., Clark, L. A., Bliss-moreau, E.,
Akinola, M., Atlas, L., Barch, D. M., Barrett, L. F., Borelli, J. L., Brannon, T. N.,
Bunge, S. A., Campos, B., Cantlon, J., Carter, R., Carter-sowell, A. R., Chen, S., Craske,
M. G., ... Gopnik, A. (2021). The future of women in psychological science.
Perspectives on Psychological Science, 16(3), 483-516.

254



References

https://doi.org/10.1177/1745691620952789

Gu, X., & Han, S. (2007). Attention and reality constraints on the neural processes of
empathy for pain. Neurolmage, 36, 256-267.
https://doi.org/10.1016/j.neuroimage.2007.02.025

Guthridge, M., & Giummarra, M. J. (2021). The taxonomy of empathy: A meta-definition
and the nine dimensions of the empathic system. Journal of Humanistic Psychology,
002216782110180. https://doi.org/10.1177/00221678211018015

Haggard, P., lannetti, G. D., & Longo, M. R. (2013). Spatial sensory organization and body
representation in pain perception. Current Biology, 23(4), R164-R176.
https://doi.org/10.1016/j.cub.2013.01.047

Hall, J. A., & Schwartz, R. (2019). Empathy present and future. Journal of Social
Psychology, 159(3), 225-243. https://doi.org/10.1080/00224545.2018.1477442

Han, S., Fan, Y., Xu, X., Qin, J., Wu, B., Wang, X., Aglioti, S. M., & Mao, L. (2009).
Empathic neural responses to others’ pain are modulated by emotional contexts. Human
Brain Mapping, 3237(February), 3227-3237. https://doi.org/10.1002/hbm.20742

Happ, C., Melzer, A., & Steffgen, G. (2015). Like the good or bad guy — empathy in
antisocial and prosocial games. Psychology of Popular Media Culture, 4(2), 80.

Happé, F., Cook, J. L., & Bird, G. (2017). The structure of social cognition:
in(ter)dependence of sociocognitive processes. Annual Review of Psychology, 68(1),
243-267. https://doi.org/10.1146/annurev-psych-010416-044046

Hart, S. G., & Staveland, L. E. (1988). Development of NASA-TLX (Task Load Index).
Advances in Psychology, 52, 139—-183. https://doi.org/10.1016/S0166-4115(08)62386-9

Hartmann, H., Forbes, P., Riitgen, M., & Lamm, C. (2022). Placebo analgesia reduces costly
prosocial helping to lower another’s pain. PsyArXiv Preprints.
https://doi.org/https://doi.org/10.31234/0sf.io/drtht

Hartmann, H., & Lamm, C. (2019). Another’s Pain in my Social Brain: The Effects of
Placebo (Empathy) Analgesia on Social Behavior | OSF Registries. https://osf.io/g3acp

Hartmann, H., Riva, F., Riitgen, M., & Lamm, C. (2021). Placebo analgesia does not reduce
empathy for naturalistic depictions of others’ pain in a somatosensory specific way.
Cerebral Cortex Communications, tgab039.
https://doi.org/10.1093/TEXCOM/TGABO039

Hartmann, H., Riitgen, M., & Lamm, C. (2021). Dein Leid ist mein Leid? Wie wir die
Emotionen anderer Personen nachempfinden. /n-Mind Magazin. https://de.in-

mind.org/article/dein-leid-ist-mein-leid-wie-wir-die-emotionen-anderer-personen-

255



References

nachempfinden

Hartmann, H., Riitgen, M., Riva, F., & Lamm, C. (2021). Another’s pain in my brain: No
evidence that placebo analgesia affects the sensory-discriminative component in
empathy for pain. Neurolmage, 224, 117397.
https://doi.org/https://doi.org/10.1016/j.neuroimage.2020.117397

Hartmann, H., Riitgen, M., Sladky, R., & Lamm, C. (2018). Another’s pain in my brain:
Clarifying the specificity of the effects of placebo analgesia on first-hand and empathy
for pain | OSF Registries. https://osf.io/uwzb5

Hein, G., Lamm, C., Brodbeck, C., & Singer, T. (2011). Skin conductance response to the
pain of others predicts later costly helping. PLoS ONE, 6(8), 1-6.
https://doi.org/10.1371/journal.pone.0022759

Hein, G., Silani, G., Preuschoff, K., Batson, C. D., & Singer, T. (2010). Neural responses to
ingroup and outgroup members’ suffering predict individual differences in costly
helping. Neuron, 68(1), 149—160. https://doi.org/10.1016/J.NEURON.2010.09.003

Hein, G., & Singer, T. (2008). I feel how you feel but not always: The empathic brain and its
modulation. Current Opinion in Neurobiology, 18(2), 153—158.
https://doi.org/10.1016/j.conb.2008.07.012

Heyes, C. (2018). Empathy is not in our genes. Neuroscience and Biobehavioral Reviews,
95(November), 499-507. https://doi.org/10.1016/j.neubiorev.2018.11.001

Ioumpa, K., Graham, S. A., Clausner, T., Fisher, S. E., Van Lier, R., & Van Leeuwen, T. M.
(2019). Enhanced self-reported affect and prosocial behaviour without differential
physiological responses in mirror-sensory synaesthesia. Philosophical Transactions of
the Royal Society B: Biological Sciences, 374(1787).
https://doi.org/10.1098/rstb.2019.0395

Jabbi, M., Swart, M., & Keysers, C. (2007). Empathy for positive and negative emotions in
the gustatory cortex. Neurolmage, 34(4), 1744-1753.
https://doi.org/10.1016/j.neuroimage.2006.10.032

Jackson, P. L., Brunet, E., Meltzoff, A. N., & Decety, J. (2006). Empathy examined through
the neural mechanisms involved in imagining how I feel versus how you feel pain.
Neuropsychologia, 44(5), 752-761.
https://doi.org/10.1016/j.neuropsychologia.2005.07.015

Jackson, P. L., Meltzoff, A. N., & Decety, J. (2005). How do we perceive the pain of others?
A window into the neural processes involved in empathy. Neurolmage, 24(3), 771-779.

https://doi.org/10.1016/j.neuroimage.2004.09.006

256



References

Jackson, P. L., Rainville, P., & Decety, J. (2006). To what extent do we share the pain of
others? Insight from the neural bases of pain empathy. Pain, 125(1-2), 5-9.
https://doi.org/10.1016/j.pain.2006.09.013

Jarosz, A. F., & Wiley, J. (2014). What are the odds? A practical guide to computing and
reporting Bayes factors. Journal of Problem Solving, 7(1), 2-9.
https://doi.org/10.1109/ICASSP.2005.1415890

JASP Team. (2019). JASP (Version 0.11.1) [Computer software].

Jauniaux, J., Khatibi, A., Rainville, P., & Jackson, P. L. (2019). A meta-analysis of
neuroimaging studies on pain empathy: Investigating the role of visual information and
observers’ perspective. Social, Cognitive and Affective Neuroscience, 14(8), 789—-813.
https://doi.org/https://doi.org/10.1093/scan/nsz055

Jepma, M., Koban, L., Van Doorn, J., Jones, M., & Wager, T. D. (2018). Behavioural and
neural evidence for self-reinforcing expectancy effects on pain. Nature Human
Behaviour, 2(11), 838-855. https://doi.org/10.1038/s41562-018-0455-8

Jepma, M., & Wager, T. D. (2013). Multiple potential mechanisms for context effects on
pain. Pain, 154(5), 629—631. https://doi.org/10.1016/j.pain.2013.02.011

Jones, D. N., & Paulhus, D. (2014). Introducing the Short Dark Triad (SD3): A brief measure
of dark personality traits. Assessment, 21(1), 28—41.
https://doi1.org/10.1177/1073191113514105

Kandis, S., Ates, M., Kizildag, S., Camsari, G. B., Yuce, Z., Guvendi, G., Koc, B., Karakilic,
A., Camsari, U. M., & Uysal, N. (2018). Acetaminophen (paracetamol) affects empathy-
like behavior in rats: Dose-response relationship. Pharmacology Biochemistry and
Behavior, 175(0October), 146—151. https://doi.org/10.1016/1.pbb.2018.10.004

Kanel, D., Al-Wasity, S., Stefanov, K., & Pollick, F. E. (2019). Empathy to emotional voices
and the use of real-time fMRI to enhance activation of the anterior insula. Neurolmage,
198(June 2018), 53—62. https://doi.org/10.1016/j.neuroimage.2019.05.021

Karjalainen, T., Karlsson, H. K., Lahnakoski, J. M., Glerean, E., Nuutila, P., Jadskeldinen, I.
P., Hari, R., Sams, M., & Nummenmaa, L. (2017). Dissociable roles of cerebral p -
opioid and type 2 dopamine receptors in vicarious pain: A combined PET — fMRI study.
Cerebral Cortex, 27(8), 4257-4266. https://doi.org/10.1093/cercor/bhx 129

Kathawalla, U.-K., Silverstein, P., & Syed, M. (2021). Easing into open science: A guide for
graduate students and their advisors. Collabra: Psychology, 7(1), 18684.
https://doi.org/https://doi.org/10.1525/collabra. 18684

Keysers, C., & Gazzola, V. (2006). Towards a unifying neural theory of social cognition.

257



References

Progress in Brain Research, 156, 379—401. https://doi.org/10.1016/S0079-
6123(06)56021-2

Keysers, C., Gazzola, V., & Wagenmakers, E.-J. (2020). Using Bayes factor hypothesis
testing in neuroscience to establish evidence of absence. Nature Neuroscience, 23(7),
788-799. https://doi.org/10.1038/s41593-020-0660-4

Keysers, C., Kaas, J. H., & Gazzola, V. (2010). Somatosensation in social perception. Nature
Reviews Neuroscience, 11(6), 417-428. https://doi.org/10.1038/nrn2919

Keysers, C., Wicker, B., Gazzola, V., Anton, J.-L., Fogassi, L., & Gallese, V. (2004). A
touching sight: SII/PV activation during the observation and experience of touch.
Neuron, 42(2), 335-346. https://doi.org/10.1016/S0896-6273(04)00156-4

Khan, H. S., & Stroman, P. W. (2015). Inter-individual differences in pain processing
investigated by functional magnetic resonance imaging of the brainstem and spinal cord.
Neuroscience, 307, 231-241. https://doi.org/10.1016/J.NEUROSCIENCE.2015.08.059

Kimmey, B. A., McCall, N. M., Wooldridge, L. M., Satterthwaite, T. D., & Corder, G.
(2020). Engaging endogenous opioid circuits in pain affective processes. Journal of
Neuroscience Research, June, 1-33. https://doi.org/10.1002/jnr.24762

King, C. D., Goodin, B., Kindler, L. L., Caudle, R. M., Edwards, R. R., Gravenstein, N.,
Riley, J. L., & Fillingim, R. B. (2013). Reduction of conditioned pain modulation in
humans by naltrexone: An exploratory study of the effects of pain catastrophizing.
Journal of Behavioral Medicine, 36(3), 315-327. https://doi.org/10.1007/s10865-012-
9424-2

Koban, L., Ruzic, L., & Wager, T. D. (2013). Brain predictors of individual differences in
placebo responding. In Placebo and pain: From bench to bedside. Elsevier.
https://doi.org/10.1016/B978-0-12-397928-5.00010-6

Komeda, H., Kosaka, H., Saito, D. N., Mano, Y., Jung, M., Fujii, T., Yanaka, H. T,
Munesue, T., Ishitobi, M., Sato, M., & Okazawa, H. (2015). Autistic empathy toward
autistic others. Social, Cognitive and Affective Neuroscience, 10(2), 145-152.
https://doi.org/10.1093/scan/nsul26

Kong, J., Kaptchuk, T. J., Polich, G., Kirsch, 1., & Gollub, R. L. (2007). Placebo analgesia:
Findings from brain imaging studies and emerging hypotheses. Reviews in the
Neurosciences, 18(3—4), 173—190. https://doi.org/10.1515/REVNEURO.2007.18.3-
4.173

Kornelsen, J., Mclver, T. A., & Stroman, P. W. (2019). Unique brain regions involved in

positive versus negative emotional modulation of pain. Scandinavian Journal of Pain,

258



References

19(3), 583-596. https://doi.org/10.1515/sjpain-2018-0341

Krahé¢, C., Springer, A., Weinman, J. A., & Fotopoulou, A. (2013). The social modulation of
pain: Others as predictive signals of salience - a systematic review. Frontiers in Human
Neuroscience, 7, 1-21. https://doi.org/10.3389/fnhum.2013.00386

Krishnan, A., Woo, C.-W., Chang, L. J., Ruzic, L., Gu, X., Lopez-Sola, M., Jackson, P. L.,
Pujo, J., Fan, J., & Wager, T. D. (2016). Somatic and vicarious pain are represented by
dissociable multivariate brain patterns. ELife, 5, 1-42.
https://doi.org/10.7554/eLife.15166

Krohne, H. W., Egloft, B., Kohlmann, C.-W., & Tausch, A. (1996). Untersuchungen mit
einer deutschen Version der Positive and Negative Affect Schedule (PANAS).
Diagnostica, 42(2), 139-156. https://doi.org/10.1037/t49650-000

Kroll, S. L., Thayer, J. F., Williams, D. P., Pfabigan, D. M., Baumgartner, M. R., Lamm, C.,
& Quednow, B. B. (2021). Chronic non-medical prescription opioid use and empathy for
pain: Does pain make the difference? Psychophysiology, 58(4), e13776.
https://doi.org/10.1111/psyp.13776

Kiihner, P. D. C., Biirger, C., Keller, F., & Hautzinger, M. (2007). Reliabilitit und Validitét
des revidierten Beck-Depressionsinventars (BDI-II). Der Nervenarzt, 78(6), 651-656.

Lakens, D. (2013). Calculating and reporting effect sizes to facilitate cumulative science: A
practical primer for t-tests and ANOV As. Frontiers in Psychology, 4:863, 1-12.
https://doi.org/10.3389/fpsyg.2013.00863

Lakens, D. (2022). Sample Size Justification. PsyArXiv Preprints.
https://doi.org/10.31234/OSF.I0/9D3YF

Lamm, C., Batson, C. D., & Decety, J. (2007). The neural substrate of human empathy:
Effects of perspective-taking and cognitive appraisal. Journal of Cognitive
Neuroscience, 19(1), 42—-58. https://doi.org/10.1162/jocn.2007.19.1.42

Lamm, C., Bukowski, H., & Silani, G. (2016). From shared to distinct self-other
representations in empathy: Evidence from neurotypical function and socio-cognitive
disorders. Philosophical Transactions of the Royal Society of London. Series B,
Biological Sciences, 371(1686), 20150083. https://doi.org/10.1098/rstb.2015.0083

Lamm, C., Decety, J., & Singer, T. (2011). Meta-analytic evidence for common and distinct
neural networks associated with directly experienced pain and empathy for pain.
Neurolmage, 54(3), 2492-2502. https://doi.org/10.1016/j.neuroimage.2010.10.014

Lamm, C., & Majdandzi¢, J. (2015). The role of shared neural activations, mirror neurons,

and morality in empathy - A critical comment. Neuroscience Research, 90, 15-24.

259



References

https://doi.org/10.1016/j.neures.2014.10.008

Lamm, C., Nusbaum, H. C., Meltzoff, A. N., & Decety, J. (2007). What are you feeling?
Using functional magnetic resonance imaging to assess the modulation of sensory and
affective responses during empathy for pain. PLoS ONE, 2(12), e1292.
https://doi.org/10.1371/journal.pone.0001292

Lamm, C., Riitgen, M., & Wagner, I. C. (2019). Imaging empathy and prosocial emotions.
Neuroscience Letters, 693, 49-53. https://doi.org/10.1016/j.neulet.2017.06.054

Lamm, C., Silani, G., & Singer, T. (2015). Distinct neural networks underlying empathy for
pleasant and unpleasant touch. Cortex, 70, 79—89.
https://doi.org/10.1016/j.cortex.2015.01.021

Lamm, C., & Tomova, L. (2018). The neural bases of empathy in humans. In Neuronal
Correlates of Empathy (Vol. 3, pp. 25-36). Academic Press.
https://doi.org/10.1016/B978-0-12-805397-3.00003-6

Legrain, V., lannetti, G. D., Plaghki, L., & Mouraux, A. (2011). The pain matrix reloaded: A
salience detection system for the body. Progress in Neurobiology, 93, 111-124.
https://doi.org/10.1016/j.pneurobio.2010.10.005

Leiner, D. J. (2019). SoSci Survey (Version 3.1.06) [Computer software]. Available at
https://www.soscisurvey.de.

Liang, M., Su, Q., Mouraux, A., & lannetti, G. D. (2019). Spatial patterns of brain activity
preferentially reflecting transient pain and stimulus intensity. Cerebral Cortex, 5, 1-17.
https://doi.org/10.1093/cercor/bhz026

Lieberman, M. D., & Eisenberger, N. L. (2015). The dorsal anterior cingulate cortex is
selective for pain: Results from large-scale reverse inference. Proceedings of the
National Academy of Sciences of the United States of America, 112(49), 15250—15255.
https://doi.org/10.1073/pnas. 1515083112

Lockwood, P. L. (2016). The anatomy of empathy: Vicarious experience and disorders of
social cognition. Behavioural Brain Research, 311, 255-266.
https://doi.org/10.1016/;.bbr.2016.05.048

Lockwood, P. L., Abdurahman, A., Gabay, A., Drew, D., Tamm, M., Husain, M., & Apps,
M. (2021). Ageing increases prosocial motivation for effort. Psychological Science,
32(5), 668—681. https://doi.org/10.31234/0sf.10/8c5ra

Lockwood, P. L., Ang, Y.-S., Husain, M., & Crockett, M. J. (2017). Individual differences in
empathy are associated with apathy-motivation. Scientific Reports, 7(1), 17293.
https://doi.org/10.1038/541598-017-17415-w

260



References

Lockwood, P. L., Apps, M. A. J., Valton, V., Viding, E., & Roiser, J. P. (2016).
Neurocomputational mechanisms of prosocial learning and links to empathy.
Proceedings of the National Academy of Sciences, 113(35), 9763-9768.
https://doi.org/10.1073/pnas.1603198113

Lockwood, P. L., Hamonet, M., Zhang, S. H., Ratnavel, A., Salmony, F. U., Husain, M., &
Apps, M. A. J. (2017). Prosocial apathy for helping others when effort is required.
Nature Human Behaviour, 1(7), 1-10. https://doi.org/10.1038/s41562-017-0131

Lockwood, P. L., lannetti, G. D., & Haggard, P. (2013). Transcranial magnetic stimulation
over human secondary somatosensory cortex disrupts perception of pain intensity.
Cortex, 49, 2201-2209. https://doi.org/10.1016/j.cortex.2012.10.006

Lockwood, P. L., Seara-Cardoso, A., & Viding, E. (2014). Emotion regulation moderates the
association between empathy and prosocial behavior. PLoS ONE, 9(5).
https://doi.org/10.1371/journal.pone.0096555

Loeser, J. D., & Treede, R. D. (2008). The Kyoto protocol of IASP Basic Pain Terminology.
Pain, 137(3), 473—477. https://doi.org/10.1016/j.pain.2008.04.025

Loggia, M. L., Mogil, J. S., & Bushnell, M. C. (2008). Empathy hurts: Compassion for
another increases both sensory and affective components of pain perception. Pain, 136,
168—176. https://doi.org/10.1016/j.pain.2007.07.017

Lopez-Pérez, B., Ambrona, T., Gregory, J., Stocks, E., & Oceja, L. (2013). Feeling at
hospitals: Perspective-taking, empathy and personal distress among professional nurses
and nursing students. Nurse Education Today, 33(4), 334-338.
https://doi.org/10.1016/j.nedt.2013.01.010

Lopez-Sola, M., Koban, L., Krishnan, A., & Wager, T. D. (2017). When pain really matters:
A vicarious-pain brain marker tracks empathy for pain in the romantic partner.
Neuropsychologia, May, 0—1. https://doi.org/10.1016/j.neuropsychologia.2017.07.012

Ma, J., Wang, X., Qiu, Q., Zhan, H., & Wu, W. (2020). Changes in empathy in patients With
chronic low back pain: A structural-functional magnetic resonance imaging study.
Frontiers in Human Neuroscience, 14, 326.
https://doi.org/10.3389/FNHUM.2020.00326/BIBTEX

Mac Giolla, E., & Ly, A. (2019). What to do with all these Bayes factors: How to make
Bayesian reports in deception research more informative. Legal and Criminological
Psychology, 3, 1-7. https://doi.org/10.1111/lcrp.12162

Marsh, A. A. (2018). The neuroscience of empathy. Current Opinion in Behavioral Sciences,

19, 110-115. https://doi.org/10.1002/9781118650868.ch8

261



References

Marti-Vilar, M., Corell-Garcia, L., & Merino-Soto, C. (2019). Systematic review of prosocial
behavior measures. Revista de Psicologia, 37(1), 349-377.

Mathworks. (2018). MATLAB. The MathWorks Inc.

Matuschek, H., Kliegl, R., Vasishth, S., Baayen, H., & Bates, D. (2017). Balancing Type I
error and power in linear mixed models. Journal of Memory and Language, 94, 305—
315. https://doi.org/10.1016/j.jm1.2017.01.001

McClintock, C. G., & Allison, S. T. (1989). Social value orientation and helping behavior.
Journal of Applied Social Psychology, 19(4), 353-362. https://doi.org/10.1111/J.1559-
1816.1989.TB00060.X

Mehling, W. E., Price, C., Daubenmier, J. J., Acree, M., Bartmess, E., & Stewart, A. (2012).
The Multidimensional Assessment of Interoceptive Awareness (MAIA). PLoS ONE,
7(11), e48230. https://doi.org/10.1371/journal.pone.0048230

Mehuys, E., Crombez, G., Paemeleire, K., Adriaens, E., Van Hees, T., Demarche, S.,
Christiaens, T., Van Bortel, L., Van Tongelen, 1., Remon, J. P., & Boussery, K. (2019).
Self-medication with over-the-counter analgesics: A survey of patient characteristics and
concerns about pain medication. Journal of Pain, 20(2), 215-223.
https://doi.org/10.1016/j.jpain.2018.09.003

Meissner, K., Bingel, U., Colloca, L., Wager, T. D., Watson, A., & Flaten, M. A. (2011). The
placebo effect: Advances from different methodological approaches. Journal of
Neuroscience, 31(45), 16117-16124. https://doi.org/10.1523/JNEUROSCI.4099-
11.2011

Meyer, M. L., Masten, C. L., Ma, Y., Wang, C., Shi, Z., Eisenberger, N. L., & Han, S. (2013).
Empathy for the social suffering of friends and strangers recruits distinct patterns of
brain activation. Social, Cognitive and Affective Neuroscience, 8(4), 446—454.
https://doi.org/10.1093/scan/nss019

Miller, P. A., & Eisenberg, N. (1988). The relation of empathy to aggressive and
externalizing/antisocial behavior. Psychological Bulletin, 103(3), 324-344.
https://doi.org/10.1037/0033-2909.103.3.324

Mischkowski, D., Crocker, J., & Way, B. M. (2016). From painkiller to empathy killer:
Acetaminophen (paracetamol) reduces empathy for pain. Social, Cognitive and Affective
Neuroscience, 11(9), 1345-1353. https://doi.org/10.1093/scan/nsw057

Mischkowski, D., Crocker, J., & Way, B. M. (2019). A social analgesic? Acetaminophen
(Paracetamol) reduces positive empathy. Frontiers in Psychology, 10(March), 1-8.
https://doi.org/10.3389/fpsyg.2019.00538

262



References

Montgomery, G., & Kirsch, I. (1996). Mechanisms of placebo pain reduction: An empirical
investigation. Psychological Science, 7(3), 174-176.
http://journals.sagepub.com/doi/pdf/10.1111/j.1467-9280.1996.tb00352.x

Morelli, S. A., Lieberman, M. D., & Zaki, J. (2015). The emerging Study of positive
empathy. Social and Personality Psychology Compass, 9(2), 57-68.
https://doi.org/10.1111/spc3.12157

Morelli, S. A., Rameson, L. T., & Lieberman, M. D. (2014). The neural components of
empathy: Predicting daily prosocial behavior. Social Cognitive and Affective
Neuroscience, 9(1), 39—47. https://doi.org/10.1093/SCAN/NSS088

Morton, D. L., Sandhu, J. S., & Jones, A. K. P. (2016). Brain imaging of pain: State of the
art. Journal of Pain Research, 9, 613—624.

Motoyama, Y., Ogata, K., Hoka, S., & Tobimatsu, S. (2017). Frequency-dependent changes
in sensorimotor and pain affective systems induced by empathy for pain. Journal of Pain
Research, 10, 1317-1326. https://doi.org/10.2147/JPR.S129791

Miiller, T., & Apps, M. A. J. (2018). Motivational fatigue: A neurocognitive framework for
the impact of effortful exertion on subsequent motivation. Neuropsychologia, 123, 141—
151. https://doi.org/10.1016/j.neuropsychologia.2018.04.030

Mumford, J. A. (2012). A power calculation guide for fMRI studies. Social Cognitive and
Affective Neuroscience, 7(6), 738—742. https://doi.org/10.1093/scan/nss059

Murphy, M. C., Megjia, A. F., Mejia, J., Yan, X., & Cheryan, S. (2020). Open science,
communal culture, and women’s participation in the movement to improve science.
Proceedings of the National Academy of Sciences, 117(39), 24154-24164.
https://doi.org/10.1073/pnas.1921320117

Murphy, R. O., Ackermann, K. A., & Handgraaf, M. J. J. (2011). Measuring social value
orientation. Judgment and Decision Making, 6(8), 771-781.

Murray, F. S., & Safferstone, J. F. (1970). Pain threshold and tolerance of right and left
hands. Journal of Comparative and Physiological Psychology, 71(1), 83—86.
https://doi.org/10.1037/h0028963

Nazeri-Rezaabad, M., Jamalpoor, Z., & Alemrajabi, M. S. (2020). Chronic exposure to
morphine leads to a reduced affective pain response in the presence of hyperalgesia in an
animal model of empathy. Addiction & Health, 12(4), 251-258.

Nickell, G. S. (1998). The Helping Attitude Scale. Annual Convention of the American
Psychological Association, 56563(218), 1-10.

Nosek, B. A., Ebersole, C. R., DeHaven, A. C., & Mellor, D. T. (2018). The preregistration

263



References

revolution. Proceedings of the National Academy of Sciences of the United States of
America, 115(11), 2600-2606. https://doi.org/10.1073/pnas.1708274114

Novembre, G., Zanon, M., & Silani, G. (2015). Empathy for social exclusion involves the
sensory-discriminative component of pain: A within-subject fMRI study. Social,
Cognitive and Affective Neuroscience, 10(2), 153—164.
https://doi.org/10.1093/scan/nsu038

Nummenmaa, L., Hirvonen, J., Parkkola, R., & Hietanen, J. K. (2008). Is emotional
contagion special? An fMRI study on neural systems for affective and cognitive
empathy. Neurolmage, 43(3), 571-580.
https://doi.org/10.1016/j.neuroimage.2008.08.014

Nummenmaa, L., & Tuominen, L. (2017). Opioid system and human emotions. British
Journal of Pharmacology, 175(14), 2737-2749. https://doi.org/10.1111/bph.13812

O’Connell, K., Brethel-Haurwitz, K. M., Rhoads, S. A., Cardinale, E. M., Vekaria, K. M.,
Robertson, E. L., Walitt, B., VanMeter, J. W., & Marsh, A. A. (2019). Increased
similarity of neural responses to experienced and empathic distress in costly altruism.
Scientific Reports, 9(1), 10774. https://doi.org/10.1038/s41598-019-47196-3

Ochsner, K. N., Zaki, J., Hanelin, J., Ludlow, D. H., Knierim, K., Ramachandran, T., Glover,
G. H., & Mackey, S. C. (2008). Your pain or mine? Common and distinct neural
systems supporting the perception of pain in self and other. Social, Cognitive and
Affective Neuroscience, 3(2), 144—160. https://doi.org/10.1093/scan/nsn006

Ogino, Y., Nemoto, H., & Goto, F. (2005). Somatotopy in human primary somatosensory
cortex in pain system. Anesthesiology, 103(4), 821-827. https://doi.org/00000542-
200510000-00021 [pii]

Okune, A., Hillyer, R., Albornoz, D., Posada, A., & Chan, L. (2020). Whose infrastructure?
Towards inclusive and collaborative knowledge infrastructures in open science. 22nd
International Conference on Electronic Publishing - Connecting the Knowledge
Commons: From Projects to Sustainable Infrastructure, ELPUB 2018, 0—19.
https://doi.org/10.4000/books.oep.9072

Oldfield, R. (1971). The assessment and analysis of handedness: The Edinburgh Inventory.
Neuropsychologia, 9, 97-113. https://doi.org/https://doi.org/10.1016/0028-
3932(71)90067-4

Omori, S., Isose, S., Otsuru, N., Nishihara, M., Kuwabara, S., Inui, K., & Kakigi, R. (2013).
Somatotopic representation of pain in the primary somatosensory cortex (S1) in humans.

Clinical Neurophysiology, 124(7), 1422—-1430.

264



References

https://doi.org/10.1016/j.clinph.2013.01.006

Osborn, J., & Derbyshire, S. W. G. (2010). Pain sensation evoked by observing injury in
others. Pain, 148(2), 268-274. https://doi.org/10.1016/j.pain.2009.11.007

Peng, W., Huang, X., Liu, Y., & Cui, F. (2019). Predictability modulates the anticipation and
perception of pain in both self and others. Social Cognitive and Affective Neuroscience,
14(7), 747-757. https://doi.org/10.1093/scan/nsz047

Peng, W., Peng, H., Lu, J., Fan, B., & Cui, F. (2019). Others’ pain appraisals modulate the
anticipation and experience of subsequent pain. Neuroscience, 410, 16-28.
https://doi.org/10.1016/j.neuroscience.2019.04.055

Penner, L. A., Dovidio, J. F., Piliavin, J. A., & Schroeder, D. A. (2005). Prosocial behavior:
Multilevel perspectives. Annu. Rev. Psychol., 56, 365-392.
https://doi.org/10.1146/annurev.psych.56.091103.070141

Perchet, C., Frot, M., Charmarty, A., Flores, C., Mazza, S., Magnin, M., & Garcia-Larrea, L.
(2012). Do we activate specifically somatosensory thin fibres with the concentric planar
electrode? A scalp and intracranial EEG study. Pain, 153(6), 1244—1252.
https://doi.org/10.1016/j.pain.2012.03.004

Perez-Reyes, M., & Wall, M. E. (1981). A comparative study of the oral, intravenous, and
subcutaneous administration of 3H-naltrexone to normal male volunteers. N/IDA
Research Monograph, 28, 93—-101.

Perugini, M., Gallucci, M., & Costantini, G. (2014). Safeguard power as a protection against
imprecise power estimates. Perspectives on Psychological Science, 9(3), 319-332.
https://doi.org/10.1177/1745691614528519

Petrovic, P., Dietrich, T., Fransson, P., Andersson, J., Carlsson, K., & Ingvar, M. (2005).
Placebo in emotional processing - Induced expectations of anxiety relief activate a
generalized modulatory network. Neuron, 46(6), 957-969.
https://doi.org/10.1016/j.neuron.2005.05.023

Petrovic, P., Kalso, E., Petersson, K. M., & Ingvar, M. (2002). Placebo and opioid analgesia -
imaging a shared neuronal network. Science, 295(5560), 1737-1740.
https://doi.org/10.1126/science.1067176

Pfattheicher, S., Nielsen, Y. A., & Thielmann, I. (2022). Prosocial behavior and altruism: A
review of concepts and definitions. Current Opinion in Psychology, 44, 124—129.
https://doi.org/10.1016/J.COPSYC.2021.08.021

Ploner, M., Gross, J., Timmermann, L., & Schnitzler, A. (2002). Cortical representation of

first and second pain sensation in humans. Proceedings of the National Academy of

265



References

Sciences of the United States of America, 99(19), 12444—12448.
https://doi.org/10.1073/pnas.182272899

Ploner, M., Schmitz, F., & Freund, H.-J. (1999). Parallel activation of primary and secondary
somatosensory cortices in human pain processing. Journal of Neurophysiology, 81(6),
3100-3104. https://doi.org/10.1152/jn.1999.81.6.3100

Ploner, M., Schmitz, F., & Freund, H.-J. (2000). Differential organization of touch and pain
in human primary somatosensory cortex. Journal of Neurophysiology, 83(3), 1770—
1776. https://doi.org/10.1152/jn.2000.83.3.1770

Pownall, M., Talbot, C. V., Henschel, A., Lautarescu, A., Lloyd, K. E., Hartmann, H., Darda,
K. M., Tang, K. T. Y., Carmichael-Murphy, P., & Siegel, J. (2021). Navigating open
science as early career feminist researchers. Psychology of Women Quartlery, 45(4),
526-539.

Preckel, K., Kanske, P., & Singer, T. (2018). On the interaction of social affect and cognition:
empathy, compassion and theory of mind. Current Opinion in Behavioral Sciences, 19,
1-6. https://doi.org/10.1016/j.cobeha.2017.07.010

Preston, S. D., & de Waal, F. B. M. (2002). Empathy: Its ultimate and proximate bases.
Behavioral & Brain Sciences, 25, 1-72.
https://doi.org/https://doi.org/10.1017/S0140525X02000018

Price, D. D., Craggs, J., Nicholas Verne, G., Perlstein, W. M., & Robinson, M. E. (2007).
Placebo analgesia is accompanied by large reductions in pain-related brain activity in
irritable bowel syndrome patients. Pain, 127, 63—72.
https://doi.org/10.1016/j.pain.2006.08.001

Price, D. D., Milling, L. S., Kirsch, 1., Duff, A., Montgomery, G. H., & Nicholls, S. S.
(1999). An analysis of factors that contribute to the magnitude of placebo analgesia in an
experimental paradigm. Pain, 8§3(2), 147-156. https://doi.org/10.1016/S0304-
3959(99)00081-0

Pud, D., Golan, Y., & Pesta, R. (2009). Hand dominancy - a feature affecting sensitivity to
pain. Neuroscience Letters, 467(3), 237-240.
https://doi.org/10.1016/j.neulet.2009.10.048

R Core Team. (2020). R: A language and environment for statistical computing. R
Foundation for Statistical Computing. https://www.r-project.org/

Rameson, L. T., Morelli, S. A., & Lieberman, M. D. (2012). The neural correlates of
empathy: Experience, automaticity, and prosocial behavior. Journal of Cognitive

Neuroscience, 24(1), 235-245. https://doi.org/10.1162/JOCN_A 00130

266



References

Rand, D. G., Greene, J. D., & Nowak, M. A. (2012). Spontaneous giving and calculated
greed. Nature 2012 489:7416, 489(7416), 427-430. https://doi.org/10.1038/nature11467

Ren, Q., Lu, X., Zhao, Q., Zhang, H., & Hu, L. (2020). Can self-pain sensitivity quantify
empathy for others’ pain? Psychophysiology, €13637.
https://doi.org/10.1111/psyp.13637

Reniers, R. L. E. P., Corcoran, R., Drake, R., Shyrane, R. D., & Vollm, B. A. (2011). The
QCAE: A Questionnaire of Cognitive and Affective Empathy. Journal of Personality
Assessment, 93(1), 84-95.

Riecansky, 1., & Lamm, C. (2019). The role of sensorimotor processes in pain empathy.
Brain Topography, 32, 965-976. https://doi.org/10.1007/s10548-019-00738-4

Rife, S. C., Nuijten, M. B., & Epskamp, S. (2016). statcheck: Extract statistics from articles
and recompute p-values [web application]. Retrieved from http://statcheck.io.

Ritter, C., Hebart, M. N., Wolbers, T., & Bingel, U. (2014). Representation of spatial
information in key areas of the descending pain modulatory system. Journal of
Neuroscience, 34(13), 4634—4639. https://doi.org/10.1523/INEUROSCI.4342-13.2014

Roberts, 1. D., Krajbich, 1., & Way, B. M. (2019). Acetaminophen influences social and
economic trust. Scientific Reports, 9(1), 1-10. https://doi.org/10.1038/s41598-019-
40093-9

Rosenthal, R. (1976). Experimenter effects in behavioral research. Irvington.

Rouder, J. N., Speckman, P. L., Sun, D., Morey, R. D., & Iverson, G. (2009). Bayesian t tests
for accepting and rejecting the null hypothesis. Psychonomic Bulletin and Review, 16(2),
225-237. https://doi.org/10.3758/PBR.16.2.225

Riitgen, M., Pletti, C., Tik, M., Kraus, C., Pfabigan, D. M., Sladky, R., Kl6bl, M., Woletz,
M., Vanicek, T., Windischberger, C., Lanzenberger, R., & Lamm, C. (2019).
Antidepressant treatment, not depression, leads to reductions in behavioral and neural
responses to pain empathy. Translational Psychiatry, 9(1), 164.
https://doi.org/10.1038/s41398-019-0496-4

Riitgen, M., Seidel, E.-M., Pletti, C., Riecansky, 1., Gartus, A., Eisenegger, C., & Lamm, C.
(2018). Psychopharmacological modulation of event-related potentials suggests that
first-hand pain and empathy for pain rely on similar opioidergic processes.
Neuropsychologia, 116, 5-14. https://doi.org/10.1016/j.neuropsychologia.2017.04.023

Riitgen, M., Seidel, E.-M., Riecansky, 1., & Lamm, C. (2015). Reduction of empathy for pain
by placebo analgesia suggests functional equivalence of empathy and first-hand emotion

experience. Journal of Neuroscience, 35(23), 8938-8947.

267



References

https://doi.org/10.1523/INEUROSCI.3936-14.2015

Riitgen, M., Seidel, E.-M., Silani, G., Riecansky, 1., Hummer, A., Windischberger, C.,
Petrovic, P., & Lamm, C. (2015). Placebo analgesia and its opioidergic regulation
suggest that empathy for pain is grounded in self pain. Proceedings of the National
Academy of Sciences of the United States of America, 112(41), ES638-E5646.
https://doi.org/10.1073/pnas.1511269112

Riitgen, M., Wirth, E.-M., Rie€ansky, I., Hummer, A., Windischberger, C., Petrovic, P.,
Silani, G., & Lamm, C. (2021). Beyond sharing unpleasant affect — evidence for pain-
specific opioidergic modulation of empathy for pain. Cerebral Cortex, 31(6), bhaa385.
https://doi.org/10.1093/cercor/bhaa385

Schaefer, M., Kiihnel, A., Rumpel, F., & Gértner, M. (2021). Dispositional empathy predicts
primary somatosensory cortex activity while receiving touch by a hand. Scientific
Reports, 11, 11294. https://doi.org/10.1038/s41598-021-90344-x

Schafer, S. M., Colloca, L., & Wager, T. D. (2015). Conditioned placebo analgesia persists
when subjects know they are receiving a placebo. Journal of Pain, 16(5), 412—420.
https://doi.org/10.1016/j.jpain.2014.12.008

Scheel, A. M., Schijen, M., & Lakens, D. (2021). An excess of positive results: Comparing
the standard psychology literature with registered reports. Advances in Methods and
Practices in Psychological Science, 4(2), 1-12.
https://doi.org/https://doi.org/10.1177/25152459211007467

Schenk, L. A., Sprenger, C., Geuter, S., & Biichel, C. (2014). Expectation requires treatment
to boost pain relief: An fMRI study. Pain, 155(1), 150—-157.
https://doi.org/10.1016/j.pain.2013.09.024

Schurz, M., Radua, J., Tholen, M. G., Maliske, L., Margulies, D. S., Rogier, B., Sallet, J., &
Kanske, P. (2020). Toward a hierarchical model of social cognition: A neuroimaging
meta-analysis and integrative review of empathy and Theory of Mind. Psychological
Bulletin, Advance on. https://doi.org/http://dx.doi.org/10.1037/bul0000303

Scott, D. J., Stohler, C. S., Egnatuk, C. M., Wang, H., Koeppe, R. A., & Zubieta, J. K.
(2007). Individual differences in reward responding explain placebo-induced
expectations and effects. Neuron, 55(2), 325-336.
https://doi.org/10.1016/J.NEURON.2007.06.028

Shackman, A. J., & Wager, T. D. (2019). The emotional brain: Fundamental questions and
strategies for future research. Neuroscience Letters2, 693, 68—74.

https://doi.org/10.1016/B978-0-12-802381-5.00046-4

268



References

Shamay-Tsoory, S. G. (2011). The neural bases for empathy. The Neuroscientist, 17(1), 18—
24. https://doi.org/10.1177/1073858410379268

Shamay-Tsoory, S. G., & Hertz, U. (2022). Adaptive empathy: A model for learning
empathic responses in response to feedback: Perspectives on Psychological Science.
https://doi.org/10.1177/17456916211031926

Shamay-Tsoory, S. G., & Lamm, C. (2018). The neuroscience of empathy — from past to
present and future. Neuropsychologia, 116(Pt A), 1-4.
https://doi.org/10.1016/j.neuropsychologia.2018.04.034

Sharvit, G., Vuilleumier, P., & Corradi-Dell’acqua, C. (2019). Sensory-specific predictive
models in the human anterior insula. F/000Research, 8, 1-10.
https://doi.org/10.12688/f1000research.17961.1

Shi, Y., Huang, S., Zhan, H., Wang, Y., Zeng, Y., Cai, G., Yang, J., & Wu, W. (2020).
Personality differences of brain networks in placebo analgesia and nocebo hyperalgesia:
A psychophysiological interaction (PPI) approach in fMRI. Neural Plasticity.

Simmons, J. P., Nelson, L. D., & Simonsohn, U. (2011). False-positive psychology:
Undisclosed flexibility in data collection and analysis allows presenting anything as
significant. Psychological Science, 22(11), 1359-1366.
https://doi.org/10.1177/0956797611417632

Simmons, J. P., Nelson, L. D., & Simonsohn, U. (2012). A 21 Word Solution. SSRN
Electronic Journal, 1-4. https://doi.org/10.2139/ssrn.2160588

Simonsohn, U., Nelson, L. D., & Simmons, J. P. (2014a). P-curve: A key to the file-drawer.
Journal of Experimental Psychology: General, 143(2), 534-547.
https://doi.org/10.1037/a0033242

Simonsohn, U., Nelson, L. D., & Simmons, J. P. (2014b). p-Curve and effect size: Correcting
for publication bias using only significant results. Perspectives on Psychological
Science, 9(6), 666—681. https://doi.org/10.1177/1745691614553988

Singer, T., & Frith, C. (2005). The painful side of empathy. Nature Neuroscience, 8(7), 845—
846. https://doi.org/10.1038/nn0705-845

Singer, T., & Lamm, C. (2009). The social neuroscience of empathy. Annals of the New York
Academy of Sciences, 1156(1), 81-96. https://doi.org/10.1111/j.1749-6632.2009.04418.x

Singer, T., Seymour, B., O’Doherty, J., Dolan, R. J., Kaube, H., & Frith, C. D. (2004).
Empathy for pain involves the affective but not sensory components of pain. Science,
303(5661), 1157-1162. https://doi.org/10.1126/science.1093535

Sladky, R., Friston, K. J., Trostl, J., Cunnington, R., Moser, E., & Windischberger, C. (2011).

269



References

Slice-timing effects and their correction in functional MRI. Neurolmage, 58(2), 588—
594. https://doi.org/10.1016/j.neuroimage.2011.06.078

Slagter, H. A., Prinssen, S., Reteig, L. C., & Mazaheri, A. (2016). Facilitation and inhibition
in attention: Functional dissociation of pre-stimulus alpha activity, P1, and N1
components. Neurolmage, 125, 25-35.
https://doi.org/10.1016/j.neuroimage.2015.09.058

Sood, G., & Laohaprapanon, S. (2018). Predicting race and ethnicity from the sequence of
characters in a name. ArXiv, 1805.02109. http://arxiv.org/abs/1805.02109

Spielberger, C. D., Sydeman, S. J., Owen, A. E., & Marsh, B. J. (1999). Measuring anxiety
and anger with the State-Trait Anxiety Inventory (STAI) and the State-Trait Anger
Expression Inventory (STAXI). In The use of psychological testing for treatment
planning and outcomes assessment (pp. 993—1021). Lawrence Erlbaum Associates
Publishers.

Steinbeis, N. (2016). The role of self—other distinction in understanding others’ mental and
emotional states: Neurocognitive mechanisms in children and adults. Philosophical
Transactions of the Royal Society B: Biological Sciences, 371, 20150074.
https://doi.org/10.1098/rstb.2015.0074

Story, G. W., Kurth-Nelson, Z., Crockett, M., Vlaev, ., Darzi, A., & Dolan, R. J. (2020).
Social discounting of pain. Journal of the Experimental Analysis of Behavior, 1-18.
https://doi.org/10.1002/jeab.631

Symonds, L. L., Gordon, N. S., Bixby, J. C., & Mande, M. M. (2006). Right-lateralized pain
processing in the human cortex: An fMRI study. Journal of Neurophysiology, 95, 3823—
3830. https://doi.org/10.1152/jn.01162.2005

Tame, L., Braun, C., Lingnau, A., Schwarzbach, J., Demarchi, G., Li Hegner, Y., Farne, A.,
& Pavani, F. (2012). The contribution of primary and secondary somatosensory cortices
to the representation of body parts and body sides: An fMRI adaptation study. Journal of
Cognitive Neuroscience, 24(12), 2306—2320. https://doi.org/10.1162/jocn_a 00272

Thielmann, 1., Bohm, R., & Hilbig, B. E. (2021). Economic games: An introduction and
guide for research. Collabra, June.

Thielmann, 1., Spadaro, G., & Balliet, D. (2020). Personality and prosocial behavior: A
theoretical framework and meta-analysis. Psychological Bulletin, 146(1), 30-90.
https://doi.org/10.1037/bul0000217

Thirioux, B., Mercier, M. R., Blanke, O., & Berthoz, A. (2014). The cognitive and neural

time course of empathy and sympathy: An electrical neuroimaging study on self-other

270



References

interaction. Neuroscience, 267, 286—306.
https://doi.org/10.1016/j.neuroscience.2014.02.024

Timmers, 1., Park, A. L., Fischer, M. D., Kronman, C. A., Heathcote, L. C., Hernandez, J. M.,
& Simons, L. E. (2018). Is empathy for pain unique in its neural correlates? A meta-
analysis of neuroimaging studies of empathy. Frontiers in Behavioral Neuroscience,
12(November), 289. https://doi.org/10.3389/FNBEH.2018.00289

Tinnermann, A., Geuter, S., Sprenger, C., Finsterbusch, J., & Biichel, C. (2017). Interactions
between brain and spinal cord mediate value effects in nocebo hyperalgesia. Science,
358(6359), 105-108. https://doi.org/10.1126/science.aan1221

Tomova, L., Majdandzi¢, J., Hummer, A., Windischberger, C., Heinrichs, M., & Lamm, C.
(2017). Increased neural responses to empathy for pain might explain how acute stress
increases prosociality. Social Cognitive and Affective Neuroscience, 12(3), 401-408.
https://doi.org/10.1093/scan/nsw146

Tracey, 1., & Mantyh, P. W. (2007). The cerebral signature for pain perception and its
modulation. Neuron, 55(3), 377-391. https://doi.org/10.1016/j.neuron.2007.07.012

Tran, U. S., Stieger, S., & Voracek, M. (2014). Evidence for general right-, mixed-, and left-
sidedness in self-reported handedness, footedness, eyedness, and earedness, and a
primacy of footedness in a large-sample latent variable analysis. Neuropsychologia,
62(1), 220-232. https://doi.org/10.1016/j.neuropsychologia.2014.07.027

Tu, Y., Zhang, B., Cao, J., Wilson, G., Zhang, Z., & Kong, J. (2019). Identifying inter-
individual differences in pain threshold using brain connectome: a test-retest
reproducible study. Neurolmage, 202, 116049.
https://doi.org/10.1016/J.NEUROIMAGE.2019.116049

Vadivelu, N., Kai, A. M., Kodumudi, V., Sramcik, J., & Kaye, A. D. (2018). The opioid
crisis: a comprehensive overview. Current Pain and Headache Reports 2018 22:3,
22(3), 1-6. https://doi.org/10.1007/S11916-018-0670-Z

Van Doorn, J., Van den Bergh, D., Bohm, U., Dablander, F., Derks, K., Draws, T., Etz, A.,
Evans, N. J., Gronau, Q. F., Haaf, J. M., Hinne, M., Kucharsky, S., Ly, A., Marsman,
M., Matzke, D., Gupta, A. R. K. K. N., Sarafoglou, A., Stefan, A., Voelkel, J. G., &
Wagenmakers, E.-J. J. (2020). The JASP guidelines for conducting and reporting a
Bayesian analysis. Psychonomic Bulletin & Review, 1-14.
https://doi.org/10.3758/s13423-020-01798-5

Van Lange, P. A. M., Bekkers, R., Schuyt, T. N. M., & Van Vugt, M. (2010). From games to

giving: Social value orientation predicts donations to noble causes. Basic and Applied

271



References

Social Psychology, 29(4), 375-384. https://doi.org/10.1080/01973530701665223

Vase, L., & Wartolowska, K. (2019). Pain, placebo, and test of treatment efficacy: a narrative
review. British Journal of Anaesthesia, January, 1-9.
https://doi.org/10.1016/j.bja.2019.01.040

Vecchio, A., & De Pascalis, V. (2021). ERP indicators of self-pain and other pain reductions
due to placebo analgesia responding: The moderating role of the fight-flight-freeze
system. Brain Sciences, 11(9). https://doi.org/10.3390/BRAINSCI11091192

Vierck, C. J., Whitsel, B. L., Favorov, O. V., Brown, A. W., & Tommerdahl, M. (2013). Role
of primary somatosensory cortex in the coding of pain. Pain, 154(3), 334-344.
https://doi.org/10.1016/j.pain.2012.10.021

Wagenmakers, E.-J., Marsman, M., Jamil, T., Ly, A., Verhagen, J., Love, J., Selker, R.,
Gronau, Q. F., Smira, M., Epskamp, S., Matzke, D., Rouder, J. N., & Morey, R. D.
(2018). Bayesian inference for psychology. Part I: Theoretical advantages and practical
ramifications. Psychonomic Bulletin & Review Review, 25, 35-57.
https://doi.org/10.3758/s13423-017-1343-3

Wagenmakers, E.-J., Wetzels, R., Borsboom, D., & Van Der Maas, H. L. J. (2011). Why
psychologists must change the way they analyze their data: The case of psi: Comment
on Bem (2011). Journal of Personality and Social Psychology, 100, 426—432.
https://doi.org/10.1037/a0022790

Wager, T. D., & Atlas, L. Y. (2015). The neuroscience of placebo effects: Connecting
context, learning and health. Nature Reviews Neuroscience, 16(7), 403—418.
https://doi.org/10.1038/nrn3976

Wager, T. D., Atlas, L. Y., Botvinick, M. M., Chang, L. J., Coghill, R. C., Davis, K. D.,
lannetti, G. D., Poldrack, R. A., Shackman, A. J., & Yarkoni, T. (2016). Pain in the
ACC? Proceedings of the National Academy of Sciences, 113(18), E2474-E2475.
https://doi.org/10.1073/pnas. 1600282113

Wager, T. D., Atlas, L. Y., Leotti, L. A., & Rilling, J. K. (2011). Predicting individual
differences in placebo analgesia: Contributions of brain activity during anticipation and
pain experience. Journal of Neuroscience, 31(2), 439-452.
https://doi.org/10.1016/j.jacc.2007.01.076.White

Wager, T. D., Rilling, J. K., Smith, E. E., Sokolik, A., Casey, K. L., Davidson, R. J., Kosslyn,
S. M., Rose, R. M., & Cohen, J. D. (2004). Placebo-induced changes in fMRI in the
anticipation and experience of pain. Science, 303(5661), 1162—-1167.
https://doi.org/10.1126/science.1093065

272



References

Wager, T. D., Scott, D. J., & Zubieta, J. K. (2007). Placebo effects on human p-opioid
activity during pain. Proceedings of the National Academy of Sciences, 104(26), 11056—
11061. https://doi.org/10.1073/PNAS.0702413104

Weisz, E., & Zaki, J. (2018). Motivated empathy: a social neuroscience perspective. Current
Opinion in Psychology, 24, 67-71. https://doi.org/10.1016/j.copsyc.2018.05.005

Werner, M. U., Pereira, M. P., Andersen, L. P. H., & Dahl, J. B. (2015). Endogenous opioid
antagonism in physiological experimental pain models: A systematic review. PLoS
ONE, 10(6), 1-37. https://doi.org/10.1371/journal.pone.0125887

Wesselmann, E. D., Bagg, D., & Williams, K. D. (2009). “I feel your pain”: The effects of
observing ostracism on the ostracism detection system. Journal of Experimental Social
Psychology, 45(6), 1308—1311. https://doi.org/10.1016/j.jesp.2009.08.003

Wicherts, J. M., Veldkamp, C. L. S., Augusteijn, H. E. M., Bakker, M., van Aert, R. C. M., &
van Assen, M. A. L. M. (2016). Degrees of freedom in planning, running, analyzing, and
reporting psychological studies: A checklist to avoid P-hacking. Frontiers in
Psychology, 7, 1-12. https://doi.org/10.3389/fpsyg.2016.01832

Wicker, B., Keysers, C., Plailly, J., Royet, J. P., Gallese, V., & Rizzolatti, G. (2003). Both of
us disgusted in my insula: The common neural basis of seeing and feeling disgust.
Neuron, 40(3), 655-664. https://doi.org/10.1016/S0896-6273(03)00679-2

Wiech, K. (2016). Deconstructing the sensation of pain: The influence of cognitive processes
on pain perception. Science, 354(6312), 584-587.
https://doi.org/10.1126/science.aaf8934

World Medical Association. (2013). Declaration of Helsinki. Ethical principles for medical
research involving human subjects. Bulletin of the World Health Organization, 79(4),
373-374. https://doi.org/10.1001/jama.2013.281053

Xiang, Y., Wang, Y., Gao, S., Zhang, X., & Cui, R. (2018). Neural mechanisms with respect
to different paradigms and relevant regulatory factors in empathy for pain. Frontiers in
Neuroscience, 12(July), 1-8. https://doi.org/10.3389/fnins.2018.00507

Xiong, R.-C., Fu, X., Wu, L.-Z., Zhang, C.-H., Wu, H.-X_, Shi, Y., & Wu, W. (2019). Brain
pathways of pain empathy activated by pained facial expressions: a meta-analysis of
fMRI using the activation likelihood estimation method. Neural Regeneration Research,
14(1), 172. https://doi.org/10.4103/1673-5374.243722

Xu, A., Larsen, B., Baller, E. B., Scott, J. C., Adebimpe, A., Basbaum, A. 1., Dworkin, R. H.,
Edwards, R. R., Woolf, C. J., Eickhoff, S. B., Claudia, R., & Satterthwaite, T. D. (2020).

Convergent neural representations of experimentally-induced acute pain in healthy

273



References

volunteers: A large-scale fMRI meta-analysis. Neuroscience and Biobehavioral
Reviews, January. https://doi.org/10.1016/j.neubiorev.2020.01.004

Yamamoto, S. (2017). Primate empathy: three factors and their combinations for empathy-
related phenomena. Wiley Interdisciplinary Reviews: Cognitive Science, 8(3), e1431.
https://doi.org/10.1002/WCS.1431

Yan, X., Yong, X., Huang, W., & Ma, Y. (2018). Placebo treatment facilitates social trust and
approach behavior. Proceedings of the National Academy of Sciences, 115(22), 5732—
5737. https://doi.org/10.1073/pnas. 1800779115

Zahn-Waxler, C., & Schoen, A. (2016). Empathy, prosocial behaviour and adjustment:
Clinical aspects of surfeits and deficits in concern for others. Encyclopedia on Early
Childhood: Prosocial Behaviour, November, 1-10.

Zaki, J., Wager, T. D, Singer, T., Keysers, C., & Gazzola, V. (2016). The anatomy of
suffering: Understanding the relationship between nociceptive and empathic pain.
Trends in Cognitive Sciences, 20(4), 249-259. https://doi.org/10.1016/j.tics.2016.02.003

Zhang, H.-B., Ou, H., Meng, D.-H., Lu, Q., Zhang, L., Lu, X., Yin, Z.-F., He, C., & Shen, Y.
(2021). Impaired cognitive empathy in outpatients with chronic musculoskeletal pain: A
cross-sectional study. Neural Plasticity, 2021. https://doi.org/10.1155/2021/4430594

Zhao, Y., Liu, R., Zhang, J., Luo, J., & Zhang, W. (2020). Placebo effect on modulating
empathic pain: Reduced activation in posterior insula. Frontiers in Behavioral
Neuroscience, 14, 8. https://doi.org/10.3389/fnbeh.2020.00008

Zhou, D., Cornblath, E. J., Stiso, J., Teich, E. G., Dworkin, J. D., Blevins, A. S., & Bassett,
D. S. (2020). Gender diversity statement and code notebook v1.1. Zenodo.

Zhou, F., Li, J., Zhao, W., Xu, L., Zheng, X., Fu, M., Yao, S., Kendrick, K. M., Wager, T. D.,
& Becker, B. (2020a). Emotional contagion of pain across different social cues shares
common and process-specific neural representations. BioRxiv, 2020.02.24.963595.
https://doi.org/10.1101/2020.02.24.963595

Zhou, F., Li, J., Zhao, W., Xu, L., Zheng, X., Fu, M., Yao, S., Kendrick, M., Wager, T. D., &
Becker, B. (2020b). Empathic pain evoked by sensory and emotional-communicative
cues share common and process-specific neural representations. ELife, 9, €56929.
https://doi.org/10.7554/eLife.56929

Zubieta, J.-K., Bueller, J. A., Jackson, L. R., Scott, D. J., Xu, Y., Koeppe, R. A., Nichols, T.
E., & Stohler, C. S. (2005). Placebo effects mediated by endogenous opioid activity on
mu-opioid receptors. Journal of Neuroscience, 25(34), 7754-7762.
https://doi.org/10.1523/INEUROSCI.0439-05.2005

274



References

Zubieta, J.-K., & Stohler, C. S. (2009). Neurobiological mechanisms of placebo responses.
Annals of the New York Academy of Sciences, 1156, 198. https://doi.org/10.1111/J.1749-
6632.2009.04424.X

Zunhammer, M., Bingel, U., & Wager, T. D. (2018). Placebo effects on the neurologic pain
signature: A meta-analysis of individual participant functional magnetic resonance
imaging data. JAMA Neurology, 1-10. https://doi.org/10.1001/jamaneurol.2018.2017

Zunhammer, M., Spisak, T., Wager, T. D., Bingel, U., & Placebo Imaging Consortium.
(2021). Neural systems underlying placebo analgesia — a meta-analysis of individual
participant fMRI data. Nature Communications, 12(1), 1391.
https://doi.org/10.1038/s41467-021-21179-3

Zurn, P., Bassett, D. S., & Rust, N. C. (2020). The Citation Diversity Statement: A practice of
transparency, a way of life. Trends in Cognitive Sciences, 24(9), 669—672.
https://doi.org/10.1016/j.tics.2020.06.009

275



276



Annex

7 Annex

7.1 List of Tables

Table 1. fMRI results: Region of interest analyses (Study 1)........ccoeevieeiieniiiiieniiienieeieeee, 79
Table 2. Behavioral results: Self- and other-related pain ratings (Study 1)........cccceeevvennnnnen. 99
Table 3. Behavioral results: Unpleasantness ratings (Study 1).......ccccoeeeeiieeiieeniieencieeeiieens 99
Table 4. fMRI results: Whole brain first-hand pain network (Study 1).......ccccevvevveercrveennnn. 100
Table 5. fMRI results: Small volume corrected placebo analgesia network (Study 1) ......... 100
Table 6. fMRI results: Whole brain placebo analgesia network (Study 1).......ccccccvevvrennennne. 101
Table 7. fMRI results: Pooled activation of all regions of interest (Study 1).......cccccoceeneeee. 102
Table 8. fMRI results: Left anterior insula (Study 1) .....cocoeiiiiiiiiiiii e 103
Table 9. fMRI results: Right anterior insula (StUdy 1) .....cceevieiiieiiiiiiieiieiecieeeee e 103
Table 10. fMRI results: Anterior midcingulate cortex (Study 1)......cccovevevievierieenienieeneenne 103
Table 11. fMRI results: Left secondary somatosensory cortex (Study 1) .....cccceevvervenenee. 104
Table 12. fMRI results: Right secondary somatosensory cortex (Study 1) .......cccceceevvenennee. 104
Table 13. fMRI results: Left primary somatosensory cortex (Study 1)......cccceeeveevvenieeneenne. 104
Table 14. fMRI results: Right primary somatosensory cortex (Study 1).......ccccceevverieenennne. 105
Table 15. fMRI results: Bayesian t-tests for the seven regions of interest (Study 1). ........... 105
Table 16. fMRI results: MANOVA including the seven regions of interest (Study 1)......... 106
Table 17. fMRI results: Region of interest placebo effects (Study 1) ....ccccooevveviiiiniinennne. 136
Table 18. Behavioral results: Validation study (Study 2)......cccceevieeeiiiiniieinieeeieeeiee e 153
Table 19. Behavioral results: Pain ratings (Study 2) .....ooovvveevieeeiieeeieeeieeeeeeeee e 156
Table 20. Behavioral results: Unpleasantness ratings (Study 2)........ccoceeveevienienenicneenennne. 156
Table 21. Behavioral results: Study comparison of pain ratings (Study 2) .......cccceevevvennenee. 156
Table 22. Behavioral results: Study comparison of unpleasantness ratings (Study 2) .......... 157
Table 23. fMRI results: Pooled activation of all regions of interest (Study 2).........ccen..... 157
Table 24. fMRI results: Left anterior insula (Study 2) .....ccoecveeiieiiiiiieiieieeeeeee e 157
Table 25. fMRI results: Right anterior insula (Study 2) ......ccccoevieiiiiiieniiiieieeeeeeeee 158
Table 26. fMRI results: Anterior midcingulate cortex (Study 2).....ccccceeevveeecieeeiieeniieeenneen. 158
Table 27. fMRI results: Left primary somatosensory cortex (Study 2)......ccccvveevevveercreeennnenn. 158
Table 28. fMRI results: Right primary somatosensory cortex (Study 2).......ccccevervvervenuenne. 158
Table 29. fMRI results: Left secondary somatosensory cortex (Study 2) .......ccceevvverveenennee. 158
Table 30. fMRI results: Right secondary somatosensory cortex (Study 2)........cccceevvveennenn. 158

277



Annex

Table 31. fMRI results: Bayesian t-tests for the seven regions of interest (Study 2). ........... 159
Table 32. Sociodemographics and questionnaire data (Study 3).......cccceevveeecieencieencrieeenen, 213
Table 33. Behavioral results: NASA effort ratings (Study 3)......ccooeeeieniierienieeiieeieeeene 217
Table 34. Behavioral results: NASA physical demand ratings (Study 3)......ccccceevverieenennee. 217
Table 35. Behavioral results: NASA unpleasantness ratings (Study 3).......cccceevevieercreeennnnn. 217
Table 36. Behavioral results: Maximum voluntary contraction (Study 3) .......cccccveeveveeennenn. 219
Table 37. Behavioral results: Positive mood (Study 3) ....ccoeveeiieiiiiiiieniieiiecieeeeee e 220
Table 38. Behavioral results: Negative mood (Study 3)......ccceeviieniiiiieniiciiecieeeeee e 220
Table 39. Behavioral results: Pre-effort pain ratings (Study 3)....ccoevvvevciieeciieeieeeee e, 221
Table 40. Behavioral results: Pre-effort unpleasantness ratings (Study 3).......cccccceeveeenennne 221
Table 41. Behavioral results: Post-effort pain ratings (Study 3) ......cccceveiieviinciienieeieeenee, 222
Table 42. Behavioral results: Post-effort unpleasantness ratings (Study 3) .....c.cccceevveennennee. 222
Table 43. Behavioral results: ANOVA of proportion of prosocial choices (Study 3)........... 223
Table 44. Behavioral results: GLMM of proportion of prosocial choices (Study 3)............. 223
Table 45. Behavioral results: ANOVA of the reaction time (Study 3)......ccceveveevienieenenne. 224
Table 46. Behavioral results: LMM of the reaction time (Study 3)......cccccoevveviienienieenenne. 224
Table 47. Behavioral results: LMM of the exerted force (Study 3).....cccooveeiieniiiiiinieneene 225

278



Annex

7.2 List of Figures

Figure 1. Cue-based first-hand and empathy for pain task (Study 1) ......cccceevevieeiiieeiiiencnnens 63
Figure 2. Overview of the analysis workflow (Study 1).......ccccoevvieiiiniiieiieniieieeeeeee e, 66
Figure 3. Overview of the seven regions of interest (Study 1) .......cccoevvvevieniiiiiiiniiicieeieee, 71
Figure 4. Behavioral results: Pain task (Study 1) .....cccoveeiiiieiiiieiieeeeeeeeeeeeee e 75
Figure 5. fMRI results: Manipulation checks (Study 1) ......cccciveiiiiieiiiiieiieeeeeeeee e, 77
Figure 6. fMRI results: Affective regions of interest (Study 1).......cccecvvevieviiiiiiiniiienieeieee, 80
Figure 7. fMRI results: Somatosensory regions of interest (Study 1) ......cccecvvvvieniiieniennennnen. 82
Figure 8. fMRI results: First-hand placebo analgesia effect (Study 1).......cccovvveeviieecieencnnnns 83
Figure 9. Behavioral results: Manipulation checks (Study 1).......ccccoviiiiiiiiiiiiiiieee, 98
Figure 10. Picture-based empathy for pain task (Study 2).......ccccceeeeieiiiiiiiiniiieiecieeiees 123
Figure 11. Behavioral results: Main study (Study 2)........cocevviieniieiiieniieiiecieeieeceeeeeens 132
Figure 12. Behavioral results: Comparison of validation and main study (Study 2)............. 134
Figure 13. fMRI results: Affective regions of interest (Study 2)......c..cecevvevervcneinenicnene 137
Figure 14. fMRI results: Somatosensory regions of interest (Study 2) ......ccccevevvverveeriennnnnns 138
Figure 15. Behavioral results: Validation study (Study 2) .....ccoeeveeeviieniiiiiienieeieecieeieeeens 155
Figure 16. fMRI results: Manipulation checks (Study 2) .......ccoeviieiiiiiiiniiiiieeeeeee 155
Figure 17. Overview of the experimental session (Study 3)........cccceeverieniiienienennenienenn 188
Figure 18. Prosocial effort task (Study 3)....cooovieeiiiieiiee e 190
Figure 19. Empathy for pain task (Study 3)....c.cceeeiiieiiiiiieeee e 191
Figure 20. Behavioral results: First-hand pain (Study 3)......cccccocieiiiiiniinnninicneeeieee 196
Figure 21. Behavioral results: Empathy for pain (Study 3) ......cccoviiviniininiiniinecicee 197
Figure 22. Behavioral results: Prosocial behavior (Study 3) .......cccceeviiieiiieniiieieeeieee, 200
Figure 23. Behavioral results: NASA ratings (Study 3) ...c.cooooiieiiiieiiieeiieeeeeeeeeeeen 216
Figure 24. Behavioral results: Maximum voluntary contraction (Study 3)......cccccceevevveennenn. 218
Figure 25. Behavioral results: Self-motivation (Study 3)......ccccoceerirviniiininiinieneeceecee 219
Figure 26. Behavioral results: Positive and negative mood (Study 3)........cceceevienieeniennns 220
Figure 27. Behavioral results: Correlations (Study 3) ....ccceeeeeieeeriieeiiieeieeeeeeeee e 226

279



280



Abbreviations
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aMCC
AMI
ANOVA
AQ-k
BDI-II
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H,
HARKing
HAS
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mA

M
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MANOVA
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OSF
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Anterior insula
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Analysis of variance

Autism Quotient, short version
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Bayes Factor comparing evidence for the alternative vs. null hypothesis
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Blood oxygen level dependent
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Contributor Roles Taxonomy

Cerebrospinal fluid

Control

Dorsolateral prefrontal cortex

Edinburgh Handedness Inventory
Event-related potential
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Functional magnetic resonance imaging
Family-wise error

Fonds zur Forderung der wissenschaftlichen Forschung
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(Generalized) Linear Mixed Model
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Alternative hypothesis

Hypothesizing after the results are known
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Interpersonal Reactivity Index

Discount parameter

Lifetime Depression Assessment Self-report
Lateral Preference Inventory
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Mean

Multidimensional Assessment of Interoceptive Awareness
Multivariate analysis of variance

n-opioid receptor

Maximum voluntary contraction
Neurological pain signature

Open Science Framework
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7.4 Abstracts
7.4.1 German Abstract

Empathie und prosoziales Verhalten sind grundlegende Fahigkeiten fiir den sozialen
Zusammenhalt und die Bindung zwischen Menschen. Frithere Forschung konnte zeigen, dass
wir den Schmerz anderer Personen nachempfinden, indem wir neuronale Prozesse aktivieren,
die auch dann ablaufen, wenn wir selbst Schmerz empfinden — sogenannte ,geteilte
Reprisentationen‘. Kausale Belege fiir solche geteilten Repréasentationen konnten durch
ausgekliigelte psychopharmakologische Manipulationen wie Placebo Analgesie gezeigt
werden — die Reduktion eigener Schmerzwahrnehmung durch ein Placebo-Schmerzmittel.
Placebo Analgesie verringerte sowohl subjektive Empathie Bewertungen als auch
Gehirnaktivitdt innerhalb der affektiv-motivationalen Komponente der Schmerzverarbeitung,
insbesondere in der anterioren Inselrinde und im anterioren, mittleren zinguldren Kortex.
Wihrend bisherige Forschung zwar bereits die Grundlage fiir das Verstiandnis der
Verarbeitung von Empathie im Gehirn geschaffen hat, bleiben mehrere entscheidende Fragen
zur Spezifitit geteilter Reprasentationen unbeantwortet. Die vorliegende, kumulative
Dissertation verfolgte einen sozialneurowissenschaftlichen, multimethodischen Ansatz, um
bestehende Erkenntnisse iiber die neuronalen Grundlagen von Empathie und prosozialem
Verhalten im Bereich Schmerz zu erweitern. Ziel der Arbeit war es, das Konzept der geteilten
Représentationen von eigenem Schmerz und Empathie fiir Schmerz durch die Kombination
von Placebo Analgesie mit mafigeschneiderten experimentellen Designs, psychologischen
Aufgaben und funktioneller Magnetresonanztomographie zu spezifizieren. Diese Dissertation
umfasst drei empirische Studien, von denen zwei bereits veroffentlicht sind und eine bei einer
wissenschaftlichen Fachzeitschrift eingereicht wurde. In Studien 1 und 2 wurde mithilfe
zweier klassischer Empathie Aufgaben untersucht, ob geteilte Représentationen neben der

affektiv-motivationalen auch die sensorisch-diskriminative Komponente der
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Schmerzverarbeitung nutzen. Die Ergebnisse replizierten liberlappende Hirnaktivitét in der
affektiv-motivationalen Komponente bei eigenem Schmerz und Empathie fiir Schmerz, gaben
aber keine Hinweise auf geteilte, somatosensorische Reprasentationen. Dies deutet darauf
hin, dass Empathie fiir Schmerz eher auf dem Teilen des allgemeinen affektiven Zustands
Anderer beruht als auf dem spezifischen somatosensorischen Zustand. Studie 3 untersuchte
darauf aufbauend, ob die schmerzsenkende Wirkung von Placebo Analgesie neben einer
Verringerung der Schmerzempathie auch das prosoziale Verhalten beeinflusst. Wenn
Versuchspersonen die Schmerzen einer anderen Person durch koérperliche Anstrengung
reduzieren konnten, trafen Personen unter dem Einfluss von Placebo Analgesie weniger
prosoziale Entscheidungen (abhéngig davon, wie sehr sie in einer bestimmten Situation
helfen konnten), halfen weniger schnell und strengten sich beim Helfen weniger an als
Kontrollpersonen mit unveridnderter Schmerzempfindlichkeit. Dariiber hinaus waren
subjektive unangenehme Gefiihle beim Beobachten der anderen Person, welche schmerzhafte
elektrische Stimulationen bekam, mit mehr prosozialen Entscheidungen assoziiert. Diese
Ergebnisse zeigen, dass eine verringerte Schmerzempfindlichkeit nicht nur die Art und Weise
beeinflusst, wie wir den Schmerz anderer wahrnehmen und teilen, sondern auch unsere
soziale Motivation und Verhalten. Die Ergebnisse dieser Arbeit sind wichtig, um besser zu
verstehen, wie Empathie im Gehirn entsteht, verarbeitet wird und wie dies mit prosozialem

Verhalten zusammenhéngt.
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7.4.2 English Abstract

Empathy and prosocial behavior are crucial skills for social cohesion and bonding among
individuals. Previous research has highlighted that we come to empathize with the pain of
other individuals by activating neural processes that are also engaged when we feel pain
ourselves — so-called ‘shared representations’. Causal evidence for such shared
representations has been shown through sophisticated psychopharmacological manipulations
such as placebo analgesia — the downregulation of one’s own pain by means of a placebo
painkiller. Placebo analgesia reduced both subjective ratings for pain empathy as well as
decreased neural activation in the affective-motivational component of pain processing,
namely in anterior insula, and anterior midcingulate cortex. While this research already set
the basis for understanding how empathy is processed in the brain, several crucial questions
that concern the specificity of shared representations between first-hand and empathy for pain
remain unanswered. The present dissertation adopted a multi-method, social neuroscience
approach to advance existing insights into the neural underpinnings of empathy and prosocial
behavior in the domain of pain. It aimed to specify and extend the shared representations
account of first-hand pain and empathy for pain, by combining placebo analgesia with
tailored experimental designs, psychological tasks, and functional magnetic resonance
imaging. This PhD thesis comprises three empirical studies, two already published and one
submitted to a peer-reviewed journal. Studies 1 and 2 explored whether shared
representations extend beyond the affective-motivational to the sensory-discriminative
component of pain processing using two classic empathy for pain paradigms. The results
replicated an overlap brain activity in the affective-motivational component but showed no
evidence for somatosensory sharing. This suggests that empathy for pain may rely more on
sharing another’s general affective, compared to their specific somatosensory state.

Subsequently, Study 3 investigated whether the pain-reducing effect of placebo analgesia
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reaches beyond pain empathy up to influencing prosocial behavior. When given the
opportunity to reduce the pain of another individual by exerting physical effort, people under
the influence of placebo analgesia made fewer prosocial choices (dependent on how much
they could help in a given situation), helped less quickly, and exerted less physical effort
when helping, compared to control participants with unaltered pain sensitivity. Moreover,
self-reported unpleasantness when observing the other person getting painful electrical
stimulation was associated with more prosocial choices. These results showed that reduced
pain sensitivity not only influences how we perceive and share others’ pain, but also critically
affects our social motivation and behavior. The findings of this thesis are important for
further understanding how empathy is represented in the brain and how it is connected to

prosocial behavior.
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European Society for Cognitive and Affective Neuroscience (ESCAN)
Association for Neuropsychology Austria (GNPO)

Organization for Human Brain Mapping (OHBM)

Coordinator of the monthly Joint Group Meeting and Social Event (SCAN-Unit,
University of Vienna) as well as the Lab’s Twitter account

Scientific Society Autism Spectrum (WGAS)

International Society for Autism Research (INSAR)

Scientific Outreach

2021

2020

2019
2018

German article “Dein Leid ist mein Leid? Wie wir die Emotionen anderer Personen
nachempfinden” at In-Mind magazine in the special issue 4/2021 “Wie verstehen

wir andere besser?”, German In-Mind glossary entries for ,,Theorie der Geteilten

Reprisentationen® and ,.Endogenes Opioidsystem*, Kaffeeklatsch mit

Wissenschaft, Pint of Science Netherlands (team Amsterdam, as volunteer and host)

Pint of Science Austria (Volunteer in team “Beautiful Mind” and Social Media
Manager), The Aaron Halliday Podcast, 1 Million Women in STEM, Real Scientists
DE, workshop at the Children’s University Vienna, Interview with DiscoverPhDs,
Curiosity Cake Podcast

Every Little Thing Podcast

Long Night of Research, Vienna
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https://www.dgps.de/index.php?id=2001248
https://twitter.com/ScanUnit
https://de.in-mind.org/article/dein-leid-ist-mein-leid-wie-wir-die-emotionen-anderer-personen-nachempfinden
https://de.in-mind.org/article/dein-leid-ist-mein-leid-wie-wir-die-emotionen-anderer-personen-nachempfinden
https://de.in-mind.org/glossary/letter_t#Theorie_der_geteilten_Reprsentationen
https://de.in-mind.org/glossary/letter_t#Theorie_der_geteilten_Reprsentationen
https://de.in-mind.org/glossary/letter_e#Endogenes_Opioidsystem
https://youtu.be/nkGhdghK13Y
https://youtu.be/nkGhdghK13Y
https://youtu.be/Z5X6A-8bkVk
https://pintofscience.at/
https://youtu.be/2jDvkSPhjFU
https://www.1mwis.com/profiles/helena-hartmann
https://realscientistsde.blogspot.com/2020/05/die-schmerzen-der-anderen.html?m=1
https://realscientistsde.blogspot.com/2020/05/die-schmerzen-der-anderen.html?m=1
https://www.discoverphds.com/advice/interviews/helena-hartmann
https://youtu.be/uSXIT8mzwMk
https://open.spotify.com/episode/5Dq3xnK6zMr088lBwl7ytH?si=DAFO9mcoQqyA-cUXQOGagg

Academic Curriculum Vitae

Advanced Trainings & Additional Qualifications

Present

2021

2019

2018

2017

Languages

IT/Statistics

Other

Co-founder and -organizer of an international online book club (FemABC)
Conducting behavioral and fMRI experiments using

e Digitimer DS5 Isolated Bipolar Constant Current Stimulator

e Vernier Hand Dynamometer

e Local and global placebo analgesia induction (pill, cream)

e Physiological measurements (electrocardiography, skin conductance)

Training to conduct studies using repetitive Transcranial Magnetic Stimulation
(Magstim Rapid?) and Neuronavigation (Rogue Research)

Certified Emergency Response Officer course / Gecertificeerd Bedrijfshulpverlener
(ISO/IEC 17024:2012), NedCert, Amsterdam

Two-day visit at Prof. Dr. med. Christian Biichel’s lab and introduction of the
PATHWAY - Pain & Sensory Evaluation System (CHEPS), Institute of Systems
Neuroscience (University Medical Center Hamburg-Eppendorf)

Seven-day summer school on the neuroanatomy of cognition “Visceral Mind”
(Bangor University)

Training for the use of the Eyetracking System SR Research Eyelink 1000 Plus

Four-day training course on MATLAB, fMRI, and Statistical Parametric Mapping
(Institute of Systems Neuroscience, University Medical Center Hamburg-
Eppendorf)

Training for “Qualified User”, independent scanning using 3T Magnetom Skyra MR
Siemens Scanners (University of Vienna)

German Native tongue

English Fluent written and spoken
Dutch Basic written and spoken
Programming in MATLAB (Cogent Toolbox) Advanced knowledge
RStudio, RMarkdown, JASP Advanced knowledge
SPSS, SmartPLS Advanced knowledge
Statistical Parametric Mapping (SPM) Advanced knowledge
Python/Jupyter Notebook, FreeSurfer Intermediate knowledge
PHP-Code, Shell scripting (bash, tcsh) Basic knowledge
SoSciSurvey (online questionnaire platform) Advanced knowledge
Limesurvey, Google Forms Advanced knowledge
Photoshop Intermediate knowledge
Gorilla Experiment Builder Basic knowledge
PsychoPy Basic knowledge
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https://twitter.com/fem_abc
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Preregistrations

Hartmann, H., & Lamm, C. (August 8™ 2019). Another’s pain in my social brain: The effects of
placebo (empathy) analgesia on social behavior. Public preregistration on the Open Science

Framework. URLs: osf.io/g3acp and osf.io/qw3kg

Hartmann, H., Riva, F., & Lamm, C. (August 8™ 2019). The effects of placebo analgesia on

interoceptive abilities. Public preregistration on the Open Science Framework. URL: osf.io/gh4sf

Hartmann, H., Riitgen, M., Sladky, R., & Lamm, C. (August 3" 2018). Another’s pain in my brain:

Clarifying the specificity of the effects of placebo analgesia on first-hand and empathy for pain.
Public preregistration on the Open Science Framework. URLs: osf.io/uwzb5 and osf.io/h7v9p.

Publications

1.

10.

Hartmann H., Forbes, P., Riitgen, M., & Lamm C. (submitted to Psychological Science on
24.01.2022). Placebo analgesia reduces prosocial behavior when preventing another’s pain.
PsyArXiv Preprint. https://doi.org/10.31234/osf.io/drfht

Parsons, S., Elsherif, M., ... Hartmann, H. et al. (2022). A community-sourced glossary of open
scholarship terms. Accepted at Nature Human Behavior.

Hartmann, H.*, Lengersdorff, L.*, Stepnicka, P., Hitz, H., & Silani, G. (2022). Emotional ego-
and altercentric biases in high-functioning autism spectrum disorder: Behavioral and
neurophysiological evidence. Accepted for the special issue “Women in Psychiatry 2021: Social
Cognition” in Frontiers in Psychiatry (* = equal contribution).

Azevedo, F., Parsons, S., Micheli, L., Strand, J. F., Rinke, E., Guay, S., ... , Hartmann, H. &
FORRT (2020). Introducing a Framework for Open and Reproducible Research Training
(FORRT). OSF preprint. https://doi.org/10.31219/o0sf.io/bnh7p

Hartmann, H., Riva, F., Riitgen, M., & Lamm, C. (2021). Placebo analgesia does not reduce
empathy for naturalistic depictions of others’ pain in a somatosensory specific way. Cerebral
Cortex Communications, 2(3), tgab039. https://doi.org/10.1093/texcom/tgab039

Hartmann, H., Riitgen, M., Riva, F., & Lamm, C. (2021). Another's pain in my brain: No
evidence that placebo analgesia affects the sensory-discriminative component in empathy for
pain. Neurolmage, 224, 117397. https://doi.org/10.1101/2020.05.18.101238

Massaccesi C., Groessing, A., Rosenberger, L. A., Hartmann, H., Candini, M., Di Pellegrino,
G., Frassinetti, F., & Silani, G. (2021). Neural correlates of interpersonal space permeability and
flexibility in adults with autism spectrum disorder. Cerebral Cortex, 31(6), 2968-2979.
https://doi.org/10.1093/cercor/bhaa404

Pownall, M., Talbot, C. V., Henschel, A., Lautarescu, A., Lloyd, K., Hartmann, H., ... Siegel, J.
A. (2021). Navigating Open Science as Early Career Feminist Researchers. Psychology of
Women Quarterly, 0(0), 1-14. https://doi.org/10.31234/0sf.io/f9m47

Hartmann, H. (2018). Social Interactions in Autism: Cognitive Empathy, Egocentricity and
Social Pain. Springer.

Hartmann, H. (2018). Therapeutische MaBinahmen bei Autismus-Spektrum-Stérungen. In B.
Rollett & U. Kastner-Koller, Praxisbuch Autismus. Fiir Eltern, Lehrer, Erzieher und
Therapeuten (pp. 119 — 136). Elsevier.
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In preparation:

Banwinkler, M., Lamm C., & Hartmann, H. (in prep). Association between long-term pain
medication use and empathy/prosocial behavior.

Hartmann, H., Riva, F., Banwinkler, M., & Lamm C. (in prep). Behavioral and structural
differences between placebo analgesia responders and non-responders.

Hartmann, H., Paracampo, R., Lengersdorff, L., Lamm, C., Keysers, C., & Gazzola, V. (in prep).
Another’s pain vs. my gain: The causal role of the prefrontal cortex in prosocial decision-making.

Invited Contributions

Hartmann, H. (2022, January). Another’s pain vs. ma gain: Using rTMS to study the causal role of
the prefrontal cortex in costly decision-making. Invited talk at an internal TMS meeting at the
psychiatric wing of the Amsterdam Medical Center (AMC) (online).

Hartmann, H. (2021, December). Placebo analgesia reduces prosocial behavior when preventing
another’s pain. Talk at the conference of the Society for Social Neuroscience (S4SN) (online, talk
on Youtube).

FORRT (2021, November). Replications and reversals in social sciences. Hackathons organized at the
Association for Interdisciplinary Metaresearch and Open Science (aimos) and Psychological
Science Accelerator (PSACON) conferences (online, aimos hackathon on Youtube).

Hartmann, H. (2021, October). Geteiltes Leid? Die Effekte von Placebo-Analgesie auf Empathie fiir
Schmerz und prosoziales Verhalten. Talk at the conference of the Austrian Society for
Neuropsychology (GNPQ), Vienna, Austria.

Hartmann, H. (2021, June). Preregistering an fMRI study — First experiences and lessons learned.
Talk at the methods meeting of the Institute of Systems Neuroscience, Hamburg, Germany
(online).

Hartmann, H. (2021, June). The effects of placebo analgesia on prosocial decision-making during
pain avoidance. Talk as part of the symposium “What do you desire? Multiple facets of motivation
in social decision-making” organized by Lei Zhang and Helena Hartmann, European Society for
Cognitive and Affective Neuroscience (ESCAN) Meeting, Budapest, Hungary (online).

Hartmann, H. (2021, June). How does placebo analgesia affect decisions to exert effort to reduce
another’s pain? Talk as part of the Posterblitz, 46™ joint annual meeting Psychology and the Brain
(PuG) of the Division of Biological Psychology and Neuropsychology of the German
Psychological Society (DGPs) and the German Society for Psychophysiology and its Application
(DGPA) (online).

Pownall, M., Talbot, C., Henschel, A., Lautarescu, A., Lloyd, K., Hartmann, H., Darda, K., Tang,
K., Carmichael-Murphy, P., & Siegel, J. (March 2021). Navigating open science as early career
feminist researchers. Collaborative talk at the symposium “Open Research: A Vision for the
Future” organized by the RIOT Science Club (online, talk on Youtube).

Hartmann, H. (2021, March). Do [ feel my heart beating? The effects of placebo analgesia on
interoceptive abilities. Talk as part of the symposium “From heart to brain and back: novel
findings and methodological challenges in interoception research” organized by Federica Riva and
Helena Hartmann, 63" Conference of Experimental Psychologists (TeaP), Ulm, Germany (online).
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https://youtu.be/7mXiNRrLb6E
https://www.youtube.com/watch?v=UBffoNOFn3E
https://youtu.be/Bj20HVtr_MA
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Hartmann, H. (2020, November). Another’s pain in my brain: Effects of spatially-specific placebo
analgesia on somatosensory responses during first-hand pain and empathy for pain. Talk at the
Science Slam at the conference of the Austrian Society for Neuropsychology (GNPO); Abstract
published in Zeitschrift fiir Neuropsychologie, Abstracts of the 22" yearly meeting of the GNPO,
Vienna, Austria (online).

Hartmann, H. (2020, November). Another’s Pain in my Brain: Effects of spatially-specific placebo
analgesia on somatosensory responses during first-hand and empathy for pain. Talk at the
OnNeuro virtual webinar / neuroscience lecture series (online, talk on YouTube).

Hartmann, H. (2020, November). Another’s pain in my brain: What about somatosensory shared
representations in first-hand and empathy for pain? Talk at the Affective Brains during Covid
(ABC) seminar series of the Leknes Affective Brains (LAB) Lab (online).

Hartmann, H. (2019, September). Another’s Pain in my Brain: Effects of spatially-specific placebo
analgesia on first-hand and empathy for pain. Talk given at the group meeting of the Social Brain
Lab (group leaders: Prof. Christian Keysers and Prof. Valeria Gazzola), Netherlands Institute for
Neuroscience, Amsterdam, The Netherlands.

Hartmann, H. (2017, October). Emotional egocentricity bias during social pain in Autism-Spectrum-
Disorder (ASD): Behavioral and neurophysiological evidence. Talk at the Science Slam at the
conference of the Austrian Society for Neuropsychology (GNPO); Abstract published in
Zeitschrift fiir Neuropsychologie, 29(1), 61, Abstracts of the 19" yearly meeting of the GNPO,
Vienna, Austria.

Selected Posters

Hartmann, H., Forbes, P., Riitgen, M., & Lamm, C. (2021, June). How does placebo analgesia affect
decisions to exert effort to reduce another’s pain? Poster at the 46" joint annual meeting
Psychology and the Brain (PuG) of the Division of Biological Psychology and Neuropsychology
of the German Psychological Society (DGPs) and the German Society for Psychophysiology and
its Application (DGPA) (online).

Pownall, M., Talbot, C., Henschel, A., Lautarescu, A., Lloyd, K., Hartmann, H., Darda, K., Tang,
K., Carmichael-Murphy, P., & Siegel, J. (February 2021). Engaging with Open Science as
feminist Early Career Researchers: 6 Top Tips. Poster at the Open Science conference (online).

Hartmann, H., Riva, F., Riitgen, M., & Lamm, C. (January and March 2021). Is your pain my pain?
Effects of localized placebo analgesia on empathy for everyday painful situations. Poster at the
Society for Neuroscience (SfN) Global Connectome 2021 and the 8" MindBrainBody Symposium
of the Max Planck Institute for Human Cognitive and Brain Sciences (both online).

Hartmann, H., Riitgen, M., Riva, F., & Lamm, C. (September 2020). Another’s Pain in my Brain:
Effects of local placebo analgesia on somatosensory responses during first-hand and empathy for
pain. Poster at the poster gallery of the IASP Virtual Series on Pain & Expo (online).

Hartmann, H., Riitgen, M., Sladky, R., & Lamm, C. (June 2019). Another’s Pain in my Brain:
Effects of local placebo analgesia on somatosensory responses during first-hand and empathy for
pain. Poster at the 9" IMPRS Neurocom Summer School, Leipzig, Germany and the 25" Annual
Meeting of the Organization for Human Brain Mapping (OHBM), Rome, Italy.
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https://youtu.be/hdsGKx3-BTY
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Hartmann, H., Riitgen, M., Sladky, R., & Lamm, C. (June 2019). Effects of local placebo analgesia
on picture-based pain empathy. Poster at the 25" Annual Meeting of the Organization for Human
Brain Mapping (OHBM), Rome, Italy.

Sladky, R., Lengersdorff, L., Woletz, M., Hartmann, H., Tik, M., Windischberger, C., & Lamm, C.
(June 2019). SweetData: a versatile open-source tool for lab data management and validation.
Poster at the 25™ Annual Meeting of the Organization for Human Brain Mapping (OHBM), Rome,
Italy.

Riva, F., Silani, G., Hartmann, H., & Lamm, C. (June 2019). Age-related differences in the neural
correlates of social affective touch. Poster at the 25" Annual Meeting of the Organization for
Human Brain mapping (OHBM), Rome, Italy.

Massaccesi, C., Grossing, A., Hubinger, M., Rosenberger, L., Hartmann, H., Candini, M.,
Frassinetti, F., di Pellegrino, G., & Silani, G. (June 2019). Regulation of personal space by social
interactions in adults with autism: an fMRI study. Poster at the 25" Annual Meeting of the
Oragnization for Human Brain mapping (OHBM), Rome, Italy.

Hartmann, H., Hitz, H. M., Stepnicka, P., Lengersdorff, L., & Silani, G. (May and November 2018).
Social pain and emotional egocentricity in high-functioning Autism-Spectrum-Disorder (ASD):
Behavioral and neurophysiological evidence. Poster at the International Society for Autism
Research (INSAR) Annual Meeting, Rotterdam, The Netherlands, and the 11th Scientific Meeting
for Autism Spectrum Conditions (WTAS), Frankfurt, Germany.

Hartmann, H., Radl, V., Winter, B., Cholewa, A., & Rollett, B. (August 2017). Self-regulation and
well-being. Poster at the 17th Biennial European Association for Research on Learning and
Instruction (EARLI) Conference, Tampere, Finland.

Werneck, H., Rollett, B., Klinger, D., Miihlbauer, P., Hartmann, H., Winter, B., & Englénder, S.
(June 2017). Family Development in the Course of Life (FIL) — an Austrian Longitudinal Project
over 22 Years. Paper at the International Couple and Family Psychology Conference “Crossroads
of Couple and Family Psychology: A Foundation for Future Real World Practice”,
Evanston/Illinois.
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