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ABSTRACT OF THE DISSERTATION

The Neural Correlates of Empathy that Predict Prosocial Behavior in Adolescence

by

Lee Lazar
Doctor of Philosophy in Psychology
University of California, Los Angeles, 2023

Professor Naomi llana Eisenberger, Chair

Empathy has been commonly referred to as a catalyst for prosocial behavior (i.e. helping).
However, empathy does not always compel one to act in a supportive or helpful manner. This is
because empathy is a complex, multidimensional construct which can involve the sharing of
emotions with another (an affective process), taking the perspective of another (a cognitive
process), and feeling sorrow or concern for another (prosocial concern), features which interact
and promote prosocial behavior in varying ways depending on the situation. Neuroscience
methods have allowed researchers to examine the neural correlates of these components as
individuals undergo an empathic experience. Interestingly, there is evidence that the components
of empathy have dissociable neural correlates with differing developmental trajectories.
Importantly, neural regions underlying the cognitive component of empathy continue to undergo
structural and functional change throughout adolescence, making it a particularly critical stage to

investigate how empathy develops and relates to prosocial behavior. Thus, in the present study,



11-17-year-olds viewed the social exclusion of a same-aged peer (Cyberball) as they underwent
a functional magnetic resonance imaging (fMRI) scan. After exiting the scanner, participants
were given the opportunity to write messages to both the victim and excluders who played in the
Cyberball game. Participants’ neural activity in Affective Pain ({ACC, Al), Mentalizing (pSTS,
dmPFC, TPJ), and Prosocial Concern (SA, mOFC) networks while viewing the exclusion (vs
inclusion) were extracted and examined in relation to the degree of prosocial behavior
participants displayed after the scan. Results revealed gender differences in both state empathy
and prosocial behavior in response to viewing the social exclusion, such that girls reported
feeling greater empathy for the victim of the exclusion. Affective Pain and Mentalizing networks
both showed significant activation across the whole sample when viewing the exclusion episode
compared to inclusion, though girls showed significantly greater activity in the Mentalizing
network compared to boys. Additionally, there were significant gender differences in how trait
perspective taking related to activation in the Affective Pain network during exclusion. In terms
of how neural activity predicts subsequent prosocial behavior, the Prosocial Concern network
was the only network to relate to prosocial behavior, such that older adolescents (15 to 17-year-
olds) showed a significant positive relationship between Prosocial Concern network activity
during exclusion and subsequent prosocial behavior. Results suggest important gender
differences to consider in understanding empathy and prosocial behavior in adolescence, and
reveal that the Prosocial Concern network is uniquely predictive of prosocial behavior amongst
older adolescents. The Prosocial Concern network includes neural regions involved in the
evolved mammalian and human caregiving systems. Thus, this may suggest that older
adolescents have a more mature or developed caregiving system (aligning with the age in which

they can physically reproduce), which can be used to support prosocial behavior.
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The Neural Correlates of Empathy to Predict Prosocial Behavior in Adolescence
I. Background

Empathy, considered the ability to understand, feel, and share in the emotions of another,
is at the core of the human experience, allowing individuals to connect with each other on an
emotional level. Given empathy’s role in the formation of social and emotional bonds, it has
been a frequently proposed predictor or motivator of prosocial behavior (Decety & Cowell,
2014; Lockwood, 2016). However, more recent work on empathy and its links to prosocial
behavior has challenged this idea, underscoring the lack of support for the basic assumption that
empathy, as it has been more traditionally measured, is a predictor of prosocial behavior (Decety
& Yoder, 2016; Jordan et al., 2016; Stevens & Taber, 2021; Vachon et al., 2014). Understanding
or feeling what another person is feeling may not be enough to inspire action, but by
decomposing and understanding the multifaceted, broad spectrum of events that can make up an
empathic experience, research can begin to shed light on when empathy is indeed related to or an
antecedent of prosocial behavior.

Empathy is a complex construct which involves several components that interact in
various ways, through both bottom-up and top-down processes (Decety & Jackson, 2004;
Shamay-Tsoory, 2011; Tousignant et al., 2017). Bottom-up mechanisms of empathy involve the
more basic processing of sensory inputs that respond to another’s pain by mirroring that pain in
oneself (i.e. affect or experience sharing). Top-down mechanisms, on the other hand, involve
higher level cognitive processing such as taking the perspective of another person to understand
how they feel (Tousignant et al., 2017). Although scholars across the fields of social psychology,
developmental psychology, and neuroscience may differ in how they define and classify
empathy, there is general agreement that, in a broader sense, these bottom-up and top-down
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processes can be categorized into affective and cognitive components of empathy, and that these
components differ conceptually, behaviorally, within the brain, and may align with prosocial
behavior in a different way across development (Eisenberg et al., 2006; Winters et al., 2021).
While there is general agreement that empathy involves affective and cognitive components
which rely on distinct brain regions (Shamay-Tsoory et al., 2004), the literature becomes mixed
when determining how to understand prosocial or empathic concern, defined as the feeling of
sorrow or concern for another (Hall & Schwartz, 2019; Stevens & Taber, 2021). While some
consider prosocial concern to be a part of affective empathy (Fabi et al., 2019; Israelashvili et al.,
2020), others include it as a third primary component within their conceptualization of empathy
(Morelli et al., 2014; Ochsner, 2013; Zaki & Ochsner, 2012). Given that prosocial concern is
most often associated with and predictive of prosocial behavior, both in self-reported trait
empathic concern (Batson, 2012) and its associated neural correlates (Ashar et al., 2017;
FeldmanHall et al., 2015), it was important for the current investigation to both include and
methodologically define and measure this component of empathy to help clarify the relationship
between empathy and prosociality. Given the importance of promoting prosocial behavior within
society (Aknin et al., 2015), it is critical to understand when and how empathy can serve as a
motivator for helping behavior, as it provides researchers with a better understanding of what
aspects of empathy should be trained and nurtured.
The Importance of Investigating Empathy in Adolescence

An optimal time for both investigating empathy and targeting empathy-training is in
adolescence. Adolescence, the period of life between puberty and the achievement of full
independence, is marked by great physical, social, behavioral, and cognitive changes (Blakemore

& Mills, 2014). In fact, it is arguably the most pivotal transition period of one’s life for
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developing into a socially competent adult, and a formative period for empathy development.
Importantly, regions of the brain that underlie socioemotional and cognitive processing have
been shown to develop at different rates throughout adolescence, such that the socioemotional
system develops earlier than cognitive control, which is a key factor in characterizing it as time
of great malleability and change (Blakemore, 2012; Blakemore & Mills, 2014; Crone & Dahl,
2012). So, while the ability and tendency to experience affective empathy may be present as
early as infancy, adolescence is marked by a gradually strengthening ability to take on another
person’s point of view, a skill that continues to develop into late adolescence likely due to
improvements in cognitive regions of the brain (Kilford et al., 2016). Given the neural changes
that underlie perspective taking throughout adolescence, it is likely that the components that
make up an empathic experience and subsequently predict prosocial behavior may evolve
throughout adolescence and into adulthood. Thus, understanding how the neural regions
involved in empathy are altered throughout adolescence allows researchers to gain greater insight
into how empathy itself develops. Additionally, there has been less work investigating how the
neural correlates underlying empathic concern might develop or mature throughout adolescence,
and how it may differentially relate to prosocial behavior.

Thus, understanding empathy and its relation to prosocial behavior across adolescence is
critical to investigate, given both the importance empathy has in building peer relationships,
which is a central aspect of well-being in adolescence (Mella et al., 2012), and the long-term
effects increases in empathy during adolescence can have in adulthood, such better integration in
adult social networks (Allemand et al., 2015).

Components of Empathy



Including empathic concern as a central component of empathy, the current investigation
conceptualizes empathy in 3 main components: (i) affective empathy (affect or experience
sharing), (ii) cognitive empathy (perspective taking or mentalizing), and (iii) prosocial concern
(empathic care or concern). While these components are dissociable and have been discussed and
investigated as such, it is important to note that mature empathic responding often relies on a
functional integration of these components to promote goal-directed social behavior (Decety,
2010).

Affective Empathy

Affective empathy is often described as the most basic form of empathy, characterized by
the sharing or simulation of another’s affective experience, vicariously experiencing their
internal states (Ashar et al., 2017; Morelli et al., 2014; Zaki & Ochsner, 2012). Thus, affective
empathy makes up the bottom-up process of empathy, which has been discussed in the context of
affective resonance (Decety & Meyer, 2008), affective arousal (Decety, 2010), emotional
contagion (Shamay-Tsoory, 2011), and shared representations between self and other (Decety &
Jackson, 2004). Researchers began investigating affective empathy by examining what’s thought
to be its most basic form, defined as unconscious automatic mimicry. The concept of
unconscious automatic mimicry (emotional mimicry) came from the idea that the autonomic
nervous system of a member of one species is genetically programmed to respond to an affective
expression in another member of the same species, by generating a mirrored or similar response
(Basch, 1983; Decety & Lamm, 2009). Per this view, perceiving a target’s facial or bodily state
will automatically trigger an unconscious somatic or autonomic response of that same state in the
observer. This view has been supported by research on sensorimotor neurons (mirror neurons) in

the premotor and posterior parietal cortex, which have been shown to be associated with both the
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production of an action and the perception of that same action performed by another individual
(Decety, 2011; Preston & De Waal, 2002). Thus, researchers tend to view this as the most basic
reaction one can have to the affective state of another, and some have even redefined emotional
mimicry as ‘motor empathy’, when mirroring of another’s bodily state, facial expressions, or
gestures occurs automatically (Blair, 2005; Reniers et al., 2011; Walter, 2012). Whether
emotional mimicry involves the actual sharing of another’s emotions has been up for debate, as
some scholars have argued that this is merely a matching of nonverbal emotional displays rather
than the experience of that emotion itself (Hess & Fischer, 2014). However, emotional mimicry
and contagion may still hold an important role in laying the foundation for affective empathy,
which involves not just a mimicking of nonverbal expressions, but a mirroring of affective states
as well (Lamm et al., 2011; Singer & Lamm, 2009).
Neural Correlates of Affective Empathy

A majority of early neuroimaging work on empathy has focused on the observation of
physical pain in others, and consistently found recruitment of regions involved in the affective
experience of first-hand pain, the dorsal anterior cingulate cortex (dACC) and anterior insula
(Al), when viewing another person undergoing physical pain (Fan et al., 2011; Jackson et al.,
2005; Lamm et al., 2011, Singer & Frith, 2005). This overlap of self and other related pain
regions has also been shown in response to other aversive affective states as well, as Wicker and
colleagues (2003) found that both the first-hand experience of disgust and the sight of a
disgusted facial expression in another person corresponded with activation in the anterior insula.
Additionally, neural regions related to affective empathy have not only been shown to be present
when experiencing empathy for adverse affective states like pain but have also been shown to

relate to empathy for positive emotions as well. Morelli, Rameson and Lieberman (2014) showed



how affective congruence does not always correspond with activation in the affective pain-
related regions of the dACC and Al, but relate to the specific emotion the observer is
empathizing with. As such, they found that empathizing with a target’s positive emotion did not
involve activation in the dACC and Al, but rather the ventromedial prefrontal cortex (VMPFC),
a region associated with the first-hand experience of positive affect. Thus, affective empathy
represents a matching to the affective state of the target, whether that be positive or negative.

However, affective pain related neural responding has not only been shown when
empathizing with a viscerally, physically painful image, but has also been observed when
empathizing with another’s social pain, such as observing a social exclusion. Although
witnessing the social exclusion of another has been more frequently associated with activation in
the mentalizing network rather than the affective pain network (see Neural Correlates of
Cognitive Empathy below for review), viewing the exclusion of a close friend has been shown to
involve activation in both mentalizing and affective pain regions (dACC and Al) (Meyer et al.,
2013). Additionally, those scoring high in trait empathy also showed significant activation in the
dACC and Al when viewing a social exclusion, even when the social exclusion was of a stranger
(Masten et al., 2011). These studies used a classical social pain paradigm (Cyberball; Williams et
al., 2000), which requires the participant to deliberately take the perspective of the victim of
exclusion to understand their mental states and potentially trigger an emotional response
(Eisenberger, 2012).
Cognitive Empathy

While empathy can be driven by bottom-up, automatic processes that contribute to
forming shared emotional meanings, a top-down, higher-order process referred to as mentalizing

or perspective taking is another important facet of empathy, making up the cognitive component



of empathy (Decety, 2010; Tousignant et al., 2017). This top-down process involves actively
taking the perspective of another to understand their internal state (perspective taking), whether
the empathizer is sharing the affective state themselves or not. Perspective taking requires an
individual to imagine what the other person is feeling or experiencing to understand that they are
feeling, and has only been found in more phylogenetically advanced mammals (De Waal, 2007).
Thus, it is possible for one to empathize with another without sharing their affective state, but
rather by taking steps to understand it (Ruby & Decety, 2004; Walter, 2012). Models of empathy
which include these top-down processes emphasize the malleability of an empathic experience,
which may vary by the type of situation in which the social interaction occurs (Lamm et al.,
2007).
Neural Correlates of Cognitive Empathy

Much neuroimaging research investigating the top-down process of cognitive empathy
have explicitly instructed participants to imagine another’s pain or take the perspective of
someone experiencing pain to examine associated neural responding (Decety & Grézes, 2006).
For example, in one study by Ruby and Decety (2004), participants listened to emotionally
evocative vignettes while undergoing an fMRI scan but were explicitly instructed to imagine
how the individual in the vignette is feeling. By instructing participants to actively take the
target’s perspective, they found associated activation in regions of the prefrontal cortex
associated with mentalizing and perspective taking, like the TPJ. Perspective taking can also
serve a modulating role on affect sharing, depending upon the situation at hand. For example,
studies have shown that participants instructed to take a self-perspective to painful stimuli
exhibited activation in pain processing regions of the brain. However, when instructed to take the

perspective of the target instead, participants showed greater activation in mentalizing neural



regions (Jackson et al., 2006; Tousignant et al., 2017). This shows that the often-automatic
affective response to a painful stimulus (such as seeing another person in pain) can be modulated
or tampered down by top-down processes in which one actively takes the perspective of the other
person rather than focusing on how it might feel for themselves.

While an initial affective response to pain may often be the basis of shared emotional
meaning, reaching a cognitive understanding of another’s emotion or experience allows for a
more mature empathic response. However, perspective taking can also stand alone as a means of
empathizing with another, particularly in research paradigms where there is no perceptual cue of
distress and thus requires one to infer another’s distress (such as viewing an episode of social
exclusion; Masten et al., 2010, 2011). While studies that use picture-based paradigms provide a
visual signal of pain or distress, abstract visual cues seem to require greater involvement of
perspective taking abilities to fully empathize with another’s suffering. Experiencing empathy
for context-dependent situations like viewing an episode of social rejection or hearing about
another’s negative life event have shown to recruit regions of the brain involved in the
mentalizing network, such as the dmPFC (Masten et al., 2010, 2011; Meyer et al., 2013; Zaki et
al., 2009). Other regions frequently implicated in studies examining cognitive empathy
(perspective taking) include the posterior superior temporal sulcus (pSTS) and temporoparietal
junction (TPJ) (Lamm et al., 2011; Schnell et al., 2011; Singer et al., 2006).

Prosocial Concern

Whether referred to as prosocial concern, empathic care, empathic concern, altruistic
motivation, sympathy, compassion, or prosocial motivation, scholars across various fields have
recognized that this other-oriented emotion or motivation is either central or related to the

experience of empathy—whether it is considered a proxy for affective empathy, a product of



affective and/or cognitive empathy, a distinct phenomenon, or one of the core processes of
empathy itself (Cuff et al., 2016; Hastings et al., 2013; Preston & De Waal, 2002; Stevens &
Taber, 2021; Zaki & Ochsner, 2012). While there is disagreement in how empathy is defined,
particularly in how to conceptualize prosocial concern, it is important to distinguish between the
affective component of empathy here and empathic or prosocial concern, as prosocial concern
relates specifically to the caring for another’s state, rather than the sharing or understanding of it
(Decety et al., 2015; Marsh, 2016). In the current work, prosocial concern is considered a third
component of empathy, referring to an other-oriented, tender state experienced in response to
another’s distress, often coupled with the motivation to help the other relieve that distress (De
Waal, 2008; Marsh, 2016; Zaki & Ochsner, 2012). While empathic concern (an interchangeable
term for prosocial concern) has been measured through self-report using assessments like the
Interpersonal Reactivity Index (IRI; Davis, 1983), this measure considers empathic concern as
synonymous with the affective component of empathy. Thus, using the IRI, aspects specific to
prosocial concern or empathic care can be conflated with the more basic process of affect
sharing. However, neuroimaging work has clarified that empathic care (prosocial concern) is
distinct from affective empathy in its neural correlates (Ashar et al., 2017), and has been more
clearly tied to helping behavior (Batson, 2011; Eisenberg & Mussen, 1989).
Neural Correlates of Prosocial Concern

Advancements in drawing brain-behavior links in prosocial concern have not only
allowed researchers to identify its associated neural correlates, but also uncover the neural
predictors of prosocial behavior that seem to overlap with these correlates (Ashar et al., 2017,
Zaki & Ochsner, 2012). A study by Ashar et al. (2017) aimed to characterize the neural markers

of prosocial concern (using the term empathic care) by developing fMRI markers that predicted



moment-to-moment, self-reported ratings of empathic care versus personal distress while
participants listened to biographies of others’ suffering, and further used these markers to predict
later charitable donation. They found empathic care to be specifically related to activation in the
septal area, vmPFC, mOFC, and VS, and the empathic care marker to be a strong predictor of
daily helping behaviors. Interestingly, Morelli et al. (2014) also found the septal area to be the
only neural predictor of daily helping across different empathic experiences of pain, anxiety, and
happiness. The septal area is a region of the brain commonly associated with maternal caregiving
in animal models, and rats with lesions in the septal area have been shown to exhibit issues with
maternal caregiving behaviors (Febo et al., 2005; Sheehan & Numan, 2000). Septal area activity
has also been associated with affiliative behavior in humans, as studies have shown significant
activity in the septal area when participants made charitable donations (compared to when they
received a monetary reward for themselves; Moll et al., 2006). Additionally, individuals with
septal damage have been shown to have an impairment in prosocial sentiments, such that the
degree of impairment is associated with the degree of damage (Moll et al., 2011).

Thus, findings connecting neural responding during experiences of empathy to prosocial
behavior would suggest that the neural regions distinctly associated with empathic care
(prosocial concern) play a unique function in predicting prosocial behavior. Another neural
region identified in the brain marker for empathic care by Ashar and colleagues (2017), aside
from the septal area, was the mOFC. The mOFC has been frequently discussed in studies of
compassion, which is closely related if not an interchangeable term with prosocial concern, and
involves an intentional or conscious orientation toward the well-being of others (Hastings et al.,
2013). Participants who underwent a short compassion training showed increased activation in

the medial orbitofrontal cortex (MOFC) when viewing another’s distress, suggesting an

10



important involvement of the mOFC in feelings of compassion (Klimecki et al., 2013). Activity
in the mOFC has also been associated with both attachment and caregiving systems, as
significant mOFC activity has been reported in mothers with secure attachments viewing images
of their happy children (Strathearn et al., 2009) and has been associated with experiencing
maternal love more generally (Bartels & Zeki, 2004). Additionally, mOFC activity has been
shown to correspond with approach-related motivation in the human caregiving system (Rilling,
2013), and has been shown to be rapidly activated in response to pictures of newborns (even
when they are unrelated newborns, compared to attractive adult faces; Kringelbach et al., 2008)
and when human mothers hear infant cries (Lorberbaum et al., 1999).

Given the associations that both the septal area and mOFC have with the evolved
mammalian and human parental caregiving systems, it is possible that prosocial motivation or
empathic concern is a more generalized form of the parental nurturing response (Marsh, 2016;
Marsh et al., 2014; Preston, 2013). Thus, viewing and feeling the fear and distress of another
(mirroring infantile cues) might lead humans to respond to these infant-like cues using an innate
caregiving response.

Development of Empathy

While the mechanisms for sharing the affect or experience of another have been shown to
be hardwired and functional early on in life (Decety, 2010; Decety & Jackson, 2004) there is
evidence that this process continues to be refined during childhood and into adolescence, given
the ongoing development of neural circuits that underlie empathy. While affective
responsiveness is present in infancy and begins as an involuntary process relying on emotional
mimicry and somato-sensorimotor resonance between the observer and target (Decety &

Michalska, 2010), the developing cognitive component of empathy gradually modulates this
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experience of vicarious emotion and changes individuals’ experience of affective empathy as
they progress through adolescence. Early to late adolescence is a particularly critical period to
observe these shifts in experiences of vicarious emotion, as the cognitive component of empathy
largely involves the prefrontal cortex, which follows a protracted developmental course and does
not reach full maturity until late adolescence (Bunge et al., 2002; Zelazo et al., 2008). Thus, age-
related changes in affective empathy, given maturation of the prefrontal cortex, set up
adolescence as a particularly important period to observe this evolution of the empathic
experience.

As prefrontal regions mature, there appears to be a shift in the empathic response one can
have to an emotional event, a switch from relying on limbic-related structures of affect sharing to
more frontal regions involved in emotion understanding (Killgore & Yurgelun-Todd, 2007). This
shift involves moving from a visceral emotional response, which is important for understanding
the affective significance of a stimuli, to a more evaluative one (Decety, 2010).

Additionally, in an investigation examining age-dependent changes in the neural
substrates of empathy in a sample of typically developing control (TDC) adolescents (compared
to adolescents with autism spectrum disorder), TDC adolescents’ self-reported empathy was
negatively correlated with Al activity while empathizing with an emotional facial display
(Schulte-Rdther et al., 2014). This is interesting, as the insular cortex has been frequently tied to
processes like shared affect, particularly for experiences like pain and dispositional differences in
empathy (Carr et al., 2003; Greimel et al., 2010; Singer et al., 2004). However, Schulte-Ruther
and colleagues suggest that monitoring one’s own emotional states while empathizing becomes
more automatic with increasing age, and thus less necessary for producing an empathic response.

As adolescents continue to navigate their social worlds and come across increasing socio-
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emotional interactions with others, they may begin to rely less on sharing the emotional states of
another and can instead begin relying on higher-order processing to understand the target’s
emotions.

However, it is important to note that many of these findings examining affective empathy
arise from context-independent events, like viewing images of individuals in pain or emotional
facial displays. When examining empathy for a more abstract situation, such as witnessing a
social exclusion that requires mental work in order to understand the target’s mind state and
experience, early/middle adolescents (13-year-olds) are already exhibiting greater activity in
cognitive regions (i.e. dmPFC, mPFC) when viewing the social exclusion (vs. inclusion) of a
target, with no significant activity in social pain-related neural regions like the dACC and Al
(Masten et al., 2011).

Adolescence is a crucial period in which prefrontal regions involved in perspective taking
are slowly coming online, reaching maturation only in late adolescence (Decety, 2011; Decety &
Meyer, 2008; Dumontheil et al., 2010). Thus, the patterns of neural activation underlying
empathy show age-related changes as adolescents increasingly learn to evaluate a situation and
take another’s perspective, leading to a potentially less visceral emotional response when
empathizing.

The development of cognitive empathy throughout early to late adolescence has also been
investigated through behavioral measures, in which studies concluded that both emotion
recognition and perspective taking improve with age. For example, in a study by Schwenck et al.
(2014), children and adolescents ages 7 to 17 years old were shown film clips of different social
interaction scenes, in which they were asked to choose the emotions the protagonist of the story

had felt during the scene they viewed. To measure perspective taking, participants were asked to
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take the perspective of the protagonist and explain why he felt the way he did. Results revealed
that age had a strong influence on cognitive empathy, such that both emotion recognition and
affective perspective taking abilities increased with age. Overall, previous studies examining
cognitive empathy using self-report, behavioral, and neural measures have suggested that this
component of empathy increases and improves throughout adolescence.

While the differing developmental trajectories of affective and cognitive empathy align
with the neurodevelopment of the distinct neural networks that support each component, the
development of prosocial concern has more frequently been measured using self-report or
behavioral studies. Given that prosocial behaviors such as helping, comforting, sharing, and
cooperating have been observed in infants as young as 12 months of age (Tousignant et al., 2017;
Vaish et al., 2009), it seems as though prosocial concern is already online at an early age. In an
attempt to more clearly identify the potential predictors of prosocial behavior and how they
might vary during adolescence, one study examined the longitudinal links between perspective
taking and empathic concern with prosocial behavior (Van der Graaff et al., 2018). In this 6-
wave longitudinal study, researchers defined empathic concern as feelings of sorrow for
someone else, and found empathic concern to be longitudinally related to subsequent prosocial
behavior, with perspective taking being indirectly related to subsequent prosocial behavior
through its effect on empathic concern. However, other studies suggest a different pattern, as
Peplak and Malti (2021) found 15-year-olds to report less concern toward the suffering of a
victim than 11-year-olds. In a longitudinal study examining both perspective taking and
empathic concern across a 6-year period, research showed that while perspective taking
generally increased across adolescence, empathic concern was either stable (for girls) or

followed a U-shaped curve (for boys) (Van der Graaff et al., 2014). Much work examining the
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development of empathic concern has come from behavioral studies, and has not examined the
development or involvement of the neural correlates that underly prosocial concern, particularly
in the involvement of mammalian and human caregiving-related regions like the septal area and
mOFC.
Gender Differences in Empathy

When developing an understanding of empathy and its development across the lifespan, it
is important to consider frequently noted gender differences across various investigations on
empathy as well. Gender differences in empathy have been observed as early as infancy, as
female infants have been shown to be more likely to cry in response to other babies crying
(contagious crying; Hoffman, 1977) and are more skilled at imitating finger movements
compared to male infants (Nagy et al., 2007). While more studies investigating gender
differences in infancy are needed to establish that these findings are consistent and reflect
differences in empathy rather than precursors for other social behaviors, the tendency for females
to show higher levels of empathy and respond to other’s distress with greater concern is reported
at 2 years of age as well (Hoffman, 1977; Zahn-Waxler et al., 1992). While these differences,
such that females show higher levels of empathy than males, continue to be reported from
infancy to pre-adolescence (see Christov-Moore et al., 2014 for full review), the differences only
widen come adolescence (Balk, 1995; Lam et al., 2012), such that adolescent girls are reporting
significantly higher levels of empathy across self-report measures (Davis & Franzoi, 1991) and
are more likely to help a victim of bullying compared to adolescent boys (Jolliffe & Farrington,

2006).
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I1. Current Investigation

There are multiple factors at play when someone sees another person suffering, and as a
result, encountering that suffering can lead to various responses. Empathy is at the core of these
emotional responses, but given empathy’s complexity, it is crucial to deconstruct and understand
the different means by which one can have an empathic experience. At the heart of empathy’s
multidimensionality is the bottom-up and top-down information processing involved in an
empathic experience, which have also been considered the affective and cognitive components of
empathy. While research within the fields of social psychology, developmental psychology, and
neuroscience have varied in their definition and measurement of these two components, social
affective neuroscience has allowed for brain-behavior links to be made, thus clarifying lingering
questions and debates that relied solely on neuroscience, behavior, or self-report data alone.
Additionally, while there is general agreement amongst scholars that empathy includes both
affective and cognitive components, some scholars have included a third component, prosocial
concern, in the understanding of empathy. Together, these three components have been shown to
rely on differing neural networks which develop at different rates across the lifespan, a
difference that is particularly exaggerated in adolescence.

Given these building blocks of empathy, it is crucial to understand how they are involved
in empathic experience throughout adolescence, and how they predict subsequent prosocial
behavior. An interesting way to isolate these components is by studying empathy in adolescence.
Adolescence is a period marked by great socioemotional and cognitive changes; however, these
systems have different maturational trajectories. While both socioemotional and cognitive
control systems develop across this period, the cognitive control system has been shown to

undergo a more protracted course of development. Given this mismatch, there is evidence to
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suggest that adolescents may be approaching an empathic experience differently than an
individual with a fully matured cognitive control system. Thus, adolescence presents a unique
and important window to examine changes in affective and cognitive empathy in real-time,
looking across age to understand how an empathic experience may evolve as a result. While
previous research suggests that adolescents increasingly adopt greater perspective taking skills to
form a mature empathic response, as more automatic experiences of affect sharing decrease with
age, there remain gaps in the literature regarding how the interaction of these components may
differentially motivate prosocial sentiments and behavior as a result. Importantly, the
involvement of each component of empathy in producing an empathic response may vary
depending on the situation at hand. For adolescents, observing and feeling empathy for a
negative social situation (‘social pain’) involving peer rejection is likely a more common and
salient experience. Given the increased frequency of negative social experiences in addition to
adolescents’ greater sensitivity to peer acceptance, experiencing empathy for ‘social pain’ is
particularly interesting and important to investigate during this period. Additionally,
understanding how the experience of viewing an exclusion relates to subsequent helping of the
victim is crucial to uncover, as it allows for a developmental investigation of the neural
correlates of prosocial concern.

Aims

The primary aim of this dissertation is to understand what features of empathy for another’s
social pain can work to predict subsequent prosocial behavior, and how this may vary by age and
gender, considering the socioemotional and neurodevelopmental changes that occur throughout

adolescence.
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In line with this overarching aim, self-reported trait measures of empathy and prosocial
tendencies were investigated, in terms of (1) how they differ by age and gender, (2) how they can
predict task-based state empathy and prosocial behavior, and (3) how they relate to neural
activity while viewing the exclusion of a same-aged peer.

I11. Method

Participants

Data for this study comes from the second wave of the UCLA Brain Power Study, a
three-wave longitudinal neuroimaging study examining the neural and behavioral development
of prosocial behavior. Youth were recruited during the first wave of data collection via flyers,
advertisements, and through class presentations to schools within Los Angeles school districts,
and from the Clinical and Translational Science Institute (CTSI) database of families in the
UCLA and affiliated medical systems. All participants were recruited from the first wave of
participants, who returned for the second wave of data collection after 2 years.

The full sample included 142 participants who were exactly half female (50%, n = 71),
with a self-reported ethnic composition of 35.2% European American, 24.6% Multi-ethnic,
13.4% Hispanic/Latinx, 8.5% Asian American, 9.2% African American, 6.3% Other, and 2.8%
Native American. This included participants aged 11 (n =21), 12 (n=27),13(n=27),14 (n =
17), 15 (n =27), 16 (n = 18), and 17 (n = 5). Participants were fully compensated with funding
from the longitudinal parent grant (up to $84). Participants were excluded from the study if they
presented any of the standard fMRI contraindications, including left-handedness, metal in the
body, or a previous diagnosis of a psychiatric, neurological, or developmental condition
determined during a pre-session phone screening prior to their visit. Sample size ranges
depending on analysis, as 13 participants only completed pre-session questionnaires (self-
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reported empathy and prosocial tendencies measures) and did not view the Cyberball game, 19
participants were excluded from self-reported trait empathy analyses either because they (1) did
not complete the IRI questionnaire, or (2) did not pass the attention check for the measure
(Interpersonal Reactivity Index). Several participants (n = 4) did not notice the exclusion during
the Cyberball game and were thus excluded from any task-related analyses. Participants were
also excluded from the imaging analyses as well, due to either excessive motion (n = 3) or
because they were consistent outliers across the ROI analyses (i.e. outside the Interquartile
Range, n = 2). Overall, 119 participants had usable self-report pre-session data while 123
participants had neuroimaging data.
Procedure Overview

Participants were screened for eligibility ahead of their session and completed baseline
questionnaires via Qualtrics prior to coming into the lab. All sessions were conducted at the
UCLA Staglin Center for Cognitive Neuroscience (CCN). At their session (prior to entering the
fMRI scanner) participants were told that they would be watching three previous participants of
the study play an online ball-tossing game during their scan, and were given the first names of
the ‘previous participants’ that will be playing (one boy, one girl, and the excluded player, whose
gender was matched with the participant; Masten et al., 2011). Participants were instructed to
think about what the players might be thinking or feeling while they are playing, how they are
treating each other, and what strategies they might be using to decide who to throw the ball to.
Participants then viewed two rounds of this pre-recorded game while in the scanner, in which
one player is eventually excluded from the game in the second round (“Cyberball”; Williams et
al., 2000; see Figure 1). After the scan, participants were given the opportunity to write and send

a message to each of the players in the ball-tossing game and were told that their messages
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would be shared anonymously with each of the players after the session. These messages were
later coded as a measure of prosocial behavior by independent raters.

Participants then completed a manipulation check to be sure they noticed the exclusion of
one of the players in the second round and answered several questions regarding how they felt
while watching the game, as a measure of state empathy in response to viewing the exclusion. At
the conclusion of the study, participants asked several questions regarding any suspicions they
might have had in response to the Cyberball game and were subsequently fully debriefed

regarding the deception and overall aim of the study.

Figure 1 Example of Cyberball Game

Left: an example of round 1 of the game, where all players are included in the game. Right: an
example of round 2 of the game, where Anna (or Adam) is excluded from the game after 10
throws of inclusion. The excluded player’s name is gender-matched with the participant.
Measures
Trait Empathy and Prosocial Tendencies

Prior to coming in for their study session, participants completed measures of both trait
empathy and prosocial tendencies. Trait empathy was measured using two subscales of the
Interpersonal Reactivity Index (IRI; Davis, 1980) — the perspective taking and empathic concern
subscales (14 items total). The perspective taking subscale included 7 items aimed at assessing

the tendency to spontaneously adopt other people’s points of view (e.g. “I sometimes try to
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understand my friends better by imagining how things look from their point of view”;
chronbach’s a = .788). The empathic concern subscale is a 7-item subscale aimed at measuring
the tendency to feel sympathy or concern for those in need (e.g. “I often have tender, concerned
feelings for people less fortunate than me”; chronbach’s o = .755).

Trait prosocial tendencies was measured using the short 5-item prosocial subscale of the
Strengths and Difficulties Questionnaire (SDQ; Goodman, 1997). The 5 items of this subscale
included: “I try to be nice to people. I care about their feelings”, “I usually share with others
(food, games, pens, etc.)”, “I am helpful if someone is hurt, upset, or feeling ill”, “I am kind to
younger children”, and “I often volunteer to help others (parents, teachers, children)”,
chronbach’s a = .828, which were rated on a 1 = not true to 5 = certainly true scale.

Pubertal Development

Participants also completed the Pubertal Development Scale (PDS; Petersen et al., 1988),
a scale in which participants self-report on the visible development of their secondary sexual
characteristics (e.g. growth in height, body hair, skin changes) on a scale of 1 (no development)
to 4 (almost complete development). Averages were calculated across 4 items for boys
(chronbach’s o = .865), and 5 items for girls (chronbach’s o = .897), with an additional item for
girls regarding whether they have started their period (no receiving a score of 1, yes receiving a
score of 4).

Prosocial Ratings of Cyberball Messages

Four independent raters who had no prior involvement with the study or interaction with
the study participants read and coded the messages participants wrote to both the victim and
excluders of the Cyberball game. For the messages participants wrote to the victim of the

exclusion (Anna or Adam), raters responded to three questions:
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Does it seem like they are trying to comfort this person?

How supportive are they toward this person?

How much do they seem like they are trying to help this person?
These questions came from previous work using the same paradigm to measure prosocial
behavior, and similar to those studies, raters were asked based on their impression of the
message to answer each question on a 7-point scale, where 1 = not at all and 7 = very much
(Masten et al., 2010; Masten et al., 2011). The raters were highly aligned on their scoring across
each question (ICCs > .86) the ratings for each question were averaged across the raters.

Participants were also given the opportunity to write messages to each of the excluders
(Todd and Erika). These messages were also coded for degree of prosocial behaviors, based on
the extent to which the participant was defending the victim or reprimanding the excluders in the

message. Raters answered one question for each message to both Todd and Erika:

Does it seem like they are trying to defend the victim?

Raters answered this question on a 1-7 scale, with 1 = not at all and 7 = very much. There was
high reliability for both messages to Todd and Erika across the raters (ICC = .97) so ratings were
averaged across raters and then averaged between Todd and Erika to get a single score for
defending the victim. Given that defense is a form of prosocial behavior defined by the intent to
help victimized individuals (Geraci & Franchin, 2021; Eisenberg & Spinrad, 2014; Lambe &
Craig, 2020) and contributes to social well-being (Dirks et al., 2018), the current investigation
included this measure of defense in the overall measure of prosocial behavior. Given high

reliability between the 3 measures of support for the victim and 1 measure of defense of the

22



victim to the excluders (chronbach’s o = .926), the ratings were averaged to compute a single
score for prosocial behavior in response to the Cyberball game.
State Empathy

After writing messages to the players of the game, participants were asked on a Likert
scale ranging from 1 (not at all) to 5 (very much so) to rate the extent which they felt the
following feelings while they were watching the player who was being treated unfairly: “I felt
bad for him/her, | wanted to help him/her, I did not care about him/her, | wanted to give him/her
the ball, it hurt to watch him/her play, 1 wish I could tell the other kids to throw him/her the ball,
| wanted to talk to him/her afterwards, | felt sad for him/her, | wanted to tell him/her it was ok, |
felt sorry for him/her”. Responses to these 10 items were averaged to create a self-report, state
measure of empathy regarding how the participant felt while watching the social exclusion
(chronbach’s o = .927).
Manipulation Check

Participants were subsequently asked a series of several “Yes/No” questions regarding
whether they noticed all players participating in the game, if one player acted like the leader or
had control, if one player was being treated unfairly by the other players, whether all players
seemed like they wanted to play the game, whether two players ‘ganged up’ on a third player, if
every player treated the other players equally, if one player seemed left out of the game, and if all
players got the ball the same amount (based off prior work; Masten et al., 2010; Masten et al.,
2011). If participants indicated that they did not notice that one player was left out of the game
by the others, they were excluded from any analysis related to Cyberball (n = 4).

fMRI Data Acquisition
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Imaging data are acquired on a Siemens 3 Tesla Prisma Fit MRI scanner at UCLA’s
Staglin International Mental Health Research Organization Center for Cognitive Neuroscience.
Firstly, A T2-weighted high-resolution magnetization-prepared rapid-acquisition gradient echo
(MPRAGE) anatomical scan is acquired (TR: 2.3 s; TE: 2.1 s; matrix: 192x192; slice thickness:
1 mm; 160 slices). All subsequent functional runs of the study consist of T2*-weighted
echoplanar images (TR: 2 s; TE: 30 ms; flip angle: 90°; matrix: 64x64; voxel size: 3x3x4 mm;
slice thickness: 4 mm; 34 slices). The Cyberball game consists of two functional runs and is
projected onto a screen behind the scanner which the participant can view through a mirror

attached to the head coil.
IV. fMRI Data Preprocessing and Analysis

fMRI data preprocessing

Neural data was preprocessed and analyzed using Statistical Parametric Mapping 12
(SPM12; Welcome Department of Cognitive Neurology, Institute of Neurology, London,
England). Functional runs were realigned to the mean functional image and resliced to correct
for head motion for each participant. Translational movement parameters could not exceed 3
voxels (3.125 mm inplane, 4mm throughplane) in any direction for any subject. If they did,
subjects were excluded from the analyses (3 participants). In cases where translational motion of
more than 2 mm from one image to the next is detected, individual nuisance regressors were
added to remove such images from the analyses. MPRAGE was normalized to Montreal
Neurological Institute (MNI) space using diffeomorphic anatomical registration through
exponentiated lie (DARTEL) algorithms. Functional images underwent spatial smoothing using
a 5 mm full-width-half-maximum Gaussian kernel.
Modeling of Contrasts
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Cyberball was modeled as a block design, where the inclusion period consisted of two
blocks (the first round of the game which only comprised of inclusion, and the period of
inclusion in the second round preceding the exclusion of Anna or Adam). The period of
exclusion (in round 2) in which Todd and Erika passed the ball to each other, leaving Anna or
Adam out, comprised the exclusion block. For analysis, we solely focused on round 2 of the
Cyberball game, to create a contrast of exclusion versus inclusion within the same round
(functional run) of the game. The initial period of inclusion in the second round consisted of 10
throws of inclusion (20 seconds) and the exclusion period consisted of 50 throws between Todd
and Erika (92 seconds). To avoid boredom effects and more closely match the inclusion period in
length of time, the main linear contrast of interest compared the first half of the exclusion period
(46 seconds) compared to the initial period of inclusion in round 2 (20 seconds). This linear
contrast was calculated for each participant and used in the Region of Interest (ROI) analyses.
Regions of Interest (ROISs)

Given prior research on the neural correlates of empathy, neuroimaging analyses focused
on a priori regions of interest (ROIs) associated with the affective, cognitive, and prosocial
concern components of empathy. ROIs associated with the affective component of empathy
included the dorsal anterior cingulate cortex (dACC) and bilateral anterior insula (Al). The
dACC ROI was created by combining Brodmann areas 32 and 24, and uses a rostral boundary of
y = +36, and a caudal boundary of y = 0 (Dedovic et al., 2016; Slavich et al. 2010; Way et al.
2009). The Al ROI was defined by cutting the anatomical AAL Insula ROI at its midpoint of
y=0, approximately separating dysgranular and granular insula (Slavich et al., 2010). ROls
associated with the cognitive component of empathy included the posterior superior temporal

sulcus (pSTS), dorsomedial prefrontal cortex (dmPFC), and temporoparietal junction (TPJ). The
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pSTS ROI was created by extending the Desikan-Killiany Atlas (Desikan et al., 2006) defined
bank superior temporal sulcus to the border of the TPJ (Mills et al., 2014). The dmPFC ROI was
defined using Neurosynth by searching and downloading the dmPFC region in the automated
meta-analysis tool and masking this with the medial frontal gyrus form the WFU PickAtlas,
based on prior work (Maldjian et al., 2003, Yarkoni et al., 2011). The TPJ ROI was created by
combining the right TPJ, comprised of 2812 voxels all z> 6 mm, centered at [54 — 52 23] and the
left TPJ, comprised of 2444 voxels all z> 6 mm centered at [— 52 — 58 25], following past work
(Dufour et al., 2013). All ROIs comprising the cognitive component of empathy came from
previous work coming from the first wave of data collection from this study (see Karan, Lazar, et
al., 2022). Finally, ROIs for prosocial concern included the septal area (SA) and medial
orbitofrontal cortex (MOFC). The SA ROI was defined according to microscopic sections
(Nieuwenhuys et al., 1978) between y = 0 and y = 14 that show the location of the septal nuclei
at coronal sections through the anterior commissure and anterior to the optic chiasma. Given the
small nature of the septal nuclei, the ROI used also encompasses the larger surrounding area
(Zahn et al., 2009). The mOFC ROI was defined by first creating an anatomical bilateral OFC
ROI using the Automated Anatomical Labeling atlas (AAL; Tzourio-Mazoyer et al., 2002) and
slicing it medially from x = -10 to x = 10 to specifically examine the medial OFC.

Mean parameter estimates were extracted from the ROIs for each participant and entered
into standard statistical software for further analysis. To avoid issues of multiple comparisons,
ROIs comprising each component of empathy (affective, cognitive, prosocial concern) were
averaged together to form Affective Pain, Mentalizing, and Prosocial Concern networks. All

analyses tested the neural activity at the network level, rather than ROI-by-ROI (see Figure 2).
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Affective Pain Network Mentalizing Network Prosocial Concern Network

Anterior Insula Septal area

Figure 2 Regions of Interest
The Affective Pain network (left) comprised of the dorsal anterior cingulate cortex (dJACC) and
anterior insula (Al). The Mentalizing network (middle) comprised of the posterior superior
temporal sulcus (pSTS), temporoparietal junction (TPJ), and dorsomedial prefrontal cortex
(dmPFC). The Prosocial Concern network (right) comprised of the medial orbitofrontal cortex
(mOFC) and septal area (SA).
V. Analysis Plan
Neural Activity during Exclusion vs Inclusion

Neuroimaging analyses solely focused on ROIs, which were extracted and combined into
Affective Pain, Mentalizing, and Prosocial Concern networks. One-sample t-tests were
conducted to test whether there was significant activation (activation above 0) in Affective Pain,
Mentalizing, and Prosocial Concern networks during exclusion vs inclusion across the entire
sample. Instead of running analyses on an ROI-by-ROI basis, networks were tested to avoid

issues of multiple comparison. Thus, no thresholding was done at the network level. However,
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multiple hypothesis testing was controlled for via FDR correction, and was applied to sets of
analyses (Benjamini & Hochberg, 1995; see below).
Age and Gender Differences in Empathy and Prosocial Behavior

Firstly, to understand how trait perspective taking, empathic concern, and prosocial
tendencies were related to each other, Pearson correlations were computed.

Given consistent evidence from previous work reporting significant changes in empathy
throughout adolescence (Allemand et al., 2015; Crone & Dahl, 2021), along with gender
differences that continue to widen during this period as well (Michalska et al., 2013; van der
Graaff et al., 2014), it was important for the current investigation to explore differences across
age, gender, and the interaction of age and gender in predicting all measures of empathy and
prosocial behavior. To do so, age, gender, and an age by gender interaction term were tested in
multiple linear regression models predicting self-reported trait measures (perspective taking,
empathic concern, prosocial tendencies), along with self-report and behavioral measures in
response to Cyberball (state empathy and prosocial behavior) and neural activity during
exclusion vs inclusion (Affective Pain, Mentalizing, Prosocial Concern networks). Each group of
analyses (trait measures, state empathy and prosocial behavior measures, network measures)
were corrected using a false discovery rate (FDR) threshold of p < .05 to control for multiple
comparisons. For results with initial p-values < .05, adjusted p-values after FDR correction are
presented.

Trait Predictors of State Empathy and Prosocial Behavior

To then investigate how these trait measures of empathy and prosocial tendencies go on

to predict state empathy and prosocial behavior from the Cyberball game, a multiple regression

model was used to test effects of perspective taking, empathic concern, and prosocial tendencies
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(with age and gender included in the model) predicting prosocial behavior and state empathy.
Subsequent exploratory models tested an interaction term of each trait measure by age and trait
measure by gender. All trait measures were kept in the model and controlled for while testing
each different interaction, predicting state empathy and Cyberball prosocial behavior. While
three-way interactions (age by gender by trait measure) were examined, none were significant,
and thus the analyses focused on two-way interactions with just age and just gender. Groups of
analyses (models testing interactions by age, and models testing interactions by gender) were
each corrected using a false discovery rate (FDR) threshold of p < .05 to control for multiple
comparisons. For results with initial p-values of < .05, adjusted p-values after FDR correction are
presented.
Trait Predictors of Neural Activity

Mirroring previous analyses, age, gender, and trait measures were included in a multiple
regression model predicting network activity (Affective Pain, Mentalizing, Prosocial Concern).
Subsequent exploratory models tested an interaction term of each trait measure by age and trait
measure by gender. All trait measures were kept in the model and controlled for while testing
each different interaction, predicting network activity during exclusion. While three-way
interactions (age by gender by trait measure) were examined, none were significant, and thus the
analyses focused on interactions with just age and just gender. Groups of analyses (models
testing interactions with age, models testing interactions with gender) were each corrected using
a false discovery rate (FDR) threshold of p < .05 to control for multiple comparisons. For results
with initial p-values of < .05, adjusted p-values after FDR correction are presented.

Neural Predictors of State Empathy and Prosocial Behavior
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Finally, to answer the primary research question of which neural correlates of empathy
predict subsequent prosocial behavior, age, gender, Affective Pain, Mentalizing, and Prosocial
Concern networks were included in a multiple regression model predicting state empathy and
prosocial behavior. In line with previous analyses, subsequent exploratory models tested an
interaction term of network by age and network by gender. All networks were kept in the model
and controlled for while testing each different interaction, predicting state empathy and prosocial
behavior. While three-way interactions (age by gender by network) were examined, none were
significant, and thus the analyses focused on interactions with just age and just gender. Groups of
analyses (models testing interactions with age, models testing interactions with gender) were
each corrected using a false discovery rate (FDR) threshold of p < .05 to control for multiple
comparisons. For results with initial p-values of < .05, adjusted p-values after FDR correction are

presented.
V1. Results

Descriptive information

Participants displayed a range in trait empathic concern (range: 1.43 —4; M = 2.75, SD =
0.56), perspective taking (range: 0.86 —4; M = 3.14, SD = 0.63), and prosocial tendency scores
(range: 1.2 - 5; M = 3.8, SD = 0.75). Self-report trait perspective taking and empathic concern
were correlated (r(122) = .612, p < .001) and prosocial tendencies was correlated with both
perspective taking (r(118) = .615, p <.001) and empathic concern (r(118) = .546, p <.001). The
average score on pubertal development (range 1 — 4) was 2.8, with girls (M = 3.12) significantly
farther along in puberty than boys (M = 2.5), 1(116) = -4.63, p < .001. Participants who viewed
the Cyberball game and indicated that they were aware of the exclusion reported a range of state
empathy levels (range: 1 —5; M = 3.43, SD = 0.9).
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Prosocial Ratings of Messages to Cyberball Players

Of the 121 participants that viewed the Cyberball game in the scanner and indicated that
they noticed the exclusion, 24 participants (19.8%), chose not to write anything to any of the
players, 5 participants (4.1%) only wrote a message to the victim, and 13 participants (10.7%)
only wrote messages to the excluders. To utilize every message that participants wrote to the
players as a measure of prosocial behavior, average scores were calculated based on the data that
was available. Thus, for participants who only wrote a message to the victim, the 3 items that
raters scored related to supporting the victim were used as their final prosocial score. Likewise,
for participants who only wrote messages to the excluders, ratings of defending the victim were
used as their final score on prosocial behavior. The participants displayed a wide range of both
comforting the victim and defending the victim to the excluders. An example of a high overall
prosocial score is:

Message to victim: “Anna, you played well in the First Round. I am sorry you didn’t get

to play the Second Round because of Todd and Erika’s selfishness. Hopefully next time

they will include you. If they don’t, don’t play ball with them anymore.”

Message to excluders: “Erika, you played well in the First Round. In the Second Round,

you were good at playing but you didn’t ever pass to Anna. She was open the whole

round and yet the only person you passed the ball to was Todd. Next time you should

include her.”
While an example of a low overall prosocial score is:

Message to victim: “Hello Adam, the second round you and the others played was pretty

’

amusing, especially because the others would not pass to you.’
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Message to excluders: “Hello Erika, It was pretty fun watching you guys play in the
second round because of the fact you would only pass to Todd. ”
Degree of Cyberball prosocial behavior varied (range: 1 — 7; M = 3.43, SD = 1.89).
Neural Activity during Exclusion vs Inclusion
Viewing the exclusion of a same-aged peer during the Cyberball game was associated
with significant activation in both the Affective Pain (t(120) = 2.55, p = .012) and Mentalizing
(t(120) = 3.13, p =.002), but not Prosocial Concern, networks (see Figure 3).

0.35
0.3
0.25
0.2
0.15
0.1
0.05

-0.05 Affective Pain Mentalizing Prosoci a*Concern

Figure 3 Significant neural activation during exclusion vs inclusion
The Affective Pain (M = .244, SE = .078; left) and Mentalizing (M = .16, SE = .063; middle)
networks showed significant activation during exclusion vs inclusion (significantly above 0),
while the Prosocial Concern network (M = .029, SE = .056; right) did not.
Age and Gender Differences in Empathy and Prosocial Behavior
Trait Measures of Empathy and Prosocial Tendencies

There were no age, gender, or age by gender interactions for empathic concern (Table 1;

Figure 4a & b) or perspective taking (Table 1; Figure 4c & d).
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Figure 4 Age and gender distributions for empathy and prosocial tendencies
For trait empathic concern, no age (a) or gender (b) effects were found. Similarly for trait
perspective taking, no age (c) or gender (d) effects were observed.
Results showed a significant age by gender interaction for prosocial tendencies (Table 1;
B =.348, p =.048; p = .144 after FDR correction), such that by the age of 15 years old (and
above), girls are reporting significantly greater levels of prosocial tendencies compared to boys
(B =.523, p =.023; Figure 4). However, the adjusted p-value after FDR correction is not

statistically significant.
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Figure 5 Gender by age interaction in prosocial tendencies
A significant gender by age interaction, such that for girls reported significantly greater
prosocial tendencies by age 15 (8 =.523, p =.023). This result did not pass multiple comparison

correction.

Table 1 Age and Gender Differences in Empathy and Prosocial Concern

. . . Prosocial
Perspective Taking Empathic Concern Tendencies
B SE B SE B SE
Age 0.1308  0.0326 | 0.0187  0.0292 0.0358  0.0364
Gender 0.0455  0.1140 | 0.0422 0.1021 0.2306  0.1292
Age *k Gender 0.1589  0.0651 | 0.2780  0.0583 0.3477*  0.0728

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

State Empathy and Prosocial Behavior
Analyses revealed a main effect of gender on both state empathy (8 = .49, p =.006; p =

.018 after FDR correction) and prosocial behavior (f = .39, p =.045; p = .067 after FDR
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correction), independent of the presence of the interaction with age (interaction terms p > .12,
Table 2). This suggests that gender has a significant impact on both state empathy and prosocial
behavior, regardless of age. Girls reported higher levels of state empathy (M =33.6, SE =.99)
compared to boys (M = 29.6, SE = 1; Figure 5a), and wrote more prosocial messages to the
players of the Cyberball game (M = 3.79, SE = .265) compared to boys (M = 3.03, SE = .263;
Figure 5b). However, the gender difference in prosocial behavior did not remain significant after

FDR correction.

Table 2 Age & Gender Diffs in State Empathy and Prosocial Behavior

Prosocial
State Empathy Behavior
B SE B SE
Age 0.0368 0.398 0.0964  0.105
Gender 0.4904**  1.408 0.3995*  0.373
Age * Gender  0.2722 0.797 0.0894 0.210

Note. *p < .05, ** p < .01, ***p< .001
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Figure 6 Gender differences in state empathy and prosocial behavior

(a) Significant gender difference in state empathy, such that girls report significantly greater
levels of state empathy after viewing the exclusion compared to boys (b) Significant gender
difference in degree of prosocial behavior in the messages to players of the Cyberball game,
such that girls wrote significantly more prosocial messages than boys. This result did not pass

FDR correction.

Affective Pain, Mentalizing, and Prosocial Concern Networks

Analyses revealed no significant effects of age, gender, or an age by gender interaction
predicting Affective Pain or Prosocial Concern network activity (Table 3). However, results
show a significant main effect of gender on Mentalizing network activity (8 =.39, p =.029; p =
.05 after FDR correction), independent of the presence of the interaction with age (interaction

term p =.763, Table 3). Girls (M = .42, SE = .11) showed significantly higher activation in the
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Mentalizing network while viewing the exclusion (vs inclusion) compared to boys (M = .08, SE

=.11; Figure 6).

Table 3 Age and Gender Differences in Networks

Affective Pain Mentalizing Prosocial Concern
B SE B SE B SE
Age -0.0458 0.0364 | -0.0503 0.0445 0.0461  0.0328
Gender 0.1354 0.1267 | 0.3991*  0.1550 | -0.0370 0.1144
Age *k Gender -0.1427 0.0728 | -0.0552 0.0891 | -0.0504  0.0655
Note. *p < .05, ** p < .01, ***p< 001 B
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Figure 7 Gender differences in Mentalizing
Significant gender differences in Mentalizing network activity while watching the exclusion vs
inclusion in Cyberball, such that girls show significantly greater activation in Mentalizing than

boys.
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Trait Predictors of State Empathy and Prosocial Behavior

The multiple linear regression revealed a significant main effect of empathic concern on
state empathy, such that those higher in self-reported empathic concern also reported higher
levels of state empathy (B = .31, p =.021; p = .021 after FDR correction, Table 4, Figure 7),
while perspective taking and prosocial tendencies did not relate to state empathy (Table 4). No
trait measures of empathy and prosocial behavior were significantly related to prosocial behavior
(Table 4). Subsequent exploratory analyses testing perspective taking, empathic concern, and
prosocial tendencies’ interaction by age and interaction by gender, predicting state empathy and

prosocial behavior, revealed no significant interactions (see Tables 5-10).

Table 4 Trait Measures of Empathy and Prosocial Tendencies

State Empathy EZ%?\;?:
] SE B SE
Age 0.01759 0.436 0.0552 0.123
Gender 0.45825*  1.520 0.4932* 0.428
Perspective Taking -0.00306  1.668 -0.0333 0.471
Empathic Concern 0.31084*  1.934 0.0562 0.599
Prosocial Tendencies  -0.03155  1.386 -0.0271 0.453

Note. *p < .05, ** p < .01, ***p< .001
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Figure 8 Empathic concern is a significant predictor of state empathy

Table 5 Perspective Taking x Age

Prosocial

State Empathy Behavior
] SE ] SE
Age 0.01722 0.439 0.0555 0.124
Gender 0.45708 1.529 0.4840 0.431
Perspective Taking -0.00666  1.703 -0.0470 0.479
Empathic Concern 0.30719 1.972 0.0466 0.605
Prosocial Tendencies -0.02840  1.409 -0.0244 0.455
Perspective Taking x Age  0.01733 0.817 0.0734 0.240

Note. *p < .05, ** p < .01, ***p< .001
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Table 6 Perspective Taking x Age
State Empath Prosocial
pathy Behavior
] SE B SE
Age 0.01737 0.439 0.0508 0.123
Gender 0.45833 1.528 0.4927 0.429
Perspective Taking -0.00327  1.677 -0.0276 0.471
Empathic Concern 0.31054 1.945 0.0391 0.603
Prosocial Tendencies -0.03135  1.393 -0.0119 0.455
Perspective Taking x Gender ~ 0.01296 2.540 0.2145 0.736
Note. *p < .05, ** p < .01, ***p< .001
Table 7 Empathic Concern x Age
State Empath Prosocial
pathy Behavior
B SE B SE
Age 0.01660 0.439 0.0478 0.123
Gender 0.45318 1.541 0.4461 0.437
Perspective Taking -0.00764 1.704 -0.0545 0.475
Empathic Concern 0.30857 1.951 0.0386 0.602
Prosocial Tendencies -0.02869  1.401 -0.0193 0.453
Empathic Concern x Age  0.02055 0.844 0.1340 0.256

Note. *p < .05, ** p < .01, ***p< .001
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Table 8 Empathic Concern x Gender

Prosocial

State Empathy Behavior
] SE ] SE
Age 0.02390  0.442 0.0629 0.126
Gender 0.45591 1.527 0.4912 0.431
Perspective Taking -0.00739  1.679 -0.0416 0.478
Empathic Concern 0.32363 1.979 0.0711 0.616
Prosocial Tendencies -0.03551  1.394 -0.0282 0.455
Empathic Concern x Gender  -0.09464  2.820 -0.0945 0.815

Note. *p < .05, ** p < .01, ***p< .001
Table 9 Prosocial Tendencies x Age

State Empath Prosocial

pathy Behavior
B SE B SE
Age 0.01050 0.440 0.0363 0.123
Gender 0.44641 1.529 0.4412 0.429
Perspective Taking -0.00733 1.674 -0.0524 0.468
Empathic Concern 0.30503 1.942 0.0488 0.594
Prosocial Tendencies -0.02448  1.393 -0.0300 0.449
Prosocial Tendencies x Age  0.07324 0.620 0.1807 0.185

Note. *p < .05, ** p < .01, ***p< .001
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Table 10 Prosocial Tendencies x Age

Prosocial

State Empathy Behavior
B SE ] SE
Age 0.00875 0.438 0.0519 0.126
Gender 0.46248 1.521 0.4947 0.432
Perspective Taking 0.00640 1.673 -0.0288 0.484
Empathic Concern 0.31618 1.936 0.0551 0.603
Prosocial Tendencies -0.05516 1.411 -0.0315 0.464
Prosocial Tendencies x Gender  0.18845 2.102 0.0342 0.661

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

Trait Predictors of Neural Activity

Multiple linear regression models were first run to examine the effects of trait measures
of empathy and prosocial tendencies on Affective Pain, Mentalizing, and Prosocial Concern
network activity, controlling for age and gender. There were no main effects of trait measures of
empathy or prosocial tendencies on any of the network activity during exclusion (Table 11).

Exploratory analyses examining interactions with trait measures by age and trait
measures by gender revealed no significant interactions predicting Mentalizing or Prosocial
Concern network activity (Tables 11-17). The Affective Pain network showed significant
empathic concern by gender (5 =-.48, p =.02; p = .130 after FDR correction, Table 12) and
significant perspective taking by gender (8 = -.54, p = .007; p = .045 after FDR correction, Table
14) interactions. Simple effects analyses revealed that as boys increased in levels of self-reported
empathic concern, they increased in activation of the Affective Pain network (8 = .56, p =.004),

while girls showed no relationship between empathic concern and Affective Pain network
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activity (B = .079, p = .617; Figure 8). However, this result did not pass FDR correction. The
perspective taking by gender interaction followed a similar pattern — as boys increased in self-
reported perspective taking, they showed increased activation in the Affective Pain network (8 =
.307, p =.056), while girls showed no relationship between perspective taking and Affective
Pain network activity (8 = -.23, p = .168, Figure 9). Girls low in perspective taking (5™
percentile, M = 1.57) showed significantly greater activation in the Affective Pain network
compared to boys in the 5™ percentile on perspective taking (8 = .88, p = .018). However, this
significant gender difference was flipped for participants scoring higher in perspective taking
(95" percentile, M = 3.43), such that boys were showing significantly greater activation in the
Affective Pain network compared to girls (5 = -.81, p =.027). There were no observed gender

differences for those with average perspective taking scores (8 = -.03, p = .862).

Table 11. Trait Measures of Empathy and Prosocial Tendencies

Affective Pain Mentalizing Prosocial Concern
(Intercept) B SE B SE B SE
Age -0.00421  0.0418 | -0.1059  0.0505 0.0507  0.0362
Gender 0.03051 0.1452 0.3587  0.1757 | -0.1596  0.1261

Empathic Concern 0.25481 0.1808 0.2415 0.2189 0.1546  0.1599
Perspective Taking 0.05436 0.1635 | -0.0325 0.1978 | -0.0967 0.1416
Prosocial Tendencies  -0.24810 0.1337 | -0.0773  0.1618 0.1387  0.1162

Note. *p < .05, ** p < .01, ***p< .001
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Table 12 Empathic Concern x Gender

Affective Pain Mentalizing Prosocial Concern
(Intercept) B SE B SE B SE
Age 0.0358 0.0414 | -0.0830 0.0510 0.0437  0.0370
Gender 0.0161 0.1418 0.3505 0.1750 | -0.1571 0.1268
Empathic Concern 0.3180 0.1799 0.2777  0.2219 0.1473  0.1623
Perspective Taking 0.0287 0.1602 | -0.0472  0.1976 | -0.0918 0.1430
Prosocial Tendencies -0.2678 0.1308 | -0.0886 0.1615 0.1403  0.1168
Empathic Concern x Gender  -0.4785*  0.2577 | -0.2737  0.3180 0.0739  0.2350

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

Table 13 Empathic Concern x Age

Affective Pain Mentalizing Prosocial Concern
(Intercept) B SE B SE B SE
Age 0.00392 0.0420 | -0.1136  0.0508 0.0467  0.0365
Gender 0.05815 0.1471 0.3325 0.1781 | -0.1752  0.1286
Empathic Concern 0.26243 0.1814 0.2343  0.2196 0.1537  0.1607
Perspective Taking 0.07385 0.1659 | -0.0511 0.2008 | -0.1057 0.1439
Prosocial Tendencies -0.26057  0.1346 | -0.0655  0.1630 0.1434 0.1171
Empathic Concernx Age  -0.09463  0.0784 0.0900 0.0949 0.0468  0.0694

Note. *p < .05, ** p < .01, ***p< .001
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Table 14 Perspective Taking x Gender

Affective Pain Mentalizing Prosocial Concern
(Intercept) B SE B SE B SE
Age 0.00410 0.0404 | -0.1001  0.0499 0.0513  0.0364
Gender 0.02740 0.1403 0.3566  0.1733 | -0.1598 0.1268
Empathic Concern 0.26813 0.1749 0.2508  0.2160 0.1545  0.1608
Perspective Taking 0.03822 0.1581 | -0.0438 0.1953 | -0.0977  0.1425
Prosocial Tendencies -0.24214 0.1293 | -0.0732  0.1596 0.1394  0.1169
Perspective Taking x Gender ~ -0.53725**  0.2349 | -0.3743 0.2901 | -0.0277  0.2136

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

Table 15 Perspective Taking x Age

Affective Pain Mentalizing Prosocial Concern
(Intercept) B SE B SE B SE
Age 0.00263  0.0419 | -0.1085 0.0509 0.05011  0.0365
Gender 0.03472  0.1454 | 0.3571 0.1766 | -0.16019 0.1269
Empathic Concern 0.27475 0.1835 0.2340  0.2229 0.15306  0.1623
Perspective Taking 0.07678  0.1668 | -0.0411 0.2025 | -0.09873  0.1449
Prosocial Tendencies -0.27243  0.1368 | -0.0681 0.1661 0.14083  0.1190
Perspective Taking x Age  -0.09766  0.0788 0.0372  0.0957 0.00897  0.0686

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

45



Table 16 Prosocial Tendencies x Gender

Affective Pain Mentalizing Prosocial Concern
(Intercept) B SE B SE B SE
Age 0.0172 0.0417 | -0.0957  0.0511 0.0474  0.0367
Gender 0.0218 0.1440 0.3546  0.1761 | -0.1585 0.1268
Empathic Concern 0.2446 0.1795 0.2367 0.2195 0.1567 0.1611
Perspective Taking 0.0395 0.1624 | -0.0396  0.1987 | -0.0943  0.1427
Prosocial Tendencies -0.2106  0.1345 | -0.0596  0.1645 0.1328  0.1187
Prosocial Tendencies x Gender  -0.3306  0.1976 | -0.1565 0.2417 0.0480 0.1737

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

Table 17 Prosocial Tendencies x Age

Affective Pain Mentalizing Prosocial Concern
(Intercept) B SE B SE B SE
Age 0.00754  0.0422 | -0.1219 0.0509 0.0551  0.0367
Gender 0.05068  0.1463 0.3312 0.1764 | -0.1517 0.1276
Empathic Concern 0.26237  0.1814 0.2312 0.2188 0.1565  0.1609
Perspective Taking 0.05244  0.1637 | -0.0299 0.1974 | -0.0977  0.1423
Prosocial Tendencies -0.25197  0.1340 | -0.0721 0.1616 0.1377  0.1168
Prosocial Tendencies x Age  -0.09385  0.0599 0.1281  0.0722 | -0.0351  0.0520

Note. *p < .05, ** p < .01, ***p< .001
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Figure 9 Empathic Concern by Gender interaction predicting Affective Pain Network activity
As reports of empathic concern increased for boys, activation in the Affective Pain network

during exclusion vs inclusion increased. This result did not pass FDR correction.

47



=<

) i

E 3

Z 5 Gender
< (SE)
o Boy
2 Girl
13

2 o-

<

1 2 3 4
Perspective Taking
Figure 10 Perspective Taking by Gender interaction predicting Affective Pain network activity
Significant gender differences at both low and high levels of perspective taking, such that girls
with low scores on perspective taking show significantly greater activation in the Affective Pain
network than boys at low scores of perspective taking, but boys at high scores of perspective
taking show significantly greater activation in the Affective Pain network than girls at high levels

of perspective taking.

Neural Predictors of State Empathy and Prosocial Behavior

Analyses revealed no significant main effects of Affective Pain, Mentalizing, or Prosocial
Concern networks on state empathy or prosocial behavior, controlling for age and gender (Table
18). Subsequent analyses testing network by age and network by gender interactions found no

significant Affective Pain x gender (Table 19), Affective Pain x age (Table 20), Mentalizing x
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gender (Table 21), Mentalizing x age (Table 22) or Prosocial Concern x gender (Table 23)
interactions predicting state empathy or prosocial behavior.

While there were no interactions with network activity and gender predicting state
empathy or prosocial behavior (ps > .262), and no interaction with Mentalizing or Affective Pain
network and age (ps > .11), analyses revealed a significant Prosocial Concern by age interaction
(B = .24, p =.026, p = .039 after FDR correction) predicting prosocial behavior (Table 24).
Simple effects analyses revealed that for older adolescents, there is a significant linear
relationship between Prosocial Network activity and degree of prosocial behavior, for 15-year-
olds (B8 =.364, p =.032), 16-year-olds (8 =.503, p =.021), and 17-year-olds (§ = .643, p =
.019), that does not exist for younger participants, like 11 (g =-.19, p = .271) or 13-year-olds (8

= .08, p = .484; see Figure 11).

Table 18 Main effects of Networks

State Empathy Prosocial Behavior

p SE B SE
Age 0.03665 0.424 0.07314 0.114
Gender 0.47070 1.528 0.38684  0.409
Affective Pain -0.03529  1.225 0.00360  0.337
Mentalizing -0.00384 1321 | -0.11469 0.344
Prosocial Concern  0.05926 1.485 0.09884  0.389

Note. *p < .05, ** p < .01, ***p< .001
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Table 19 Affective Pain x Gender

Prosocial

State Empathy Behavior
(Intercept) B SE B SE
Age 0.0248 0.421 0.0808 0.114
Gender 0.4688 1.513 0.3928 0.409
Affective Pain -0.0143 1.219 -0.0218 0.341
Mentalizing -0.0457  1.337 -0.0864 0.351
Prosocial Concern 0.0527 1.472 0.0964 0.389
Affective Pain x Gender  -0.3309  2.155 0.2392 0.591
Note. *p < .05, ** p < .01, ***p< .001

Table 20 Affective Pain x Age
State Empathy Prosoc_ial
Behavior

(Intercept) ] SE B SE
Age 0.0355 0.426 0.07379  0.114
Gender 0.4603 1.541 0.38967 0.412
Affective Pain -0.0240 1.246 0.00193  0.339
Mentalizing -0.0160 1.352  -0.10635 0.364
Prosocial Concern 0.0631 1.493 0.09603 0.394
Affective Pain x Age  -0.0552  0.688 0.02424  0.185

Note. *p < .05, ** p < .01, ***p< .001
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Table 21 Mentalizing x Gender

Prosocial

State Empathy Behavior
(Intercept) B SE ] SE
Age 0.0319 0.422 0.07501  0.114
Gender 0.4734 1.520 0.38980 0.411
Affective Pain -0.0331  1.219 -0.00748  0.343
Mentalizing -0.0157 1318  -0.11167 0.346
Prosocial Concern 0.0700 1.480 0.09302  0.393
Mentalizing x Gender  -0.2758  1.748 0.10482  0.543
Note. *p < .05, ** p < .01, ***p< .001

Table 22 Mentalizing x Age
State Empath Prosocial
pathy Behavior

(Intercept) B SE B SE
Age 0.03672 0.426 0.0707 0.113
Gender 0.47395 1.547 0.4220 0.408
Affective Pain -0.04221  1.320 -0.0435 0.341
Mentalizing -0.00118  1.346 -0.0754 0.348
Prosocial Concern  0.05892 1.492 0.0906 0.386
Mentalizing x Age  0.01544 0.606 0.1848 0.162

Note. *p < .05, ** p < .01, ***p< .001
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Table 23 Prosocial Concern x Gender

Prosocial

State Empathy Behavior
(Intercept) B SE B SE
Age 0.0341 0.156 0.07299 0.114
Gender 0.4697 3.768 0.38566  0.412
Affective Pain -0.0281 -0.261 0.00680 0.344
Mentalizing -0.0157 -0.180 -0.11615  0.348
Prosocial Concern 0.0654 0.853 0.09947 0.392
Prosocial Concern x Gender  -0.1414  -1.844 -0.02718 0.677
Note. *p < .05, ** p < .01, ***p< .001

Table 24 Prosocial Concern x Age
State Empath Prosocial
pathy Behavior

(Intercept) B SE B SE
Age 0.03652 0.426 0.0647 0.111
Gender 0.47203 1.546 0.4373 0.402
Affective Pain -0.03768 1.291 -0.0616 0.337
Mentalizing -0.00372 1.327 -0.1166 0.337
Prosocial Concern 0.06094 1.540 0.1755 0.396
Prosocial Concern x Age  0.00602*  0.782 0.2446 0.197

Note. *p < .05, ** p < .01, ***p< .001
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Figure 11 Prosocial Concern Network by age interaction predicting prosocial behavior

Older adolescents (15-17 years old) showed a significant relationship between Prosocial
Concern network activity while viewing the exclusion and subsequent prosocial behavior in their
messages to the players of the game, such that the more Prosocial Concern network activity
during exclusion, the more prosocial their messages were.

VI1I. Discussion

Overall, results of the current study revealed interesting insights into how empathy relates to
prosocial behavior, and how gender differences play a role in this. Firstly, while trait levels of
empathic concern, perspective taking, or prosocial tendencies were not predictive of state
empathy or prosocial behavior in response to viewing the exclusion, empathic concern was a
significant predictor of state empathy, which was viewed as an outcome variable in the current
investigation. While there was no effect of age or gender on trait empathic concern or
perspective taking, gender differences in self-reported prosocial tendencies became significant

by age 15, such that girls started reporting greater prosocial tendencies than boys (though this
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finding did not pass FDR correction). This gender difference was more consistently reflected,
across all ages, in empathy and prosocial measures related to the experimental task — girls
reported feeling greater levels of state empathy in response to viewing the social exclusion of a
same-aged peer and were more prosocial in their messages to the players as well (though the
gender difference in prosocial behavior did not pass FDR correction).

As for neuroimaging findings, both Mentalizing and Affective Pain networks showed
significant activation during the viewing of a social exclusion (vs. inclusion) across the entire
sample (while Prosocial Concern network activity was not significant). While girls showed
significantly greater activation in the Mentalizing network while viewing the exclusion, gender
differences in Affective Pain network activity arose based on individual differences in
perspective taking. Amongst the participants scoring low in perspective taking, girls showed
significantly greater activation in the Affective Pain network compared to boys. However,
amongst participants high in perspective taking, this relationship flipped — boys scoring high in
perspective taking showed significantly greater activation in the Affective Pain network
compared to girls high in perspective taking. Finally, while not significantly activated across the
whole sample during exclusion, the Prosocial Concern network became important in predicting
subsequent prosocial behavior, specifically for older adolescents (15 to 17-year-olds), whose
prosociality was significantly related to neural activation in this network.

Gender differences in the current report are consistent with previous findings, such that girls
often show higher levels of empathy and greater tendency for prosocial behavior compared to
boys, particularly in self-reported measures (Christov-Moore et al., 2014). While there is
evidence, though inconsistent, for gender differences in empathy showing up as early as infancy

and amongst toddlers, these differences appear to widen with age, as gender differences in
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empathy appear to increasingly diverge in adolescence, peaking around the time of puberty
(Balk, 1995; Galambos et al.,1991; Lam et al., 2012). However, when comparing self-report
measures of empathy to gender or sex differences in neural responses, the gender differences in
empathy are inconsistent. For example, in one study measuring both self-reported trait empathy
along with neurophysiological measures of empathic arousal, the gender difference in self-
reported trait empathy was not reflected in neural responses (Michalska et al., 2013).

Gender differences in the current investigation largely arose from self-report and behavioral
measures of empathy and prosocial behavior. On the one hand, the widening of gender
differences in self-report and behavioral measures of empathy and prosocial behavior could be
explained by cultural and societal expectations, i.e. the gender intensification theory (Hill &
Lynch, 1983), such that boys and girls reaching puberty and undergoing physical changes may
start to feel more compelled to act in line with stereotypical gender role expectations to be
accepted by their peers (Fabes et al., 1999; Hill & Lynch, 1983; Huston & Alvarez, 1990). Given
that gender differences in adolescence are most consistently seen via self-report measures, this
may also be reflective of females’ greater willingness to report on their empathic experiences
(Michalska et al., 2013). Beyond a social explanation for gender differences, there may also be
an underlying biological or hormonal explanation as well. Sex differences may have arisen from
the evolutionary history of maternal care (Christov-Moore et al., 2014), such that it is more
advantageous for females to have a greater sensitivity to nonverbal expressions and emotion
recognition to care for their kin and ensure infant survival (Decety & Svetlova, 2012; Hampson
et al., 2006). Additionally, one study found that females showed significantly larger volumes of
gray matter in brain regions where networks of mirror neurons are located, underlying affective

empathy, which was positively related to self-reported empathy scores (Cheng et al., 2009). In
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the current investigation, adolescent girls showed significantly greater activation in the
Mentalizing network while viewing the social exclusion compared to boys. This may be
reflective of differences in pubertal timing, as previous work has found pubertal development to
be associated with increased emotional reactivity (Silk et al., 2009; Spear, 2009) and greater
perspective-taking or mentalizing abilities (Keulers et al., 2010). Given the structural and
functional reorganization of the brain that aligns with puberty (Blakemore, 2008; Blakemore et
al., 2010), it is possible that puberty has an influence on the networks that underly empathy.
Importantly, one study examining the effect of pubertal development on neural responding found
that more activity in mentalizing regions while viewing another’s social exclusion was associated
with higher levels of physical maturation (i.e. pubertal development) at 13 years old (Masten et
al., 2013). Given that the adolescent girls in the current sample were significantly more advanced
in pubertal development compared to boys, the observed gender difference in mentalizing
activity during exclusion may be related to the effect of puberty on mentalizing. Overall, given
mixed evidence and multiple potential explanations for gender differences in empathy
throughout the lifespan (and particularly in adolescence), these differences likely arise from an
interplay of nature and nurture. However, given the reported sex differences measurable at birth
and consistent across the lifespan, there may be an important evolutionary component driving
these differences. Interestingly we see similar sex differences in empathy and prosocial behavior
in animal models, such that while rats behave prosocially in response to a conspecific’s distress,
female rats were more likely to act prosocially than male rats (Bartal et al., 2011). This may
suggest that even female rats are more empathic than males. Indeed, one study found that female
mice, but not male, were more likely to approach a familiar same-sex cagemate who was in pain,

compared to an unaffected cagemate, showing different behavioral responses depending on pain
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level (Langford et al., 2010). This sex-specific effect of pain-related social approach held even
when observing female mice that lacked the oxytocin receptor. Scholars suggest that amongst
mammals with highly sexually dimorphic parental care, such that females care for kin
significantly more than males, males often show aggression toward unrelated pups (de Jong et
al., 2009; Langford et al., 2010). However, amongst species with biparental investment like the
prarie vole, males show enhanced prosocial behavior toward unrelated pups (Cushing & Wynne-
Edwards, 2006; de Jong et al., 2009).

Apart from gender differences, we found that in general, viewing the exclusion of a same-
aged peer related to significant activation in both Mentalizing and Affective Pain networks.
While activation in the Mentalizing network is expected given the social and context-dependent
nature of the task and has been frequently found in previous work using the same paradigm
(Masten et al., 2010; Masten et al., 2011; Meyer et al., 2013), studies examining empathy for
another’s social pain has less frequently reported activation in the Affective Pain network across
all participants. Instead, Affective Pain network activity (or the individual ROIs within this
network) have been shown to be more sensitive to both the closeness with the victim and to
individual differences in trait empathy. For example, dACC and Al activity only seemed to arise
when participants were empathizing with the social exclusion of a close friend compared to
stranger (Meyer et al., 2013), for those with high levels of trait empathy (Masten et al., 2011), or
when activity in the affective pain related region of the Al was related to subsequent prosocial
behavior (Masten et al., 2010; Masten et al., 2011). In light of the previous findings, it could be
that the current cohort of participants felt closer, or a greater sense of kinship with the same-aged
previous participant of the study that they believed to be playing the Cyberball game. It may also

be that participants in the current study were generally higher on trait empathy, though it is

57



difficult to compare due to differences in trait measures of empathy used across the studies. More
generally, this finding may be reflective of cohort-specific effects, such that participants in this
study are from a distinctly different Generation (Generation Z) that grew up in the presence of
social media and technology, and connect more with each other virtually (Twenge, 2017).
Perhaps viewing an online social exclusion is an even more salient experience for them
compared to previous cohorts, and they are thus better able to both take on the perspective of an
animated character being excluded online and share in their pain. Adolescents could also be
calling up on their own past or present experiences with rejection, though the current study is not
fit to make claims about this, as we did not collect a measure of rejection sensitivity. It would be
important for future work to include this measure and investigate cohort or generational specific
effects more intentionally.

Finally, while Mentalizing and Affective Pain networks were shown to be involved while
viewing the exclusion (compared to inclusion), the Prosocial Concern network was the only
network to be related to subsequent prosocial behavior for older adolescents (15 to 17-year-olds).
The neural regions included in the Prosocial Concern network (SA and mOFC) are also regions
involved in both mammalian and human caregiving systems (Inagaki & Eisenberger, 2012;
Slotnick & Nigrosh, 1975). Some have suggested that for humans, the caregiving system remains
immature until late adolescence, when the hormonal and neurobiological changes occurring
during puberty push the caregiving system toward maturity (George & Solomon, 1996; Lenzi et
al., 2015). Relatedly, Fullard and Reiling (1976) showed in an early study that when given the
choice between pictures of adults or infants, children ages 7 to 12 preferred images of adults,
while thereafter researchers witnessed an adult-like shift to preferences for pictures of infants

corresponding with puberty and the ages at which boys and girls become capable of
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reproduction. This provides a potential explanation as to why we see the Prosocial Concern
network begin to relate to or support prosocial behavior in older adolescence, as they may have a
more mature caregiving system that can be more readily engaged to support their prosocial
behaviors. However, more work investigating the maturation of the caregiving system, and how
it supports prosocial behavior, is needed to strengthen this claim.

Additionally, while the Mentalizing and Affective Pain networks were not directly predictive
of prosocial behavior in the current study, this does not imply that they do not have a role in
influencing prosocial behavior. While it was beyond the scope of the current study, it is
important to understand how these networks may be working together to produce a prosocial
response, especially considering the significant Mentalizing and Affective Pain network activity
that is related to viewing the exclusion in the current investigation. Given the nature of the
Cyberball game, mentalizing is required to understand how the excluded player might be feeling.
Additionally, while affective pain was not predictive, it might be needed to acknowledge the
excluded player’s suffering and motivate the participant towards a feeling of empathic or
prosocial concern. Thus, it could be that some level of affective and mentalizing activity inspires
prosocial concern, which predicts prosocial behavior. However, this study provides further
evidence that prosocial concern and its distinct neural correlates play an important role in
connecting empathy to prosocial behavior (Batson, 2012), and provides initial evidence for the
idea that the prosocial concern network might be most influential in older adolescence, when the
neural regions involved in a wider caregiving system are reaching or have reached maturity. This
may have implications on most appropriate timing for successful empathy and compassion

training interventions.
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