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1. Summary

People constantly receive self-relevant information. For example, social
interaction partners give feedback on character traits (e.g., by telling you that
you are polite, tidy, or superficial) and media provide statistical information
about the likelihood of experiencing future life events (e.g., by stating the
likelihood of living past the age of 80 or getting caner). However, the potential
behavioral and neural components of self-relevant information processing are
underexplored. In this thesis, | aim at providing the empirical basis for a
neurocognitive model of self-relevant information processing. | draw on
behavioral research on the self-concept, the social self, and self-related
positivity biases as well as on neuroscientific research on the neural processes

related to self-judgments, reward, and mentalizing.

Study 1 used behavioral measures and functional magnetic resonance
imaging (fMRI) to test how social feedback on character traits changed
participants’ self-ratings. This social feedback was given by peers within the
context of a face-to-face interaction. Study 2 extended the approach of study 1
to a cultural comparison between participants of German and Chinese
background. Study 3 investigated potential implications of self-relevant
information processing for psychiatry by testing how depressive patients
updated their personal estimates of the likelihood of future life events when

receiving statistical information about these events.

Healthy participants processed self-relevant information in a positively
biased way, i.e., they updated their self-ratings and their estimates of the future
more after receiving desirable than after receiving undesirable information. In
contrast, positively biased updating about future life events was absent in
depressive patients. Culture modulated social conformity, i.e., Chinese
participants relied more on social feedback than German participants. Self-
relevant information processing comprised a reward component that correlated
with neural activity in the ventral striatum and the anterior cingulate
cortex/medial prefrontal cortex (ACC/MPFC) and a social comparison
component that correlated with neural activity in the mentalizing network

including the MPFC, the temporo-parietal junction (TPJ), the superior temporal



sulcus (STS), the temporal pole (TP), the inferior frontal gyrus (IFG), and the
pre-supplementary motor area (preSMA). Self-related MPFC activity differed

between German and Chinese participants.

On the basis of these results, | propose a neurocognitive model of self-
relevant information processing. The model supposes that both reward
processing and social comparison processing impact on the dynamics of the
self-concept. These dynamics are biased toward the positive in healthy
individuals. Reward processing involves the ventral striatum and the
ACC/MPFC. Social comparison processing involves the mentalizing network.
Depression is supposed to disrupt reward processing—resulting in an absence
of positivity biases. Cultural differences in self-concepts are supposed to
modulate social comparison processing—resulting in cultural differences in

social conformity.

In conclusion, this dissertation advances the understanding of self-
relevant information processing by combining behavioral research on the self-
concept, the social self, and self-related positivity biases with neuroscientific
research on reward and mentalizing. The proposed neurocognitve model
integrates research on the cultural diversity of human societies, offers a
framework for a better understanding of psychiatric disorders, and lends itself to

a future adaptation to computational modeling approaches.

Keywords: self-concept, social interaction, positivity bias, mentalizing, reward,

culture, depression, medial prefrontal cortex (MPFC)



2. Zusammenfassung

Menschen erhalten oft Informationen, die fur sie selbst relevant sind. So geben
soziale Interaktionspartner haufig Rickmeldungen zu Charaktereigenschaften,
zum Beispiel wie hoéflich, wie ordentlich oder wie oberflachlich jemand ist. In den
Medien werden aullerdem tagtaglich statistische Informationen Uber die
Eintrittswahrscheinlichkeit von zukilnftigen Lebensereignissen veréffentlicht,
zum Beispiel die Wahrscheinlichkeit alter als 80 Jahre zu werden oder an Krebs
zu erkranken. Die potenziellen Komponenten der Verarbeitung von solchen
selbstrelevanten Informationen sind jedoch sowohl auf der Verhaltensebene als
auch auf der neuronalen Ebene nicht ausreichend erforscht. Ziel dieser
Dissertation ist, eine empirische Basis fir ein neurokognitives Model der
Verarbeitung von selbstrelevanten Informationen zu schaffen. Ich beziehe mich
dazu auf Verhaltensforschung zum Selbstkonzept, zum sozialen Selbst und zu
selbstbezogenen positiven Verzerrungen, sowie auf neurowissenschaftliche
Forschung zu neuronalen Prozessen, die mit Selbsteinschatzungen, Belohnung

und der Inferenz mentaler Zustande (mentalizing) zusammenhangen.

In Studie 1 wurde mit der Hilfe von Verhaltensmalen und funktioneller
Magnetresonanztomographie (fMRT) untersucht, wie soziale Rickmeldungen
zu Charaktereigenschaften die Selbsteinschatzungen der Versuchsteilnehmer
veranderten. Diese sozialen Rickmeldungen wurden von Gleichaltrigen im
Kontext einer direkten sozialen Interaktion gegeben. In Studie 2 wurde diese
Herangehensweise erweitert, indem kulturelle Unterschiede im Selbstkonzept
von deutschen und chinesischen Versuchsteilnehmer verglichen wurden. In
Studie 3 wurden mdgliche Konsequenzen von  selbstrelevanter
Informationsverarbeitung fur die psychiatrische Forschung untersucht.
Depressive Patienten schatzten die Eintrittswahrscheinlichkeit von zukinftigen
Lebensereignissen ein und erhielten statistische Informationen zu diesen

Ereignissen.

Gesunde Versuchsteilnehmer zeigten eine positive Verzerrung bei der
Verarbeitung selbstrelevanter Informationen, das heil3t sie veranderten ihre
Selbsteinschatzungen und ihre Einschatzungen der Zukunft mehr wenn sie

wiinschenswerte als wenn sie nicht wiinschenswerte Informationen erhielten.



Im Gegensatz dazu zeigten depressive Patienten keine positive Verzerrung bei
der Verarbeitung von Informationen Uber zukinftige Lebensereignisse. Der
kulturelle Hintergrund der Versuchsteilnehmer beeinflusste deren soziale
Konformitat, das heit chinesische Versuchsteilnehmer integrierten soziale
Ruckmeldungen in einem starkeren Ausmal als deutsche Versuchsteilnehmer.
Selbstrelevante  Informationsverarbeitung umfasste eine  Belohnungs-
komponente sowie eine soziale Vergleichskomponente. Die Belohnungs-
komponente korrelierte mit neuronaler Aktivitat im ventralen Striatum und im
anterioren cingularen Cortex (ACC) beziehungsweise medialen prefrontalen
Cortex (MPFC). Die soziale Vergleichskomponente korrelierte mit neuronaler
Aktivitat im mentalizing Netzwerk, welches Aktivitdt im MPFC, in der temporo-
parietalen Junktion (TPJ), dem superioren temporalen Sulcus (STS), dem
inferioren frontalen Gyrus (IFG) und dem pra-supplementaren Motorareal
(praSMA) umfasste. Zwischen chinesischen und deutschen Versuchs-
teiinehmern zeigten sich Unterschiede in der MPFC Aktivitdt im

Zusammenhang mit Selbsteinschatzungen.

Auf der Grundlage dieser Ergebnisse schlage ich ein neurokognitives
Modell zur Verarbeitung von selbstrelevanten Informationen vor. Dieses nimmt
an, dass sich sowohl die Verarbeitung von Belohnung als auch die Verarbeitung
von sozialen Vergleichsprozessen auf die dynamischen Veranderungen des
Selbstkonzeptes auswirken. Diese Verédnderungen sind in Gesunden zum
Positiven hin verzerrt. Belohnungsverarbeitung ist mit dem ventralen Striatum
und dem ACC/MPFC assoziiert und die Verarbeitung von sozialen Vergleichs-
prozessen ist mit dem mentalizing Netzwerk verknlUpft. Bei depressiven
Patienten ist vermutlich die Belohnungsverarbeitung gestért, was mit der
Abwesenheit von positiven Verzerrungen einhergeht. Kulturelle Unterschiede im
Selbstkonzept wirken sich vermutlich auf die Verarbeitung von sozialen
Vergleichsprozessen aus, was sich in kulturell unterschiedlicher sozialer

Konformitat aufRert.

Die vorliegende Dissertation verknlpft Verhaltensforschung zum
Selbstkonzept, zum sozialen Selbst und zu selbstbezogenen positiven

Verzerrungen mit neurowissenschaftlicher Forschung zu Belohnung und



mentalizing und erweitert damit das Verstandnis selbstrelevanter
Informationsverarbeitung. Das hier vorgeschlagene neurokognitive Model
integriert Forschung zur kulturellen Vielfalt menschlicher Gesellschaften und
bietet ein Bezugssystem zum vertieften Verstandnis psychiatrischer
Erkrankungen. Daruber hinaus werden mdgliche Erweiterungen des Models

durch computationale Modellierungsanséatzen diskutiert.

Schlagwoérter:  Selbstkonzept, soziale Interaktion, positive Verzerrung,
mentalizing, Belohnung, Kultur, Depression, medialer prafrontaler Cortex
(MPFC)



3. Introduction

The idea of “self” has fascinated humans throughout history. Notions of self play
a central role in everyday life and various scientific disciplines. Philosophers
discuss the nature of subjective experience and biologists ask whether the self
is uniquely human. Psychologists have conducted thousands of experiments to
investigate how the notion of self can explain human behavior and cognition.
Folk psychology and scientific disciplines vary in how they characterize what
constitutes the self. Many prominent scholars in psychology have not given
global definitions of “self” but have instead specified certain self-related
phenomena (Myers, 2005; Leary, 2007; Hewstone et al., 2008; Hogg and
Vaughan; 2008; Baumeister, 2011). | would like to begin by specifying three
perspectives on the self, which have guided theoretical and empirical work: self-
concept, social self and self-related positivity biases (Figure 1). Based on these
perspectives | will formulate the overall aim of this thesis and the research

guestions of the three empirical studies included in this thesis.

1.1. Three perspectives on the self

First, the self-concept consists of a set of cognitive representations that
structure and organize information related to somebody’s experience and
behavior (self-concept; Figure 1A) (e.g., Markus and Wurf, 1987; Baumeister,
1998; Myers, 2005, Hewstone et al., 2008; Hogg and Vaughan; 2008,
Baumeister, 2011). People’s self-concepts differ in content (subsumed under
the notion of self-schemas) and structure (subsumed under the notion of self-
complexity). Self-related cognitive representations can be summarized in the
form of character traits (e.g. polite, aggressive), perceived physical
characteristics (e.g. healthy, beautiful), abilities (e.g. athletic, good in physics),
or sets of preferences (e.g. preference for Italian food). People’s self-concepts
are relatively continuous over time; people have a sense of who they were in
the past (via autobiographical memory) and of who they want to be in the future

(via imagination and prospective thinking).



Second, the self is embedded in a social world (social self, Figure 1B).
While theories of the self-concept focus on the minds of individuals, theories of
the social self emphasize that individuals live in social groups (e.g., Banaji and
Prentice, 1994; Brewer and Hewstone, 2004; Hewstone et al., 2008; Hogg and
Vaughan; 2008; Baumeister, 2011; Ellemers, 2012). Within these groups,
people have specific social roles (e.g. student) and relations to others (e.g. to a
friend). People compare themselves to others and seek self-relevant
information when engaging in social interactions (e.g., Banaji and Prentice,
1994; Alicke and Sedikides 2009; Hepper et al. 2011). People’s background
culture (e.g. whether they live in the West or in East Asia) shapes their social

world, and thus their social self (Heine, 2012).

Third, people are motivated to establish or maintain a particular self-
concept. The vast majority of research on self-motives has focused on self-
related positivity biases such as people’s desire to maintain or increase the
positivity (or decrease the negativity) of their self-concept or the desire to
protect or enhance their self-esteem (self-related positivity biases; Figure 1C)
(e.g., Taylor and Brown, 1988; Leary, 2007; Hewstone et al., 2008; Hogg and
Vaughan; 2008; Sedikides and Gregg, 2008; Alicke and Sedikides, 2009). Self-
related positivity biases include optimism, i.e., the tendency to underestimate
probability of encountering negative events in the future (or to overestimate the
probability of encountering positive events) (Weinstein, 1980; Scheier et al.,
1994; Sharot, 2011). Self-related positivity biases are relevant for psychiatry
since psychiatric patients such as depressed patients often exhibit negative
biases (Beck et al., 1979; Gotlib and Joormann, 2010).

These theoretical perspectives focusing on the self-concept, the social
self and self-related biases are interrelated in several ways. Theories on self-
concept and social self are linked because social roles can be regarded as self-
schemas similar to character traits. Self-concept and self-related biases are
linked because cognitive representations of “possible selves” (i.e., the ideal self
one wants to be and the dreaded self one fears to be) function as evaluative
context and incentives for future behavior (Markus and Nurius, 1986). The

social self and self-related positivity biases are linked because social



interactions often create motivations for self-enhancement (Banaji and Prentice,
1994; Leary, 2007; Hepper et al., 2011).

Thus, the psychological literature has linked theories on the self-concept,
the social self, and self-related biases to each other. However, a theoretical
framework that integrates these perspectives with respect to information
processing and neurobiological mechanisms is lacking. Most previous studies
have neglected how people process incoming self-relevant information. Since
the brain can be seen as a complicated information-processing system,
clarifying the components of self-relevant information processing holds the
promise to link the neural components of self-related phenomena to other
neurobiological mechanisms (such as reward processing or mentalizing). In
addition, understanding self-relevant information processing may bear
implications for research on psychiatric diseases (such as depression) (Beck et
al., 1979; Gotlib and Joormann, 2010) and for research on the cultural diversity

of human cognition (Heine, 2012).

Overall, the three empirical studies of this thesis aim at advancing the
understanding of how humans process self-relevant information. Study 1 (Korn
et al., 2012) investigated positively biased social feedback processing and the
associated related neural activity. Study 2 (Korn et al., submitted) investigated
how culture influences behavioral and neural aspects of social feedback
processing. Study 3 (Korn et al., in press) investigated whether depressed
patients show an absence of optimistically biased processing when receiving

information about the future.

Before | summarize and integrate the results of these studies within a
neurocognitive model of self-relevant information processing, | will give an

overview of the theoretical and empirical foundations.
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Figure 1. Three perspectives on the self.

A. Research on the self-concept focuses on the cognitive representations
(depicted as thought balloons) of individuals (Markus and Wurf, 1987,
Baumeister, 1998). Self-related cognitive representations can take the form of
character traits, perceived physical characteristics, abilities, or sets of
preferences. People have a sense of who they were in the past and of who they
want to be in the future.

B. Research on the social self emphasizes that the people interact with each other
(Banaji and Prentice, 1994; Ellemers, 2012). People have specific social roles
and engage in specific relations. Additionally, other people serve as a source of
information and a point of reference. Cultural psychology (Heine, 2012)
stresses that people’s social world is embedded in a cultural context (depicted
by the white and grey boxes for Western and East Asian cultures, respectively).

C. Research on self-related positivity biases, especially research on self-
enhancement (Taylor and Brown, 1988; Alicke and Sedikides, 2009) and on
optimism (Weinstein, 1980; Scheier and Carver, 1994), has shown that healthy
individuals tend to put a positive spin (depicted as rose-colored glasses) on
self-related cognitive representations. In contrast, psychiatric patients such as
depressed patients are characterized by negative cognition (Beck et al., 1979).



1.2. Self-related positivity biases

The third perspective outlined above emphasizes that self-related cognition is
often biased to the positive in healthy people. A seminal review article (Taylor
and Brown, 1988) grouped self-related positivity biases (labeled positive
illusions by the authors) into a triad of overly positive self-evaluations,
exaggerated perceptions of control, and unrealistic optimism. Of these three, |
will focus on positive self-evaluations and optimistic estimates of future life

events.

Examples for self-related positivity biases abound. Healthy people tend
to rate themselves high on positive and low on negative character traits (Alicke
et al., 1995; Leary, 2007; Alicke and Sedikides, 2009). That is, they evaluate
themselves more positively than relevant others. Indeed, people tend to rate
themselves better than their average peers in contravention of statistical logic
(i.e., more than 50% of the participants put themselves into the upper 50% of
the distribution). A similar pattern can be found for optimism: People tend to
estimate that more positive and less negative events are going to happen to
them compared with their average peers (Weinstein, 1980; Alicke et al., 1995).
In the same vein, most drivers claim that they are above-average drivers
(Svenson, 1981) and most professors think that they are above-average
professors (Cross, 1977). Some of this research has been criticized on the
grounds that people may have difficulties imagining an average person to whom
to compare to (Chambers and Windschitl, 2004; Heine and Hamamura, 2007).
But overall positivity biases have been reported across many domains by a
substantial amount of studies; many of which are not prone to problems related
to comparing themselves to an average person (Alicke et al., 1995; Leary, 2007,
Alicke and Sedikides, 2009). For example, people report to experience more
positive than negative emotions (Hepach et al., 2011) and they imagine positive
future events in more detail—and remember these imagined events better—
than negative future events (Sharot et al., 2007; Szpunar et al.,, 2012). In
addition, a prominent research tradition on trait measures has established that

most humans tend to show high trait self-esteem and optimism (Rosenberg,

10



1965; Scheier and Carver, 1992; Scheier et al., 1994; Solberg-Nes and
Segerstrom, 2006; Leary, 2007).

Despite the impressive amount of literature on self-related positivity
biases, a central proposition of their early conceptualization has been relatively
underexplored. Taylor and colleagues (Taylor and Brown, 1988; Taylor et al.,
1989) posited that a series of “cognitive filters” distort self-relevant information
processing toward the positive. For example, a recent study showed that people
expect to receive more positive than negative feedback in social interactions but
the authors did not test how participants actually process social feedback
(Hepper et al.,, 2011). Importantly, few studies have used neuroimaging to
investigate the neural processes associated with positive self-evaluation (see
Beer, 2007; Beer and Hughes, 2010; Hughes and Beer 2010; Somerville et al.,
2010 for some notable exceptions) or positive views of the future (Sharot et al.,
2007). Using functional magnetic resonance imaging (fMRI), a recent study
addressed the behavioral and neural processes which are at play when
people’s estimates about the future are challenged by statistical information
(Sharot et al., 2011). In line with the idea of “cognitive filters,” participants in that
study showed a positive updating bias; they changed their estimates about the
likelihood of experiencing adverse life events more toward the statistical
likelihood of these events when this statistical information was desirable (i.e.,
lower than participants’ estimates) than when it was undesirable (i.e., higher
than participants’ estimates). On the neural level, the processing of the
statistical information was related to activity in the medial prefrontal cortex
(MPFC) and inferior frontal gyrus (IFG). The behavioral results of this study
have been replicated across two further studies (Sharot et al. 2012a; Sharot et
al. 2012b) and form an important basis for the empirical research constituting

this thesis.

The notion of bias plays an important role in psychology, behavioral
economics, and cognitive neuroscience (e.g., Gigerenzer, 2007; Ariely, 2008;
Hogg and Vaughan; 2008; Alicke and Sedikides, 2009; Kahneman, 2011;
Sharot, 2011). Since it has been used in different ways, | will outline how | use

the term bias in this thesis.
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Biases can be defined as violations of rationality. Rationality itself has
been defined in various ways (Kacelnik, 2006) but the crucial aspects of
rationality in the present context are logic and optimality. One example showing
that people’s collective behavior defies pure logic has been given above: Not
more than 50% of the population can be in the upper 50% of the population
(Alicke and Sedikides, 2009). A controversially discussed example is the “Linda
the bank teller” problem (see Gigerenzer, 2007; Kahneman, 2011 for
introductions into the problem). People tend to say that a certain personality
description is less likely to apply to a bank teller than to a feminist bank teller
although the category of “bank tellers” includes the category of “feminist bank
tellers.” Optimality can, for example, be defined in terms of Bayes’ law, which
describes how information should be integrated (e.g., by sensory systems) (see
Friston, 2010 for a discussion of optimality and Bayesian approaches in
neuroscience). Bayes’ law thus provides a benchmark to empirically test
whether human behavior is biased. For example, a noteworthy study has shown
that participants adhered quite closely to the Bayesian benchmark when
receiving favorable information about their intelligence or their attractiveness—

but not when they received unfavorable information (Eli and Rao, 2011).

In this thesis, however, the term bias is not to be understood as a
violation of rationality. Instead, in line with much research in psychology, bias
means that one condition has a stronger (or a different influence) than another
condition. For example, framing biases arise because describing the same
event in a positive or negative way influences behavior (see Kahneman, 2011
for a review of the behavioral literature; see De Martino et al., 2006 for a
neuroscience example). In-group biases arise because people prefer their in-
group over an out-group (Hogg and Vaughan; 2008). The term bias implies that
two conditions (e.g., positive/negative framing or in-group/out-group) may be
expected to have a similar effect, but there is no independent benchmark to test
a violation of rationality in the sense described above. Thus, | use the term
positively biased information processing to indicate that participants take
information in one condition more into account than in another (i.e., desirable

information is taken more into account than undesirable information).
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Many scholars have discussed whether positivity biases are adaptive
(Taylor and Brown, 1988; Scheier and Carver, 1992; Weinstein and Klein, 1995;
Armor and Taylor, 2002; Lovallo and Kahneman, 2003; Haselton and Nettle,
2006). Although the debate may be difficult to settle, several authors tend to
agree on a middle position (Leary, 2007; Puri and Robinson, 2007; Alicke and
Sedikides, 2009): Mild biases are adaptive for mental health but extreme biases
can be detrimental. For example, trait optimism can predict physical and mental
health (e.g., Carver, 1989), possibly via effects related to coping (Solberg-Nes
and Segerstrom, 2006). But extreme optimism seems to entail overly high risk
taking (Puri and Robinson, 2007). In this thesis, | did not directly assess
whether positively biased processing confers benefits. Instead, | investigated

whether it is absent in depression (see below).

1.3. Self-related neural activity

Much research in social neuroscience has taken the first of the three
perspectives on the self, which | outlined above, as a starting point and has
focused on the neural correlates of how individuals represent their self-concept
(for reviews see Northoff and Bermpohl, 2004; Amodio and Frith, 2006;
Lieberman, 2007; Lieberman, 2010; Heatherton, 2011; Wagner et al., 2012; see
Buckner and Carroll, 2007; Spreng et al., 2009 for a discussions of prospective
thinking). In particular, many early fMRI studies on the self were inspired by
behavioral research on the self-referential memory advantage, i.e., the
mnemonic benefit of linking information to the self-concept (Symons and
Johnson, 1997). In these studies, participants typically judge whether or not trait
adjectives are self-descriptive. In control conditions, participants indicate
whether another set of trait adjectives describes another person (e.g., a friend,
a family member, or a public figure such as the current head of state or a
famous athlete) and make perceptual judgments about the font in which the
adjectives are written (e.g., lower-case/upper-case or italic/bold). Judging the

self-relevance of trait adjectives confers a memory advantage since adjectives
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seen in the self-condition are subsequently better remembered than the

adjectives seen in the control conditions (Symons and Johnson, 1997).

When taken to the MRI scanner, the contrast between judgments about
the self and about other persons (or about the font of the adjectives) reveals
neural activity within cortical midline regions, especially the (ventral) MPFC (e.g.,
Fossati et al., 2003). The link between ventral MPFC activity and self-related
processing has been tightened by a study showing that ventral MPFC activity
correlates with the self-referential memory advantage (Macrae et al., 2004). By
now, strong meta-analytic evidence has accumulated that confirms the central
role of the MPFC in self-related processes across a variety of tasks such as
introspecting about one’s current traits (as described above) and dispositions,
reflecting about oneself in the past and future, or seeing one’s face (Northoff et
al. 2006; Van Overwalle, 2009; Denny et al., 2012).

Neural activations in self-referential tasks are not limited to the MPFC but
include further regions such as the posterior cingulate cortex (PCC), the
temporo-parietal junction (TPJ), the anterior insula and the adjacent IFG, as
well as the striatum (Denny et al., 2012). Nevertheless, many authors claim that
the MPFC plays the most important role because it seems to be the most
consistently implicated region in self-referential processing (Amodio and Frith,
2006; Denny et al., 2012; Wagner et al., 2012; Mitchell, 2009). A few lesion
studies corroborate the involvement of the MPFC in self-referential processes;
patients with lesions in the MPFC show impairments in self-reflection and an
absence of the self-referential memory advantage (Philippi et al., 2012; see

Wagner et al., 2012 for a discussion).

Within the frontal midline regions, however, different studies have not
always used the anatomical labels in consistent ways. Along the anterior-to-
posterior axis, some studies distinguish between activity in the superior frontal
gyrus, the paracingulate gyrus, and the anterior cingulate gyrus or anterior
cingulate cortex (ACC) (e.g., Krienen et al., 2010). Yet, many other studies on
self-related neural activity use the label MPFC to include activity within all of
these regions; probably because many clusters seem to encompass both the
MPFC proper and the ACC (Denny et al., 2012) (The same holds true for
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mentalizing. See next section.) For this latter reason, | will also often use the
label MPFC activity to refer to activity that extends into ACC. Along the ventral-
to-dorsal axis, different naming conventions are in use. Especially, the naming
of the most ventral part of the frontal midline (i.e., below z = 0) shows some
variation. Studies on reward processing often refer to this region as ventral
MPFC, ACC, or medial orbito-frontal cortex (OFC) (Beckmann et al., 2009).
Again, | will mostly use the term MPFC.

Several scholars have discussed a ventral-to-dorsal- gradient within the
MPFC in relation to the neural correlates of person knowledge (i.e., activity
related to different types of other persons) (Amodio and Frith, 2006; Lieberman,
2007; Wagner et al.,, 2012). As mentioned above, many studies include a
condition in which participants judge the traits or dispositions of another person.
When contrasted with font judgments, trait judgments of another person reveal
activity in MPFC regions that partially overlap with self-related MPFC activity but
are slightly more dorsal. Meta-analytic evidence supports the idea of a ventral-
to-dorsal- gradient (Denny et al., 2012). More ventral MPFC regions (with the
lower border around the MNI coordinate z = 0) seem to be more heavily
implicated in self-referential processes and more dorsal MPFC regions seem to
be more heavily implicated in processes related to other persons. Interestingly,
both judging more similar others (e.g., somebody who shares one’s political
views versus somebody who does not) and judging more familiar others (e.g.,
friends versus strangers) seems to elicit greater—and more ventral—MPFC
activity (Jenkins, et al. 2008; Krienen et al., 2010). Yet, some controversy
remains about which of the two dimensions offers a more parsimonious

explanation for the overlap between self- and other-related MPFC activations.

In sum, MPFC activity is consistently involved when participants make
trait judgments about themselves (or another person). Yet, only a handful of
studies have provided evidence that the role of the MPFC extends to self-
relevant feedback processing (Izuma et al., 2008; Somerville et al., 2006; Davey
et al., 2010; Eisenberger et al., 2011; Jones et al., 2011).
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1.4. Mentalizing

When people think about themselves, they often think about themselves in
contrast to other people. Consequently, research on the self inherently involves
research on the relationships between the self and other people—as can be
seen from the fact that almost all studies discussed in the previous section on
self-related neural activity involve conditions that implicate another person. The
second perspective outlined above, which stresses the role of social
interactions for self-related processes, is conceptually linked to research that

focuses on processes related to other persons.

This research often takes the question of how people understand other
persons as a starting point (see Frith, 2007a; Frith, 2007b; Adolphs, 2009 for
introduction). The terms mentalizing and theory of mind are commonly used to
refer to the process of inferring another agent's mental state including the other
agent’s beliefs, goals, or desires. Following Frith and Frith (2012), | will mainly
use the term mentalizing since theory of mind suggests that mental state
inference is a conscious process, which is not necessarily always the case.
Mentalizing implicates that the self attributes a mental state to the other agent
or person. In addition, the self often has to realize that the other person’s mental
state diverges from the selfs own mental state. The content of the other
person’s mental state can refer to the self (e.g., “she thinks that | am chaotic”)
but in many instances it does not (e.g. “she thinks Tim is nice) and in some
instances it does not refer to social agents at all but to physical objects (e.g.
“she thinks the ball is in the basket”).

Mentalizing has been researched in various disciplines using a variety of
tasks. The neuroscientific research on mentalizing is linked to research in at
least three different disciplines: biology, developmental psychology, and
behavioral economics. First, some forms of mentalizing are not restricted to
humans. Chimpanzees and corvids, for example, are able to understand what
conspecifics know in the context of food competition (Call and Tomasello, 2008;
Emery and Clayton, 2009). Second, (developmental) psychologists have
described the temporal trajectory of mentalizing in children and its deficits in
autism (Wimmer and Perner, 1983; Frith and Frith, 2003; Low and Perner,
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2012). Third, behavioral economics has investigated human interactions—and
thereby different mentalizing-related processes—in the framework of game
theory (Sanfey, 2007; Walter et al., 2005; Yoshida et al., 2008; Rilling and
Sanfey, 2011; Frith and Frith, 2012; see Glimcher et al., 2008 for a wider
context), which offers a mathematical description of decision making in well-
defined social settings (see Glimcher et al., 2008). In games such as the beauty
contest game (Coricelli and Nagel, 2009) or the “matching pennies” game
(Hampton et al., 2008), people have to take the mental states of other's into
account to obtain the best personal outcome. This outcome is often quantified
as monetary gains or losses. In the following, | will discuss different aspects of
mentalizing tasks that are relevant for the present thesis. | will then discuss the

brain regions implicated in mentalizing.

1.4.1. Mentalizing tasks

Research on animals and children has used false belief tasks (often in the form
of the “Sally and Ann” task) as the paradigmatic tests for mentalizing (Wimmer
and Perner; 1983; see also Amodio and Frith, 2006; Saxe, 2006). In these tasks,
participants have to infer that another person has restricted knowledge (e.g., the
other person erroneously thinks that the ball is in the basket because she has
not seen that the ball had been transferred to the box). In neuroimaging
research, false belief tasks have often been presented in the form of short
vignettes, which resemble logical puzzles (e.g., Saxe and Powell, 2006), or in
the form of comic strips, which depict a sequence of events (Walter et al., 2004;
Schnell et al., 2011).

In addition to more or less classic false belief tasks, mentalizing has also
been investigated with the help of both very simplified and highly realistic video
material. Animations of simple geometric shapes moving in the way of social
agents (e.g., a triangle “chasing” a rectangle) can elicit mental state attribution
(Castelli et al. 2000). On the other hand, complex videos of real-life social

interactions (e.g., a dinner at a friend’s home) have been used to probe
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mentalizing-related activity (Wolf et al., 2010). Mentalizing has also been related
to perceiving man-made products (e.g. music written by a composer versus
music generated by a computer) (Steinbeis and Koelsch, 2009) as well as to
understanding irony which involves inferring that the intended meaning of a

statement differs from its literal meaning (Bohrn et al., 2012).

Task derived from game theory involve mentalizing in a specific way:
Participants have to incorporate what they think another person plans to do into
their own decisions (Walter et al., 2005; Frith and Singer, 2008; Rilling and
Sanfey, 2011). While studies using adaptations of the false belief task typically
do not involve incentives for correct mental state inference, studies using tasks
derived from game theory often quantify the outcomes of participants’ decisions
in terms of money. In the beauty contest, for example, participants win if they
state a number that is equal to a certain fraction (e.g. one half) of the mean of
the numbers given by all participants in the experiment (Coricelli and Nagel,
2009). Therefore, participants have to infer which number the other persons are
likely to state. In the matching pennies game—a simplified version of rock-
paper-scissors—the outcome of the game depends on the simultaneous binary
decisions of two players (Hampton et al., 2008). If both players choose the
same option player A wins. In contrast, if the two players chose different options
player B wins. In iterated rounds of the game, participants can learn about the
other person’s decisions. Over time participants can thus build a model of the
other person—a process that can be described with the help of computational
models (for example, derived from reinforcement learning models; see section
on reward-related activity) (Behrens et al., 2008; Hampton et al., 2008; Yoshida
et al., 2008; Yoshida et al., 2010; for review see Behrens et al., 2009).

In sum, tasks used to study the neural correlates of mentalizing can be
classified according to various aspects. First, mentalizing can or cannot entail
consequences for the participant (e.g., money won in economic games).
Second, tasks can be more or less explicit (e.g., “What does he think?” versus
“Choose a number that is close to the half of the mean number given by all
participants”). Third, tasks differ in how likely mentalizing is to involve other

processes such as logical reasoning (e.g., in some false belief tasks) (e.g.,
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Saxe and Powell, 2006), emotional empathy (Schnell et al., 2011) or reward
processing (e.g., in economic games) (e.g., Behrens et al., 2008).

This last point regarding the relation of mentalizing to other processes
has often been framed as the pertinent question about how the social aspects
of mentalizing relate to its non-social prerequisites (Frith, 2007b; Adolphs, 2009;
Adolphs, 2010). Within the context of a specific study, control conditions have to
be designed with great care. For example, many studies on economic games
include a control condition in which participants play against a computer (see
Rilling and Sanfey, 2011 for review). However, this can be problematic given
that humans sometimes attribute mental states to machines and programs (e.g.,
“‘MATLAB does not understand what | want”) or even to geometric shapes as
discussed above (Castelli et al. 2000). For this and other reasons, some studies
have moved beyond categorical contrasts and have relied on parametric
designs (sometimes in conjunction with computational modeling) to disentangle
specific components of mentalizing (e.g., Hampton et al., 2008). In a wider
context, there has been an important proposition suggesting that social and
non-social processes can be described using similar (computational) formalisms
(Yoshida et al., 2008; Behrens et al., 2009; Hunt and Behrens, 2011). The
hypothesis is that similar formalisms may reflect similar mechanisms on both

the behavioral and the neural level.

1.4.2. Mentalizing-related neural activity

Two brain regions have played particularly prominent roles in discussions on
the neural correlates of mentalizing—the MPFC and the TPJ (e.g., Amodio and
Frith, 2006; Saxe, 2006; Bahnemann et al., 2010). As discussed in the previous
section, the MPFC is also central for self- and other-related processes such as
trait judgments. In line with the proposed ventral-to-dorsal gradient,
mentalizing—which per definition is a process related to the mental states of
other persons—engages more dorsal parts of the MPFC. In fact, meta-analyses

on self- and other-related neural activity have not always drawn a clear-cut line
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between mentalizing and person knowledge and have often grouped studies on
mental state inference and studies on trait attribution together (Denny et al,,
2012).

As discussed above for self-related neural activity, many studies
reporting mentalizing-related activity use the label MPFC although some
clusters encompass the ACC (see Amodio and Frith, 2006). Similarly, the
anatomical boundaries of the second prominent region involved in mentalizing,
the TPJ, are not clearly defined (Bahnemann et al., 2010). But a recent study
has begun to address the structural and functional connectivity of the TPJ (Mars
et al., 2012) and suggests that the TPJ can be subdivided into a dorsal cluster
(in the middle part of the inferior parietal lobule), and two ventral clusters (one

more anterior and one more posterior).

By now, meta-analyses have firmly established the role of the MPFC and
the TPJ in mentalizing (Spreng et al., 2009; Van Overwalle, 2009; Bahnemann
et al., 2010; Mar, 2011). However, their specific contributions to specific aspects
of mentalizing remain a matter of debate. A recent meta-analysis distinguishes
between story-based studies (i.e., studies employing false belief tasks) and
non-story-based studies (Mar, 2011). Non-story-based studies employ a greater
variety of stimuli and tasks including cartoons, videos, and economic games. In
particular, studies involving economic games are heterogeneous because they
aim at investigating diverse components of social interactions and have
therefore mainly been summarized qualitatively rather than quantitatively
(Rilling and Sanfey, 2011; Frith and Frith, 2012). The distinction between story-
based and non-story-based studies suggests that story-based tasks elicit
relatively more TPJ activity whereas non-story-based tasks elicit relatively more
MPFC activity (Mar, 2011).

While many early discussions have focused on the MPFC and the TPJ,
meta-analyses have firmly established that mentalizing-related processes
involve the superior temporal sulcus (STS), the temporal pole (TP), the IFG,
especially its orbital part, the PCC, and the pre-supplementary motor area
(preSMA) (Van Overwalle, 2009; Mar, 2011). The STS lies ventral and anterior

to the TPJ and has been especially implicated in the detection of biological
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motion (Hein and Knight, 2008). The TP seems to have a specific role when
social scripts (e.g., what to do in a restaurant) become relevant (Olson et al.,
2007). In contrast to the well-known role of the IFG in linguistic processes, the
IFG’s role in mentalizing has been somewhat neglected. Its involvement seems
to be particularly prominent in non-story-based tasks (Mar, 2011). Similar to the
IFG, the PCC has not often been explicitly discussed (Mar, 2011). Activity in the
preSMA often forms a contiguous cluster with the dorsal MPFC and tends

therefore not to be mentioned specifically (see Mar, 2011).

Taken together, mentalizing comprises a variety of aspects such as
detecting that another person has limited knowledge, imbuing geometric shapes
with intentions, and interacting with others in an economic transaction.
Mentalizing engages a network of brain regions including the MPFC, TPJ, STS,
TP, orbital IFG, and the PCC. Although mentalizing and self-related processes
seem tightly related on the behavioral and neural level, it remains relatively
unclear if mentalizing-related regions play a role when people receive self-

relevant social feedback.

1.5. Reward-related neural activity

The third perspective on the self, which focuses on self-related positivity biases,
suggests that self-related processes are imbued with valence or some kind of
rewarding value (e.g., Northoff and Hayes, 2011). Reward has been
investigated by an immense literature both in humans and in animals (see
Glimcher et al., 2008 for an overview). Within the last years, the study of reward
has been central to the interdisciplinary field of neuroeconomics or decision
neuroscience (Glimcher et al.,, 2008). One strand of research within this field
has focused on reward processing in non-social contexts (Montague et al., 2006;
Rangel et al., 2008; Rushworth and Behrens, 2008; Beckmann et al., 2009; Lee
et al., 2012) while another closely related strand of research has focused on

reward processing within the context of social interactions (Walter et al., 2005;
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Montague et al., 2006; Fehr and Camerer, 2007; Frith and Singer, 2008; Lee,
2008; Rilling and Sanfey, 2011). This latter strand of research often coincides
with the research on social interactions within economic games that | introduced

above.

Reward processing has the tremendous advantage that its neural
correlates can be studied in animals such as macaques, rats, and mice. Animal
research on reward processing has often focused on dopaminergic midbrain
regions and on the ventral part of the MPFC (often called OFC) (e.g., see
Schultz, 2006; Lee et al., 2012 for reviews). A prominent line of research has
established that the firing of dopaminergic neurons located in the midbrain track
properties of rewarding stimuli such as food (a primary reinforcers) or cues
predicting food (secondary reinforcers) (Schultz, 2006). Specifically, the firing of
these neurons shows properties that can be described in the framework of
reinforcement learning. That is, dopaminergic signals scale with prediction
errors, which have at least two basic characteristics (e.g., Tobler et al., 2005;
see Schultz, 2006 for review): First, neurons fire when reward delivery is
unexpected. Second, when an animal learns that a cue predicts subsequent
reward delivery, dopaminergic neurons fire when the cue appears but not when
the reward is delivered. Importantly, these processes can be modeled with
algorithms derived from reinforcement learning (Montague et al., 2006; Dayan,
2012; Lee et al., 2012).

Research in humans using fMRI has been largely consistent with the
neural recordings in animals (Montague et al., 2006; Rushworth and Behrens,
2008; see Glimcher et al., 2008 for a general overview). Due to the nature of the
blood oxygen level dependent (BOLD) signal which is the basis for fMRI
(Logothetis, 2008), studies on humans have mostly reported BOLD signal
changes (commonly referred to as “activity”) in response to receiving reward in
the target regions of dopaminergic input—especially in the striatum (and in the
ventral part of the MPFC) (see Glimcher et al., 2008 for overview; see e.g., Park
et al., 2012 for a study relating activity in the striatum with activity in the MPFC

and in the midbrain).
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The proposition that the brain converts activity related to different types
of rewards into a common currency has been very influential for the research on
social reward (see e.g., Sanfey, 2007). The idea is that potential rewards form
different sources (e.g., food, money, social feedback) have to be scaled in the
same metric in order to allow comparisons between actions leading to different
reward types. Studies on the reward-related components of social interactions
have often shown activity in regions that overlapped with those found for non-
social reward (for reviews see Montague et al., 2006; Fehr and Camerer, 2007;
Rushworth et al., 2007; Rilling and Sanfey, 2011)—although only a few studies
have directly tested for an overlap of social and non-social reward processing
(e.g., lzuma et al., 2008; Zaki et al., 2011). The striatum has for example been
implicated in the processing of advice (Behrens et al., 2008; Biele et al., 2011;
Meshi et al., 2012), social hierarchy (Zink et al., 2008), trust (King-Casas et al.,
2005), and social comparison (Fliessbach et al., 2007). The representation of
the value of objects has been consistently associated with activity in the ventral
part of the MPFC—and the value of these objects is often modulated by social
influences (Erk, et al., 2002; Plassmann et al., 2008; Zaki et al., 2011).
Importantly, it has also been suggested that—even in the context of social
interactions—activity in the reward circuitry shows aspects akin to prediction
errors, which can be described by reinforcement learning models (King-Casas
et al., 2005; Behrens et al., 2008).

Thus, as in the case of mentalizing, it is hypothesized that similar
formalisms may reflect similar mechanisms of social and non-social reward
processing (Fehr and Camerer, 2007; Behrens et al., 2009; Hunt and Behrens,
2011). Yet, the role that reward processing plays for the dynamics of self-

concept changes remains underexplored.
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1.6. Culture

Much research in psychology and cognitive neuroscience assumes to
investigate universal aspects of cognition but more than 95% of psychological
and neuroscientific studies rely on participants from Western industrialized
countries (Henrich et al., 2010). Within the last few years, findings in cultural
psychology and in the nascent field of cultural neuroscience have challenged
the universality of many aspects of cognition, in particular in the domain of
social cognition. By investigating how people’s wider sociocultural background
influences their cognition (Kitayama and Uskul, 2011; Han and Northoff, 2008;
Heine, 2012; Han et al., 2013), this strand of research puts a strong emphasis
on social interactions, which are central to the second perspective on the self

that | outlined above.

Culture has been defined in many different ways (Heine, 2012; Han et al.,
2013). Three aspects are of relevance. First, culture can refer to the fact that
humans (and some animals) produce material artifacts such as tools for hunting
and farming. Second, culture relates to the variety of social institutions and
customs such as different wedding ceremonies. Third, culture refers to the fact
that individuals within a given culture share common beliefs, values, and
behavioral scripts such as the belief that one should honor one’s parents. These
three aspects are dynamically interrelated but the last aspect is of special
importance for cultural psychology and cultural neuroscience since they aim at
elucidating how an individual's cultural background influences this person’s
cognition (Chiao and Ambady, 2007; Han and Northoff, 2009; Kitayama and
Uskul, 2011; Han et al., 2013). Thus, studies often compare individuals from
different cultural backgrounds. The preponderance of research has compared
Westerners (including North Americans, Europeans, and Australians) with East
Asians (including Japanese, Chinese, and Koreans) (Henrich et al., 2010; Heine,
2012). But many studies have also compared individuals from industrialized
countries with those from non-industrialized small scale societies, individuals of
different religions, or individuals of different social classes (for an overview see
Henrich et al., 2010; Heine, 2012).
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In terms of research topic, investigations about how people’s self-concept
varies across different cultures have been especially prominent. Cultural
differences in independent versus interdependent self-concepts (often called
self-construal in cultural psychology) form the best-researched dimension
(Markus and Kitayama, 1991; Oyserman et al., 2002; Triandis and Suh, 2002;
Markus and Kitayama, 2010; Heine, 2012; for other important distinctions e.g.,
in terms of analytic versus holistic cognition see Nisbett et al., 2001; Nisbett et
al., 2003; Heine and Buchtel, 2009). That is, individuals with an independent (or
individualistic) self-concept construe their selves as relatively distinct from
others (Figure 2A) while individuals with an interdependent (or collectivistic)
self-concept construe their selves as tightly interconnected with close others
(Figure 2B) (Markus and Kitayama, 2010). Differences in independent versus
interdependent self-concepts seem to underlie many of the differences
observed in Westerners versus East Asians (Oyserman et al., 2002; Markus
and Kitayama, 2010;). People’s self-concepts, however, are not supposed to be
static with respect to the independent-interdependent dimension. Individuals—
especially bi-cultural individuals such as people from Hong Kong—can be
primed to change their self-concept dynamically (e.g., by reading stories about
individuals or groups or by seeing cultural symbols pertaining to Western or
East Asian cultures) (Oyserman et al., 2002; Chiao et al., 2009b; Ng et al,,
2010).

Explaining cultural differences by underlying differences in independent
and interdependent self-concepts relies on the idea that social interactions vary
between cultures (Markus and Kitayama, 1991; Markus and Kitayama, 2010).
Cultural differences in social interactions have for example been reported for
social support (Kim et al., 2008) and social conformity (Bond and Smith, 1996).
Compared with East Asians, Westerners seem to seek for social support in
more explicit ways (e.g., by discussing stressful events and disclosing personal
feelings of distress). East Asians seem to be reluctant to directly ask for social
support from another person because they are concerned about the potential
negative consequences for their relationship to the other person (Kim et al.,

2008). Regarding social conformity, a meta-analytic analysis of studies using
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classic Asch-type line judgment task indicates that individuals from more
interdependent cultures tend to show higher social conformity, i.e., they rely
more on other people’s opinion when judging the lengths of two lines (Bond and
Smith, 1996; see also Cialdini and Goldstein, 2004; Heine, 2012). This is in
accord with evidence suggesting that Westerners and East Asians think
differently about “conformity” and “uniqueness” (Kim and Markus, 1999).
Conformity tends to have a positive connotation in East Asian cultures while
uniqueness tends to be positively valued in Western cultures. In a similar vein, a
recent study suggests that priming interdependence undermines the motivation
of independent but not of interdependent individuals (Hamedani et al., 2013).
Thus, cultural differences in self-concept have been linked to differences in
social support and social conformity but it remains unclear whether self-relevant

information processing differs across culture.

An important debate in cultural psychology is related to self-related
positivity biases, i.e., to the third perspective on the self outlined above. The
huge majority of evidence described in the section on self-related positivity
biases (see above) has been obtained from Western participants (e.g., Taylor
and Brown, 1988; Alicke et al., 1995; Leary, 2007; Alicke and Sedikides, 2009).
Some authors claim that—in contrast to Westerners—East Asians do not show
self-related positivity biases (see Heine et al., 2001 for an early description).
Several meta-analyses have been conducted. Some of them show evidence for
East Asian self-enhancement (Sedikides et al., 2003; Sedikides et al., 2007)
and some of them show evidence against it (Heine et al., 2007; Heine and
Hamamura, 2007). The meta-analyses differ in their definition of self-
enhancement and thus in their inclusion criteria. Furthermore, a caveat of some
studies on self-related positivity biases—which | mentioned above—plays an
important role in this debate. Demonstrations of above average comparisons
may be confounded by participants’ difficulties to imagine an average person to
whom to compare to (see Heine and Hamamura, 2007). Therefore, novel
approaches to self-related biases—such as self-relevant information

processing—might help to settle the described debate.
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Recently, a growing number of studies in the emergent field of cultural
neuroscience have investigated cultural differences in neural activity (for
reviews see Han and Northoff, 2008; Vogeley and Roepstorff, 2009; Han and
Northoff, 2009; Kitayama and Uskul, 2011; Han et al., 2013). Much of this
research has taken the findings described in the section on self-related neural
activity as a starting point. The first fMRI study suggesting a link of neural
activity to cultural differences in self-concept has reported that in East Asians—
but not in Westerners—MPFC activity for trait-judgments about self and mother
overlapped (Zhu et al., 2007). Since then, a couple of further studies have
shown cultural influences on MPFC activity related to trait judgments (Chiao et
al., 2009a; Chiao et al., 2009b; Ng et al., 2010; Ray et al., 2010; Wang et al.,
2012) or stimuli that are perceived differently across cultures (e.g., Freeman et
al., 2009). For example, a recent study showed that cultural modulation of
MPFC activity extends to judgments about social roles and physical attributes
(Ma et al., 2012).

Taken together, a potential model of self-relevant information processing
should be based on data obtained from participants of different cultural origins
to avoid that it is restricted to Western samples. Comparing Western (e.g.,
German) and East Asian (e.g., Chinese) participants has the potential to
provide novel evidence for social conformity, positivity biases, and the role of
self-related MPFC activity.
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Figure 2. Cultural differences in self-concept.

A. Individuals with an independent self-concept tend to see their own and others’
self-concept as relatively separate (depicted by small non-overlapping ovals
with lines that are not dashed). The difference between in-groups and out-
groups is relatively loose (depicted by large overlapping ovals with dashed
lines). Independent self-concepts tend to prevail in Western culture.

B. Individuals with an interdependent self-concept tend to see their self-concept as
overlapping with the self-concept of close others (depicted by small overlapping
ovals with dashed lines). The difference between in-groups and out-groups is
relatively clear-cut (depicted by large non-overlapping ovals with lines that are
not dashed). Interdependent self-concepts tend to prevail in East Asian culture.

Figure adapted from Markus and Kitayama (2010).
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1.7. Depression

The third perspective on the self outlined above is relevant for psychiatric
disorders such as depression because it emphasizes that healthy humans are
motivated to establish or maintain a positive view of themselves and of their
future (e.g. Taylor and Brown, 1988; Leary, 2007). Overall, major depressive
disorder is classified as an affective disorder characterized by a constellation of
physical, emotional, and cognitive symptoms (e.g., psychomotor abnormalities,
weight loss, altered appetite, fatigue, sleeping problems, anhedonia, feelings of
worthlessness, suicidal ideation, and concentration difficulties) (American
Psychiatric Association, 2000). Depression is a highly recurrent disorder with
more than 75% of patients experiencing more than one depressive episode.
Depression is one of the most prevalent psychiatric disorders with a life-time
prevalence of around 15% (Moussavi et al.,, 2007). The World Health
Organization ranks depression as the single most burdensome disease among

people in the middle years of life (Murray and Lopez, 1996).

Negative cognitive biases about the self, the world, and the future lie at
the heart of prominent cognitive theories of depression such as Beck’s cognitive
model (Beck et al., 1979; Disner et al., 2011), Seligman’s learned helplessness
model (Seligman, 1972), or the more recent cognitive neuropsychological model
(Clark et al., 2009). Commonly used psychotherapies such as cognitive
behavior therapy reflect the pivotal role of negative biases in depression since
these therapeutic approaches aim at abolishing maladaptive cognition (e.g.,
Beck, 2005) More recent approaches suggest interventions on the basis of
positive psychology (Sin and Lyubomirsky, 2009) and integrate discussions of
neurobiology (Roiser et al., 2012). Depressed patients show negative biases in
many aspects of cognition including memory, attention, and executive functions
(Mathews and MacLeod, 2005; Gotlib and Joorman, 2010). But not all aspects
of information processing seem to be negatively biased (Gotlib and Joorman,
2010). Specific processing aberrances with regard to negative material include
increased elaboration, diminished disengagement, and deficient cognitive
control. For example, depressive patients remember more negative than

positive words, spend more time looking at sad pictures than controls, and have
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difficulties ignoring irrelevant negative material in specific contexts (see Gotlib

and Joorman, 2010 for review).

Overall, it seems to be an open debate whether depressed patients are
better characterized by negative biases (i.e., altered responses to negative but
not to positive stimuli) or by blunted responses (i.e., an insensitivity to both
negative and positive stimuli) (Gotlib and Joorman, 2010). This debate also
pervades the literature that links depression to altered reward and punishment
processing (Eshel and Roiser, 2010). For example, some studies involving
learning from reward and punishment have found evidence suggesting negative
biases (e.g., Conklin et al., 2009) while others have found evidence for blunted
responses (e.g., Chase et al.,, 2010). Other studies have reported that
depressive individuals show hypersensitivity to uninformative negative feedback
in a reversal learning task (Murphy et al., 2003) and hyposensitivity to rewarding
feedback—as demonstrated by signal-detection (Pizzagalli et al. 2005;
Pizzagalli et al. 2008) and computational reinforcement learning approaches
(Huys et al. 2009).

Taken together, strong evidence indicates that depression is
characterized by negative biases in memory and executive functions as well as
altered learning from reinforcement, although the precise mechanisms are not
yet entirely clear. Most of the research discussed above tended to use material
that is not directly self-relevant (e.g., lists of emotional words or shapes
predicting rewards or punishments). In contrast, some studies have taken a
more ecologically realistic approach, for example by asking participants to
estimate their likelihood of experiencing positive and negative everyday life
events within the next month (e.g. being invited to a party or getting a parking
ticket) (Strunk et al., 2006; Strunk and Adler, 2009). After the one month period,
participants with high depressive symptoms reported experiencing more
positive and less negative events than they had expected, which underscores

the that depressive individuals show pervasive pessimism about their future.

Thus, combining aspects from studies on reward and punishment with

aspects from studies on pessimism about future live events may provide a
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powerful means to test whether depressive patients show alterations in self-

relevant information processing.

2, Research questions and hypotheses

The general aim of this thesis is to advance the understanding of how humans
process self-relevant information. The three studies constituting this thesis
(Korn et al., 2012;Korn et al., submitted; Korn et al., in press) investigated the

following four empirical questions.

Question 1: Is self-relevant information processing positively biased in
healthy people? Specifically, does desirable compared with undesirable
information lead to a greater change in people’s self-concepts about their
character traits (Studies 1 and 2) or their future (Study 3)?

Question 2: Is self-relevant information processing linked to neural

activity associated with reward and mentalizing? (Studies 1 and 2)

Question 3: Does people’s cultural background influence the behavioral
and neural components of social information processing? Specifically, do East
Asians show higher social conformity and reduced self-enhancement compared
with Westerners? Do Westerners show enhanced MPFC activity compared with
East Asians? (Study 2)

Question 4: Do depressed patients show an absence of optimistically

biased processing of information about their personal future? (Study 3)

To address these questions, self-relevant information processing is

supposed to encompass the following three constituents (Figure 3):

A. The self as recipient of self-relevant information entertains a certain self-

concept (i.e., certain prior cognitive representations for example about
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character traits and possible future life events). Thus, investigating the self-
concept of the recipient (and its neural mechanisms) relates to the first
perspective on the self as outlined above. Comparing different groups of
recipients (e.g., recipients from different cultures or healthy versus
depressed recipients) allows to address questions regarding the second and
third perspective on the self (i.e., questions related to the social self and self-
related positivity biases).

B. Potential sources of self-relevant information include feedback by peers or
statistical information obtained from media. Investigating social sources of
self-relevant feedback is closely related to the second perspective on the
self, which emphasizes people’s social interactions.

C. The self-relevant information itself has certain properties in relation to the
recipient’s prior cognitive representations such as desirability and similarity.
The desirability of the information is especially important to answer
questions regarding the third perspective on the self, which emphasizes the

role of positivity biases in self-related processes.

Self-relevant information processing implies that recipients track
properties of incoming information, and consequently update the
representations within their self-concept. Thus, this schema of self-relevant
information processing stresses the dynamic nature of the self-concept (Markus
and Wurf, 1987).

Question 1 concerns the desirability of self-relevant information. Based
on previous research on self-related positivity biases, desirable information was
hypothesized to entail greater updates than undesirable information. In studies
1 and 2, peers with whom recipients had engaged in a face-to-face interaction
functioned as source of information. Desirable (undesirable) information
consisted of trait ratings from peers that were more positive (negative) than the
recipients’ own trait ratings. In study 3, statistical information on negative life
events (such as robbery or Parkinson’'s disease) functioned as source of
information. Desirable (undesirable) information consisted of average
probabilities for experiencing negative events that were lower (higher) than the

recipients’ own estimates. Updates were measured as the differences between
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recipients’ trait ratings or probability estimates before and after receiving self-
relevant information. To test for positively biased updating, we statistically
compared the absolute magnitude of updates for desirable and undesirable

information.

Question 2 concerns the neural mechanisms of social information
processing. Specifically, it concerns the neural mechanisms of processing
social feedback on character traits, which were tested in studies 1 and 2. Social
information processing was hypothesized to comprise aspects of social reward
and mentalizing. To identify brain regions related to reward and mentalizing, my
co-authors and | searched for activity that varied parametrically with the reward-
and the comparison-related aspects of social feedback in a trial-by-trial fashion.
We tested for reward-related activity by searching for activity that correlated
positively with the feedback ratings for self, i.e., higher feedback ratings (e.g.,
an 8 versus a 6 for polite) indicated greater social reward. We required reward-
related activity to be self-specific by contrasting activity that correlated with
feedback ratings for self with activity that correlated with feedback ratings for
another person. We tested for activity within the mentalizing network by
searching for activity that correlated on a trial-by-trial fashion with what we call
the social comparison component. This component was operationalized as
feedback discrepancies, i.e., the absolute differences between recipients’ own
trait ratings and the feedback ratings they received. Larger feedback
discrepancies (e.g., a feedback rating of 8 versus 6 given that the participant’s
own rating was 5) are conceived as a “greater” comparison process between

own ratings and the feedback received.

Question 3 extends social information processing to cultural psychology
and cultural neuroscience, which emphasize that persons are embedded within
their social surrounding (Heine, 2012; Han et al., 2013). In study 2, my co-
authors and | compared recipients from Western and East Asian cultural
backgrounds. We tested the hypotheses that individuals with a more
interdependent self-concept conform more to social feedback (as measured by
larger updates) and that they show reduced positively biased updating (as

would be indicated by an interaction in updating between feedback desirability
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and Western versus East Asian participants). Based on previous studies in
cultural neuroscience, we hypothesized that self-related feedback would lead to

stronger MPFC activity in Westerners compared with East Asians.

Question 4 relates social information processing to psychiatric diseases.
Healthy people tend to be optimistic. In contrast, depression is characterized by
pessimism (American Psychiatric Association; 2000). My co-authors and |
therefore hypothesized that depressed patients would show a reduction of
optimistically biased belief updating when receiving self-relevant information
about their likelihood of experiencing future life events (as would be indicated by
an interaction in updating between feedback desirability and healthy versus

depressed participants).

In sum, the empirical studies of this thesis investigated processes related
to the self within an information processing framework. By focusing on cultural
differences and differences between healthy controls and depressive patients,
studies 2 and 3 aimed at corroborating possible components of this information
processing framework and at making it relevant for cultural neuroscience and

psychiatry.
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Figure 3. Schematic overview of self-relevant information processing.

When receiving self-relevant information, people are supposed to update the cognitive
representations within their self-concept (for example, ratings of character traits or
estimates of the probability of future life events). Self-relevant information can originate
from different sources (e.g., social feedback can be obtained from peers within a social
interaction and statistics can be obtained from media). Research on self-related
positivity biases (Taylor and Brown, 1988; Leary, 2007) suggests that one important
property of self-relevant information is its desirability. All constituents of this schema
could influence information processing. The empirical studies of this thesis aim at
establishing mechanisms of self-relevant information processing by varying properties
of the information (desirability: studies 1, 2, and 3) and properties of the recipient
(cultural background: study 2; depression: study 3), as well as by investigating two
types of sources (peers giving social feedback: studies 1 and 2; statistics about future

life events: study 3).

35



3. General methodology

In the following section, | will briefly outline the general methodology of the three
empirical studies constituting this thesis (Korn et al., 2012;Korn et al., submitted;
Korn et al., in press). In particular, | will focus on the overall task structure, the
real-life interaction, and the testing of cultural influences. Please refer to the
methods sections of the three studies for a complete description of the

respective methodological details.

3.1. Task structure

Following the general schema of self-relevant information processing as
outlined in Figure 3, participants in all three studies first gave an explicit
indication of the current representations of their self-concept. In studies 1 and 2,
they rated their standing on 40 positive and 40 negative trait adjectives (such as
polite or arrogant) on a Likert scale ranging from 1 (trait does not apply at all) to
8 (trait does apply very much). In study 3, participants estimated the average
likelihood of experiencing 70 negative life events (e.g., Alzheimer's disease,
divorce) during the rest of their lives. Study 3 was adapted from a previously
published study (Sharot et al., 2011). Immediately after giving a first rating for a
certain trait or after giving a first estimate for a certain event, participants
received social information. In studies 1 and 2, participants saw how three
peers had on average rated them on the given trait. In study 3, participants saw
statistical information about how likely the given event is to happen to a person
of the same sociocultural background (i.e., participants saw the base rates of
the events). After receiving information for all 80 trait adjectives or all 70 life
events, participants rated all 80 trait adjectives or estimated all 70 life events a
second time in a separate session. The time lag between the first session
(which included the first ratings or estimates as well as the self-relevant
information) and the second session (which included the second ratings or

estimates) lay in the order of a few minutes. In the fMRI studies, only the first
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session was scanned. Thus, these studies are agnostic about neural processes

occurring during the second ratings.

The 80 trait adjectives were selected on the basis of an extensive list of
trait adjectives (Anderson, 1968), which had been used to create stimuli for
previous experiments in social neuroscience (Fossati et al., 2003; Izuma et al.,
2008), and on the basis of the Berlin Affective Word List (Vo et al., 2006). The
70 life events were adapted from a previous study (Sharot et al., 2011). From
the initial list of 80 events, 10 events were excluded because they had a

straightforward relationship to depressive symptomatology (e.g., insomnia).

For behavioral analyses, trials were split according to desirability as
outlined in the section on the hypothesis regarding the first research question.
In studies 1 and 2, desirable (undesirable) information consisted of feedback
ratings from peers that were more positive (negative) than participants’ own
ratings. In study 3, desirable (undesirable) information consisted of average
probabilities for experiencing negative events that were lower (higher) than
participants’ own estimates. Updates were calculated as the differences
between participants’ trait ratings or likelihood estimates before and after
receiving feedback. Absolute mean updates of desirable trials were compared
with those of undesirable trials to test for positively biased updating. The
numerical differences between participants’ first own ratings or estimates and
the feedback ratings or statistical numbers they received were calculated and
conceptualized as feedback discrepancies (in the case of feedback on
character traits) or estimation errors (in the case of statistical information on

future life events).

In the fMRI studies, feedback ratings and feedback discrepancies were
used to search for reward- and comparison-related brain regions, respectively.
That is, the main fMRI analyses were based on parametric modulators that
tested for brain activity correlating with feedback ratings and feedback
discrepancies on a trial-by-trial basis. Please see the outline of the hypotheses
regarding the second question above and the methods sections of studies 1
and 2 for more details.
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3.2. Real-life interaction

To make social feedback about character traits relevant for the self, studies 1
and 2 included a face-to-face interaction of five peers. So far only a few studies
have combined neuroimaging with real-life interactions (Redcay et al., 2010;
Cooper et al., 2012) or real-life outcomes (Falk et al., 2011). In many studies,
researchers purposefully exclude real-life interactions because the social
interactions under investigation should exclusively occur within the setting of an
economic game. However, social feedback on a participant’s character traits
can only be meaningful if given by somebody who has some knowledge about
the participant’s character. Most previous studies on social feedback have
collected questionnaires, photos, or videos from participants and then have told
them that unknown others have evaluated them based on this material (Izuma
et al., 2008; Davey et al., 2010; Eisenberger et al., 2010; Somerville et al.,
2010).

My co-authors and | tried to balance experimental control and ecological
realism by combining the experimental task described above with a prior real
life interaction, in which participants played the table-top version of a popular
board game. The experimental task was adapted to the MRI scanner and
allowed us to manipulate the feedback ratings presented. In the real life
interaction, each participant had 1h and 15 min to get to know the personality of
four peers of the same sex while playing the well-known game Monopoly
(Hasbro). We chose this game because it is highly engaging and allows players
to show a variety of cooperative and competitive behaviors. Participants were
free to speak about whatever topics they wanted (e.g., their current occupation,
hobbies, or past experiences). Subsequent to the social interaction, each
participant rated three other participants on 80 trait adjectives, i.e., in turn each
participant was rated by three other participants. Participants believed that the
mean of these three ratings was presented during the experimental task (see
above) but in reality these ratings were manipulated during the task to ensure
experimental control. To exclude that winning or losing in the board game had

an effect on behavior in the task, we tested whether any task-related variable
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correlated with the rank order in the board game (i.e., the first rank was

assigned to the winner and so on). This was not the case.

In addition to making the social feedback self-relevant, the social
interaction and the rating of three other persons had two further advantages.
First, participants had a direct experience of rating other persons. Second, one
of the interaction partners could be chosen for the “other-condition.” Thus, in
contrast to many other studies (e.g., Zhu et al., 2007), participants did not have
to compare themselves to an imagined average person or to a famous person
(such as the current head of state, who differs from the average participant in

various characteristics such as social status).

3.3. Testing cultural influences

Comparing participants from different cultures poses a number of challenges
such as choosing cultures which differ along a theoretically relevant dimension
and controlling for possible effects of the place where participants are tested
(Chiao et al., 2010; Heine, 2012).

First, the aim of cultural comparisons is usually not to simply list cultural
differences but to integrate such differences with respect to an underlying
theoretical construct (Heine, 2012; Han et al., 2013). In study 2, we aimed at
testing the influence of cultural differences in independent and interdependent
self-concepts on social feedback processing—specifically on social conformity,
self-enhancement, and MPFC activity. Therefore, we chose participants from
two cultures known to differ with respect to independence and interdependence:
Germans and Chinese (Markus and Kitayama, 1991; Heine, 2012). This follows
a common approach, since the majority of research in cultural psychology and
cultural neuroscience compares Westerners with East Asians (Oyserman et al.,
2002; Heine, 2012). To remedy the fact that we recruited participants on the
basis of their background culture, we assessed participants’ explicit

endorsement of independence and interdependence on the Singelis self-
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construal scale (Singelis, 1994) and correlated the scores of this scale with
measures of social conformity and MPFC activity.

A second problem for cultural comparisons is to control for the place
where participants are tested. We tested both Germans and Chinese in Berlin
and Beijing. In Berlin, participants were tested in the MRI scanner. In Beijing,
participants were tested behaviorally. This allowed us to avoid possible
confounds related to using two different MRI scanners (Chiao et al., 2010; Han
et al., 2013). But it still allowed us to analyze behavioral data from participants
who were tested in their native cultural context. In addition, testing both cultural
groups in both places allowed us to explicitly test for possible effects of place.
Participants living outside their native culture (called sojourners) might show
greater social conformity because living in a foreign culture might trigger a
general state of insecurity and meeting compatriots in a foreign country might

create strong in-group feelings (Sam and Berry, 2010; Heine, 2012).

4. Summary of empirical studies

In this chapter, | will briefly summarize the three empirical studies which
constitute this thesis (Korn et al., 2012;Korn et al., submitted; Korn et al., in

press).

41. Study1

Positively-biased processing of self-relevant social feedback

In many everyday interactions, humans receive social feedback about their

character traits and have to integrate this feedback into their self-concept. In

40



study 1, my co-authors and | investigated whether healthy participants with a
Western cultural background process social feedback from peers in a positively
biased way. Research on positivity biases assumes that incoming self-relevant
information is distorted in a positive direction (Taylor and Brown, 1988).
However, most previous studies have only measured positive self-evaluations
and not how self-relevant information impacts on self-evaluations. In addition,

the neural mechanisms of social feedback processing are underexplored.

Participants (final n = 27) engaged in a real life social interaction in
groups of five and consequently rated each other on 40 positive and 40
negative trait adjectives (e.g., tolerant, selfish). On the following day,
participants rated themselves on the same traits while lying in the MRI scanner.
Immediately after each self-rating, participants received social feedback in the
form of ratings, which they believed three of their interaction partners had given
on the previous day. In reality, feedback ratings were manipulated to ensure
experimental control. Additionally, participants rated one of their interaction
partners in the scanner and received feedback for this person (other-condition).
Outside the scanner, participants rated themselves and the other person a
second time so that we could assess how much they updated their self- and
other-evaluations after receiving social feedback. Importantly, feedback could
be desirable (i.e., more positive than participants’ own evaluation) or
undesirable (i.e., more negative than participants’ own evaluation). On the
neural level, we searched for activity that correlated with two components of
social feedback on a trial-by-trial level. The reward-related component was
tested using feedback ratings as parametric modulators and the comparison-
related component was tested using feedback discrepancies (i.e., the absolute
differences between own ratings and feedback ratings) as parametric

modulators.

Our results indicated that participants changed their self- and other-
evaluations more toward desirable than toward undesirable social feedback,
which indicates a positive updating bias. Control analyses excluded that this
bias was driven by effects related to the rating scale (i.e., positive updating was

not driven by trials in which participants initially gave the highest or lowest
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ratings). Furthermore, memory for desirable and undesirable social feedback
did not differ and the updating bias did not differ between positive and negative
trait adjectives. Our fMRI analyses showed that activity within the frontal midline,
including the MPFC, was more pronounced when participants received
feedback about themselves than when they received feedback about the other
person. Importantly, BOLD signal changes within the ventral striatum and the
ACC/MPFC correlated with the rewarding component of social feedback and
BOLD signal changes within the mentalizing network (including the MPFC, TPJ,
STS, TP, IFG, and preSMA) correlated with the social comparison component.
Activity within the mentalizing network has a parsimonious explanation in the
context of our task, i.e., activity correlated with the absolute differences between
participants’ own evaluations and the feedback they received. To identify
activity common to both reward and social comparison, we performed a
conjunction analysis, which revealed a cluster within the MPFC. Activity in this
integration region correlated with the behavioral updating bias across

participants.

In sum, the results obtained by my co-authors and me in study 1 identify
a positively biased updating mechanism for social feedback on character traits.
They underscore the importance of integrating theories on reward and

mentalizing for a better understanding of the human self-concept.

4.2, Study 2

Cultural influences on social feedback processing

Cultural differences between independent and interdependent self-concepts
have emerged as the key framework for understanding how social aspects of
human cognition vary across cultures (Markus and Kitayama, 1991; Oyserman
et al., 2002; Triandis and Suh, 2002; Markus and Kitayama, 2010; Heine, 2012).
This framework relies on the idea that social interactions differ between cultures

that foster independence (such as Western culture) and cultures that promote
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interdependence (such as East Asian culture). Yet, how culture influences the
processing of self-relevant feedback from others has not been investigated—
which is surprising given that the relation between self and others lies at the
heart of the idea of independent and interdependent self-concepts. Most
previous studies on cultural differences tested participants in the solitude of a
test cubicle or fMRI scanner. Here, my co-authors and | tested how German
and Chinese participants processed social feedback on character traits, which
was obtained within the context of a face-to-face interaction. Specifically, we
aimed at adding to the literature on social conformity (Bond and Smith, 1996),
self-enhancement (Heine and Hamamura, 2007; Sedikides et al., 2007), and

self-related neural activity (Wagner et al., 2012; Han et al., 2013).

We compared the behavioral and fMRI data from the German
participants obtained for study 1 (final n = 27) with data from three additional
groups of participants who performed the same social feedback task. A group of
Chinese participants (final n = 28) was scanned in Berlin. Another group of
Germans (n = 24) and another group of Chinese (n = 25) were tested
behaviorally in Beijing. All participants were tested in their native language. We
assessed participants’ endorsement of independence and interdependence
using the Singelis self-construal scale (Singelis, 1994) and confirmed that in our
sample Germans scored higher on independence and lower on

interdependence than Chinese.

Our results showed that Chinese conformed more to social feedback
than Germans, i.e., Chinese showed higher overall updates. Across all
participants, interdependence correlated with social conformity but not with
independence or self-esteem. Positively biased feedback processing was
evident in both cultural groups and its amount did not differ between them. In
addition, participants’ initial trait ratings did not differ between the two groups.
Whether participants were tested in their native cultural context or not had no
effect on social conformity or positively biased updating. This excluded that
stress or insecurity related to living abroad influenced social conformity. On the
neural level, we tested whether self- and other-related activity differed between

German and Chinese participants. We found a significant interaction in a part of
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the ACC/MPFC. In this region, self-related activity was higher in Germans than
in Chinese and correlated with independence in Chinese but not in Germans. In
addition, we replicated the neural findings of study 1 for the reward- and
comparison-related components in our Chinese sample. The rewarding
component of social feedback correlated with activity within the ventral striatum
and the ACC/MPFC and the social comparison component correlated with
activity within the mentalizing network, i.e., the MPFC, TPJ, STS, TP, IFG, and
preSMA. Although not reported in study 2, | would like to mention that the
comparison component correlated with activity in a further region of the
mentalizing network—the PCC—at a less stringent but corrected threshold (p <
0.05 familywise error correction at cluster level; initial threshold p < 0.0001
instead of p < 0.05 familywise error correction at voxel level; cluster size > 15
voxels). Activity related to the reward- and comparison-related components did

not differ between our German and Chinese samples.

Taken together, by testing cultural influences on social conformity,
positively biased updating, and self-related activity, my co-authors and | could
relate cultural differences in self-concept to the processing of self-relevant

information obtained within the context of a social interaction.

4.3. Study 3

Depression is related to an absence of optimistically biased belief

updating about future life events

Cognitive theories of major depressive disorder emphasize the role of negative
cognition in the onset, development, and treatment of depression (Seligman,
1972; Beck et al.,, 1979; Clark et al., 2009). Pessimism about the future
constitutes an important feature of negative cognition. For example, depressive
individuals overestimate the number of negative events and underestimate the
number of positive events that they are going to experience (Strunk et al., 2006;

Strunk and Adler, 2009). However, it remains elusive how depressed patients
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update their beliefs when challenged by information about their future.
Therefore, in study 3, my co-authors and | investigated how depression relates
to the processing of self-relevant information about the statistical likelihood of

experiencing adverse future life events.

Depressive patients (final n = 18) and matched healthy controls (n = 19)
performed an adapted version of a belief updating task (Sharot et al., 2011).
They estimated their likelihood of experiencing 70 adverse life events (e.g.
Alzheimer’s disease, death before 80). After each estimate, participants saw the
average probability of the event occurring to a person living in the same
sociocultural environment. This information could be desirable or undesirable
with respect to participants’ own estimates (i.e., the average probability could be
lower or higher than participants’ own estimate). To compare how desirable
versus undesirable information influenced belief updating, participants

estimated their personal probability of experiencing the 70 events a second time.

In line with previous reports (Sharot et al., 2011; Sharot et al., 2012a;
Sharot et al., 2012b), healthy participants showed positively biased updating,
i.e., they changed their beliefs more toward desirable than toward undesirable
information. Importantly, this optimistic bias was absent in depressive patients
and the degree to which it was absent correlated with the severity of depressive
symptoms. We also replicated previous research by showing that depressive
patients were initially more pessimistic than healthy controls (e.g., Strunk et al.,
2006; Strunk and Adler, 2009). Because of their pessimistic views, depressive
patients received more desirable information than healthy controls in our task.
Thus, given that depressive patients had more opportunities to change their
beliefs in an optimistic direction, the absence of positively biased updating
seems even more striking. In addition, we calculated estimation errors as the
numerical differences between participants’ initial estimates and the average
probabilities presented. The relation of estimation errors and updating differed
between the two groups—nhealthy controls showed a more optimistic pattern. In
control analyses, we excluded that differences in updating between the two
groups could be influenced by subjective ratings of the events (on vividness,

familiarity, prior experience, emotional arousal, negativity, and controllability), by
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memory for the presented probabilities, or by framing the events as happening
or as not happening. Further studies should address the limitations related to
our patient sample (8 patients had co-morbid anxiety disorder and 13 patients

received medication).

In conclusion, the results of study 3 can be regarded as a proof of
principle establishing that research on positively biased processing of self-
relevant information in healthy individuals may help to delineate what goes awry

in psychiatric disorders.

5. General discussion and future directions

In this chapter, | will first outline how the three empirical studies, which |
summarized in the previous chapter, have contributed to answer the four main
research questions formulated above. | will integrate the empirical results into a
potential neurocognitive model for self-relevant information processing and
relate this model to previous research. At the same time | will address how this
model can guide future research and how some of its shortcomings could be

mitigated.

5.1. Discussion of research questions

Question 1: Is self-relevant information processing positively biased in healthy

people?

For the first research question all three empirical studies of this thesis
were of relevance. Processing of self-relevant information was positively biased

in healthy participants as indicated by larger updates toward desirable versus
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undesirable information. The results of the three studies showed positively
biased updating for two types of information (feedback on character traits and
statistical information about future life events) and for participants of two
different cultures (German and Chinese). The findings on future life events
replicate previous research (Sharot et al., 2011; Sharot et al., 2012a; Sharot et
al., 2012b).

Question 2: Is self-relevant information processing linked to neural

activity associated with reward and mentalizing?

The second question was addressed by collecting fMRI data while
participants received social feedback on character traits. Activity correlated with
two components of social feedback in two partially overlapping neural networks.
The reward-related component correlated with activity in the ACC/MPFC and
the ventral striatum—regions commonly associated with reward processing
across a variety of contexts (Fehr and Camerer, 2007; Rushworth and Behrens,
2008; Beckmann et al., 2009; Rilling and Sanfey, 2011). The comparison-
related component correlated with activity in the MPFC, TPJ, STS, TP, IFG, and
preSMA. These regions have been consistently related to mentalizing-related
tasks by meta-analytic evidence (Spreng et al., 2009; Van Overwalle, 2009; Mar,
2011). Reward- and comparison-related activity did not differ between German

and Chinese participants.

Question 3: Does people’s cultural background influence the behavioral

and neural components of social information processing?

To address the third research question, German and Chinese
participants were compared. Cultural differences in self-concept were related to
some but not all aspects of social feedback processing under investigation.
Chinese updated their trait ratings more than Germans after receiving feedback,
i.e., they showed more social conformity. Across all participants, overall updates
correlated with the endorsement of an interdependent self-concept. The two
groups also differed in ACC/MPFC activity; during feedback presentation, self-
related ACC/MPFC activity was higher in Germans than in Chinese. In contrast,

the two cultural groups did not differ in the magnitude of the behavioral updating
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bias. Furthermore, as noted in the previous paragraph, reward- and

comparison-related activity did not differ between the two groups.

Question 4: Do depressed patients show an absence of optimistically

biased processing of information about their personal future?

To answer the fourth question, depressive patients were compared to
healthy controls. Depressive patients did not show positively biased processing
of information regarding their future likelihood of experiencing negative life
events. Symptom severity correlated with the absence of positively biased
updating.

Taken together, the empirical evidence regarding the four main research
questions suggests a potential mechanism of self-relevant information

processing, which | will describe in the next section.

5.2. Neurocognitive model of self-relevant information processing

The proposed model aims to capture the processes which are at play when
people receive information that is potentially relevant for their self-concept
(Figure 4). An underlying assumption of the model is that representations within
the self-concept are dynamic, i.e., they are updated during the receipt of self-
relevant information such as social feedback on character traits or information

about future life events.

Self-relevant information possesses certain properties, which were
operationalized in a quantitative fashion in the tasks of this thesis. Information
can be dichotomized into desirable and undesirable information (i.e.,
information that is better or worse relative to the recipient’s prior representation).
To further characterize self-relevant information, it can be described with
respect to two components: First, the reward-related component indexes how
positive the information is for the self. (The reward-related component was

operationalized as self-related feedback ratings in studies 1 and 2. Please refer
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to the sections which summarize the research questions, the methodology, and
the results for more details.) Second, the social comparison component indexes
how close or similar the information is with respect to the recipient’s prior
representation. (The social comparison component was operationalized as

feedback discrepancies in studies 1 and 2 and as estimation errors in study 3.)

These two components are processed in two separable neural networks.
Reward processing involves the ACC/MPFC and the ventral striatum—both of
which are commonly implicated in processing reward across a variety of
contexts (Fehr and Camerer, 2007; Rushworth and Behrens, 2008; Beckmann
et al., 2009; Rilling and Sanfey, 2011). Social comparison processing engages
activity in the mentalizing network, which includes (dorsal) MPFC, TPJ, STS, TP,
IFG, and preSMA (Van Overwalle, 2009; Mar, 2011). The interplay of reward-
and comparison-related processes—which seems to be associated with MPFC

activity—results in positively biased updating in healthy individuals.

This central part of the proposed model (which has been established on
the basis of study 1) was extended by testing self-relevant information
processing in two additional groups of recipients. First, depressed individuals,
which are characterized by negative cognition and abnormal reward processing
(Eshel and Roiser, 2010; Gotlib and Joormann, 2010), show an absence of
positively biased updating. Second, cultural differences in self-concept related
to interdependence and independence (Markus and Kitayama, 2010) modulate
the relationship between the self and other persons. Thus, culture is supposed
to influence social comparison processing—resulting in cultural differences in

overall updating (i.e., social conformity).

This proposed neurocognitive model integrates the three perspectives on
the self outlined in the beginning within a neurobiological framework since
dynamics of the self-concept are linked to information obtained from social
sources and self-related positivity biases. In the remainder of this chapter, | will
discuss the proposed model and its limitations in relation to previous research

with a focus on how future studies could provide supporting evidence.
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A general theme that will re-occur in the following discussion is that
components of the information processing schema (as outlined in Figure 3) can
be modulated to address further questions. That is, future studies could
compare different types of recipients (e.g., participants of different cultures or
psychiatric patients as investigated within the empirical studies of this thesis),
different sources of information (e.g., information from in-group/out-group
members), and different types of self-relevant information (e.g., information on
character traits or future life events). Importantly, the general schema should be
extended to incorporate actions initiated by the recipient of the information.
Currently, the schema depicts that the people receive self-relevant information
and change their self-concept. However, in many instances recipients will act
upon receiving information. For example, people try to change how they are
perceived by others upon receiving social feedback or they try to reduce their
risk of encountering certain situations after receiving information about possible
future life events. In the same vein, tasks should be developed in which social
information is repeatedly exchanged. For example, similar to experiments with
iterated economic games (Rilling and Sanfey, 2011; see Glimcher et al., 2008
for an overview), experiments could involve a set-up in which the recipient
receives social information from another person and then returns some type of
social information to this other person (i.e., both persons alternate in being the

recipient and the source of information).
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Figure 4. Potential neurocognitive model of self-relevant information processing.
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Figure 4. Potential neurocognitive model of self-relevant information processing.
(continued)

Self-relevant information is processed with respect to two separable components:
reward (i.e., the positive nature of the information) and social comparison. In the case
of social feedback on character traits, the social comparison component is labeled
feedback discrepancy (i.e., the difference between information and recipients’ prior trait
ratings). In the case of statistical information about future life events, the comparison
component is labeled estimation error (i.e., the difference between information and

recipients’ prior probability estimates).

On the neural level, reward processing is mediated by a network encompassing
the ACC/MPFC (especially the ventral MPFC) and the ventral striatum. This network
has been related to social and non-social reward processing in both humans and
animals (Fehr and Camerer, 2007; Rushworth and Behrens, 2008; Beckmann et al.,
2009; Rilling and Sanfey, 2011; see Glimcher et al., 2008 for a general overview). The
processing of social comparison is reflected by a network previously identified for
mentalizing-related processes in humans (Van Overwalle, 2009; Mar, 2011). This
network encompasses the MPFC (especially the dorsal MPFC), TPJ, STS, TP, IFG,
and the preSMA. (Contrasts are taken from study 2 and depicted at a threshold of p <

0.05 familywise error correction at voxel level; cluster size > 15 voxels.)

Reward and social comparison processing influence the updating of
representations within the self-concept. Healthy individuals show positively biased
updating (i.e., larger updates following desirable compared with undesirable

information) for information about character traits and future life events.

Different types of recipients have different influences on the components of the
proposed model. Reward processing is supposed to be disrupted by depression;
resulting in an absence of positively biased updating. Social comparison processing is
supposed to be modulated by culture; resulting in more social conformity (i.e., a larger

overall amount of updating) in interdependent compared with independent cultures.
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5.3. Self-related biases

The proposed neurocognitive model aims at providing a better understanding of
self-related positivity biases by integrating them into an information processing
framework that combines behavioral and neural aspects. Early
conceptualizations of positivity biases have posited that humans engage in self-
related positive illusions because cognitive processing mechanisms impose
filters on incoming information, distorting it into a positive direction (Taylor and
Brown, 1988). The proposed model suggests that this “filtering mechanism”
involves reward- and comparison-related processes. The model predicts that
specific aspects of the information itself, of the recipient, and of the source (see
Figure 3) should impact on the posited “filtering mechanism.” This also stresses
a point made—in a similar way—by earlier conceptualizations of positivity
biases: Current states of the self-concept (e.g., overly positive self-evaluations)
have to be distinguished from dynamic changes of the self-concept and from
influences on such changes (e.g., positively biased feedback processing)
(Sedikides and Gregg, 2008, Leary, 2007).

An important aspect that is underspecified in the proposed model
concerns the question: What makes information self-relevant? That is, to which
instances of information processing can the model be applied? Therefore, in the
following, | will discuss how the question of self-relevance bears on different
types of information, different types of sources, and different types of recipients

(see Figure 3).

Of the triad of positivity biases related to self-evaluations, perceptions of
control, and estimates of the future (Taylor and Brown, 1988), the proposed
model rests on evidence for two of these three processes: processing
information about character traits and future life events. Future work should
address whether the model can be extended to information about how much a
person can be in control of a certain situation. Furthermore, the model should
ideally be extended to a couple of phenomena that have been heavily
discussed in social psychology such as the self-serving attributions, the false

consensus effect, or social conformity. All of these phenomena involve
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information processing. First, self-serving attributions describe people’s
tendency to attribute success (i.e., positive information about their performance)
internally (i.e., to their abilities) and failure (i.e., negative information about their
performance) externally (i.e., to the situation) (see Hewstone et al., 2008; Hogg
and Vaughan, 2008 for an overview). A more detailed investigation of how
participants process performance feedback (e.g., in a logical puzzle) will help to
link self-relevant information processing to previous studies which have
operationalized feedback as performance feedback (Alicke and Sedikides,
2009). Second, the false consensus effect describes amongst other things
people’s tendency to think that—given the same information—others would
make similar decisions (Marks and Miller, 1987). Third, some recent studies
have used similar designs as used in the empirical studies of this thesis to
investigate social conformity (see Cialdini and Goldstein, 2004 for a discussion
of the behavioral literature). Participants usually received feedback from others
on the properties of something that is not self-relevant (e.g. the attractiveness of
the face of an unknown person, or the liking of a previously unknown song)
(Klucharev et al., 2009; Campbell-Meiklejohn et al., 2010; Zaki et al., 2011).
Opinion changes in these studies were typically unbiased. For example, people
were influenced to the same degree when they saw that others judged a face to
be more—or less—attractive than they did. However, it remains an open
question whether positively biased information processing extends to objects
that participants perceive as strongly self-related such as their favorite songs,
their clothing, or their cars (Leary, 2007).

In studies 1 and 2, participants received social feedback for another peer,
i.e., they received feedback that was not directly self-relevant. Participants rated
themselves more favorably than the other person as has been reported in many
studies on trait evaluations (Leary, 2007; Alicke and Sedikides, 2009).But there
was no difference in positively biased updating for the self and for the other
person. It should be noted that participants had direct contact with this person
and that the person typically was a fellow student. Therefore, this finding is in
general accord with previous research showing that positivity biases are

influenced by whether participants have met the other person (Alicke et al.,
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1995). Manipulating the relationship between the self and the other person (for
example by assigning him or her to an out-group) may alter or even abolish
positively biased updating and may thus clarify the role of self-relevance for the

proposed model.

5.4. Self-related activity during feedback processing

A cluster encompassing a huge part of the MPFC was found in a categorical
contrast comparing self- versus other-directed feedback. This extends the well-
known role of the MPFC in self- and other-judgments (Amodio and Frith, 2006;
Denny et al.,, 2012) to receiving feedback about character traits. Since this
activity encompassed a considerable part of the frontal midline at a corrected
threshold, it seems difficult to disentangle the role of specific MPFC
subdivisions or specific components in feedback processing on the basis of this
categorical contrast. Therefore, | did not directly incorporate this result into the
proposed neurocognitive model. Research on self-related neural activity will be

discussed in the next section in the context of mentalizing.

5.5. Mentalizing and social comparison

The neurocognitive model proposed in this thesis associates social comparison
processing with the mentalizing network. The label “mentalizing network” refers
to the fact that this set of regions has consistently been implicated in
mentalizing tasks as shown by meta-analytic evidence (Van Overwalle, 2009;
Mar, 2011). That is, social comparison processing and mentalizing involve
activity in overlapping brain regions. | do not want to draw the reverse inference

based on these fMRI results that social comparison processing equals
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mentalizing (Poldrack, 2006)—especially not mentalizing as defined by classic
false belief tasks (Wimmer and Perner; 1983).

Instead, | would like point out that the changes in neural activity, which
were observed in the mentalizing network, have a parsimonious interpretation in
the context of the task used in studies 1 and 2. Activity in the mentalizing
network tracked the numerical difference between participants’ own evaluations
and the feedback they received both for their own character and for the
character of another person. This finding is in line with the general definition of
mentalizing as the process of inferring another agent’s mental state (Frith and
Frith, 2012) and points to a number of questions for further research.
Specifically, | will focus on the relation of mentalizing with self- versus other-

related processes, false belief tasks, and computational modeling approaches.

First, the relation between activity related to social comparison
processing and activity related to mentalizing suggests that the differences
between people’s own mental state and other persons’ mental states are of
relevance—at least when character traits constitute the content of mental states.
Much research on mentalizing has investigated instances in which the content
of another person’s mental state was not about character traits but about the
properties of physical objects (e.g., the location of a ball) (for review see
Amodio and Frith, 2006). The proposed neurocognitive model suggests a direct
link between mentalizing and processes related to judging character traits.
Interestingly, self- versus other-directed feedback elicited different overall
MPFC activity but not different social comparison-related activity. Given that
activity associated with other-judgments varies with the relation of the self to the
other person (Jenkins, et al. 2008; Krienen et al., 2010; Denny et al., 2012),
future research may address whether comparison-related activity shows
differences when participants receive feedback about other persons who vary
along dimensions such as similarity, closeness, or in-group/out-group
membership. In addition, one could further investigate how differences in the
opinion about something that is not directly self-relevant (e.g., faces or pieces

music) are related to social comparison processing within the mentalizing
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network (e.g., Klucharev et al., 2009; Campbell-Meiklejohn et al., 2010; Zaki et
al., 2011).

Second, one aspect in which the task of study 1 and 2 differs from classic
belief tasks is that participants were not explicitly instructed to infer the mental
state of other persons (i.e., they did not have to infer that other persons lack
specific knowledge). Instead, they were informed about the content of other
persons’ mental state in the form of explicitly stated character trait ratings. One
could speculate that participants pondered on why the others had given a
specific rating and that this process was at play to a higher degree when
feedback ratings were more different from participants’ own evaluations. This
idea could be tested by asking participants to report their thoughts during
feedback processing. A more promising approach to relate social comparison
processing to mentalizing—as defined by false belief tasks—would be to
parametrically modulate the extent to which the other person’s belief is false
(see Tamir and Mitchell, 2010 for a similar approach). For example, in an
adapted version of the Sally and Ann task, one could parametrically vary the
spatial distance to which the new location of a physical object differs from its

prior location.

Third, many studies have resorted to categorical contrasts to investigate
mentalizing (e.g., Walter et al., 2004; Saxe and Powell, 2006). Recently,
however, a few studies have used parametric approaches to elucidate specific
components of mentalizing (Hampton et al., 2008; Tamir and Mitchell, 2010). In
particular, computational models—such as variants of reinforcement learning
used within the context of economic games—have been promoted as promising
avenues for a better understanding of mentalizing and social cognition in
general (Yoshida et al., 2008; Behrens et al., 2009; Hunt and Behrens, 2011;
King-Casas and Chiu, 2012). The approach taken in the empirical studies of this
thesis occupies a middle ground between categorical contrasts and
computational models. That is, in the fMRI studies, my co-authors and |
investigated two components of feedback processing, which varied
parametrically on a trial-by-trial fashion. This approach goes beyond contrasting

a limited number of conditions but does not allow testing different
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computationally specified models and the relation of model parameters to
neural activity. For example, only a linear relationship between social
comparison processing (i.e., feedback discrepancies) and neural activity was
tested. Further studies should test for nonlinear relationships. To make the
tasks employed in the empirical studies of this thesis accessible for the use of
computational models such as reinforcement learning models, social feedback
should be repeatedly given for the same trait. That is, currently participants
receive feedback a single time for 80 different traits or 70 different life events.
Reinforcement modeling requires that trait ratings or likelihood estimates are
updated multiple times (Sutton and Barto, 1998). This could be implemented in
a setting in which participants exchange social information multiple times.
Thereby, the actions of one set of participants would influence the actions of
another set of participants and vice versa. (In the current fMRI studies, social
feedback has no impact on those who gave it.)

Taken together, the proposed lines of research may advance our
understanding of whether different regions within the mentalizing network differ
with respect to the type of information that is processed (e.g., social or non-
social) or with respect to the type of process at play (e.g., belief inference or

social comparison).

5.6. Reward processing

The definition of social reward used in studies 1 and 2 and by consequence in
the proposed neurocognitive model is identical to the definition used in a
previous study on social feedback (Izuma et al., 2008): First, more positive
feedback for the self indicates higher social reward. Second, social reward is
self-specific. Participants in the study by Izuma et al. (2008) received social
feedback for themselves or for another person in the form of positive trait
adjectives of high or low social desirability. The authors of that study performed

an interaction contrast between feedback directed to the self versus the other
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person and high versus low desirability trait adjectives. My co-authors and |
used a parametric approach that is conceptually similar. That is, we searched
for activity that correlated more positively with feedback ratings for the self than
with feedback ratings for another person. Additionally, we extended the

approach used by Izuma et al. (2008) to negative trait adjectives.

Using this parametric approach, we found that reward processing
correlated with activity in the ventral striatum and the ACC/MPFC, which
replicates the results by Izuma et al. (2008). These findings are consistent with
a huge human and animal literature on reward processing in social and
nonsocial settings (for reviews see Montague et al., 2006; Fehr and Camerer,
2007; Rushworth et al., 2007; Rilling and Sanfey, 2011). In the social domain,
the striatum has for example been implicated in the processing of advice
(Behrens et al., 2008; Biele et al., 2011; Meshi et al., 2012), i.e., social
information on which of several options to choose. The ventral part of the MPFC
has a well-established role in preference statements and in tracking the value of
options in choice situations (e.g., in the context of food choices). Social
influences can modulate activity in the ventral MPFC (and the ventral striatum)
(Plassmann et al., 2008; Zaki et al., 2011).

Several authors have argued that the brain converts different types of
reward information into a common currency, which may be reflected by activity
in the striatum (Sanfey, 2007) (which in turn might reflect dopaminergic inputs)
(Schultz, 2006). The results obtained in studies 1 and 2 support this general
notion by corroborating the role of the striatum and the MPFC for reward
processing in the social domain. Further evidence could be obtained by pitting
social and non-social rewards against each other. For example, future studies
could investigate how much money participants are willing to pay for obtaining
potentially positive social feedback or how participants decide between the
prospect of winning money and the prospect of getting positive social feedback.
More importantly, further studies should extend the framework established by
decision neuroscience and address how social information processing is
influenced by variables such as variance or uncertainty (e.g., Platt and Huettel,

2008; Bach and Dolan, 2012). For example, the uncertainty of social feedback
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could be modulated by varying the number of peers giving feedback. As
outlined above, crucial insights may be gained by adapting computational
approaches used for understanding non-social reward processing to investigate
social reward processing (Behrens et al., 2008; Hampton et al., 2008; Biele et
al., 2011; Jones et al., 2011). Especially algorithms derived from reinforcement
learning might provide a powerful means to investigate social reward
processing—given their prominent role in understanding non-social reward (for
reviews see Montague et al., 2006; Lee, 2008; see O’Doherty et al., 2007 for a
description of the methodological approach).

Another open question concerns the relationship between social reward
and social exclusion. Clarifying this relationship might be informative for
debates in social psychology and decision neuroscience. Theories in social
psychology posit that people seek out social reward because it reassures them
that they are well integrated into their social environment (Baumeister and Leary,
1995; Eisenberger et al., 2011). In decision neuroscience, an important debate
centers on whether processes associated with positive valence (e.g., gains,
reward) and processes associated with negative valence (e.g., losses,
punishment) constitute opposite endpoints of a continuum or two different
dimensions (Montague et al., 2006; see also Glimcher et al., 2008). The
proposed neurocognitive model and the results on which it is based do not
directly speak to these debates since | have focused on investigating reward-
related processes. Studies on social exclusion commonly report activity within
the dorsal ACC (at a more posterior location than the ACC activity identified for
social feedback processing), anterior insula, and somatosensory cortices
among other regions (Eisenberger, 2012). This pattern of activity did not
emerge in studies 1 and 2 and we did not find activity that correlated negatively

with the reward-related component of social feedback.

Taken together, this seems to suggest that the pattern of activity found
for social reward differs from the pattern commonly identified in studies on
social exclusion. Social reward and social exclusion might thus constitute two

distinct dimensions rather than two poles of one continuum. Further studies

60



should directly address how social reward and social exclusion are linked on a

behavioral and neural level.

5.7. Functional subdivisions of the MPFC

The MPFC plays a prominent role in different components of the proposed
neurocognitive model. To guide further research on the relationship between
different roles of MPFC activity, | would like to give a brief outline of the
anatomical location of functional MPFC subdivisions identified in studies 1 and
2. The spatial pattern of activity depicted in Figure 5 is consistent with various

strands of previous research.

First, social comparison processing elicited activity in a dorsal part of the
MPFC (and the preSMA/SMA)—which is in line with the well-known
involvement of this part of the MPFC in mentalizing (Van Overwalle, 2009; Mar,
2011). With regard to the ventral-to-dorsal gradient discussed for self- versus
other-related MPFC activity (Denny et al., 2012), the MPFC cluster identified for

social comparison processing lies at a more or less middle position.

Second, reward processing was associated with activity in a more ventral
part of the ACC/MPFC and an additional cluster in more dorsal parts of the
ACC/MPFC. This adds to the substantial literature on the involvement of the
most ventral part of the MPFC (often called medial OFC) in reward processing
(e.g., Montague et al., 2007; Beckmann et al.,, 2009). Furthermore, ventral
MPFC activity associated with self-related reward on character traits is
consistent with previous reports of ventral MPFC (or ventral ACC) activity in the
context of valence-related aspects of self-judgments (Beer and Hughes, 2010).

Third, participants’ cultural background influenced self-related activity in a
middle part of the ACC/MPFC. Previous cultural neuroscience studies have
often found activity within similar parts of the ACC/MPFC with some studies

reporting slightly more anterior and/or dorsal clusters (Zhu et al., 2007; Chiao et
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al., 2009a; Chiao et al., 2009b; Ng et al., 2010; Ray et al., 2010; Ma et al., 2012;
Wang et al., 2012). However, these studies have not yet been summarized with

the help of meta-analytic procedures.

In study 1, the behavioral updating bias for self correlated with activity in
a middle part of the MPFC, in which activity related to reward and social
comparison processing overlapped as shown by a conjunction analyses (not
depicted in Figure 5). However, this finding, which suggests that the MPFC
might act as an integration region for social feedback, should be regarded as
preliminary since the conjunction but not the correlation could be replicated in

the Chinese sample of study 2.

Taken together, understanding MPFC computations might be crucial for
linking neurobiological findings on reward and mentalizing with the behavioral
literature on positivity biases. Future studies should address how the functional
subdivisions of MPFC activity that were identified within the context of self-
relevant information processing map onto further MPFC functions discussed in
the literatures on cognitive control (Ridderinkhof et al., 2004), on depression
(Price and Drevets, 2012), or decision making in general (Rushworth and
Behrens, 2008).
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Figure 5. Functional MPFC subdivisions.

In line with previous research on reward (Beckmann et al., 2009; Rilling and Sanfey,
2011), mentalizing (Van Overwalle, 2009; Mar, 2011), and on cultural influences of self-
related activity (Han et al., 2013), our results support a functional subdivisions of MPFC
activity. Dorsal aspects of the MPFC (and the preSMA) are associated with social
comparison processing. Dorsal to ventral aspects of the ACC/MPFC are associated
with cultural differences in self-related activity. Ventral aspects of the MPFC (and parts
of the dorsal ACC) are associated with reward processing. (Contrasts are taken from
study 2. Contrasts related to reward and social comparison processing are depicted at
a threshold of p < 0.05 familywise error correction at voxel level; cluster size > 15
voxels. The interaction contrast related to the cultural difference is small volume
corrected within the main effect of self- versus other-directed feedback; initial threshold
for interaction: p < 0.001, uncorrected.)
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5.8. Culture

Since culture exerts profound influences on social cognition, study 2 compared
participants of German and Chinese origin to avoid that the predictions of the
proposed neurocognitive model are limited to Western samples. Comparing
Germans to Chinese is relevant for social feedback processing because the
members of these two cultures are known to differ in their self-concepts with
regard to independence and interdependence (Markus and Kitayama, 1991;
Oyserman et al., 2002; Triandis and Suh, 2002; Markus and Kitayama, 2010;
Heine, 2012). In the model, cultural differences in self-concept are supposed to
impact on social comparison processing but not on reward processing. This is
motivated by the behavioral results of study 2, which | will discuss in the
following. Chinese participants showed more social conformity than Germans

but no difference in the amount of positively biased updating.

Study 2 investigated Germans and Chinese participants to test how
differences in independent and interdependent self-concepts influence social
comparison processing. Meta-analytic evidence suggests that members of
interdependent cultures show more conformity when receiving social
information about the lengths of two lines (Bond and Smith, 1996). The results
of study 2 extend these previous findings to social conformity about character
traits, which—unlike objective physical properties—are directly self-relevant.
The cultural difference in social conformity was directly related to individual
differences in interdependent self-concept. Across all participants, overall
updating correlated significantly with interdependence but not with
independence. Previous studies have combined interdependence and
independence scores into a composite measure (e.g., Chiao et al., 2009b). In
study 2, they were kept separate because the two scores were not correlated
and because the initial study that introduced them treated them as two different
dimensions (Singelis, 1994). Future research should address whether
independence and interdependence are the opposite ends of a continuum or

separate dimensions.
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There has been a fierce debate about whether East Asians show self-
enhancing tendencies to a similar degree as Westerners (Sedikides et al., 2003;
Heine et al., 2007; Heine and Hamamura, 2007; Sedikides et al., 2007). The
possible absence or reduction of self-enhancement might be a specific feature
of East Asian culture that might not directly relate to interdependent versus
independent self-concepts. Although rarely discussed (Ryder et al., 2008; Heine,
2012), this debate is interesting in light of the literature on depression since an
absence of positivity bias could be described as a “depressive pattern” (see
next section). In study 2, the behavior of Chinese participants did not point into
such a direction. Both cultural groups showed indistinguishable degrees of
positively biased updating and in addition they did not differ in their self-

evaluations.

Taken together, the behavioral approach taken in study 2 offers a novel
approach to conceptualize self-enhancement, which contributes to the debate
on whether East Asians do or do not show self-enhancement (Heine and
Hamamura, 2007). Further studies should replicate the results of study 2 with
American and Japanese since the majority of previous studies have compared
these two cultures and since the original proposition of independent and
interdependent self-concepts was based on these two cultures (Markus and
Kitayama, 1991; Heine, 2012). Regarding the proposed neurocognitive model,
the results of study 2 point toward an influence of culture on social comparison

processing but not reward processing.

On the neural level, culture influenced activity in a region of the
ACC/MPEFC related to self- versus other-directed feedback. This finding extends
the role of the ACC/MPFC in cultural differences of self- and other-evaluations
(Zhu et al., 2007; Chiao et al., 2009a; Chiao et al., 2009b; Ng et al., 2010; Ray
et al.,, 2010; Ma et al., 2012; Wang et al., 2012). Cultural differences are
conceptualized as differences in social interactions between the self and others
(Markus and Kitayama, 1991; Markus and Kitayama, 2010). Since participants
in study 2 received social feedback within the context of a face-to-face
interaction, the reported ACC/MPFC result directly confirms the relevance of

this region for cultural differences in social interactions. Culture did not, however,
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influence activity related to the social comparison component in the sample of
study 2. Thus, on the neural level, future studies should provide direct evidence

for the proposed link between culture and social comparison processing.

5.9. Depression

The potential relevance of self-relevant information processing for psychiatric
diseases (especially for affective disorders such as major depressive disorder)
has been an important motivation for developing the proposed neurocognitive
model. In the model described above, depression is supposed to impact on
reward processing but this does not exclude potential influences on social
comparison processing. Highlighting the role of reward processing in
depression rests upon previous reports (Eshel and Roiser, 2010) and upon the
findings of study 3. Depressive patients showed an absence of optimistically

biased belief updating, which correlated with symptom severity.

Obtaining fMRI data from depressive patients should help to clarify
whether altered reward processes or altered social comparison processes—or
both—Ilead to the described absence of biased updating. A previous fMRI study
using the same paradigm in healthy participants identified activity in the IFG and
dorsal MPFC (which was related to estimation errors) (Sharot et al., 2011) and
a subsequent study showed that transcranial magnetic stimulation (TMS) on the
left IFG altered updating beliefs about the future (Sharot et al., 2012b). Within
the proposed neurocognitive model, MPFC and IFG are associated with social
comparison processing rather than reward processing. Based on the
neurocognitive model, depressive individuals might thus be expected to show
altered activity within reward-related regions such as the ventral striatum and
the ventral MPFC. The neural aspects of the proposed neurocognitive model
have been mainly gleaned from the two fMRI studies included in this thesis.
Thus, further research should use fMRI to compare how healthy and depressed

individuals process information about the future and about character traits. This
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could specifically inform research on the well-established involvement of altered
MPFC activity in depression, which may pertain to reward or comparison
processing or both (Disner et al. 2011; Pizzagalli, 2011; Price & Drevets, 2012).

Cognitive models of depression focus on cognitive biases toward the
negative such as pessimism or overly negative self-views (for recent reviews
see Mathews and MaclLeod, 2005; Clark et al., 2009; Gotlib and Joorman,
2010). In contrast, research on healthy participants has usually focused on
cognitive biases to the positive such as optimism or overly positive self-views
(Taylor and Brown, 1988; Leary, 2007). Many authors have discussed whether
being unbiased or whether being biased to the positive confers more benefits
for mental health, well-being, and economic success (Taylor and Brown, 1988;
Scheier and Carver, 1992; Weinstein and Klein, 1995; Lovallo and Kahneman,
2003; Haselton and Nettle, 2006; Leary, 2007;Puri and Robinson, 2007).
Probably, this question cannot be definitely answered because whether a
certain behavior is adaptive or not depends very much on the given situation. In
the context of specific studies, being unbiased often serves as a benchmark. In
empirical studies of this thesis, for example, being unbiased means that
participants update their beliefs to a similar degree for desirable and
undesirable information. In this sense, depressive patients were unbiased
although the correlation with symptom severity implies that more severely
depressed patients are actually biased toward the negative. Additionally,
depressive pessimism is underscored by the finding that depressed patients
estimated their likelihood of experiencing negative events to be higher than did
healthy individuals (e.g., Strunk et al., 2006; Strunk and Adler, 2009).

Taken together, the proposed neurocognitive model above lends itself
well to testing self-relevant information processing in other psychiatric disorders
such as borderline personality disorder for which unstable social relationships
are characteristic (American Psychiatric Association, 2000). Patients suffering
from Borderline Personality disorder are known to show alterations neural
activity related to mentalizing (Dziobek et al., 2011) and to repairing breaches in
trust (King-Casas et al., 2008) but the neural mechanisms underlying self-

relevant information processing remain elusive.
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Currently, psychiatric diseases are categorized on the basis of behavioral
symptoms and patients are diagnosed on the basis of clinical interviews
(American Psychiatric Association, 2000). It is unclear whether these
classifications truly reflect underlying psychopathologies or whether they merely
group symptoms that are caused by different mechanisms. That is, are many
psychiatric diseases a set of symptoms similar to jaundice, for example, that
can develop due to such diverse causes as malaria, hepatitis or gallstones? In
the discussion sections on mentalizing and reward, | have argued for extending
the approach used in this thesis by putting the proposed model into a
computational framework. This is in line with several authors who have recently
proposed computational approaches as a means to advance the classification
and diagnosis of psychiatric diseases (Maia and Frank 2011; Montague et al.,
2012; King-Casas and Chiu, 2012). Advancing computational models of social
interactions might be particularly helpful since many psychiatric diseases are
accompanied by social deficits (Montague et al., 2012; King-Casas and Chiu,
2012).

6. Conclusion

This dissertation advances the understanding of self-relevant information
processing by providing a framework that integrates behavioral research on the
self and neuroscientific research on reward processing and mentalizing.
Dynamic changes of the self-concept are related to the processing of
information obtained within the context of social interactions. These changes
are shown to be biased toward the positive in healthy people—when they
receive social feedback on character traits or statistical information about the
likelihood of experiencing adverse life events. The proposed neurocognitive

model assumes that people process self-relevant information with respect to
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two components: reward and social comparison. On the neural level, these
components are supposed to correspond to reward-related activity in the ventral
striatum and ACC/MPFC and to activity in the mentalizing network including the
MPFC, TPJ, STS, TP, IFG, and preSMA. The model incorporates the reported
absence of positively biased information processing in depressive patients. In
addition, cultural influences on social feedback processing are integrated. |
hope that the current thesis will provide a fruitful source for conceiving future
studies and that the model proposed in this study will be extended by

computational modeling approaches.
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Abstract

Receiving social feedback such as praise or blame for one’s character traits is a key component
of everyday human interactions. It has been proposed that humans are positively biased when
integrating social feedback into their self-concept. However, a mechanistic description of how
humans process self-relevant feedback is lacking. Here, participants received feedback from
peers after a real life interaction. Participants processed feedback in a positively biased way, i.e.,
they changed their self-evaluation more towards desirable than towards undesirable feedback.
Using functional magnetic resonance imaging (fMRI) we investigated two feedback components.
First, the rewarding component correlated with activity in ventral striatum and in anterior
cingulate cortex/ medio-prefrontal cortex (ACC/MPFC). Second, the comparison-related
component correlated with activity in the mentalizing network, including the MPFC, the temporo-
parietal junction (TPJ), the superior temporal sulcus (STS), the temporal pole (TP), and the
inferior frontal gyrus (IFG). This comparison-related activity within the mentalizing system has a
parsimonious interpretation, i.e., activity correlated with the differences between own evaluation
and feedback. Importantly, activity within the MPFC that integrated reward- and comparison-
related components predicted the self-related positive updating bias across participants offering
a mechanistic account of positively biased feedback processing. Thus, theories on both reward
and mentalizing are important for a better understanding of how social information is integrated

into the human self-concept.

Introduction

Humans are often confronted with social feedback about their character when interacting with

other people and have to integrate this feedback into their self-concept. For example, if
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somebody tells you that you are polite you weigh this feedback and integrate it into how polite
you see yourself. Importantly, people tend to see themselves in a positive light (Leary, 2007)
and expect to receive more positive than negative feedback (Hepper et al., 2011). It has been
proposed that humans can achieve and maintain a positive self-concept because cognitive-
processing mechanisms distort incoming information in a positive direction (Taylor and Brown,
1988). Studying positively biased self-views bears far-reaching implications for psychiatry,
health psychology, and policy-making since positivity biases have often been linked to mental
health, personal well-being, and professional success (Leary, 2007). The goal of the present
study was to determine the information processing mechanisms at play when people receive

feedback relevant for their self-concept.

The idea that processing mechanisms distort incoming information in a positive direction
suggests that reward should play a central role in social feedback processing. Neuroscientific
studies have shown that non-social rewards (e.g. money) and social rewards (e.g. positive
feedback on character traits) are processed within shared brain regions, notably the ventral
striatum and a region at the border of the pregenual ACC, the ventral MPFC, and the medial
orbito-frontal cortex (OFC; Fehr and Camerer, 2007; Fliessbach et al., 2007; Izuma et al., 2008;
Beckmann et al., 2009; Rushworth et al., 2011). However, neural activity related to social

reward has not been linked to positively biased self-views.

When receiving social feedback about character traits, people compare their own view
to the view of others. Self-referential processing, such as judging one’s own personality traits,
has been linked to the frontal midline, especially ventral MPFC (Amodio and Frith, 2006; Moran
et al., 2006; Northoff et al., 2006; Lieberman, 2007, Wagner et al., 2012). Moreover, inferring
the mental states of other's — known as mentalizing or theory-of-mind — has been reliably
associated with a network comprising dorsal MPFC, TPJ, STS, TPs, and orbital IFG (Amodio
and Frith, 2006; Gilbert et al., 2006; Saxe, 2006; Van Overwalle, 2009; Bahnemann et al., 2010;
Mar, 2011). Activity within the mentalizing network has been observed across a variety of tasks,
such as reading stories about false beliefs (Saxe and Powell, 2006), viewing cartoons or videos
of social interactions (Walter et al., 2004; Wolf et al., 2010), and engaging in strategic

interactions (Behrens et al., 2008; Hampton et al., 2008; Yoshida et al., 2010). Social feedback
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processing arguably involves inferring other persons’ mental state to integrate their views into
one’s self-concept. However, it has not been tested whether regions associated with

mentalizing are implicated in social feedback processing.

Here, we mainly investigated how humans process feedback about their own character
traits and were additionally interested in comparing self- versus other-related feedback. We
hypothesized that humans process social feedback in a positively biased way and expected
feedback processing to include two components. First, we expected a reward-related
component to be linked to activity in the ventral striatum and ACC/MPFC. Second, we
hypothesized that the comparison between participants’ own views and the feedback ratings
they received would be reflected in regions previously associated with mentalizing. We
expected activity in the MPFC, in particular since distinctive sub-regions of the MPFC have
been linked to processes that we expect to be relevant for social feedback processing. First, a
region at the border of pregenual ACC, ventral MPFC, and OFC shows involvement in reward
and value processing (Beckmann et al., 2009; Rushworth et al., 2011). Second, there is meta-
analytic evidence for a spatial gradient with the MPFC with more ventral sub-regions being
involved in self-referential processing and more dorsal sub-regions being involved in other-

referential processing including mentalizing (Denny et al., 2012).

Materials and Methods

Participants

In total, 30 right-handed subjects participated. Three participants had to be excluded (one did
not tolerate the scanner environment, another showed excessive head movement (> 8 mm),
and data from another subject could not be used due to technical problems) leaving 27 subjects
for analyses (14 female, mean age = 24.3 years, standard deviation SD = 2.46). All subjects

gave written informed consent.

Experiment
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The experimental procedure is outlined in Fig. 1. We wanted participants to believe that they
would get realistic feedback on their personality traits from peers with whom they had interacted
in real life. We tested how much this feedback changed participants’ self-concept by asking
them to rate their own personality before and after receiving social feedback. Additionally, each
participant rated one other person before and after receiving social feedback for this person.
Participants came into the laboratory on two consecutive days. The purpose of the first day was
to create a real life interaction among peers so that the social feedback would be meaningful for
participants. The purpose of the second day was to assess participants’ self-concept change

after receiving social feedback.

Day 1 — Social interaction and rating of 3 players

On the first day (Fig. 1A), participants came into the laboratory in groups of five people of the
same sex and got to know each other by playing a table-top version of the popular board game
“Monopoly” (HASBRO, Soest, Germany) for 1 h and 15 min. We made sure that participants did
not know each other before the experiment. We chose the board game “Monopoly” for the
social interaction because it is highly engaging, quite well-known, and allows players to show a
variety of cooperative and competitive behaviors. Furthermore, within 1 h 15 min nobody was
eliminated from the game. The rules of the game were explained to all participants before the
game. The study was introduced as a study about the neural correlates about how people get to
know each other. Participants knew before they started to play the game that they were going to
be rated by the other players of their group and they believed that their own ratings were going
to be shown to the other players in an anonymous fashion. During the game participants were
free to talk about whatever topics they wanted. Participants wore name tags and we made sure
that participants knew the names of all players after the game. After 1 h 15 min we assessed
the ranking of the participants in the game, i.e., assigned the first rank to the winner and so on.
After the game, each participant rated three of the four other participants on 80 trait adjectives
(Table 1; see Stimuli) on a Likert scale from 1 (this trait does not apply the person at all) to 8
(this trait does apply the person very much) on a PC using the MATLAB toolbox Cogent 2000

(www.vislab.ucl.ac.uk/cogent.php). Each of the three persons was rated in a separate block. On
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each trial participants saw one of the 80 adjectives with the first name of the person to rate and
had up to 10 s to respond. At the end of day one each participant had rated three other
participants and in turn each participant had been rated by three other participants. Participants
had not yet rated themselves (depicted in yellow in Fig. 1A) and had not yet rated one other

player (depicted in green).

Day 2 — fMRI task and post-fMRI ratings

On the second day (Fig. 1B), participants performed the following fMRI experiment, which was
presented using the MATLAB toolbox Cogent 2000. On each trial, participants first saw a cue (1
s) indicating whether the trial was about themselves (self-condition) or about the fourth other
participant (other-condition) whom they had not rated on the first day. Then, they saw one of the
80 trait adjectives and had to think about how much that trait applied to themselves or to the
other person (imagination phase, 4 s). When the words “How much does this trait apply to
you/to this person?” appeared participants had to indicate their rating on an 8-point Likert scale
via two button boxes with four buttons each (rating phase, 6 s). After a jittered fixation cross (2,
4, or 6 s) participants saw what they believed to be the mean rating of three other participants
from the previous day (feedback phase, 2 s). This mean rating, which served as the feedback
rating, was a number with one decimal, ranging from 1.0 to 8.0 in steps of 0.3. The feedback
rating was determined by the program during the experiment to reliably create a sufficient
number of trials in which participants received desirable and undesirable feedback (see Task
conditions and behavioral analyses below for a detailed description). After a second jittered
fixation cross (1, 3, or 5 s) a new trial began. Participants performed 4 training trials before
scanning. The experiment was split up into four blocks with the same 10 positive and the same
10 negative trait adjectives for self and other trials within one block. Trials for self and other
were randomly intermixed. Adjectives were randomly assigned to the four blocks for each

person.

Immediately after the scanning session participants performed a second rating outside

the fMRI scanner on a PC in order to measure how much participants changed their self- and
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other-ratings after having received social feedback in the scanner. Specifically, they rated
themselves and the other person again on all 80 trait adjectives in two separate blocks (one for
themselves and one for the other person). These blocks were randomized for order. For each

trait adjective participants had up to 6 s to respond.

Day 2 — Additional behavioral tasks: memory and individual difference scores

After rating themselves and the other person a second time, participants were assessed for
their memory of the feedback they had received in the scanner. For all 80 trait adjectives
participants had to recollect the feedback they had seen in the scanning sessions and had to
type in that number, i.e., a number between 1 and 8 with one decimal such as 1.0, 1.3, or 1.7.
Participants had to recollect the feedback in two separate blocks (one for themselves and one

for the other person), which were randomized for order. They had up to 12 s to respond.

Participants rated how similar they thought the other person was to them on a Likert
scale from 1 (not similar at all) to 8 (very similar) and completed the Rosenberg self-esteem

scale (Rosenberg, 1965).

Stimuli

Adjectives were selected on the basis of a comprehensive list of trait adjectives (Anderson,
1968), which had been previously used to create stimuli for social neuroscience experiments
(Fossati et al., 2003; Izuma et al., 2008), and on the basis of the Berlin Affective Word List
(BAWL; Vo et al., 2006). We selected 40 positive adjectives describing socially desirable traits
and 40 negative adjectives describing socially undesirable traits. To assess whether participants
really perceived the trait words as positive and negative in the way we had predefined them,
participants rated all 80 trait adjectives on social positivity on a scale from 1 (not positive at all)
to 8 (very positive) at the very end of the experiment. Mean ratings for positive and negative trait
words differed significantly from each other and from the midpoint of the scale (mean rating:

positive words = 6.6, SD = 0.49; negative words = 2.4, SD = 0.44; paired-t-test comparing
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ratings for positive with those for negative words {26) = 29.3, p < 0.001; one-sample t-tests
comparing ratings to the mid-point of the scale: for positive words (26) = 22.7, p < 0.001; for

negative words £(26) = -25.7, p < 0.001).

We used adjectives describing different trait concepts and avoided synonyms or
antonyms. Word frequency per million words ranged from 0.09 (“touchy”) to 61.32 (“open-
minded”) with a median frequency of 1.23 (“respectful”) as assessed by the lexical database

DLEX (Heister et al., 2011; www.dlexdb.de/). See Table 1 for a list of trait adjectives.

Task conditions and behavioral analyses

Task conditions — behavioral analyses

The main behavioral analyses employed a 2 by 2 design with the within-subject factors

feedback target (self/other) and feedback desirability (desirable/undesirable; Fig. 1C).

First, feedback was either targeted to the self, i.e., participants rated themselves before
and after receiving feedback for themselves, or targeted to one other person, i.e. participants
rated one of the other persons he or she had met on the first day before and after receiving

feedback for that person.

Second, for each participant trials were classified according to whether feedback was
desirable or undesirable. Desirable feedback was defined as feedback ratings that were more
“positive” than participants’ own initial ratings. For a positive trait, adjective desirable feedback
indicated that the feedback rating was numerically higher than the initial rating (e.g. a
participant’s initial rating for “polite” was 6 and the feedback rating was 8). For a negative frait,
desirable feedback indicated that the original feedback rating was numerically lower than the
original initial rating (e.g. a participant’s initial rating for “aggressive” was 3 and the feedback
rating was 1). Conversely, undesirable feedback was defined as feedback ratings that were
more “negative” than participants’ own initial ratings. For a positive trait adjective undesirable
feedback indicated that the feedback rating was numerically lower than the initial rating (e.g. a

participant’s initial rating for “polite” was 6 and the feedback rating was 4). For a negative trait
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undesirable feedback indicated that the original feedback rating was numerically higher than the
original initial rating (e.g. a participant’s initial rating for “aggressive” was 3 and the feedback

rating was 5).

Reverse-coding

Importantly, by the above definition feedback desirability was independent of the valence of the
trait word. For all analyses we reverse-coded ratings for negative trait adjectives. Specifically, all
ratings were on an 8-point Likert scale ranging from 1 (this trait does not apply the person at all)
to 8 (this trait does apply the person very much). Ratings for negative traits were subtracted
from 9. For example, if the original rating for a negative trait adjective (e.g. unpleasant) was 1
this number was transformed into 8 for the analyses, i.e., into the rating of the corresponding

positive trait adjective (e.g. pleasant).

Feedback discrepancy

For each trial (i.e. for each trait adjective; separately for self- and other-conditions) we
calculated a “feedback discrepancy” term as the absolute difference between first own ratings

and feedback ratings.

(1) feedback discrepancy = | feedback rating — first own rating |

This feedback discrepancy term indicated the social comparison component of receiving social
feedback (i.e., the comparison between own ratings and feedback ratings depended on the
absolute magnitude of their difference). Since feedback discrepancies were an independent

variable of our task we manipulated their magnitude using a random number generator.

Random number generator for feedback discrepancy
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Feedback discrepancies were determined by a random number generator during the fMRI task
to reliably create a similar range of feedback discrepancies across participants and to create a
sufficient number of trials with desirable and undesirable feedback. Specifically, on each trial the
number of previous trials of the same target condition (self or other) within the same scanning
session was determined. These previous trials were classified as either desirable or undesirable
according to the definition given above (see Task conditions). If the numbers of previous trials
with desirable and undesirable feedback differed by more than two trials, the feedback type
which had been employed less was chosen (e.g. if there had been 7 trials with desirable
feedback and 4 trials with undesirable feedback the feedback of the current trial would by

undesirable). Otherwise feedback type was chosen randomly.

Once the feedback type was determined, a random number generator was used to
create a feedback discrepancy so that the feedback rating lay between the first own rating on
the endpoints of the scale. (For example, a participant had rated herself 6 on “polite” and the
feedback should be desirable. In that case the feedback rating had to lie between 6.0 and 8.0.
The random number generator determined a feedback rating within that range, i.e., a number

between 6 and 8 with one decimal, in steps of 0.3).

To ensure believability of the feedback rating, feedback discrepancies could be zero.

These trials were excluded from behavioral analyses (see Behavioral analyses — ANOVA).

Updates

To assess how much participants changed their self-concept after receiving social feedback, we

calculated an update term quantifying how much participants changed their own ratings.

(2) update = second own rating — first own rating

We expected participants to change their ratings on average towards the feedback ratings. That
is, for desirable feedback (i.e. feedback ratings higher than own first rating) participants should

increase their ratings (i.e., updates should be positive). For undesirable feedback (i.e. feedback
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ratings lower than own first rating) participants should decrease their ratings (i.e., updates

should be negative).

However, the critical test for positively biased updating is that the change towards
desirable feedback (i.e., the increase) is larger than the change towards undesirable feedback
(i.e., the decrease). Therefore, trials were split into trials with desirable feedback and trials with
undesirable feedback for each participant and both target conditions (self-desirable, self-
undesirable, other-desirable, other-undesirable). We first calculated the mean of all signed
updates for each participant within each condition and then calculated absolute mean updates.
We then scaled absolute mean updates across conditions and participants by the respective
mean feedback discrepancies. That is, we obtained relative absolute mean updates for each
participant and condition by dividing absolute mean updates by the respective mean feedback

discrepancies.

(3) relative absolute mean update = absolute mean update / mean feedback discrepancy

Relative updates can be interpreted in a straightforward way; e.g. a relative update of
0.3 indicates that the change in ratings was on average 30% of the difference between initial

own ratings and feedback ratings.

Behavioral analyses — ANOVA

For our main behavioral analysis, we performed a 2 (target: self/other) by 2 (desirability:
desirable/undesirable) repeated measures ANOVA on relative absolute mean updates. Trials
with adjectives for which participants failed to respond in time for the first or second rating were
excluded from all analyses (self: mean = 1.7 trials, SD = 1.9; other: mean = 2.2 trials, SD = 2.0).
Furthermore, trials with a feedback discrepancy of zero were excluded from behavioral analyses
since these trials could not be clearly assigned to either receiving desirable or receiving

undesirable feedback (self: mean = 5.5 trials, SD = 2.3; other: mean = 6.4 trials, SD = 2.5).
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Absolute memory errors

To assess how well participants remembered the feedback presented we asked them to recall
all feedback ratings in a separate session. Memory errors were calculated as the absolute

differences between the recollected number and the actual feedback rating.
(4) absolute memory error = | feedback rating — recollection of feedback rating |

Mean absolute memory errors were compared in a 2 (target: self/other) by 2 (desirability:

desirable/undesirable) repeated measures ANOVA.

FMRI data acquisition

FMRI were acquired on a 3T scanner (Trio, Siemens, Erlangen, Germany) using a 12-channel
head coil. Functional images were acquired with a gradient echo T2*-weighted echo-planar
sequence (TR = 2000 ms, TE = 30 ms, flip angle = 70, 64 x 64 matrix, field of view = 192 mm,
voxel size = 3x3x3 mm3). A total of 37 axial slices (3 mm thick, no gap,) were sampled for
whole brain coverage. Imaging data were acquired in four separate 349-volume runs of 11 min
38 s each. The first five volumes of each run were discarded to allow for T1 equilibration. A
high-resolution T1-weighted anatomical scan of the whole brain was acquired (256 x 256 matrix,

voxel size = 1x1x1 mm?®).

FMRI data analysis
Preprocessing

Image analysis was performed using SPM8 (www.fil.ion.ucl.ac.uk/spm). EPI images were
realigned, unwarped, co-registered to the respective participant’s T1 scan, normalized to a
standard T1 template based on the Montreal Neurological Institute (MNI) reference brain,
resampled to 3 mm isotropic voxels, and spatially smoothed with an isotropic 8 mm full width at

half maximum (FWHM) Gaussian kernel.
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Modeling of fMRI data — overview

FMRI time series were regressed onto a general linear model (GLM) containing regressors
representing the time periods of the task (Fig. 1B): cue (1 s), imagination phase separately for
self and other (4 s), rating phase (4 s), feedback phase separately for self and other (2 s), and
two motor regressors for button presses with the left and the right hands (0 s). This resulted in 8
regressors per session. The imagination phase regressors for self and other were parametrically
modulated by the respective first own ratings. The feedback phase regressors for self and other
were modulated by the respective feedback ratings and the respective feedback discrepancies
(see Modeling of fMRI data — parametric modulators below for more details). This model
included trials with feedback discrepancies of zero. The six motion correction parameters
estimated from the realignment procedure were entered as covariates of no interest. All
regressors and modulators were entered independently into the design matrix, i.e., without the
serial orthogonalization used as default in SPM (for a similar approach see Glascher et al., 2010;
Waunderlich et al., 2011). This ensured that only the additional variance that cannot be explained
by any other regressor was assigned to the respective effect and thus prevented spurious
confounds between regressors. Regressors were convolved with the canonical HRF and low

frequency drifts were excluded using a high-pass filter with a 128 s cutoff.

Modeling of fMRI data — parametric modulators

For the behavioral analyses we split trials into four categories according to feedback target
(self/other) and feedback desirability (desirable/undesirable). In the functional analyses we
wanted to investigate trial-by-trial fluctuations in brain activity during the feedback phase, which
correlated with two different components of social feedback — reward- and comparison-related
components. In our main functional model we therefore split trials according to feedback target
(self/other) for each participant and used parametric modulators of feedback ratings and

feedback discrepancies to detect activity related to social reward and social comparison,
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respectively. Thus, we used the full parametric range of feedback ratings and feedback

discrepancies across all trials (i.e., across trials with desirable and undesirable feedback).

First, the activity related to the rewarding component of social feedback should correlate
positively with the feedback ratings for self. Note that feedback ratings for negative traits were
reverse-coded. That is, a high feedback rating indicated high self-relevant social reward (i.e.,
feedback that a positive trait applied to the self or that a negative trait did not apply to the self)
and a low feedback rating indicated low self-relevant social reward (i.e., feedback that a positive
trait did not apply to the self or that a negative trait did apply to the self). To make sure that
activity related to the rewarding component of social feedback was truly self-specific, we

subtracted activity that correlated with the feedback ratings for other.

Second, the activity related to the social comparison component of social feedback
should correlate positively with feedback discrepancies defined as the absolute differences
between first own ratings and feedback ratings. We defined feedback discrepancies as absolute
differences because feedback discrepancies were used to operationalize the social comparison
component of social feedback processing; i.e., feedback discrepancies captured how close

feedback ratings were to participants’ own ratings, regardless of the direction of the differences.

Follow-up analyses

To visualize the correlations between neural activity and the parametric modulators (i.e., the
betas of the parametric modulators for feedback ratings and the betas of the parametric

modulators for feedback discrepancies) we performed follow-up functional region of interest
(ROI) analyses. We extracted parameter estimates of the parametric modulators for self and
other within the functional ROIs identified in the contrasts used the marsbar toolbox for SPM

(marsbar.sourceforge.net/).

Additionally, to analyze activity for desirable and undesirable trials separately in follow-
up analyses, we estimated a second GLM to analyze onset activity within functional ROls

defined by the main model described above (see Modeling of fMRI data — overview and
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Modeling of fMRI data — parametric modulators). Specifically, we estimated a GLM in which
regressors for the feedback time period were split up into four conditions in the same fashion as
for the main behavioral analysis (self-desirable, self-undesirable, other-desirable, other-

undesirable). This follow-up GLM included no parametric modulators.

Conjunction and statistical inference

We tested the conjunction null hypothesis using the minimum T-statistic as implemented within

SPMB8 (Nichols et al., 2005).

All reported activations survived a threshold of p < 0.05 after cluster-wise family-wise
error (FWE) correction for multiple comparisons over the entire brain at a cluster-defining

threshold of p < 0.0001, uncorrected.

All coordinates are reported in MNI space. Activations are displayed on the standard
MNI reference brain. Brodmann areas were manually labeled using the SPM toolbox WFU pick

atlas (fmri.wfubmc.edu/software/PickAtlas).

Results
Behavioral results — positively biased updating

Participants rated how much 40 positive and 40 negative trait adjectives applied to themselves
and to one other person before and after receiving feedback ratings. Importantly, all ratings for
negative trait adjectives were reverse-coded so that higher ratings always indicated more

positive ratings.

In an initial analysis, we performed a 2 by 2 ANOVA comparing ratings before versus
after receiving feedback and ratings targeted to the self versus the other person. Participants
rated themselves on average more positively than the other person (main effect: self/other;

F(1,26) =6.7, p < 0.05, r],p2 = 0.21; Fig. 2A), indicating a positivity bias towards the self. They

105



also rated themselves and the other person more positively after receiving feedback (main
effect: before/after; F(1,26) = 9.6, p < 0.005, np2 = 0.27). The interaction was not significant (p >

0.6).

In our main behavioral analyses, we tested whether participants showed positively
biased processing of social feedback. Specifically, we assessed how participants updated their
ratings depending on feedback target (self/other) and feedback desirability
(desirable/undesirable; Fig. 1C). Desirable feedback was defined as feedback ratings that were
higher than participants’ first ratings. Conversely, undesirable feedback was defined as
feedback ratings lower than participants’ first ratings. Participants changed their ratings on
average towards the feedback. They increased their ratings for desirable feedback (indicated by
positive mean updates significantly different from zero) and decreased their ratings for
undesirable feedback (indicated by negative mean updates significantly different from zero;
mean update self-desirable = 0.5, SD = 0.35; one-sample t-tests against zero #(26) = 7.4, p <
0.001; mean update self-undesirable = -0.2, SD = 0.32; {(26) = -2.7, p < 0.05; mean update
other-desirable = 0.6, SD = 0.33; {(26) = 8.8, p < 0.001; mean update other-undesirable = -0.3,

SD = 0.42; {(26) = -3.0, p < 0.01).

Importantly, the critical test for positively biased updating is that the changes towards
desirable feedback are larger than changes towards undesirable feedback (i.e., that absolute
mean updates are larger for desirable than undesirable feedback). Additionally, we scaled
absolute mean updates by the respective mean feedback discrepancies (i.e., the differences
between first own ratings and feedback ratings) to account for possible differences in feedback
discrepancies across conditions and participants (relative absolute mean updates: self-desirable
=0.3, SD = 0.23; self-undesirable = 0.1, SD = 0.16; other-desirable = 0.3, SD = 0.20; other-
undesirable = 0.1, SD = 0.24). Performing a 2 by 2 ANOVA on relative absolute mean updates
comparing self- versus other-directed feedback and desirable vs. undesirable feedback we
found that participants showed positively biased processing of social feedback. After receiving
desirable feedback participants updated their self- and other-ratings more towards the positive
than they updated their ratings towards the negative after receiving undesirable feedback (main

effect: desirable/undesirable: F(1,26) = 12.9, p < 0.005, r],p2 = 0.33; Fig. 2B). Positively biased
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feedback processing did not differ between self- and other-directed feedback (main effect:
self/other: p > 0.1; interaction: p > 0.6). In a follow-up analysis we confirmed that similar results
were observed, when comparing absolute mean updates that were not scaled by the respective
mean feedback discrepancies (main effect: desirable/undesirable: F(1,26) = 15.0, p < 0.001, np2
= 0.37; main effect: self/other: p > 0.1; interaction: p > 0.8) since the magnitude of mean

feedback discrepancies was equal across conditions (p > 0.1).

Additionally, we investigated possible influences on the positive updating bias. When
participants gave the highest rating possible, they could not receive a feedback rating higher
than their own rating and thus feedback could not be desirable. The reverse was true when
participants gave the lowest rating possible. To exclude that this relationship between first
ratings and feedback compromised our results we tested for positively biased updating only for
trials with first ratings in the middle range of the scale (4, 5, and 6). Updating for desirable
versus undesirable feedback was still higher when including only trials with first ratings in the
middle range of the scale (main effect: desirable/undesirable: F(1,26) = 14.4, p < 0.001, np2 =
0.36; main effect: self/other: p > 0.8; interaction: p > 0.5). This analysis excluded the possibility
that positively biased updating was driven by trials in which participants initially rated

themselves or the other person on the highest or lowest points of the scale.

Furthermore, we tested whether the valence of the trait adjectives had an effect on
updating. We split update scores according to the valence of the trait words and performed a 2
(trait valence: positive/negative) by 2 (feedback target: self/other) by 2 (desirability:
desirable/undesirable) ANOVA on absolute mean updates divided by absolute mean feedback
discrepancies. Only the main effect of desirability reached significance (F(1,26) = 13.0, p <
0.005, r]p2 = 0.33). Specifically, the interaction between the factors trait valence and desirability
did not reach significance (p > 0.9), excluding the possibility that trait valence had an effect on

positively biased updating in our paradigm.

In sum, our behavioral results establish that humans take desirable feedback more into

account than undesirable feedback.
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Behavioral results — control analyses and individual differences

For an additional control analysis, participants recollected outside the scanner the feedback
rating they had seen inside the scanner. Mean absolute memory errors were smaller for self-
than for other-related feedback (F(1,26) = 25.4, p < 0.0001, r]p2 = 0.49) but did not differ
between desirable and undesirable feedback (p > 0.1). Furthermore, we conducted two
separate ANCOVAs, one for self and one for other, testing whether the difference between
desirable and undesirable updates remained significant when entering additional scores as
covariates. These scores were the differences between trials with desirable and undesirable
feedback for first ratings, participants’ social desirability ratings of the trait adjectives, memory
errors, or reaction times on the first or second ratings. The difference between desirable and
undesirable updates remained significant when controlling for these scores (self: F(1,21) = 15.8,
p < 0.001; other: F(1,21) = 8.6, p < 0.01). Moreover, winning or losing in the board game that
participants played to get to know each other before receiving feedback, did not have any
influence on behavior during the task. Specifically, participants’ rank order in the game did not
correlate with mean ratings or any update measure using Spearman’s correlation coefficient (all
p > 0.1). Thus, positively biased updating could not be explained by differential memory, first
ratings, social desirability ratings of the trait adjectives, valence of the trait words, reaction times,

or performance in the board game.

Next, we aimed to establish links between performance in our task and individual
differences in trait self-esteem and perceived similarity between self and other. As expected,
mean first ratings for self correlated significantly with scores on the Rosenberg self-esteem
scale across participants (Pearson’s r = 0.59, p < 0.005) — the higher a participant’s trait self-
esteem the more positive his or her mean rating across all trait adjectives. Mean first ratings for
the other person correlated with perceived similarity to the other person, which was assessed
on a Likert scale from 1 (not similar at all) to 8 (very similar; Pearson’s r = 0.51, p < 0.01). Thus,
mean ratings in our task were related to inter-subject differences in trait self-esteem and
perceived similarity of the other person. In a next step, we explored how first ratings were
related to the update bias across participants. Mean first self ratings did not correlate

significantly with the updating bias for self (Pearson’s r = 0.04, p > 0.8). However, mean ratings
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for the other person did correlate significantly with the magnitude of the update bias for this
other person, i.e., the absolute relative mean update for desirable minus undesirable feedback
(Pearson’s r = 0.51, p < 0.01). This suggests that the higher the other person was rated on
average the more pronounced was the positively biased updating pattern. Positively biased

updating for self seemed to be unrelated to mean self ratings in our sample.

Behaviorally, participants showed a positively biased updating pattern after receiving
feedback. Therefore, we turned to our fMRI data to establish a link between biased updating
and neural feedback processing. Specifically, we examined reward- and comparison-related

components of feedback processing.

BOLD signals for self- versus other-related feedback

In an initial step, we examined brain activity during the feedback period to find regions in which
activation differed between the processing of self- and other-related feedback. We expected
regions previously implicated in self- and other-referential processing, notably the MPFC
(Amodio and Frith, 2006). Contrasting the time-point when participants received self-related
versus when they received other-related feedback (self > other), we found activity in the medial
prefrontal wall (peak voxel in MNI coordinates x, y, z: -3, 59, 28; p < 0.05 corrected for multiple
comparisons at a cluster-defining threshold of p < 0.0001) as well as bilaterally in the orbital part
of the IFG extending into the anterior insula (left: -33, 17, -17; right: 30, 20, -17; see Table 2 for
a comprehensive list of activations). The reverse contrast (other > self) revealed among other
regions activity in bilateral precuneus (12, -46, 52; p < 0.05 corrected for multiple comparisons

at a cluster-defining threshold of p < 0.0001; Table 2).

During the imagination phase, participants in our task rated themselves and another
person in a similar way as shown in many previous studies (Northoff et al., 2006; Denny et al.,
2012), (Fig. 1B). Therefore, we wanted to explore possible differences in activity between
feedback phase and imagination phase in a follow-up ROI analysis. We concentrated this
analysis to the MPFC since this region has been most consistently been implicated in self-

related processing. We extracted parameter estimates during both time points within an ROI
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that was independently defined based on a recent meta-analysis of self-referential processing
(Denny et al., 2012; sphere with a radius of 15 mm centered at the MNI coordinates -6, 50, 4).
Parameter estimates were compared in a 2 (imagination/feedback phase) by 2 (self/other)
ANOVA. As expected there was a significant main effect of activity for self being higher than for
other (F(1,26) = 126.1, p < 0.0001, r]p2 = 0.83). There was also a significant main effect of phase
with activity during the feedback phase being higher than during the imagination phase (F(1,26)

=9.2,p<0.01, r]p2 = 0.26). The interaction was not significant (p > 0.1).

These results show that self-relevant feedback implicates the MPFC as has been
reliably shown for self-referential processing in general (Amodio and Frith, 2006; Northoff et al.,

2006; Denny et al., 2012).

BOLD signals related to the rewarding component of social feedback

The behavioral analyses showed that participants processed desirable feedback more than
undesirable feedback. We hypothesized that neural activity during the feedback phase should
mirror two aspects of social feedback processing — a reward-related aspect (operationalized by
feedback ratings) and a comparison-related aspect (operationalized by feedback discrepancies).
Therefore, in order to identify neural activity related to these two components, we used the full
parametric range of feedback ratings and feedback discrepancies. Our model included separate
onset regrossors for self- and other-related feedback, which were parametrically modulated by
the respective feedback ratings and feedback discrepancies. This model allowed us to search
for regions in which these parameters correlated with blood-oxygen-level-dependent (BOLD)

signal in a trial-by-trial fashion..

To test for activity correlating with the rewarding component of feedback at the time-
point of feedback, we performed a contrast between the two parametric modulators for
feedback ratings (feedback ratings for self and feedback ratings for other). First, activity related
to reward should correlate positively with feedback ratings for self. That is, the higher the
feedback rating the more rewarding was the social feedback (e.g. receiving a self-related

feedback rating of 8 is more rewarding than a feedback rating of 7). Note that feedback ratings
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for negative trait adjectives were reverse-coded so that a higher feedback rating always
indicated a more positive feedback. Second, reward-related activity should be self-specific. That
is, the trial-by-trial correlation of BOLD signal changes with the feedback ratings for self should
be greater than those for other. Contrasting the parametric modulators for the feedback ratings
for self versus other, revealed activity in bilateral ventral striatum (left: -15, 2, 11, right: 12, 5, -8)
and in a region encompassing anterior cingulate cortex (ACC) and MPFC (3, 32, 25;p < 0.05
corrected for multiple comparisons at a cluster-defining threshold of p < 0.0001; Fig. 3A, see

Table 3 for a comprehensive list of activations).

To better illustrate the correlations between feedback ratings and neural activity we
performed a follow-up analysis. We extracted parameter estimates of the parametric modulators
for self and other within the functional ROls identified in the above contrast (Fig. 3B).
Parametric modulators indicate the correlation (i.e., the slope) between BOLD signals and
feedback ratings but give no information about mean onset activity (i.e., the intercept). To
additionally illustrate mean onset activity, we estimated a follow-up general linear model. In this
follow-up model, trials were separated into four categories according to feedback target
(self/other) and feedback desirability (desirable/undesirable) in the same way as in the main
behavioral analysis. We extracted parameter estimates of the onset regressors for the four
categories within three of the functional ROls defined by the main model (MPFC and left and
right striatum). Plotting these onset regressors illustrates the interaction of feedback target and
desirability as defined by the contrast in the main model (Fig. 3C). Additionally, mean onset
activity showed a significant main effect for self versus other in the MPFC (F(1,26) =29.9, p <
0.0001; since we performed an ANOVA within each of the three ROIs, p-values were adjusted
using a Bonferroni correction for the number of ROIs). In the right striatum the same pattern was

observed at trend level (F(1,26) = 6.1, p = 0.06).

Additionally, we performed the reverse contrast to the one performed above, i.e., we
searched for regions that correlated with other-related feedback ratings more than with self-
related feedback ratings. This contrast revealed no significant voxels at a threshold of p < 0.05

cluster-corrected at a cluster-defining threshold of p < 0.0001.
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Taken together, the rewarding component of social feedback correlated with activity in
ventral striatum and ACC/MPFC, regions previously implicated in processing social and non-

social rewards (Izuma et al., 2008; Beckmann et al., 2009).

BOLD signals related to the comparison component of social feedback

Having identified activity correlating with the rewarding aspect of feedback, we next tested for
BOLD signal changes correlating with the comparison-related aspect on a trial-by-trial basis at
the time-point of feedback — both for self- and other-related feedback. Comparison-related
activity was operationalized as activity that showed a positive correlation with feedback
discrepancies, i.e., with the absolute differences between participants’ own ratings and the
feedback ratings they received. That is, a larger feedback discrepancy (e.g. a difference
between own rating and feedback rating of 2) indicated more “need” for a comparison process

than a smaller feedback discrepancy (e.g. 1) regardless of the direction of the difference.

Feedback discrepancies for both self and other correlated positively with activity in
MPFC (6, 56, 28), pre-SMA/SMA (9, 17, 64), right STS (51, -25, -8), bilateral IFG (orbital part)
extending into anterior insula (left: -36, 20, -23, right: 33, 20, -17), right TPJ (57, -58, 25), left TP
(-48, 11, -35), and left cerebellum (-24, -82, -35; p < 0.05 corrected for multiple comparisons at

a cluster-defining threshold of p < 0.0001; Fig. 4A; Table 4).

As described above for BOLD signal changes related to social reward, we plotted
parameter estimates of the parametric modulators for the feedback discrepancies for self and
other within the functional ROlIs to better illustrate the correlations of feedback discrepancies
and BOLD signals (Fig. 4B). These parametric modulators indicate the positive correlation (i.e.,
the slope) between BOLD signals and feedback discrepancies but give no information about the
mean onset activity (i.e., the intercept). To extract mean onset activity within seven of the
functional ROIs defined by the first model (MPFC, pre-SMA/SMA, right STS, left and right IFG,
right TPJ, and left TP), we conducted a follow-up analysis using a follow-up general linear
model, in which trials were separated into four categories according to feedback target and

feedback desirability. Mean onset activity showed a significant main effect for self versus other
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in MPFC (F(1,26) = 116.7, p < 0.0001), right STS (F(1,26) = 9.8, p < 0.05), left IFG (F(1,26) =
53.6, p < 0.0001), right IFG (F(1,26) = 77.8, p < 0.0001), and left TP (F(1,26) = 8.7, p < 0.05;
since we performed an ANOVA within each of the seven ROls, p-values were adjusted using a
Bonferroni correction for the number of ROIs; Fig. 4C). Thus, while the relation of feedback
discrepancies to BOLD signal changes was the same for self- and other-related feedback (as
determined in the first model with the parametric modulators), mean activity was higher for self-
versus other-related feedback within these regions (as determined in the second model in which

trials were split up into categories for desirable and undesirable feedback).

We also searched for regions in which BOLD signals correlated negatively with the
feedback discrepancies for self and other (Table 4). BOLD signal changes in no region
correlated differentially for self- versus other-related feedback discrepancies, i.e., self > other or
other > self, at a threshold of p < 0.05 cluster-corrected at a cluster-defining threshold of p <

0.0001.

In sum, both in the self- and in the other-condition the difference between participants
own views and the feedback they received, i.e., the comparison-related component, correlated

with activity in regions previously implicated in mentalizing (Mar, 2011).

Updating bias for self and activity integrating reward- and comparison-components

Having identified activity that correlated with the rewarding aspect of feedback and activity that
correlated with the comparison-related aspect of feedback, we next examined how neural
activity was linked to the behavioral update bias for self. We postulated that neural activity
mediating the update bias for self should fulfill two requirements. First, candidate regions should
integrate activity related to both reward and comparison. Second, activity within this region
should correlate with the behavioral update bias for self across participants, i.e., the difference
between updates for desirable and undesirable feedback. To address the first requirement, we
performed a conjunction analysis testing the conjunction null hypothesis to search for regions
which were activated by both reward- and comparison-related activity. The conjunction revealed

a region at the border of the MPFC and the ACC (3, 56, 19; p < 0.05 corrected for multiple
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comparisons at a cluster-defining threshold of p < 0.0001; Fig. 5A; Table 4). To address the
second requirement, we extracted parameter estimates of self-related absolute feedback
discrepancies within this region and tested for a correlation with the behavioral update bias for
self. Parameter estimates of self-related absolute feedback discrepancies within the functional
ROI defined by the conjunction analysis predicted the behavioral update bias for self (Pearson’s
r=0.42, p <0.05, 95% confidence interval [0.05, 0.69]; Fig. 5B). Additionally, we extracted
parameter estimates of other-related feedback discrepancies errors within the same functional
ROI and found no correlation with the behavioral update bias for other (Pearson’s r = 0.07, p >
0.7). However, we note that the two Pearson’s correlation coefficients did not differ significantly

(z=1.3, p> 0.1, using the Z,* statistic described by Steiger, 1980).

Thus, BOLD signals within the MPFC that integrated reward- and comparison-related
components of social feedback predicted individual differences in the self-related positive

updating.

Discussion

After interacting with peers in a real-life setting and then receiving social feedback from them,
participants showed positively biased updating of their self- and other-evaluations. Specifically,
participants updated their evaluation of themselves and of another peer more towards desirable
feedback than towards undesirable feedback. Our fMRI data suggest that neural activity reflects
two different components of social feedback. First, activity in the bilateral ventral striatum and in
a region encompassing parts of the ACC/MPFC tracked the rewarding component. Second,
parts of the mentalizing network tracked the comparison-related component. Changes in activity
within the MPFC that integrated reward and comparison-related aspects of feedback predicted
the self-related positive updating bias across participants. Our results suggest that a
combination of neural signals related to social reward and to the comparison between own

views and feedback mediate positively biased feedback processing.

So far only few studies in social neuroscience have investigated social feedback

processing (Somerville et al., 2006; Izuma et al., 2008; Davey et al., 2010; Somerville et al.,
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2010; Eisenberger et al., 2011; Jones et al., 2011). Three crucial aspects of our design allowed
us to considerably add to these studies. First, participants in our task engaged in a real life
interaction of more than an hour whereas in previous studies participants received feedback
which was based on photographs and/or questionnaires. Second, we parametrically modulated
the desirability of the feedback and even more importantly we assessed the difference between
participants’ self-views and the feedback they received. In previous studies feedback was
mostly binary and participants did not indicate their own view, e.g. participants just got to know
whether they were liked or not or whether a certain trait word applied to them. Third, by
assessing how feedback changed self-views we demonstrate a positivity bias in feedback

processing.

Positivity biases have been documented across many domains in social cognition
(Leary, 2007) and it has been proposed that they arise because cognitive processing
mechanisms distort incoming information in a positive direction (Taylor and Brown, 1988). Here,
we provide evidence for this idea by showing a striking asymmetry in how humans process self-
relevant information about their character traits. A similar approach has been used in the
domain of optimism (Sharot et al., 2011). Participants estimated their likelihood of experiencing
various negative events in the future. They updated their beliefs more towards the actual
statistical likelihood when it was desirable than when it was undesirable. Thus, our results

suggest that positivity biases in general may arise due to asymmetric information processing.

Some recent studies investigating social conformity have used designs similar to the
present study (Klucharev et al., 2009; Campbell-Meiklejohn et al., 2010; Zaki et al., 2011). In
these studies participants make a first evaluation of an object (e.g. an unknown face or song)
and then receive feedback from others about this object. Conformity can then be measured as
the degree to which participants change their evaluation towards the others’ opinion similar to
the update measure in our study. However, in these conformity studies participants are
unbiased (e.g. they are influenced to the same degree when they see that others judge an
unknown song to be better or worse than they do). In contrast, participants in our study
processed social information in a positively biased way since the “object of conformity”

consisted of participants’ own character traits and the character traits of peers.
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Behavioral studies have commonly discussed positively biased self-views with relation
to theories about the self but not with relation to theories about reward. Here, we specify neural
activity related to the rewarding component of positively biased feedback processing. Using a
parametric design we show that the ventral striatum and the ACC/MPFC process the self-
related reward associated with social feedback. Our results thus replicate the findings by Izuma
et al. (2008) and extend them to negative character traits. The striatum and the ACC/MPFC -
especially its middle and more ventral parts — are connected and both structures have been
linked to reward in social and non-social contexts (Beckmann et al., 2009). Interestingly, activity
in the ventral part of the MPFC plays a role in the representation of the value of objects (Rangel
et al., 2008; Rushworth et al., 2011) and this activity can be modulated by social influences
(Plassmann et al., 2008; Zaki et al., 2011). In sum, our results corroborate that social reward

processing can be linked to structures involved in non-social reward processing.

Critically, in addition to the rewarding aspect of social feedback our task also modulated
the distance between participants’ own views and the feedback they received. This comparison
between own views and feedback correlated among others with activity in the MPFC, right STS,
bilateral IFG, right TPJ, and left TP. All of these regions are part of the mentalizing network
(Amodio and Frith, 2006; Bahnemann et al., 2010). Especially, the MPFC and the TPJ have
been most consistently linked to various mentalizing tasks (Van Overwalle, 2009; Mar, 2011). In
our study, MPFC activity showed stronger activation than TPJ activity, which is consistent with a
recent meta-analysis (Mar, 2011) showing that the MPFC is particularly involved in tasks that
are not based on explicit false belief stories as was the case in our task. Furthermore, such non-
story based tasks often implicate the orbital IFG (Mar, 2011) and we therefore interpret orbital

IFG activity in relation to its plausible role in mentalizing associated processes.

It is important to note that changes in neural activity in the mentalizing network have a
very parsimonious interpretation in our task. Activity in the mentalizing network tracked the
numerical difference between participants’ own evaluations and the feedback they received
both for their own character and for the character of another person. Recently, some studies
have begun to investigate neural activity related to social cognition by using computational

parameters derived from modified versions of reinforcement models or other types of
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computational models (Behrens, et al. 2008; Hampton et al., 2008; Coricelli and Nagel, 2009;
Yoshida, et al., 2010; Biele et al., 2011). These studies provide first steps towards
conceptualizing the precise computations underlying activity in the mentalizing network or parts
of it (Behrens, et al. 2009). In line with the results of these studies, our results provide a

mechanistic account of activity in the mentalizing network for the processing of social feedback.

Our results show that the behavioral updating bias for self is associated with both
reward-related and comparison-related components of social feedback. Activity within a region
in the MPFC that integrated the two components predicted the amount of positively biased
updating for self-related feedback across participants. This was not the case for other-related
feedback. Behavioral accounts (Taylor and Brown, 1988) have argued for a filtering mechanism
that distorts incoming social information towards the positive. Our results suggest that MPFC

activity reflects this filtering mechanism in our task.

The implication of the MPFC in social cognition in general and in self-related processing
in particular has been reliably shown by many studies (Mitchell, 2009; Denny et al., 2012;
Wagner et al. 2012). Importantly, Moran et al. (2006) have shown that MPFC activity was higher
when participants made trait ratings that were self-descriptive compared to when they made
self-ratings that were not self-descriptive — independent of trait valence. The MPFC region that
integrated reward- and comparison-related components in our task was within the region
described by Moran et al. (2006). This suggests that neural processes related to thinking about
trait self-descriptiveness and neural processes related to receiving feedback on trait self-
descriptiveness might be instantiated in a common MPFC region. The relation of the MPFC to
self-related positively biased updating is also concordant with a previous study in which
participants received information that they were either liked or not liked by other persons
(Somerville et al., 2010). In this study, trait self-esteem correlated with the differential activity
towards positive versus negative feedback in a similar region of the MPFC as identified in our
task. Importantly, our results are also in line with literature linking different sub-regions of the
MPFC to reward processing, self-referential thinking, and mentalizing. Specifically, reward and
value processing have been consistently linked to a ventral MPFC region at the border of

pregenual ACC and medial OFC (Rangel et al. 2008; Beckmann et al., 2009; Rushworth et al.,
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2011). Self-referential thinking most consistently involves a ventral part of the MPFC whereas
mentalizing involves a more dorsal part (Northoff et al., 2006; Mar, 2011; Denny et al., 2012).
The MPFC regions that integrated reward- and comparison-related components of social
feedback in our task lay at border position in which there might be some overlap between
reward-, self-, and mentalizing-related activity. Our results suggest that this MPFC region seems
to be ideally suited for positively biased integration of social information into one’s self-concept
and that it might be interesting to investigate this region’s involvement in reward-, self-, and

mentalizing-related processes more closely.

Conclusions

Many studies have tried to weigh the benefits (e.g. reduced anxiety) and costs (e.g. overly risky
decision making) of positivity biases against each other (Taylor and Brown, 1988; Leary, 2007).
Positivity biases seem to be generally adaptive but can be detrimental if they are too extreme.
To further specify their costs and benefits, it is fundamental to understand the underlying
mechanisms. Our results show that positively biased social feedback processing is related to an
integration of activity linked to reward and mentalizing. This underscores the importance of
integrating theories on reward and mentalizing. By directing the focus towards the interplay
between reward processing and mentalizing, we provide an essential step towards a better

understanding of how social information is integrated into the human self-concept.
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Figure legends

Figure 1. Task Design — Receiving Social Feedback from Peers after a Real Life Interaction

(A) Participants came to the laboratory in groups of five on two consecutive days. On the first
day they got to know each other by playing the board game “monopoly” for 1h 15min.
Afterwards, each person rated three of the other players on 40 positive and 40 negative trait
adjectives on a Likert scale from 1 (this trait does not apply to the person at all) to 8 (this
trait applies to the person very much). On the first day participants did not rate themselves
(yellow) and did not rate one of the other players (green). See Table 1 for a list of the trait
adjectives.

(B) On the second day participants performed the following task in the fMRI scanner. They first
saw a cue indicating whether the following trial was about themselves or about the other
person whom they had not rated on the previous day. They then saw one of 40 positive or
40 negative trait adjectives and had to imagine how much the trait applied to themselves or
to the other person. They first gave their own rating and then saw the feedback in form of
the mean rating they believed three other participants had given on the previous day. The
absolute difference between participants’ own ratings and the feedback ratings they
received was conceptualized as feedback discrepancies and manipulated during the
experiment. Outside the scanner participants rated themselves and the other player a
second time so that we could assess how much they updated their ratings after receiving

feedback.
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(C) For the main behavioral analyses we employed a 2 by 2 design with the factors feedback
target (self/other) and feedback desirability (desirable/undesirable). Desirable feedback was
defined as feedback ratings that were higher than participants’ own first ratings (e.g. own
first rating for “polite” was 6 and feedback rating was 8.0). Conversely, undesirable
feedback was defined as feedback ratings lower than participants’ first ratings (e.g. own first
rating for “polite” was 6 and feedback rating was 4.0). All ratings for negative trait adjectives
were reverse-coded. Thus, feedback desirability was independent of the valence of the trait

adjective.

Figure 2. Positively Biased Updating

(A) Mean first and second ratings for self were significantly higher than for other. Second
ratings were significantly higher than first ratings.

(B) Participants changed their ratings more after receiving desirable than after receiving
undesirable feedback both for self- and other-related feedback. Trials were split into four
conditions (self-desirable, self-undesirable, other-desirable, other-undesirable). For each
condition we calculated the mean update (i.e., the mean difference between second and
first ratings). Mean updates were positive for desirable feedback (indicating an increase in
ratings) and negative for undesirable feedback (indicating a decrease in ratings). To test
whether participants updated their ratings more towards desirable than towards undesirable
feedback we calculated absolute mean updates (i.e., we compared the magnitude of the
increase for desirable feedback with the magnitude of the decrease for undesirable
feedback). Additionally, we scaled absolute mean updates by the respective mean feedback
discrepancies for each condition and participant. The resulting relative updates indicate by
how much participants changed their ratings with respect to the difference between initial

own ratings and feedback ratings.

Error bars indicate SEM.
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Figure 3. BOLD Signals Related to the Rewarding Component of Social Feedback

(A) BOLD signal changes in bilateral ventral striatum and ACC/MPFC correlated with the
rewarding component of feedback on a trial-by-trial basis at the time-point of feedback (all
clusters are significant at p < 0.05 corrected for multiple comparisons at a cluster-defining
threshold of p < 0.0001). Reward-related activity fulfilled two requirements. First, activity
correlated positively with feedback ratings for self since higher feedback ratings for self
indicated more rewarding feedback (e.g. a feedback rating of 8.0 on “polite” is more
rewarding than a feedback rating of 7.0; feedback ratings for negative trait adjectives were
reverse-coded). Second, activity correlated more with the feedback ratings for self than for
other since we searched for regions in which reward-related activity was self-specific.

(B) For illustration purposes, we plotted parameter estimates of the parametric modulators for
feedback ratings for self and other within functional ROls.

(C) To explore differences in onset activity, we plotted parameter estimates of the onset
regressors within the functional ROls in a second model that included separate regressors

for feedback target and feedback desirability.

Error bars indicate SEM.

Figure 4. BOLD Signals Related to the Comparison Component of Social Feedback

(A) BOLD signal changes in the following regions correlated with the comparison-related
component of feedback on a trial-by-trial basis at the time-point of feedback: MPFC,
preSMA/SMA, bilateral IFG (orbital part) extending into anterior insula, right STS, right TPJ
and left TP(all clusters are significant at p < 0.05 corrected for multiple comparisons at a
cluster-defining threshold of p < 0.0001). Comparison-related activity correlated positively
with the feedback discrepancies for both self and other, i.e., with the absolute difference
between participants’ own views and the feedback they received.

(B) For illustration purposes, we plotted parameter estimates of the parametric modulators for

feedback discrepancies for self and other within functional ROls.
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(C) To explore differences in onset activity, we plotted parameter estimates of the onset
regressors within the functional ROIls in a second model that included separate regressors

for feedback target and feedback desirability.

Error bars indicate SEM.

Figure 5. Updating Bias for Self and Activity Integrating Reward- and Comparison-Components

(A) Conjunction analysis of activity correlating with the rewarding aspect of feedback, i.e.,
feedback ratings (see Fig. 4) and of activity correlating with the comparison-related aspect
of feedback, i.e., feedback discrepancies (see Fig. 5;p < 0.05 corrected for multiple
comparisons at a cluster-defining threshold of p < 0.0001).

(B) Across participants, parameter estimates of the parametric modulators for self-related
absolute feedback discrepancies within this region predicted the behavioral update bias,
i.e., the relative mean update for self-related desirable minus self-related undesirable

feedback. Each dot represents one participant and the line is the regressions slope.
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Tables

Table 1. List of Trait Adjectives

German original

English translation

Positive trait adjectives

aufrichtig

honest
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bescheiden modest
diszipliniert organized
effizient efficient
einfihlsam empathetic
enthusiastisch enthusiastic
fleiRig hard-working
freundlich friendly
geistesgegenwartig quick-witted
gelassen composed
geschickt skilled
gesellig sociable
groR3ziigig generous
hilfsbereit helpful
héflich polite
kompetent competent
kooperativ cooperative
kreativ creative
lebenslustig fun-loving
locker easy-going
loyal loyal

offen open-minded
ordentlich tidy
respektvoll respectful
scharfsinnig astute
schlagfertig articulate
selbststandig self-reliant
sorgfaltig diligent
souveran confident
spontan spontaneous
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tatkraftig dynamic
tolerant tolerant
vernlnftig level-headed

verstandnisvoll

understanding

vertrauenswirdig trustworthy
vielseitig versatile
weitsichtig perspicacious
wissbegierig inquisitive
Zielstrebig goal-oriented
zuverlassig reliable
Negative trait adjectives

aggressiv aggressive
angstlich anxious
arrogant arrogant
bieder overly-conservative
chaotisch chaotic
egoistisch selfish

eitel conceited
engstirnig narrow-minded
feige cowardly
gehassig spiteful
grolmaéaulig loud-mouthed
heuchlerisch two-faced
hinterhaltig conniving
humorlos humorless
inkonsequent inconsistent
kalt cold-hearted
launisch moody
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leichtsinnig foolhardy
nachtragend unforgiving
naiv naive
oberflachlich superficial
opportunistisch opportunistic
pedantisch pedantic
rucksichtslos inconsiderate
scheu unassertive
stur stubborn
trage lazy
unentschlossen indecisive
ungeduldig impatient
unnahbar inapproachable
unpunktlich tardy
unsicher insecure
unsympathisch unpleasant
verschwenderisch wasteful
voreilig rash
voreingenommen biased
wehleidig whiny

zickig catty
zwanghaft obsessive
zynisch cynical
Adjectives used during the training session

intelligent intelligent
unsportlich unathletic
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Table 2. Significant Activations in Feedback Onsets (all reported clusters are FWE-corrected for

multiple comparisons at p < 0.05; cluster-defining threshold of p < 0.0001)

Side | Brodmann | Peak voxel MNI | Cluster p(cluster Peak z
area coordinates size FWE score
(mm) (Voxels | corrected)
X y z atp <
0.0001)

Feedback onset: self > other
MPFC L/R 10/9/8/ | -3 | 59| 28 1602 < 0.001 7.60

6/32/24
IFG (orbital part)/ L 47/1113/ | -33 | 17| 17 399 < 0.001 7.25
anterior insula 45/38
IFG (orbital part)/ R 47/11113/| 30| 20| -17 335 < 0.001 7.18
anterior insula 38
Cerebellum R -| 30| 82| -35 161 < 0.001 5.98
Cerebellum L -] -30| -85 | -38 77 < 0.001 5.41
Midbrain L/R -| 12| 13| -14 381 < 0.001 5.38
Cerebellum L/R - 3| -55| -35 30 0.017 4.71
Caudate body L - -9 8| 16 58 0.002 4.45
Feedback onset: other > self
Precuneus/ L/R 7/6/4/11/2] | 12 | -46 | 52 7102 < 0.001 6.89
postcentral 3/5/18/22/4
gyrus/ superior 0
temporal
gyrus/
supramarginal
gyrus
Middle temporal R 38| 51| 64| 10 82 < 0.001 4.86
gyrus
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Precentral gyrus R 4| 39| 10| 58 172 < 0.001 467
Middle frontal R 9| 27| 29| 40 39 0.007 4.42
gyrus
Middle frontal L 9| -30| 35| 25 27 0.023 4.19
gyrus
Middle frontal L 10| -36 | 50| 13 20 0.047 4.17
gyrus

Table 3. BOLD Signals Related to the Rewarding Component of Social Feedback: Parametric

Analysis — Feedback Ratings (all reported clusters are FWE-corrected for multiple comparisons

at p < 0.05; cluster-defining threshold of p < 0.0001)

Side | Brodmann | Peak voxel MNI | Cluster p(cluster Peak z
area coordinates size FWE score
(mm) (Voxels | corrected)
X y z atp <
0.0001)
Feedback rating (trial-by-trial correlation): self > other
ACC/ mid-cingulate L/R 32/24/ 3| 32| 25 414 < 0.001 5.56
cortex/MPFC 9/10
Ventral striatum R - 12 5 -8 71 < 0.001 473
(caudate head and
putamen)
Thalamus R - 21 13| 22 20 0.032 4.60
Ventral striatum L -1 -15 2| -1 25 0.017 4.50
(caudate head and
putamen)
Cerebellum L -] -33| -73 | -23 57 0.001 4.48
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Cerebellum R -| 39| -58| -26 39 0.004 4.35
Cerebellum R - 12 81| -17 47 0.002 4.33
Lingual gyrus L 18| -3 | -73 -5 26 0.015 4.31
Calcarine fissure L/R 18 3| -82| 13 29 0.011 413
Mid-cingulate L/R 24 0| -19| 43 25 0.017 4.06
cortex

Table 4. BOLD Signals Related to the Comparison Component of Social Feedback: Parametric

Analyses — Feedback Discrepancies and Conjunction (all reported clusters are FWE-corrected

for multiple comparisons at p < 0.05; cluster-defining threshold of p < 0.0001)

Side | Brodmann | Peak voxel MNI | Cluster p(cluster Peak z
area coordinates size FWE score
(mm) (Voxels | corrected)
X y z atp <
0.0001)
Feedback discrepancies (positive trial-by-trial correlation): self and other
MPFC L/R 10/9/8/6 6| 56| 28 383 < 0.001 5.47
preSMA/SMA L/R 8/6 9| 17| 64 104 < 0.001 4.98
Superior/ middle R 21 51| -25 -8 26 < 0.001 493
temporal gyrus —
STS
IFG (orbital part)/ L 47/45/13 | -36 | 20| -23 181 < 0.001 4.88
anterior insula
IFG (orbital R 47/13/11 | 33| 20| -17 117 < 0.001 4.69
part)/anterior insula
Angular gyrus — R 39/40 | 57| -58 | 25 19 0.045 4.56
TPJ
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TP L 21/38 | -48 11| -35 22 0.032 425
Cerebellum L -| 24| -82 | -35 20 0.040 419
Feedback discrepancies (negative trial-by-trial correlation): self and other

Inferior parietal L 40| -54 | -37 | 46 154 < 0.001 5.07
lobule

Middle temporal R 21/37 | 60| 49| -8 53 0.002 4.54
gyrus

Superior parietal L 7| 21| 49| 64 30 0.013 4.50
gyrus

Superior L 22/6 | -54 | -10 1 37 0.007 4.40
temporal gyrus

Inferior parietal R 40| 51| -37 | 46 48 0.002 4.34
lobule

Precentral R 6/22 | 54 5] 13 30 0.013 419
gyrus/ superior

temporal gyrus

Conjunction of feedback rating (trial-by-trial correlation): self > other with

feedback discrepancies (positive trial-by-trial correlation): self and other

MPFC/ACC L/R 10 3| 56| 19 25 0.023 5.01
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Abstract

Cultural differences are generally explained by how people see themselves in relation to social
interaction partners. While Western culture emphasizes independence, East Asian culture
emphasizes interdependence. Despite this focus on social interactions, it remains elusive how
people from different cultures process self-relevant feedback from interaction partners. Here,
participants of either German or Chinese origin engaged in a face-to-face interaction.
Consequently, they updated their ratings of 80 character traits (e.g., polite, pedantic) after
receiving feedback from their interaction partners. To exclude potential confounds, we obtained
data from German and Chinese participants in Berlin (functional magnetic resonance imaging)
and in Beijing (behavior). We tested cultural influences on social conformity, self-enhancement,
and self-related neural activity. First, Chinese conformed more to social feedback than Germans
(i.e., Chinese updated their trait ratings more). Second, regardless of culture, participants self-
enhanced by processing feedback in a positively biased way (i.e., they updated more toward
desirable than toward undesirable feedback). Third, changes in self-related medial prefrontal
cortex activity were greater in Germans than in Chinese during feedback processing. By relating
conformity, self-enhancement, and self-related activity to feedback obtained in a real-life
interaction, we provide an essential step towards a unifying framework for understanding the

diversity of human culture.
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Introduction

Culture shapes various aspects of human cognition (Nisbett et al., 2001; Nisbett and Masuda,
2003; Henrich et al., 2010; Heine, 2012). A prominent framework that integrates diverse cultural
differences centers on how people relate to those with whom they interact (Markus and
Kitayama, 1991; Singelis, 1994; Oyserman et al., 2002; Triandis and Suh, 2002; Markus and
Kitayama, 2010): Members of independent (or individualistic) cultures (e.g., Western cultures)
construe their selves as distinct from others whereas members of interdependent (or
collectivistic) cultures (e.g., East Asian cultures) construe their selves as interconnected with
close others. Cultural differences in self-construal have been linked to social conformity (Bond
and Smith, 1996), self-enhancement (Heine and Buchtel, 2009), as well as self- and other-
related neural activity (Zhu et al., 2007; Han and Northoff, 2008; Ng et al., 2010; Ma et al.,
2012). Yet, how culture influences the processing of self-relevant feedback from others has not
been investigated—which is surprising given that the relation between self and others defines
self-construal. Here, we compared how members of an independent culture (Germans) and

from an interdependent culture (Chinese) process social feedback on character traits.

When people receive social feedback on character traits they conform their own view of
themselves to feedback provided by others. In independent cultures, the concept of conformity
has a negative connotation whereas in interdependent cultures it has a positive connotation
(Kim and Markus, 1999). Meta-analytic evidence indicates that members of interdependent
cultures conform more to social information in classic Asch-type line judgment tasks (Bond and
Smith, 1996). However, the authors of the meta-analysis concede that line judgment tasks limit
the concept of conformity to cases where participants can only conform—or not—to objectively
incorrect statements about unambiguous physical stimuli (i.e., the lengths of two lines).
Conforming to feedback on character traits (i.e., to information that is open to interpretation)
differs from conforming to statements about physical stimuli, and directly relates to the concept

of self-construal.
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Greater conformity to desirable versus undesirable self-relevant feedback can be
conceptualized as a self-enhancing tendency. We have previously shown that Germans engage
in such positively biased social feedback processing (Korn et al., 2012), which fits with research
indicating that Westerners show self-enhancement (Taylor and Brown, 1988). However, it is
debated whether East Asians self-enhance (Sedikides et al., 2003; Sedikides et al., 2007) or not
(Heine et al., 2007; Heine and Hamamura, 2007). We aimed at adding to this debate by using
feedback processing as a novel approach to assess possible cultural differences in self-

enhancement.

Self-related processes have also been in the focus of cultural neuroscience (Vogeley
and Roepstorff, 2009; Kitayama and Uskul, 2011; Han et al., 2013). Differences in
interdependent and independent self-construal have been linked to the anterior cingulate cortex
and the medial prefrontal cortex (ACC/MPFC) (Zhu et al., 2007; Chiao et al., 2009a; Chiao et al.,
2009b; Ng et al., 2010; Ma et al., 2012), which play an important role in various aspects of
social cognition such as judging character traits (Heatherton, 2011; Denny et al., 2012; Wagner
et al., 2012) and engaging in mentalizing or theory-of-mind (i.e., inferring the mental states of
others) (Mar, 2011; Frith and Frith, 2012). For example, MPFC activity was higher in Westerners
compared with East Asians when they judged whether character traits, social roles or physical
attributes were self-descriptive (Ma et al., 2012). However, these previous studies have not

addressed how MPFC activity is modulated by self-relevant information.

Materials and Methods

Participants

In line with common practice in research on cultural comparisons we used nationality as a proxy
for cultural group membership but additionally assessed participants’ explicit endorsement of
independence and interdependence (Singelis,1994; Henrich et al., 2010; de Greck et al, 2012;
Ma et al., 2012). Living in a foreign culture could increase conformity due to possible stress and

insecurity (Sam and Berry, 2010; Heine, 2012) or in-group/out-group effects (Bond and Smith,
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1996). It can also be expected that individuals who move abroad may be more independent
(and less interdependent) in general (Kitayama et al., 2006; Kitayama et al., 2012) or that they
may be more similar to their host culture. To minimize these potential confounds related to our
first hypothesis, we obtained behavioral data from both German and Chinese participants in
both Berlin and Beijing (Table 1). In Berlin, we collected functional magnetic resonance imaging
(fMRI) data to test for cultural differences in ACC/MPFC activity. When tested, these Chinese

participants had been sojourners in Germany for less than two years.

Specifically, we recruited participants of German and Chinese cultural origin in Berlin
and Beijing via flyers, word-of-mouth, and mailing lists (e.g., by the German Academic
Exchange Service; German Berlin: n°=°27, German Beijing: n°=°24, Chinese Berlin: n°=°28,
Chinese Beijing: n°=°25) (Table 1). Our study employed a 2 (culture: German/Chinese) by 2
(place: Berlin/Beijing) between-subject design. The two groups in Berlin underwent fMRI
scanning while the two groups in Beijing were tested behaviorally. Data from the German fMRI
group have been reported previously (Korn et al., 2012). See supplementary information for

additional participant information.

Experiment overview

The experimental procedure has been adapted from our previous study (Korn et al., 2012)
(Figure 1) and consisted of two sessions. We wanted participants to believe that they would get
realistic feedback on their personality traits from peers of the same culture with whom they had
interacted in real-life. During the first session (Figure 1A) each participant interacted with four
other participants for 1°h and 15°min by playing a popular board game. Consequently, each
participant rated three of the four other participants on 40 positive and 40 negative trait
adjectives. See supplementary information for Stimuli and translation, Social interaction
and rating of 3 players (first session), and Supplementary Table S1. In the second session,
participants believed that they would receive the mean rating of three other participants on each
adjective as feedback. See Figure 1B and Feedback task and re-evaluation task (second
session). We tested how much participants took this feedback into account by asking them to

rate their own personality before and after receiving social feedback (i.e., in the feedback and in
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the re-evaluation tasks). Additionally, each participant rated one other person before and after
receiving social feedback for this person. Since participants in Berlin underwent fMRI scanning
while receiving feedback, they performed the two sessions on two consecutive days.

Participants in Beijing performed the two sessions on the same day.

Feedback task and re-evaluation task (second session)

In the second session of the experiment (Figure 1B), participants performed the following
feedback task, either in the MRI scanner (Berlin groups) or behaviorally on a PC (Beijing
groups). The feedback task was presented using the MATLAB toolbox Cogent 2000
(www.vislab.ucl.ac.uk/cogent.php). On each trial, participants first saw a cue (1°s) indicating
whether the trial was about themselves (“you”) or about the fourth other participant whom they
had not rated during the first main part of the experiment (name of the other person). Then, they
saw one of the 80 trait adjectives and had to think about how much that trait applied to
themselves or to the other person (imagination phase, 4°s). Afterwards, participants were
prompted to indicate their rating on an 8-point Likert scale via two button boxes with four
buttons each (rating phase, 6°s). After a jittered fixation cross (2, 4, or 6°s) participants saw
what they believed to be the mean rating of three other participants from the first session of the
experiment (feedback phase, 2°s). This mean rating, which served as the feedback rating, was
a number with one decimal, ranging from 1.0 to 8.0 in steps of 0.3. The feedback rating was
determined by the program during the experiment to reliably create a sufficient number of trials
in which participants received desirable and undesirable feedback (see Task conditions and
behavioral analyses). After a second jittered fixation cross (1, 3, or 5°s) a new trial began.
Participants performed 4 training trials. The feedback task was split up into four runs with the
same 10 positive and the same 10 negative trait adjectives for self and other trials within one
run. Trials for self and other were randomly intermixed. Adjectives were randomly assigned to

the four blocks for each person.

After the feedback task, all participants performed the re-evaluation task outside the
MRI scanner on a PC using the MATLAB toolbox Cogent 2000. Participants gave a second

rating so that we could measure how much they changed their self- and other-ratings after
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having received social feedback in the feedback task. Specifically, they rated themselves and
the other person again on all 80 trait adjectives in two separate blocks (one for themselves and
one for the other person). These blocks were randomized for order. For each trait adjective
participants had up to 6°s to respond. See supplementary information for details on a

subsequent memory task.

Task conditions and behavioral analyses

The main behavioral analyses employed a 2°by°2°by°2°by°2 design with the within-subject
factors feedback target (self/other) and feedback desirability (desirable/undesirable) (Figure 1C)
as well as the between-subject factors culture (German/Chinese) and place (Berlin/Beijing)
(Table 1). For each participant, trials were classified according to whether feedback was
desirable or undesirable. For a positive trait adjective, desirable feedback indicated that the
feedback rating was numerically higher than the initial rating (e.g., a participant’s initial rating for
“polite” was 6 and the feedback rating was 8). For a negative trait, desirable feedback indicated
that the original feedback rating was numerically lower than the original initial rating (e.g., a
participant’s initial rating for “aggressive” was 3 and the feedback rating was 1). Conversely,
undesirable feedback was defined as feedback ratings that were more “negative” than
participants’ own initial ratings (e.g., initial rating of 6 and feedback rating of 4 for “polite” or
initial rating of 3 and feedback rating of 5 for “aggressive”). Thus, feedback desirability was
independent of the valence of the trait word and we reverse-coded ratings for negative trait
adjectives. For each trial (i.e. for each trait adjective; separately for self- and other-conditions)
we calculated a “feedback discrepancy” term as the absolute difference between first own
ratings and feedback ratings. (Trials with adjectives for which participants failed to respond in

time for the first or second rating were excluded.)

(1) feedback discrepancy°="abs(feedback rating — first own rating)

This feedback discrepancy term indicated the social comparison component of receiving social
feedback. Since feedback discrepancies were an independent variable of our task we
manipulated their magnitude using a random number generator (see Korn et al., 2012 for

details). Trials with a feedback discrepancy of zero were excluded from behavioral analyses
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since these trials could not be clearly assigned to either receiving desirable or receiving
undesirable feedback (see Table 2 for final numbers of trials). To assess how much participants
changed their self-concept after receiving social feedback, we calculated an update term

quantifying how much participants changed their own ratings.

(2) update®="second own rating — first own rating

We expected participants to change their ratings on average towards the feedback ratings. That
is, for desirable feedback (i.e., feedback ratings higher than own first rating) participants should
increase their ratings (i.e., positive updates). For undesirable feedback (i.e., feedback ratings
lower than own first rating) participants should decrease their ratings (i.e., negative updates). To
test for differences in updating, we first calculated relative mean updates for each participant
within each condition by dividing mean updates by the respective mean feedback discrepancies.
We then took the absolute value of relative mean updates (i.e., the negative sign of updates

following undesirable feedback is changed).

(3) relative absolute mean update®="absolute mean update / mean feedback discrepancy

Relative absolute updates can be interpreted in a straightforward way; e.g., a relative update of
0.3 indicates that the change in ratings was on average 30% of the difference between initial
own ratings and feedback ratings. Overall group differences in relative absolute mean updates
indicate group differences in social conformity (i.e., increase in rating for desirable feedback
numerically larger than decrease for undesirable feedback). Larger relative absolute mean

updates for desirable versus desirable feedback indicate positively biased updating.

Individual difference scores

Participants completed the 24-item version of the Singelis self-construal scale (Singelis, 1994)
and the Rosenberg self-esteem scale (Rosenberg, 1965). They rated how similar they

perceived the other person on a Likert scale from 1 (not similar at all) to 8 (very similar).

Analysis of fMRI data—overview
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FMRI data were acquired on a 3T scanner (Trio, Siemens, Erlangen, Germany) using standard
parameters (see supplementary information). FMRI data were preprocessed using standard
procedures in SPM8 (www.fil.ion.ucl.ac.uk/spm) (see supplementary information) and
analyzed using hierarchical random-effects models as implemented in SPM. At the subject-
specific first level, fMRI time series were regressed onto a general linear model (GLM)
containing regressors which represented the time periods of the feedback task (Figure 1B): cue
(1°s), imagination phase separately for self and other (4°s), rating phase (4°s), feedback phase
separately for self and other (2°s), and two motor regressors for button presses with the left and
the right hands (0°s). This resulted in 8 regressors for each of the four scanning runs. The
imagination phase regressors for self and other were parametrically modulated by the
respective first own ratings. The feedback phase regressors for self and other were modulated
by the respective feedback ratings and the respective feedback discrepancies, to investigate the
reward- and comparison-related feedback components, respectively (see supplementary
information for parametric modulation analyses). The model included trials with feedback
discrepancies of zero. The six motion correction parameters estimated from the realignment
procedure were entered as covariates of no interest. Regressors were convolved with the
canonical HRF and low frequency drifts were excluded using a high-pass filter with a 128°s
cutoff. At the group level, we performed separate flexible factorial designs for the following
conditions: feedback phase, imagination phase as well as parametric modulators for feedback
ratings and feedback discrepancies. Specifically, we used flexible factorial designs including the
following factors: a subject-specific constant, a group factor (culture: German/Chinese), and the
interaction of group and condition (feedback target: self/other). All coordinates are reported in

MNI space and activations are displayed on the standard MNI reference brain.

Results

Updating behavior

In our behavioral data we tested two main hypotheses: First, we tested whether Chinese took

social feedback more into account than Germans by comparing relative absolute mean updates.
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Second, we tested whether participants of both cultural groups showed positively biased
processing of social feedback—operationalized as greater relative absolute mean updates
toward desirable compared with undesirable feedback. We found evidence supporting both
hypotheses by comparing relative absolute mean updates in a 2 (target: self/other) by 2
(desirability: desirable/undesirable) by 2 (culture: German/Chinese) by 2 (place: Berlin/Beijing)
ANOVA (Figure 2A and Table 2). In support of our first hypothesis, we found a significant main
effect of culture with Chinese showing higher updates than Germans (F(1,100)°=°4.64,
p°=°0.034, r]p2°=°0.04). In support of our second hypothesis, we found a significant main effect
of feedback desirability with higher updates following desirable compared with undesirable
feedback (F(1,100)°= °107.2, p°<°0.001, r]p2°=°0.52). We acknowledge that the effect size of the
within-subject test for positively biased updating was larger than the effect size of the between-
subject test for cultural differences in updating. Additionally, there was a significant main effect
of feedback target with updates for self being higher than for other (F(1,100)°=°4.07, p°=°0.046,
r]p2°=°0.04). No other main effects or interactions reached significance (all p°>°0.05). See
supplementary information and Supplementary Figure S1 for additional behavioral results
on the direction of updates, trait valence, first ratings, perceived similarity scores, and memory

errors.
Individual differences and overall updating

To test whether updating correlated with individual variability in the endorsement of cultural
values, we assessed participants’ interdependence and independence scores (Singelis, 1994).
The two scores did not correlate with each other (Pearson’s r°="-0.01, p°>°0.9) and therefore
we analyzed them separately. As expected, Germans were less interdependent and more
independent than Chinese (2 (culture) by 2 (place) ANOVAs: interdependence:
F(1,100)°=°29.69, p°<°0.001, np2°=°0.23; Figure 2B; independence: F(1,100)°= °14.44,
p°<°0.001, np2°=°0.13; Figure 2C). Participants in Beijing showed more interdependent self-
construal compared with those in Berlin (F(1,100)°= °14.90, p°<°0.001, r]p2°=°0.13). The
interaction of culture and place was at trend level for both scores (interdependence:

F(1,100)°=°3.20, p°=°0.077, n,2°=°0.03; independence: F(1,100)°=°2.88, p°=°0.093, 1,%°=°0.03).
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In addition to trait measures on interdependence and independence, we also collected
participants’ score on the Rosenberg self-esteem scale (Rosenberg, 1965). Germans showed
higher self-esteem than Chinese (F(1,100)°=°5.24, p°=°0.024, r]p2°=°0.05). Place had no effect
on self-esteem (p°>°0.1). Self-esteem scores correlated with independence (r°=°0.32,
p°<°0.001, 95% confidence interval (Cl) [0.14, 0.49]) but not interdependence scores (r°=°0.02,
p°>°0.8; the two correlations differed significantly as assessed by Hotelling’s t; t(101)°=°2.23;

p°=°0.028).

Interdependence scores correlated significantly with overall relative absolute mean
updates (averaged across within-subject conditions; r°’=°0.25, p°=°0.012, 95% CI [0.06, 0.42];
Figure 2D)—more interdependent participants showed higher updating. The strength of this
correlation did not differ between Germans and Chinese as assessed by Fisher’s z test
(p°>°0.7). To test whether interdependence scores explained additional variance in updating
beyond membership to the two cultural groups, we conducted a hierarchical regression on
overall relative absolute mean updates including culture and interdependence scores as
predictors. Interdependence scores explained additional variance at trend level
(Fecnange(1,101)°=°3.06, p°=°0.083). The correlations between updating and independence and
between updating and self-esteem were not significant (p°>°0.5). The relationship between
interdependence and updating remained significant when accounting for independence and

self-esteem in a hierarchical regression (Fchange(1,100)°=6.46, p°=°0.013).

Taken together, participants with more interdependent self-construal took social
feedback more strongly into account. Participants in our sample and task showed positively
biased feedback processing regardless of cultural group. The place where participants were

tested had no effect on updating behavior.
Cultural difference in neural feedback processing

Based on previous findings, which showed that culture influences ACC/MPFC activity during
trait judgments (Zhu et al., 2007; Chiao et al., 2009a; Chiao et al., 2009b; Ng et al., 2010; Ma et
al., 2012), we expected cultural differences in ACC/MPFC activity when participants received

social feedback on personality traits.
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We contrasted the time periods when participants received self- versus other-related
feedback. In line with numerous studies on self-referential processing, we found changes in
blood oxygen level-dependent (BOLD) signals in the medial prefrontal wall and bilateral inferior
frontal gyrus (IFG) (p°<°0.05 family-wise error (FWE) corrected, cluster size°>°15; Figure 3A,
see Table 3 for a full list of activations). Consistent with our hypothesis, a cluster in the
ACC/MPFC showed a culture (German/Chinese) by feedback target (self/other) interaction
(p°<°0.05 small volume corrected within the main effect of self>other; initial threshold for
interaction: p°<°0.001, uncorrected; Figure 3B and Table 3). Parameter estimates of this
ACC/MPEFC cluster are plotted in Figure 3C to visualize the interaction. Note that deactivations
with respect to the implicit baseline are commonly observed in self- and other-referential activity
(Amodio and Frith, 2006) and we do not draw any conclusions from the fact that in Chinese
parameter estimates for self-related activity were around baseline whereas for Germans they

were positive.

To relate cultural differences in ACC/MPFC activity to individual variability in self-
construal, we correlated parameter estimates for self-related feedback with self-construal scores.
We found a significant correlation with independence (r°=°0.36, p°=°0.007, 95% CI[0.10, 0.57];
Figure 3D) but not with interdependence (r°=°-0.06, p°>°0.6; the two correlations differed
significantly as assessed by Hotelling’s t; 1(52)°=°2.30; p°=°0.02). Although parameter estimates
for self-related feedback correlated with self-esteem (r°=°0.33 p°=°0.016, 95% CI [0.07, 0.54]),
the relationship between parameter estimates and independence remained significant when
accounting for self-esteem in a hierarchical regression (Fcnange(1,52)°= °4.58, p°=°0.037). At
trend level, the strength of the correlation between independence and parameter estimates
differed between Germans (r°=°0.05, p°>°0.7) and Chinese (r°’=°0.53, p°=°0.004, 95% CI [0.20,

0.75]; Fisher’s z°=°1.87; p°=°0.061).

In sum, our results extend previous findings by showing that culture influences
ACC/MPFC activity during feedback processing. See supplementary information and

Supplementary Figure S2 for additional fMRI results regarding the imagination phase.

Neural activity related to reward and social comparison
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We searched for BOLD signals that correlated with reward- and comparison-related
components in a trial-by-trial fashion. Activity related to the rewarding component fulfilled two
requirements: First, reward-related activity correlated positively with feedback ratings for self
(i.e., higher feedback rating for self indicated more rewarding social feedback). Second, reward-
related activity was self-specific (i.e., we performed a contrast between the parametric
modulators for feedback ratings for self and other). Across all participants, the rewarding
component was related to activity in the ACC/MPFC and bilateral ventral striatum; among other

regions (p°<°0.05 FWE corrected, cluster size®>°15; Figure 4A and Table 4).

Activity related to the social comparison component was operationalized as activity that
showed a positive trial-by-trial correlation with feedback discrepancies for self- and other-related
feedback. That is, we searched for activity correlating with the absolute differences between
participants’ ratings and the feedback ratings they received (regardless of feedback desirability).
We found comparison-related activity in MPFC, bilateral IFG extending into anterior insula, left
temporal pole (TP), left temporo-parietal junction (TPJ), right superior temporal sulcus (STS),
left cerebellum, and (pre-) supplementary motor area (preSMA/SMA, p°<°0.05 FWE corrected,

cluster size°>°15; Figure 4B and Table 4).

Cultural comparisons of parametric modulators for reward- and comparison-related

components

We explored differences between Germans and Chinese in neural activity associated with
reward- and comparison-related components. No voxels were significant in any interaction
contrast involving the factor culture (p°<°0.05 FWE corrected, cluster size°>°15). Furthermore,
no clusters in any interaction contrast survived small volume correction within the relevant main
effect (p°<°0.05 small volume correction; initial contrast threshold for interaction: p°<°0.001,
uncorrected). Furthermore, we performed follow-up ROI analyses within the regions identified
for reward- and comparison-related components by extracting parameter estimates for self- and
other-related parametric modulators. These ROI analyses fulfilled to purposes: First, extracted
parameter estimates illustrate the correlations of feedback ratings and feedback discrepancies

with BOLD signals (Supplementary Figure S3A and S3B). Second, extracted parameter
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estimates were used to test for cultural differences in 2 (culture: German/Chinese) by 2
(feedback target: self/other) ANOVAs. We found no significant main effects or interactions
involving the factor culture in any of the ROls (all p°>°0.1; p-values were adjusted using a
Bonferroni correction for the number of ROls; reward-related activity: 10 ROIs, comparison-

related activity: 9 ROIs).

In sum, the rewarding component of social feedback was related to the ACC/MPFC and
ventral striatum. The comparison component correlated with activity in the MPFC, IFG, TPJ,
STS, and TP. We did not find evidence for a cultural modulation of activity associated with
reward- and comparison-related components in our sample and task. See supplementary

information for additional fMRI results regarding reward- and comparison-related activity.

Discussion

Cultural practices are shaped by social interactions but in most studies in cultural psychology or
neuroscience participants perform tasks in the solitude of a test cubicle or fMRI scanner. Our
design involves a face-to-face interaction of five peers of the same culture. By investigating how
receiving feedback from these peers challenged participants’ self-concept, we provide a novel
approach to test for cultural differences in social conformity, self-enhancement, and ACC/MPFC
activity. We excluded confounds which might arise in the context of a real-life social interaction

by testing both cultural groups in both countries.

We found that Chinese—compared with Germans—conformed more to social feedback
on their own character traits and those of another person. Across both cultures more
interdependent individuals showed higher conformity. When participants received social
feedback, MPFC activity differed between Germans and Chinese and correlated with
independence scores. However, cultural group membership did not influence positively biased
feedback processing in our sample and task. Regardless of culture, participants changed their
character trait ratings more toward desirable than toward undesirable feedback. The reward-

related component correlated with activity in regions previously implicated in social and non-
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social reward processing (i.e., ACC/MPFC and ventral striatum) (Fehr and Camerer, 2007,
Izuma et al., 2008; Beckmann et al., 2009). The comparison-related component correlated with
activity in the mentalizing network (i.e., MPFC, TPJ, STS, IFG, and TP) (Mar, 2011; Frith and

Frith, 2012). Culture did not influence reward- and comparison-related components.

Western culture emphasizes that individuals should view their own character traits
independently from the opinion of others. In contrast, East Asian culture emphasizes that
individuals are interconnected. This difference in cultural values has been used to explain why
members of interdependent cultures show higher conformity when receiving social information
about the lengths of two lines (Bond and Smith, 1996). Unlike objective physical properties,
character traits are open to interpretation and directly self-relevant. Our results relate conformity
about social feedback on character traits to differences in interdependence—both on the
cultural and on the individual level. Our finding that Chinese changed their trait ratings more
than Germans also fits well with the observation that East Asians perceive character traits as
more malleable than Westerners (Choi et al., 1999) and with previous research on cultural

differences in consensus motives (Fu et al., 2007).

In addition to culture, insecurity and information from an in-group (versus an out-group)
can lead to higher conformity (Bond and Smith, 1996). Living in a foreign culture might trigger a
general state of insecurity and meeting compatriots in a foreign country might create strong in-
group feelings (Sam and Berry, 2010; Heine, 2012). Furthermore, individuals who move abroad
tend to be more independent than those who stay in their home country (Kitayama et al., 2006;
Kitayama et al., 2012) and may thus not be completely representative of their culture. For these
reasons, we obtained behavioral data from both groups in both countries and could directly test
for possible influences of the place where participants were tested. Our data did not provide any

support that place modulated social conformity.

Our results on social feedback processing provide a novel approach to the extensive
debate on whether East Asians do or do not show similar degrees of self-enhancement as
Westerners (Sedikides et al., 2003; Heine et al., 2007; Heine and Hamamura, 2007; Sedikides

et al., 2007). One of the main arguments centers on how self-enhancement should be
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measured. Many studies used trait measures (e.g., the Rosenberg self-esteem scale) or
compared how participants evaluated themselves and an “imagined” person from a reference
group (Heine and Hamamura, 2007). In a few studies, participants received feedback on their
performance in a task (e.g., a creativity test) (Heine et al., 2001). Success or failure feedback
was then related to persistence on the task. Here, we conceptualized self-enhancement as
larger changes in character trait ratings toward desirable versus undesirable feedback. This
operationalization confers the following advantages: First, since we analyzed how ratings
change and not ratings per se, we reduced possible confounds arising from cultural differences
in completing Likert scales (Heine, 2012). Second, participants received feedback from persons
with whom they had face-to-face contact and did not have to compare themselves to an
“imagined” other person (i.e., reference-group effects were excluded) (Heine, 2012). Third, our
approach combines two aspects of previous studies on self-enhancement: self-evaluations and

processing of positive versus negative feedback.

We found positively biased updating across both cultural groups in our sample of
Germans and Chinese. Nevertheless, we replicate findings showing higher trait self-esteem in
Westerners compared with East Asians (Heine and Hamamura, 2007). Thus, our findings
suggest that culture affects self-enhancement operationalized as trait self-esteem but not self-
enhancement operationalized as biased social feedback processing. Furthermore, our findings
are in line with evidence showing that American and Chinese individuals sought similar degrees
of self-enhancing and self-improving feedback (Gaertner et al., 2012). Future studies have to
corroborate whether our findings extend to Americans and Japanese since studies reporting
cultural differences in self-enhancement have mainly compared these two cultures (Heine and

Hamamura, 2007).

Our design can be easily adapted to probe various cultural influences on feedback
processing. Since close others (e.g., family members, friends, or colleagues) are especially
important for interdependent individuals (Markus and Kitayama, 2010), cultural differences in
positively biased feedback processing might emerge when feedback is given by close others
and not by unrelated peers as in the present study. Furthermore, participants in our study

showed positively biased updating when receiving feedback for themselves and when receiving
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feedback for another person, i.e., one of the peers from the social interaction. Changing the
relationship between the self and the other person (e.g., by using an in-group/out-group
manipulation) might alter feedback processing. In addition, since modesty has been related to
cultural differences in self-enhancement (Cai et al., 2011), future studies should address

whether modesty modulates positively biased updating.

Our fMRI results extend previous findings of cultural differences in ACC/MPFC activity
during trait judgments (Zhu et al., 2007; Chiao et al., 2009a; Chiao et al., 2009b; Ng et al., 2010;
Ma et al., 2012). In East Asians—but not in Westerners—MPFC activity for trait-judgments
about self and mother overlapped (Zhu et al., 2007; Wang et al., 2012). The same pattern has
been replicated with bicultural individuals from Hong Kong who were primed with Chinese or
Western cultural symbols (Ng et al., 2010). General versus contextual trait judgments (e.g., ‘I
am polite” vs. “| am polite when | talk to my mother”) activated the MPFC differently depending
on participants’ self-construal (Chiao et al, 2009a)—a result replicated by priming independence
or interdependence in bicultural Asian Americans (Chiao et al, 2009b). Importantly, in a recent
study (Ma et al, 2012) with a similar sample size as ours self-related MPFC activity was higher
in Westerners than in East Asians. Since cultural differences are conceptualized as differences
in social interactions between the self and others, ACC/MPFC activity should be especially
prominent when individuals receive social information about the self, which is what we found.
Germans showed higher self-related ACC/MPFC activity than Chinese during social feedback
processing. Individual differences in independence correlated with ACC/MPFC activity. There
was a trend which suggested that the strength of the correlation between independence and
ACC/MPFC activity might be more pronounced in Chinese than in Germans. Future studies
should investigate whether the observed correlation might be higher for East Asians in general

or for individuals who live abroad.

We analyzed interdependence and independence scores separately since they did not
correlate with each other across participants. Interestingly, interdependence correlated with
updating behavior but independence correlated with ACC/MPFC activity. This pattern suggests
that the two commonly used trait measures of cultural differences in self-construal might

differentially relate to cultural differences on an individual level.
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In addition to self-related activity, we explored cultural differences of the reward- and
comparison-related components of social feedback processing. We replicated our previous
results (Korn et al., 2012). Across all participants the rewarding component of social feedback
correlated with activity in ACC/MPFC and ventral striatum; both of which are implicated in
reward processing (Fehr and Camerer, 2007; Izuma et al., 2008; Beckmann et al., 2009). The
social comparison component correlated with activity in MPFC, IFG, TPJ, STS, and TP; regions
previously related to mentalizing (Mar, 2011; Frith and Frith, 2012). Culture did not modulate
activity associated with reward- and comparison-related components in our sample and task,

suggesting that these components might be processed similarly by members of both cultures.

We acknowledge that obtaining fMRI data only from Chinese participants living in Berlin
may have limited the ability to detect cultural differences. Thus, in accord with a previous study
on Chinese living in the US, which did not find cultural modulation of self- and mother-related
MPFC activity (Chen et al., 2013), our findings suggest that future studies should take a more
dynamic approach and investigate longitudinal changes within individuals adapting to a foreign

culture.

In conclusion, social interactions are highly complex and differ widely across cultures.
By relating social conformity, self-enhancement, and self-related neural activity to the
processing of social feedback obtained in a real-life interaction, we provide an essential step

towards a unifying framework for understanding human culture.
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Figure legends

Figure 1. Experimental design—receiving social feedback from peers after a real-life

interaction

(A) Participants came to the laboratory in groups of either five German or five Chinese
participants. In the first session of the experiment, participants got to know each other
by playing the board game “monopoly” for 1 h 15 min. Afterwards, each person rated
three of the other players on 40 positive and 40 negative trait adjectives
(Supplementary Table S1) on a Likert scale from 1 (this trait does not apply to the
person at all) to 8 (this trait applies to the person very much). Participants did not rate

themselves (yellow) and did not rate one of the other players (green).

(B) In the second session, participants in Berlin performed the feedback task in the fMRI
scanner and participants in Beijing performed the feedback task on a PC. In each trial,
participants first saw a cue indicating whether the trial was about themselves or about
the other person whom they had not rated during the first session. They had to imagine
how much one of the 80 traits applied to themselves or to the other person. They first

gave their own rating and then saw the feedback rating in form of the mean rating they
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believed three other participants had given during the first session. The absolute
differences between participants’ own ratings and the feedback ratings they received
was conceptualized as feedback discrepancies and manipulated. Afterwards, all
participants performed the re-evaluation task behaviorally on a PC. Participants rated
themselves and the other player a second time so that we could assess how much they

updated their ratings.

(C) For the main behavioral analyses we employed a design with four factors. There were
two within-subject factors (depicted here): feedback target (self/other) and feedback
desirability (desirable/undesirable). Feedback was desirable feedback when feedback
ratings were higher than participants’ own first ratings and undesirable when feedback
ratings were lower than participants’ first ratings. All ratings for negative trait adjectives
were reverse-coded. Thus, feedback desirability was independent of the valence of the
trait adjective. The two between-subject factors were culture (German/Chinese) and

current place of residence (Berlin/Beijing; Table 1).

Figure 2. Behavioral results—cultural difference in overall updating and cultural

similarity in positively biased updating

(A) Overall Chinese showed greater updating than Germans. Positively biased updating
was evident across all participants, i.e., updates were higher for desirable compared

with undesirable feedback.

(B) Chinese scored higher on interdependence than Germans. Participants living in Beijing

scored higher on interdependence than participants in Berlin.

(C) Germans scored higher on independence than Chinese.

(D) Interdependence correlated with overall updates across all participants.

See Table 2 for further details.
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Figure 3. FMRI results—cultural differences in BOLD signals when receiving feedback

(A)

When participants received social feedback, ACC/MPFC and IFG/anterior insula
showed a main effect for feedback target (self > other) across all participants (p < 0.05

FWE corrected, cluster size > 15; Table 3).

When participants received social feedback, activity in the ACC/MPFC differed between
Germans and Chinese. There was a culture (German/Chinese) by feedback target
(self/other) interaction (p < 0.05 small volume corrected within the main effect shown in

(A); initial contrast threshold for interaction: p < 0.001, uncorrected).

To illustrate the interaction contrast depicted in (B) we extracted parameter estimates
within the ACC/MPFC for self- and other-related feedback separately for Germans and

Chinese.

Parameter estimates for self-related feedback onsets within the ACC/MPFC correlated
with independence scores. There was a trend indicating that the strength of the
correlation between independence and parameter estimates might be stronger for

Chinese compared with Germans.

Figure 4. FMRI results—BOLD signals of reward and comparison-related components of

social feedback

(A)

Across all participants BOLD signal changes in ACC/MPFC and bilateral ventral
striatum correlated with the rewarding component of feedback on a trial-by-trial basis at
the time-point of feedback (p < 0.05 FWE corrected, cluster size > 15). See Table 4 for
a full list of activations. Reward-related activity was identified in a contrast between the
parametric modulators for feedback ratings for self and other. Thus, reward-related
activity correlated positively with feedback ratings for self (e.g., a feedback rating of 8.0

on “polite” is more rewarding than a feedback rating of 7.0; feedback ratings for
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negative trait adjectives were reverse-coded). Reward-related activity was self-specific
since it correlated more positively with feedback ratings for self than with those for

other.

(B) Across all participants BOLD signal changes in the following regions correlated with the
comparison-related component of feedback on a trial-by-trial basis at the time-point of
feedback: MPFC, preSMA/SMA, bilateral IFG (orbital part) extending into anterior
insula, left TPJ, left TP and, right STS (p < 0.05 FWE corrected, cluster size > 15);
Table 4). Comparison-related activity correlated positively with the feedback
discrepancies for both self and other, i.e., with the absolute difference between

participants’ own views and the feedback they received.

See Supplementary Figure S3 for further details.
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Tables

Table 1. Characteristics of participants (data are given as mean and standard deviation)

Germans Chinese

Berlin Beijing Berlin Beijing

fMRI behavior fMRI behavior
n 27 24 28 25
Sex, female 14 10 14 15
Age, years (y) 24.3 (2.47) 24.3(3.24) 25.9(2.53) 22.7(1.86)
Education, y 16.1 (2.22) 16.9(1.77) 18.5(3.13) 16.1(2.39)
Living without parents, y 46(2.84) 46(3.49) 65(6.08) 58(4.19
Living abroad, y - 09(0.91) 0.8(0.45) -
Learning foreign language, y - 20(1.72) 1.7(2.08) -
Interdependence score 3.10(0.53) 3.58(0.38) 3.71(0.38) 3.89(0.41)
Independence score 3.72 (0.30) 3.85(0.32) 3.58(0.36) 3.47(0.43)
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Self-esteem score 23.0(5.35) 23.6(3.57) 20.6(5.40) 21.7(4.36)
Perceived similarity score 3.67 (1.47) 4.06(1.63) 3.79(1.77) 4.24(1.13)
Table 2. Task-related variables
Germans Chinese
Berlin Beijing Berlin Beijing
fMRI behavior fMRI behavior
Self other self other self other self other
n trials final® 72.8 71.3 68.7 66.3 69.5 69.3 70.2 69.2
(3.10) (2.70) (6.37) (7.50) (3.96) (5.61) (5.78) (6.11)
n trials excluded: 1.70 2.22 454 6.50 3.64 3.89 3.00 2.80
missing answers (1.92) (1.97) (3.40) (5.33) (2.63) (4.000 (2.65 (3.16)
n trials excluded: 552 6.44 5.08 5.58 6.18 6.14 5.24 6.40
zero feedback (2.29) (2.50) (2.06) (1.93) (2.68) (1.99) (2.07) (3.00)
discrepancies
first ratings 563 522 5.64 5.41 5.60 5.52 554 542
(0.61) (0.69) (0.57) (0.82) (0.92) (0.65) (0.55) (0.57)
second ratings 5.74 5.36 5.84 5.60 5.76 5.64 5.82 5.65
(0.61) (0.76) (0.59) (0.87) (0.93) (0.59) (0.63) (0.58)
relative absolute 0.29 0.31 0.40 0.40 0.41 0.41 0.47 0.48
mean update: (0.23) (0.20) (0.26) (0.23) (0.31) (0.27) (0.23) (0.21)

desirable
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relative absolute 0.08 0.14 0.07 0.13 0.11 0.15
mean update: (0.15) (0.24) (0.20) (0.22) (0.16) (0.19)
undesirable

absolute memory 1.35 1.46 1.43 1.51 1.35 1.51
error: desirable” (0.34) (0.28) (0.33) (0.29) (0.42) (0.48)
absolute memory 1.18 1.43 1.41 1.52 1.32 1.54
error: undesirable” (0.26) (0.24) (0.42) (0.26) (0.32) (0.31)

0.06

(0.22)

1.30

(0.34)

1.21

(0.25)

0.11

(0.19)

1.51

(0.39)

1.45

(0.30)

*Two participants in the German Beijing group, one participant in the Chinese Berlin and two

participants in the Chinese Beijing group completed only three out of four feedback runs due to

technical problems.

®Three participants in the German Beijing group did not complete the memory test and five did

not complete the desirability rating of the stimuli due to time constraints.

Table 3. Significant activations in feedback onsets. For main effects, clusters are whole-

brain FWE-corrected for multiple comparisons at the voxel-level p < 0.05, cluster size > 15; for

interaction effects, clusters are small volume corrected within main effect: feedback onset: self >

other; initial threshold for interaction: p < 0.001, uncorrected.

Side Peak voxel MNI Cluster Peak t
coordinates (mm) size score
X y z (Voxel)
Main effect: feedback onset: self > other
IFG (orbital part)/ anterior insula R 33 17 -14 217 12.42
MPFC/ ACC L/R -3 56 16 1198 12.19
IFG (orbital part)/ anterior insula L -30 14 -17 437 11.48
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Cerebellum
Cerebellum
Midbrain

Thalamus

Main effect: feedback onset: other > self
Precuneus/ postcentral gyrus/ superior
temporal gyrus/ supramarginal gyrus
Middle frontal gyrus—dorso-lateral PFC
Middle frontal gyrus—dorso-lateral PFC

Precentral gyrus

L/R

L/R

L/R

44

32

Interaction: feedback onset: (self > other) X (German > Chinese)

MPFC/ ACC

L/R

-3

32

49

31

34

28

146

106

94

35

7946

76

51

15

44

9.71

9.20

7.32

6.78

10.48

7.30

6.33

5.72

4.58

Table 4. Changes in BOLD signal related to reward- and comparison-related components
of social feedback. Clusters are whole-brain FWE-corrected for multiple comparisons at the

voxel-level p < 0.05, cluster size > 15.

Side Peak voxel MNI Cluster Peak t
coordinates (mm) size score
X y z (Voxel)

Feedback rating (trial-by-trial correlation): self > other

ACC/MPFC L/R 0 50 1 43 6.69
Dorsal caudate R 21 -19 16 62 6.78
Calcarine fissure L/R 0 -76 13 98 6.48
Ventral striatum R 6 11 -2 39 6.24
Cerebellum L -30 -73 -23 39 6.04
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Ventral striatum L

Precuneus L
Lingual gyrus L
ACC L/R
Dorso-lateral PFC L

-18

29

22

19

49

Feedback discrepancies (positive trial-by-trial correlation): self and other

MPFC L/R
IFG (orbital part)/ anterior insula L
TP L
Angular gyrus—TPJ L
IFG (orbital part) R
Anterior insula R
STS R
Cerebellum L
preSMA/SMA L/R

9

54

33

51

Feedback discrepancies (negative trial-by-trial correlation)

Inferior parietal lobule R
Middle frontal gyrus R
Inferior temporal gyrus R
Inferior parietal lobule L
IFG L
Middle occipital gyrus L

54

30

57

59

26

20

28

64

: self and other

-37

5

-49

-40

44

-61

52

58

-14

43

10

40

19

20

19

31

20

253

192

24

50

54

26

32

16

83

114

85

24

142

25

18

5.99

5.93

5.84

5.79

5.63

9.1

7.79

7.04

6.92

6.89

6.87

6.87

6.14

6.13

8.12

7.80

6.80

6.67

6.25

5.73
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Supplementary information

Cultural influences on social feedback processing of character traits

Christoph W. Korn, Yan Fan, Kai Zhang, Chenbo Wang, Shihui Han, and Hauke R. Heekeren

Supplementary methods

Additional participant information

In the German group in Berlin three of the initial 30 participants had to be excluded (one did not
tolerate the scanner environment, another showed excessive head movement (> 8 mm), and
data from another subject could not be used due to technical problems). In the Chinese group in
Berlin two of the initial 30 participants had to be excluded because of excessive head

movement (> 8°). All scanned participants were right-handed.

All German participants spoke German as their mother-tongue. All Chinese participants
were fluent in Mandarin and spoke Mandarin or Cantonese as their mother-tongue. All except
three German participants had been raised by two German parents; three participants had one
German parent and one English, French, or Russian parent. All Chinese participants had been
raised by two Chinese parents. In the Chinese group in Berlin four participants were from Hong
Kong. German and Chinese participants were recruited, instructed, and tested in German and

Mandarin, respectively. All participants gave written informed consent.

Groups did not differ with respect to sex, education, and time living without parents.
Chinese and Germans did not differ with regard to age. However, participants in Berlin were
older than participants in Beijing (Mann-Whitney U = 840.5, p = 0.001). We accounted for this
difference in age by testing whether including age as a covariate had an influence on the
ANOVA results. This was not the case. For simplicity we therefore report all analyses without
age as covariate. The German participants in Beijing and the Chinese participants in Berlin did
not differ in how long they had lived abroad and in how long they had learned the respective

foreign language.
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Stimuli and translation

We used 40 positive and 40 negative trait adjectives as described previously (Korn et al., 2012).
See Supplementary Table S1 for a list of trait adjectives. Trait adjectives were translated from
German into Mandarin by an accredited court interpreter and double-checked by a native
Mandarin speaker. One German and two Chinese authors made sure that German and
Mandarin versions of the trait adjectives captured the same meaning. All instructions were

translated by two Chinese authors.

To confirm that participants perceived the trait words as positive and negative in the
way we had predefined them, participants rated all 80 trait adjectives on social positivity on a
Likert scale from 1 (not positive at all) to 8 (very positive) at the very end of the experiment. Five
participants in the German Beijing group did not complete this desirability rating due to time
constraints. Across all participants, mean ratings for positive and negative trait words differed
from the midpoint of the scale as assessed by one-sample t-tests (mean rating: positive words =
6.66, SD = 0.58; 1(98) = 36.68, p < 0.001; negative words = 2.63, SD = 0.66; negative words
t(98) = -28.12, p < 0.001). Positive trait adjectives were rated similarly by both cultural groups
but negative trait adjectives were rated as less desirable by German compared with Chinese
participants (independent sample t-test: t(97) = -2.86, p = 0.005). However, this difference did
not compromise our findings related to updating behavior since the factor valence did not

interact with any other factors (see Trait valence and updating).

Social interaction and rating of 3 players (first session)

The first session aimed at creating a real-life interaction among peers so that the social
feedback would be meaningful for participants. For the first session of the experiment (Figure
1A), participants came into the laboratory in groups of five people of the same culture and got to
know each other by playing a table-top version of the popular board game “Monopoly”
(HASBRO, Soest, Germany; HASBRO, Shanghai, China) for 1 h and 15 min. We made sure

that participants did not know each other before the experiment.

In the groups in Berlin and in the Chinese groups in Beijing all five participants in a

group were of the same sex. German groups in Beijing consisted of members of both sexes
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since we were unable to recruit enough German participants in Beijing to form same sex groups.
Additionally, one of the German participants in Beijing was aware of the experimental
manipulation and only participated so that we could form a group of five people. Data from this
participant were not analyzed. Therefore, the total number of German participants in Beijing was

24 and not 25.

We chose the board game “Monopoly” for the social interaction because it is highly
engaging, quite well-known, and allows players to show a variety of cooperative and competitive
behaviors. Furthermore, within 1 h 15 min nobody was eliminated from the game. The rules of
the game were explained to all participants before the game. The study was introduced as a
study about how people get to know each other. Participants knew before they started to play
the game that they were going to be rated by the other players of their group and they believed
that their own ratings were going to be shown to the other players in an anonymous fashion.
During the game participants were free to talk about whatever topics they wanted. Participants
wore name tags and we made sure that participants knew the names of all players after the
game. After 1 h 15 min we assessed the ranking of the participants in the game, i.e., assigned
the first rank to the winner and so on. Participants’ ranks in the game did not correlate with any

behavioral measures on the task as assessed by Spearman correlations (all p > 0.1).

After the game, each participant rated three of the four other participants on 80 trait
adjectives on a Likert scale from 1 (this trait does not apply the person at all) to 8 (this trait does
apply the person very much); for trait adjectives see Stimuli and translation and
Supplementary Table S1. Ratings were given on a PC using the MATLAB toolbox Cogent
2000. Each of the three persons was rated in a separate block. On each trial participants saw
one of the 80 adjectives with the first name of the person to rate and had up to 10 s to respond.
At the end of the first session of the experiment each participant had rated three other
participants and in turn each participant had been rated by three other participants. Participants
had not yet rated themselves (depicted in yellow in Figure 1A) and had not yet rated one other

player (depicted in green).

Memory task
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After rating themselves and the other person a second time (i.e., after the re-evaluation task)
(Figure 1B), participants performed a memory task on a PC using the MATLAB toolbox Cogent
2000. For all 80 trait adjectives participants had to recollect the feedback they had seen in the
feedback task and had to type in that number, i.e., a number between 1 and 8 with one decimal
such as 1.0, 1.3, or 1.7. Participants had to recollect the feedback in two separate blocks (one
for themselves and one for the other person), which were randomized for order. They had up to
12 s to respond. Three participants in the German Beijing group did not complete the memory

test due to time constraints.

Memory errors were calculated as the absolute differences between the recollected

number and the actual feedback rating.
(1) absolute memory error = abs(feedback rating — recollection of feedback rating)

Similar to update scores, mean absolute memory errors were compared in a 2 (target: self/other)
by 2 (desirability: desirable/undesirable) by 2 (culture: German/Chinese) by 2 (place:

Berlin/Beijing) repeated measures ANOVA.
FMRI data acquisition

FMRI data were acquired on a 3T scanner (Trio, Siemens, Erlangen, Germany) using a 12-
channel head coil. Functional images were acquired with a gradient echo T2*-weighted echo-
planar sequence (TR = 2000 ms, TE = 30 ms, flip angle = 70, 64 x 64 matrix, field of view = 192
mm, voxel size = 3x3x3 mm3). A total of 37 axial slices (3 mm thick, no gap,) were sampled for
whole brain coverage. Imaging data were acquired in four separate 349-volume runs of 11 min
38 s each. The first five volumes of each run were discarded to allow for T1 equilibration. A
high-resolution T1-weighted anatomical scan of the whole brain was acquired (256 x 256 matrix,

voxel size = 1x1x1 mm?®).
FMRI data preprocessing

EPI images were realigned, unwarped, co-registered to the respective participant's T1 scan,

normalized to a standard T1 template based on the Montreal Neurological Institute (MNI)
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reference brain, resampled to 3 mm isotropic voxels, and spatially smoothed with an isotropic 8
mm full width at half maximum (FWHM) Gaussian kernel. Using the East Asian brain template
provided by SPM instead of the standard MNI brain did not result in different clusters in any

analyses.

Parametric modulation analyses

We investigated trial-by-trial fluctuations in brain activity during the feedback phase, which
correlated with two different components of social feedback: reward- and comparison-related

components. We split trials according to feedback target (self/other) for each participant.

To detect activity related to social comparison we used parametric modulators of
feedback discrepancies. We used the full parametric range of feedback ratings and feedback
discrepancies across all trials (i.e., across trials with desirable and undesirable feedback and

trials with feedback discrepancies of zero).

Activity related to the rewarding component of social feedback should correlate
positively with feedback ratings for self. Note that feedback ratings for negative traits were
reverse-coded. That is, a high feedback rating indicated high self-relevant social reward (i.e.,
feedback that a positive trait applied to the self or that a negative trait did not apply to the self)
and a low feedback rating indicated low self-relevant social reward. To make sure that activity
related to the rewarding component of social feedback was truly self-specific, we subtracted

activity that correlated with the feedback ratings for other.

Activity related to the social comparison component of social feedback should correlate
positively with feedback discrepancies, which were defined as the absolute differences between
first own ratings and feedback ratings; i.e., feedback discrepancies captured how close

feedback ratings were to participants’ own ratings, regardless of the direction of the differences.

All regressors and modulators were entered independently into the design matrix, i.e.,
without the serial orthogonalization used as default in SPM (for a similar approach see Glascher

et al., 2010; Wunderlich et al., 2011). This ensured that only the additional variance that cannot
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be explained by any other regressor was assigned to the respective effect and thus prevented

spurious confounds between regressors.
FMRI data—follow-up analyses

We performed follow-up functional ROI analyses to visualize interactions and to visualize
correlations between neural activity and the parametric modulators (i.e., the betas of the
parametric modulators for feedback ratings and the betas of the parametric modulators for
feedback discrepancies). We used the marsbar toolbox for SPM (marsbar.sourceforge.net/) to

extract parameter estimates within functional ROls.

Supplementary results

Additional behavioral results—direction of updates, trait valence, first ratings, perceived

similarity scores, and memory errors

As expected, participants changed their ratings on average toward the feedback; they increased
their ratings for desirable feedback and decreased their ratings for undesirable feedback as
indicated by positive and negative relative mean updates, respectively (mean relative updates:
self-desirable = 0.39, SD = 0.26; one-sample t-test against zero {(103) = 15.0, p < 0.001; self-
undesirable = -0.08, SD = 0.18; t(103) = -4.4, p < 0.001; other-desirable = 0.40, SD = 0.23;
t(103) = 17.5, p < 0.001; other-undesirable = -0.14, SD = 0.21; t(103) = -6.6, p < 0.001; see

Table 2 for relative absolute mean updates separated according to group membership).

We explored whether the valence of the trait adjectives had an effect on updating. We
split update scores according to the valence of the trait words and included valence as an
additional factor in the ANOVA (resulting in a 2 (trait valence: positive/negative) by 2 (target:
self/other) by 2 (desirability: desirable/undesirable) by 2 (culture: German/Chinese) by 2 (place:
Berlin/Beijing) ANOVA on relative absolute mean updates). The main effects of desirability and
of culture were still significant (desirability: F(1,99) = 65.70, p < 0.001, r]p2 = 0.40; culture: F(1,

99) =4.67, p=0.03, r]p2 = 0.05). Additionally, there was a significant main effect of valence (F(1,
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99) = 16.66, p < 0.001, r],,2 = 0.14) with updates for negative trait words being higher than for
positive trait words. There were no further significant effects (all p > 0.05). Thus, although there
was a significant main effect of valence, valence did not significantly interact with any other

factor.

We tested for differences in participants’ first self- versus other-ratings in a 2 (feedback
target: self/other) by 2 (culture: German/Chinese) by 2 (place: Berlin/Beijing) ANOVA. We found
a significant main effect of feedback target with self-ratings being higher than other ratings
across all participants (F(1,100) = 7.57, p = 0.007, r],,2 = 0.07; Supplementary Figure S1; see
Table 2 for mean first ratings separated according to group membership). There were no further
significant main effects or interactions (all p > 0.1). Thus, we found evidence for a positivity bias
towards the self in participants’ initial ratings, which did not differ across culture or place in our

sample.

In addition to trait measures on interdependence, independence, and self-esteem,
participants indicated how similar they perceived the other person on a Likert scale. A 2 (culture)
by 2 (place) ANOVA on similarity ratings did not reveal significant effects (p > 0.1). We have
previously shown for the German participants in Berlin (Korn et al., 2012) that first self-ratings
correlated with self-esteem scores and that first other-ratings correlated with how similar
participants perceived the other person. These correlations held across all participants (self-
ratings and self-esteem: r = 0.52, p < 0.001, 95% CI [0.36, 0.65]; other-ratings and perceived

similarity: r = 0.46, p < 0.001, 95% CI[0.29, 0.60]).

Outside the scanner participants recollected the feedback rating they had seen inside
the scanner. Similar to updates, mean absolute memory errors were subjected to a 2 (target:
self/other) by 2 (desirability: desirable/undesirable) by 2 (culture: German/Chinese) by 2 (place:
Berlin/Beijing) ANOVA. As expected, we found a significant main effect of feedback target with
memory errors being smaller for self- compared with other-related feedback (F(1,97) = 71.83, p
< 0.001, r]p2 = 0.43). There was also a significant main effect of culture with memory errors
being smaller for Germans compared with Chinese (F(1,97) = 4.27, p = 0.041, r]p2 =0.04). No

other effects reached significance (all p > 0.05). Thus, positively biased updating seemed to be
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unrelated to memory. The cultural difference in memory is unlikely to have influenced cultural
differences in updating for three reasons. First, memory performance did not correlate with
updating behavior (p > 0.6). Second, memory performance did not correlate with
interdependence or independence scores (p > 0.2). Third, the group with better memory
performance should theoretically show higher updating. However, Germans, who had better

memory, showed smaller updating.
Additional fMRI results—imagination phase

We focused our main fMRI analyses on the time period when participants received social
feedback but our task also included a time period when participants made trait judgments of
themselves and other persons (imagination phase; Figure 1B). Since previous studies have
mainly investigated cultural influences on ACC/MPFC activity when participants made trait

judgments, we compared both time periods in a follow-up ROI-based approach.

We extracted parameter estimates during both time points within an ROI that was
independently defined based on a recent study (Ma et al., 2012) comparing neural activity while
Danish and Chinese participants made trait judgments of themselves and a public person
(sphere with a radius of 15 mm centered at the MNI coordinate -4, 32, 0). We compared
parameter estimates in a 2 (feedback target: self/other) by 2 (time period: feedback/imagination)
by 2 (culture: German/Chinese) ANOVA. As expected self-related activity was higher than
other-related activity (F(1,53) = 63.43, p < 0.001, r]p2 = 0.55) and the factors culture and
feedback target showed a significant interaction (F(1,53) = 10.97, p = 0.002, r]p2 =0.17;
Supplementary Figure $2). There was also a significant main effect of culture (F(1,53) = 5.26,
p = 0.009, np2 = 0.12), a significant time period by culture interaction (F(1,53) = 10.91, p = 0.002,
r]p2 = 0.17) as well as a significant three-way interaction (F(1,53) = 5.50, p = 0.023, r]p2 =0.09).
To qualify this three-way interaction we performed two separate 2 (self/other) by 2
(German/Chinese) ANOVAs for the feedback and imagination time periods. As expected from
the analyses reported in the main text, the interaction of feedback target and culture was
significant for the feedback time period (F(1,53) = 10.93, p = 0.002, r],,2 =0.17). The same

feedback target by culture interaction was also significant for the imagination time period

175



(F(1,53) =4.13, p = 0.047, r],,2 = 0.07) but at to a lesser degree. Thus, the three-way interaction
was qualified by a greater feedback target by culture interaction for the feedback phase

compared with the imagination phase.

Taken together, in line with previous studies we found cultural influences on ACC/MPFC
activity when participants made trait judgments. Our findings suggest that this cultural effect

might be even stronger when participants receive social feedback.
Additional fMRI results—reward- and comparison-related activity

For completeness, we performed the reverse contrast to the contrast testing for reward-related
activity, i.e., we searched for activity correlating with other-related feedback ratings more than
with self-related feedback ratings. This contrast revealed no significant voxels (p°<°0.05 FWE
corrected, cluster size°>°15). We also searched for regions correlating negatively with feedback
discrepancies (see Table 4) and for activity correlating differentially for self- versus other-related
feedback discrepancies, i.e., self > other or other > self. These differential contrasts revealed no

significant voxels (p°<°0.05 FWE corrected, cluster size®>°15).

For the German fMRI sample (Korn et al., 2012), we have previously shown in a
conjunction analysis (i.e., in test of the conjunction null hypothesis) that a region at the border of
the MPFC and ACC was activated by both reward- and comparison-related components (p <
0.05 FWE corrected at cluster level, cluster-defining threshold of p < 0.0001). Using the same
threshold, a conjunction for both Germans and Chinese revealed two clusters: a cluster at a
similar location as shown before (MPFC/ACC: -3, 50, 10; cluster size 21) and a cluster in a
more dorsal part of the ACC (3, 44, 25; cluster size 43). We note that at the more stringent
threshold which we used to report clusters in the present study (p < 0.05 FWE corrected at

voxel level, cluster size > 15), the conjunction revealed no regions of overlap.

In the previous study (Korn et al., 2012), we have shown that for the German fMRI
sample the parameter estimates of the self-related absolute feedback discrepancies within the
region revealed by the conjunction correlated with the behavioral update bias for self. In the

MPFC/ACC region identified in the conjunction across both cultural groups, parameter
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estimates of the self-related absolute feedback discrepancies correlated with the update bias for
self in Germans (Pearson’s r = 0.42, p = 0.029, 95% CI [0.05, 0.70) but not in Chinese (r = -0.02,
p > 0.9). The difference in the strength of these correlations approached trend level (Fisher's z =

1.63; p =0.103).

Supplementary references
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learning reward correlations in the human brain. Neuron, 71, 1141-1152.

Supplementary figure legends

Supplementary Figure S1. First ratings

Across all participants first self-ratings were higher than first other ratings.

Supplementary Figure S2. FMRI results—cultural differences during the feedback and

imagination phases

We used an independently defined ROI (Ma et al., 2012; sphere with a radius of 15 mm
centered at the MNI coordinate -4, 32, 0) to extract parameter estimates during the feedback
and imagination phases. During both phases the culture by feedback target interaction was

significant.
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Supplementary Figure S3. FMRI results—parameter estimates for reward- and

comparison-related components of social feedback

For illustration purposes, we plotted parameter estimates of the parametric modulators for the
functional ROIs identified for reward- and comparison related components. No main effects of
culture or interactions with the factor culture reached significance (all p > 0.1; p-values were

adjusted using a Bonferroni correction for the number of ROIs)

(A) Reward-related component — Parameter estimates of the parametric modulators of
feedback ratings for self and other within functional ROls. BOLD signals correlated
positively with feedback ratings for self but not for other. See Figure 4A for ROlIs.

(B) Comparison-related component — Parameter estimates of the parametric modulators of
feedback discrepancies for self and other within functional ROIs. BOLD signals
correlated positively with feedback discrepancies for self and other. See Figure 4B for

ROls.

Supplementary figures
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Supplementary Table 1. List of trait adjectives
German Chinese English
Positive trait adjectives
TSR
aufrichtig honest
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bescheiden

diszipliniert

effizient

einfihlsam

enthusiastisch

fleiRig

freundlich

geistesgegenwartig

gelassen
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modest

organized

efficient

empathetic

enthusiastic

hard-working

friendly

quick-witted

composed

skilled

sociable

generous

helpful

polite

competent

cooperative

creative

fun-loving

easy-going



loyal

offen

ordentlich

respektvoll

scharfsinnig

schlagfertig

selbststandig

sorgfaltig

souveran

spontan

tatkraftig

tolerant

vernunftig

verstandnisvoll

vertrauenswaurdig

vielseitig

weitsichtig

wissbegierig

Zielstrebig
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loyal

open-minded

tidy

respectful

astute

articulate

self-reliant

diligent

confident

spontaneous

dynamic

tolerant

level-headed

understanding

trustworthy

versatile

perspicacious

inquisitive

goal-oriented
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Negative trait adjectives

aggressiv

angstlich

arrogant

bieder

chaotisch

egoistisch

eitel

engstirnig

feige

gehassig

grolmaulig

heuchlerisch

hinterhaltig
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reliable

aggressive

anxious

arrogant

overly-conservative

chaotic

selfish

conceited

narrow-minded

cowardly

spiteful

loud-mouthed

two-faced

conniving

humorless

inconsistent

cold-hearted



launisch

leichtsinnig

nachtragend

naiv

oberfl&achlich

opportunistisch

pedantisch

ricksichtslos

scheu

stur

trage

unentschlossen

ungeduldig

unnahbar

unpunktlich

unsicher

unsympathisch

verschwenderisch

voreilig
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moody

foolhardy

unforgiving

naive

superficial

opportunistic

pedantic

inconsiderate

unassertive

stubborn

lazy

indecisive

impatient

inapproachable

tardy

insecure

unpleasant

wasteful

rash



ST AN LR

voreingenommen biased
H 12

wehleidig whiny
RGN

zickig catty
SEIE )

zwanghaft obsessive
7 T FARL

zynisch cynical

Adjectives used during the training trials

intelligent HEBH 1) intelligent

unsportlich NEZIiaEh unathletic
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Abstract

Background: When challenged with information about the future, healthy participants show an
optimistically biased updating pattern, taking desirable information more into account than undesirable
information. However, it is unknown how patients suffering from major depressive disorder (MDD), who

express pervasive pessimistic beliefs, update their beliefs when receiving information about their future.
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Here we tested whether an optimistically biased information processing pattern found in healthy

individuals is absent in MDD patients.

Methods: MDD patients (n=18; 13 medicated; 8 with comorbid anxiety disorder) and healthy controls
(n=19) estimated their personal probability of experiencing 70 adverse life events. After each estimate
participants were presented with the average probability of the event occurring to a person living in the
same sociocultural environment. This information could be desirable (i.e., average probability better than
expected) or undesirable (i.e., average probability worse than expected). To assess how desirable versus
undesirable information influenced beliefs, participants estimated their personal probability of

experiencing the 70 events a second time.

Results: Healthy controls showed an optimistic bias in updating, i.e., they changed their beliefs more
toward desirable versus undesirable information. Overall, this optimistic bias was absent in MDD patients.
Among MDD patients symptom severity correlated with biased updating: Less severely depressed
individuals showed an optimistic bias but more severely depressed individuals showed a pessimistic bias
in updating. MDD patients also estimated the probability of experiencing adverse life events as higher

than healthy controls.

Conclusion: Our findings raise the intriguing possibility that optimistically biased updating of

expectations about one’s personal future is associated with mental health.

Key words: optimism, bias, depression, information processing, belief updating

Introduction

Individuals suffering from major depressive disorder (MDD) process information about the self, the
world, and the future in a maladaptive fashion compared with healthy individuals (American Psychiatric
Association, 2000). According to prominent cognitive theories of depression such as Beck’s cognitive
model (Beck ef al. 1979; Haaga & Beck, 1995; Disner et al. 2011), Seligman’s learned helplessness

model (Seligman, 1972), and the more recent cognitive neuropsychological model (Clark et al. 2009;
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Roiser et al. 2012), maladaptive cognitive biases are central in the development and maintenance of MDD.
Beck’s cognitive model, for example, emphasizes the role of maladaptive cognitive schemas and has led
to the development of cognitive therapy, an effective treatment focused on changing these maladaptive
cognitive schemas (Beck, 2005; Beck & Dozois, 2011). Related neuropsychological models of depression
emphasize this relationship between maladaptive cognition and vulnerability or resilience to MDD,
highlighting that maladaptive cognition may be causal in the progression of depressive symptoms (Clark

et al. 2009; Roiser et al. 2012).

Cognitive theories of MDD often highlight that maladaptive cognition manifests as negativity
biases (e.g., Beck ef al. 1979). However, in some instances the behavior of depressed individuals seems to
be better characterized by realism relative to an objective standard or by an absence of a positivity bias
relative to healthy individuals (Alloy & Ahrens, 1987; Moore & Fresco, 2012). The general reasoning
that MDD may be related to a reduction, absence or reversal of positivity biases relative to mental health
is motivated by considerable evidence showing that healthy individuals are characterized by a diverse
array of positivity biases including illusions of superiority (Taylor & Brown, 1988; Taylor & Brown,
1994; Leary, 2007), illusions of control (Taylor & Brown, 1988; Thompson et al. 1998), positivity biases
in memory (Walker et al. 2003) as well as unrealistic optimism about the future (Weinstein, 1980; Taylor
& Brown, 1988, Weinstein & Klein, 1995; Armor & Taylor, 2002; Puri & Robinson, 2007; Sharot, 2011).
However, the precise relationship between mental health, MDD and cognitive information processing

biases (or their absence) has remained surprisingly underexplored.

So far, information processing in MDD patients has been mostly investigated in tasks that are not
directly related to positivity biases in healthy individuals (Mathews & MacLeod, 2005; Gotlib & Joorman,
2010). For example, depressed individuals show altered responses to performance feedback in cognitive
tasks such as the Tower of London planning task (Elliot ez al. 1997; Elliot et al. 1998) or reversal learning
tasks (Murphy et al. 2003; Robinson et al., 2012; see Eshel & Roiser, 2010 for review). Furthermore,
depressed individuals show altered reward processing as demonstrated by signal-detection analyses
(Pizzagalli et al. 2005; Pizzagalli et al. 2008), computational reinforcement learning approaches (Huys et
al. 2009), and functional neuroimaging (Tremblay et al. 2005; Steele et al. 2007; Eshel & Roiser, 2010).
These studies provide considerably evidence for altered learning and information processing in MDD and

discuss whether MDD is better characterized by negative biases (i.e., increased responses to negative

187



compared with positive stimuli) or by a blunting of responses (i.e., an insensitivity to both negative and
positive stimuli) (Eshel & Roiser, 2010; Gotlib & Joorman, 2010). However, studies on information
processing in MMD typically do not investigate domains in which healthy individuals tend to show

positivity biases.

In the current study, we aimed at investigating cognitive biases in processing information about
future life events. In contrast to healthy individuals (Sharot, 2011), MDD patients show a pervasive
pessimism about their personal future (American Psychiatric Association, 2000). For example, when
estimating the likelihood of experiencing positive and negative everyday life events (e.g. being invited to
a party or getting a parking ticket) within the next month, individuals with high depressive symptoms
expected less positive and more negative events than they eventually experienced while healthy
participants showed the opposite pattern (Strunk et al. 2006; Strunk & Adler, 2009). Thus, previous
studies have highlighted that depressed individuals are pessimistic when predicting their personal future
(Cropley & MacLeod, 2003; Strunk et al. 2006; Strunk & Adler, 2009) but they do not address how

information that challenges these views is incorporated into existing beliefs.

We have recently shown that healthy individuals maintain optimistic expectations as a result of
selective updating, i.e. they process information about their personal future in a positively biased way
(Sharot et al. 2011; Sharot et al. 2012a; Sharot et al. 2012b). Specifically, when healthy individuals
estimated the probability of experiencing various adverse life events (e.g. robbery, Alzheimer’s disease),
and subsequently received information about how likely these events are to occur to persons living in the
same sociocultural environment, they updated their beliefs more in response to desirable information that
enforced optimism than to undesirable information that enforced pessimism. That is, participants changed
their estimates more when the probabilities of the adverse events were lower than expected compared

with when they were higher than expected, indicating a striking asymmetry in belief updating.

Here, we test the hypothesis that unlike healthy individuals, depressed individuals are
characterized by a breakdown of a selective updating bias in response to information about their future.
To that end, we recruited healthy and MDD participants and quantified their belief changes in response to

receipt of both desirable and undesirable information about future life events.
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Method

Participants

Participants were recruited via flyers at the Freie Universitét Berlin and from patients at the Charité—
Universitdtsmedizin Berlin as well as the Schlosspark-Klinik Berlin. Participants were assessed for
psychiatric disorders using a structured clinical interview (SCID-I; Wittchen et al. 1997) by a cognitive
neuroscientist (CWK), who had been trained by a psychotherapist in conducting the SCID-I. For four in-
patients an assessment provided by the referring clinical psychiatrist was used instead of the SCID-I.
Participants completed the Beck Depression Inventory scale (BDI; Hautzinger et al. 1994). To relate task-
related variables to participants’ trait optimism, they also completed the Life Orientation Test-Revised
(LOT-R; Scheier et al. 1994). To ensure that healthy controls and MDD patients were matched on 1Q, all
participants completed a test of verbal IQ (Wortschatztest, WST, a vocabulary test implemented in the
HAWIE-R, the German adaptation of the Wechsler Adult Intelligence Scale; Schmidt & Metzler, 1992).
Participants with a diagnosis of MDD were assessed on the Hamilton Depression Scale (HAMD-21;
Hamilton, 1960) by a cognitive neuroscientist (CWK), who had been trained by a psychotherapist in
assessing the HAMD-21. Since patients were only assessed by one person, inter-rater reliabilities could
not be calculated. Additionally, to assess possible influences of participants’ mood state on our task, they
completed the multidimensional mood state questionnaire at the beginning and at the end of the study
(Mehrdimensionaler Befindlichkeitsfragebogen, MDBF; Steyer et al. 1997). Participants gave informed
consent and were paid. The study was approved by the Ethics Committee of the Charité-

Universitdtsmedizin Berlin.

We recruited two groups of participants: the healthy control group (n=19) included participants
with no psychiatric disorders according to SCID-I, a BDI lower than 10 and no history of MDD. The
MDD patients group (n=19) included participants with a diagnosis of MDD. One MDD patient was
excluded because of a history of alcoholism (final n=18). Comorbid anxiety disorders in the MDD group
were not excluded (n=8). Of the 18 MDD patients six patients received a single drug and seven two or
more (8 took selective serotonin reuptake inhibitors, 4 selective serotonin and noradrenaline reuptake
inhibitors, 3 bupropion, 2 tricyclic antidepressants, 2 pregabalin, 1 melperone, 1 lorazepam, 1
promethazine). See Table 1 for demographics and clinical characteristics and scores on the mood state

questionnaire.
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Stimuli

Stimuli and task were adapted from our previous studies (Sharot et al. 2011; Sharot et al. 2012a; Sharot et
al. 2012b). The original English task and stimuli were translated into German by a native German speaker
with English as a second language (CWK). Seventy short descriptions of negative life events were used
(e.g., Alzheimer’s disease, robbery; see Table 2 for a complete list of the original English and the
translated German stimuli). For each adverse life event, the average probability or frequency of that event
occurring at least once to a person living in the same sociocultural environment as the participants was
determined based on online resources (e.g., Office for National Statistics, Eurostat, Pubmed). Since the
probabilities of the events are roughly the same across Western Europe, we used the original event
probabilities (from the UK). Participants were told that they would see the probability of the event
happening to an average person of a similar background living in the same place. None of the participants
reported doubts about this statistical information or about the believability of the reported events. Very
rare and very common events were not included, i.e. all event probabilities lay between 10% and 70%. To
ensure that the range of possible overestimation was equal to the range of possible underestimation,
participants were told that the range of probabilities lay between 3% and 77%. We excluded life events

that are clearly related to depressive symptoms such as severe insomnia or anxiety disorder.

Task

The task was programmed using the MATLAB toolbox Cogent 2000 (www.vislab.ucl.ac.uk/cogent.php).
Participants completed four blocks of stimuli. The 70 adverse life events were split into two lists of 35
events each, which were matched for event probability. One list was used for blocks 1 and 2, the other for
blocks 3 and 4. In blocks 1 and 3, participants first estimated their probability of encountering the events
and then were presented with the average probability of the events for a demographically similar
population (Fig. 1). To assess how participants used the information provided in block 1, they were asked
to re-estimate their likelihood of encountering the events in block 2. Likewise, the likelihoods of events

estimated in block 3 were re-estimated in block 4.
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Estimates and average frequencies were framed as either “happening” or “not happening” in
order to exclude the possibility that results could be attributed to different processing strategies for high
or low numbers. Specifically, in half of the blocks (either blocks 1 and 2 or blocks 3 and 4) participants
had to estimate the probability of adverse life events happening to them (and were presented with the
probability of the event happening for a demographically similar population) while in the other half they
estimated the probability of the events not happening to them (and were presented with the probability of
the event not happening for a demographically similar population). List assignment and order of the
aforementioned framing was counter-balanced across participants. Participants completed two training

trials before blocks 1 and 3 to get familiar with the task and the change in framing.

On each trial participants were presented with one of the 70 adverse life events for 4 sec (Fig. 1)
and were instructed to imagine that event happening to them in the future. Then they provided their
estimate of how likely the event was to happen (or not to happen) to them in the future. Participants had
up to 10 sec to respond using the keyboard. They then saw a fixation cross for 1.2 sec. In the blocks
where participants indicated their first estimate (blocks 1 and 3), they were then presented with the
average probability of the event happening (or not happening) for a demographically similar population
for 3 sec followed by a fixation cross of 1.2 sec. In the blocks in which participants re-estimated their
likelihood of encountering the events (blocks 2 and 4), they were not presented with the average

frequencies of the events. The order of life events was randomized within each block.

Memory and subjective scales

After completing the four blocks of the main task we tested participants’ memory for the information
presented. Specifically, we asked them to indicate the average probability of each event happening as
previously presented in blocks 1 and 3 (self-paced). Participants then rated all stimuli on six subjective
Likert scales (self-paced): vividness (How vividly could you imagine this event? 1 = not vivid at all, 6 =
very vivid), familiarity (Regardless if this event has happened to you before, how familiar do you feel it is
to you from TV, friends, movies and so on? 1 = not familiar at all, 6 very familiar), prior experience (Has
this event happened to you before? 1 = never, 6 = very often), emotional arousal (When you imagine this

event happening to you how emotionally arousing is the image in your mind? 1 = not arousing at all, 6 =
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very arousing), negativity (How negative would this event be for you? 1 = not negative at all, 6 = very
negative) and controllability (How much control do you have over this event? 1 = not at all, 6 = very

much).

Data analysis

Data were analyzed using MATLAB and SPSS. All estimates and average frequencies in the ‘not happen’
sessions were transformed into the corresponding numbers of the ‘happen’ sessions by subtracting the
respective number from 100. For each event an estimation error term was calculated as the difference

between participants’ first estimate and the corresponding average probability presented.

(1) estimation error = first estimate — probability presented

By this definition, estimation errors were positive for overestimations and negative for
underestimations. Note that all life events were negative events and that the desirability of the information
arose out of whether participants over- or underestimated the probability of the events. When participants
initially overestimated the probability of the adverse event relative to the average probability they
received desirable information (i.e. the negative event is less likely to happen than estimated; Fig. 1b). In
contrast, when participants underestimated the probability of the event relative to the average probability
they received undesirable information (i.e. the negative event is more likely to happen than estimated; Fig.
1c¢). Therefore, for each participant, trials were classified according to whether the participant initially
overestimated or underestimated the probability of the event (i.e., according to whether estimation errors

were positive or negative).

To assess how much participants changed their ratings after receiving information, an update

term was calculated as the difference between the first and second estimates.

(2) update = first estimate — second estimate

We expected participants to change their estimates on average towards the information
presented. That is, for desirable information (overestimations) first estimates should be larger than second

estimates (i.e., mean updates for desirable information should be positive). For undesirable information
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(underestimations) first estimates should be smaller than second estimates (i.e., mean updates for
undesirable information should be negative). The critical test for biased updating was whether
participants changed their estimates numerically more (or less) towards desirable information than
towards undesirable information. Therefore, we compared absolute mean updates for desirable and for
undesirable information across participants. To exclude that differences in mean estimation errors across
participants and conditions could account for differences in updating, we calculated scaled absolute mean
update scores (i.e., we divided absolute mean update scores for each participant and condition by the

respective absolute mean estimation errors).

Trials were excluded if (1) participants failed to answer within the allotted time (maximal 10s) in
the first or second session (healthy controls: mean = 1.79, SD = 1.18; MDD patients: mean = 1.50, SD =
1.29) or (2) the estimation error was zero (i.e., participants gave a first estimate of their own likelihood
that was as exactly the same as the presented probability; healthy controls: mean = 0.68, SD = 1.20; MDD
patients: mean = 1.28, SD = 1.78). These trials were excluded because they could not be classified as
desirable or undesirable. In both cases the number of excluded trials did not differ between healthy

controls and MDD patients as assessed by Mann-Whitney U tests (all p>0.1).

To test the strength of association between estimation errors and updates, Pearson correlation

coefficients were calculated separately for desirable and undesirable trials within each participant.

Memory errors were calculated as the absolute differences between the frequencies previously

presented and participants’ recollection of these statistical numbers.
(3) memory error = | probability presented — recollection of probability presented |

Unless, otherwise specified we conducted desirability (desirable/undesirable) by group

(MDD/healthy) ANOVAs.

Results

Groups did not differ with regard to sex, age, education, and verbal IQ as confirmed by independent ¢-

tests, Mann-Whitney U- tests, or y’-tests as appropriate (all p>0.1; Table 1). MDD patients showed lower
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scores of trait optimism on the Life Orientation Test-Revised (LOT-R) compared with healthy controls
[#(35)=5.6, p<0.001; Table 1]. MDD patients also reported having more negative mood, as well as being
more tired and more agitated as assessed by significant main effects of group in group (MDD/healthy) by
time (pre-task/post-task) ANOVAs of the multidimensional mood state questionnaire scores (Table 1).
Additionally, there was a significant interaction of group and time on the subscale “awake-tired” of the
mood state questionnaire: Pre-task the groups did not differ but post-task MDD patients were more tired

than healthy controls.

Comparison of updating behavior between MDD patients and healthy controls

Our main hypothesis was that belief updating behavior would differ between MDD patients and healthy
controls. We predicted healthy controls would show optimistically biased updating (i.e. we expected them
to update their beliefs more in response to desirable than in response to undesirable information regarding
adverse life events) and that this optimistic bias would be reduced, absent or reversed in MDD patients. In
line with our hypothesis, there was a significant desirability (desirable/undesirable) by group (MDD/
healthy) interaction of absolute mean update scores [F(1, 35)=6.9, p=0.013, ;7p2=0. 17; Fig. 2a; Table 3].
This interaction was characterized by an asymmetry in belief updating for healthy participants but not for
MDD patients. Specifically, healthy participants updated their beliefs to a greater extent in response to
desirable, compared with undesirable, information [#(18)=3.0, p=0.008]. No difference in updating was
evident between desirable and undesirable trials in MDD patients [#(17)=-0.11, p>0.9]. The significant
interaction was further characterized by reduced updating in response to desirable information of MDD
patients relative to healthy controls [#35)=-2.2, p=0.033] with no significant difference for updating in
response to undesirable information [#(35)=1.4, p>0.1]. The main effect of desirability was significant
[F(1, 35)=7.4, p=0.010, np2=0. 17]. The main effect of group was not significant [F(1, 35)=0.73, p>0.3,

1, =0.02)].

Additional analyses: updating behavior
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To exclude the possibility that the observed difference in updating between MDD patients and healthy
controls was driven by differences in estimation errors (first estimations minus probabilities presented),
we performed an additional ANOVA on scaled absolute mean update scores (i.e., we accounted for
differences in mean estimation errors by dividing absolute mean update scores for each participant and
condition by the respective absolute mean estimation errors). The desirability by group interaction of
scaled absolute mean update scores was significant [interaction desirability by group: F(1, 35)=6.0,
p=0.020, 1,°=0.15; main effect desirability: F(1, 35)=0.67, p>0.4, ,°=0.02; main effect group: F(1,

35)=0.53, p>0.4].

In our previous study on healthy participants, we analyzed the association between estimation
errors and updates since formal learning models suggest that updates rely on error signals (i.e., the
differences between expectations and outcomes) (Sharot ef al. 2011). The strength of the association
between estimation errors and updates is indicative of an optimistic bias in healthy individuals.
Specifically, for desirable information estimation errors are more closely tied to updates than for
undesirable information. Given these previous results in healthy individuals, we expected, similarly as for
updates, a desirability by group interaction of the strength of the association between estimation errors
and updates. For each participant, we calculated the correlation between estimation errors and updates
separately for desirable and undesirable trials. There was a significant desirability by group interaction
[mean Fisher-transformed Pearson correlation coefficients revealed an interaction of desirability by group:
F(1, 35)=4.19, p=0.048, np2=0.1 1; main effect desirability: F(1, 35)=26.9, p=0.001, r]p2=0.43; main effect
group: F(1, 35)=2.96, p=0.094, np2=0.08; Table 3]. This further suggests that belief updating shows a less

optimistic pattern in MDD patients compared with healthy controls.

Relation of differential updating to MDD symptoms

Next, we sought to test whether the update bias, i.e. the difference between updates for desirable versus
undesirable information, was related to depressive symptoms as measured by BDI scores (Fig. 2b). BDI
scores correlated negatively with the update bias across MDD patients (Pearson’s r=-0.50, p=0.036), but
no significant correlation emerged for healthy controls (r=-0.001, p=0.996), for which the range of BDI

scores was limited. Thus, MDD patients with more severe symptoms showed less optimistic updating and
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more pessimistic updating (i.e. updating more in response to undesirable information compared with

desirable information).

To elucidate whether group differences in update bias are potentially independent from
depression severity, we tested whether group differences remain when partialling out BDI scores. We
conducted a hierarchical regression analysis across all participants entering update bias as the dependent
variable. As independent variables, we entered BDI scores on the first level and group membership on the
second. BDI scores significantly predicted update bias [F(1,35) = 8.41, p=0.006] but group membership
explained no additional variance beyond BDI scores [Fupange(1,34) = 0.00, p>0.9], suggesting that

differential updating is not independent of depression severity.

Additional analyses: relation of differential updating to participants’ characteristics and task-related

variables

To test whether the update bias was related to demographic characteristics, mood states, task-related
variables, or subjective scales, we conducted a step-wise linear regression analysis entering update bias as
the dependent variable. As independent variables we entered group membership, BDI, and their
interaction, along with age, gender, education, presence of comorbid anxiety disorder, medication status,
verbal IQ, LOT-R scores, initial mood scores (Table 1), and differential measures (desirable minus
undesirable) of memory errors, reaction times, estimation errors, as well as differential scores on all
subjective scales (vividness, familiarity, prior experience, arousal, negativity, controllability, Table 3).
The model that best predicted differential updating only included the interaction of group membership
with BDI [F(1,35) = 8.60, p=0.006]. Demographic characteristics, mood states, task-related variables or
subjective scales were not retained in the stepwise regression. That is, the update bias was influenced by

whether participants were healthy or depressed and BDI predicted the update bias in MDD patients.

In addition, we specifically analyzed the relationship between update bias and LOT-R scores.
In MDD patients, LOT-R scores correlated with the update bias (r=-0.52, p=0.027), but LOT-R scores did
not explain additional variance beyond BDI in a hierarchical regression [Fopang(1, 15)=1.107; p>0.3]. In

healthy controls, LOT-R scores did not correlate significantly with the update bias (r=-0.19, p>0.4).
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Additional analyses: comparison of initial estimates between MDD patients and healthy controls

In accord with the general pessimistic tendency of MDD patients, MDD patients initially estimated their
overall probability of experiencing adverse life events as greater than healthy controls [(MDD patients:
first estimate = 39.9 (8.20); healthy controls: first estimate = 31.5 (7.47); #(35)=3.3, p=0.002)]. MDD
patients overestimated their probability of experiencing negative life events in relation to the average
frequencies for a demographically similar population, i.e. mean estimation errors (first estimation minus
probability presented) were positive and significantly different from zero [estimation error: mean = 10.4,
SD =8.18 ; (17)=5.4, p<0.001]. This was not the case for healthy controls (estimation error: mean =

1.80, SD = 7.40; #(18)=1.1, p>0.3). Mean estimation errors differed between groups [#(35)=3.3, p=0.002].

Since MDD patients were more pessimistic overall compared with healthy controls, the number
of overestimations (desirable trials) and the number of underestimations (undesirable trials) differed
between the two groups. Specifically, there was a significant desirability (desirable/undesirable) by group
interaction of the number of trials [interaction desirability by group: F(1, 35)=13.6, p<0.001, ;7p2=0.28;
main effect desirability: F(1, 35)=9.40, p=0.004, r]p2=0.21; Table 3]. For MDD patients the number of
trials with desirable information was greater than the number of trials with undesirable information
[#(17)=4.6, p<0.001] because they overestimated the probabilities more often than they underestimated
them. For healthy controls the number of trials with desirable and undesirable information did not differ
[#(18)=-0.46, p>0.6]. Furthermore, the interaction was characterized by MDD patients receiving desirable
information on more trials and undesirable information on less trials than healthy controls [desirable:
#(35)=3.54, p=0.001; undesirable: #35)=-3.80, p<0.001]. There was no group difference in the overall

number of trials [main effect group: F(1, 35)=0.25, p>0.6, np2=0.0 1].

Taken together, even though MDD patients received more desirable information than healthy
individuals (and thus had more opportunities to change their beliefs in an optimistic direction), MDD

patients showed no evidence for optimistically biased updating.

Additional analyses: memory, subjective rating scales, framing, and reaction times
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Differences in updating are not be explained by differences in memory for the presented probability, by
differences in subjective ratings of events, or by differences related to the framing of the presented
probability. Specifically, we asked participants to recollect the presented probability of the event
happening and computed memory errors for each event as the absolute differences between participants’
recollection and the probabilities presented. There was no significant desirability by group interaction for
absolute memory errors [interaction desirability by group: F(1, 35)=1.46, p>0.2, np2=0.04; main effect
desirability: F(1, 35)=0.52, p>0.4, ;7p2=0.02; main effect group: F(1, 35)=0.08, p>0.7, ;7p2=0.00; Table 3].
Additionally, we asked participants to rate all negative events on six scales for vividness, familiarity,
prior experience, emotional arousal, negativity, and controllability. There was no significant desirability

by group interaction of any of these measures (all p>0.1; see Table 3 for significant main effects).

To control for framing effects (effects due to information being presented in a positive or
negative context) we asked participants to estimate how likely the events were to happen on half of the
trials and how likely they were not to happen on the other half of the trials. In a frame (happen/not happen)
by desirability by group ANOVA only the desirability by group interaction reached significance [F(1,
34)=5.74, p=0.022, ;7p2=0. 14; all other main effects and interactions: p>0.1; one healthy participant had to
be excluded from this analysis because there were no trials in the desirable-happen condition]. Thus, the

framing of the estimates had no effect on updating behavior.

Reaction times for the first estimate did not show significant main effects of desirability or
group (all p>0.1) but a significant interaction [F(1, 35)=5.98, p=0.020, ;7p2=0. 15; Table 3]. The
interaction was characterized by healthy controls being slower for estimates for which they subsequently
received desirable information compared with estimates for which they subsequently received undesirable
information [#(18)=-0.46, p=0.006]. This was not the case for MDD patients (p>0.3). Reaction times for

the second estimate showed no significant main effects or interaction (all p>0.5; Table 3).

Nevertheless, differential measures (desirable minus undesirable) of memory errors, scores on
all subjective scales, and reaction times were included in the step-wise linear regression analysis
described above, which revealed that only the interaction of group membership with BDI was retained in

the model that best predicted differential updating.
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Discussion

We show an absence of optimistic bias in belief updating in depressed individuals and this absence
correlated with their symptom severity. Healthy individuals updated their beliefs more when presented
with desirable information about the likelihood of experiencing adverse life events relative to undesirable
information. In contrast, updating from desirable versus undesirable information correlated with symptom
severity in MDD patients: Less severely depressed individuals showed a positive bias but more severely
depressed individuals showed a negative bias (i.e., they update more from undesirable compared with
desirable information). Overall, this resulted in an absence of updating asymmetry across our sample of
depressed individuals. Note that both groups were responsive to the information presented in the task and
updated their estimates accordingly. The key difference between the groups was that while controls
showed a valence-dependent updating bias, the MDD group did on average show an absence of this bias.
This lack of biased updating in MDD patients was due to reduced updating from desirable information

about the future.

The observed pattern was selective for updating behavior (i.e., memory for the information
presented and subjective ratings of the events did not show interactions between the two groups and the
desirability of the information). The current results in healthy individuals replicate our previous findings
(Sharot et al. 2011; Sharot et al. 2012a; Sharot ef al. 2012b) in a German sample and are in line with
studies demonstrating that healthy individuals see emotionally laden future events through rose colored

spectacles (Sharot et al. 2007; Szpunar et al. 2012).

In accord with cognitive theories of depression (e.g., Beck ef al. 1979), depressed individuals
exhibited a pessimistic view of the future evident in their inflated estimates of the probabilities of
experiencing adverse events relative to controls and to the average probabilities of these events in the
population. These results are also in line with previous studies (Strunk et al. 2006; Strunk & Adler, 2009)
showing that depressed individuals expect more negative events and less positive events within the
upcoming month than healthy controls. In our task, MDD patients received more desirable and less
undesirable information because of their pessimistic views. Nevertheless, in contrast to controls, MDD
patients did not take desirable information more into account than undesirable information but showed an
absence of optimistically biased updating despite receiving more information that would warrant such an

optimistic bias. It is possible that the more optimistic expectations of healthy compared with depressed
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individuals are a result of increased responsiveness to desirable information relative to negative
information regarding the future; although cause and effect may also be reversed. Taken together, the
current study showed that depressed individuals were characterized by pessimistic expectations and the

absence of an optimistic updating bias.

Compared to many previous studies that have shown evidence for altered learning and
feedback processing (Gotlib & Joorman, 2010; Eshel & Roiser, 2010), our study is more directly related
to the research on positivity biases in healthy individuals. That is participants in our study received
explicit information about the personal probability of future life events whereas participants in previous
studies typically received outcomes in the form of performance feedback, reward, or punishment (e.g.,
Steele et al. 2007; Huys et al. 2009; Chase ef al. 2010; Robinson et al. 2012). Using information about
future life events, we show that the updating behavior of the MDD patients was less responsive to
desirable information relative to controls, but similarly responsive to undesirable information. Therefore,
the updating behavior of the MDD patients in our task seems to be better described by a lack of a
positivity bias than by notions of general emotional blunting as discussed in previous studies (see Eshel &

Roiser, 2010).

Testing whether the updating bias shown by healthy individuals is adaptive indeed is beyond
the remit of the present study. However, the relative absence of optimistically biased updating in MDD
needs to be considered in the context of previous research suggesting that positivity biases can be
adaptive for mental and physical health as well as economic success (Taylor & Brown, 1988; Scheier &
Carver, 1992; Taylor & Brown, 1994; Weinstein & Klein, 1995; Peterson, 2000; Armor & Taylor, 2002;
Haselton & Nettle, 2006; Leary, 2007; Puri & Robinson, 2007; McKay & Dennett, 2009; Varki, 2009;
Johnson & Fowler, 2011; Sharot, 2011). For example, all else being equal it seems that optimists live
longer, recover faster from diseases (see Rasmussen et al. 2009 for review), and earn more (Puri &
Robinson, 2007). This needs to be weighted by evidence that extreme optimists do engage in unhealthy
and risky behavior such as smoking and failing to save for retirement (see Sharot, 2011 for review; Puri &
Robinson, 2007). Mild to moderate positivity biases may exert an adaptive effect in at least three ways.
Positive beliefs can reduce stress and anxiety (Solberg Nes & Segerstrom, 2006). They can enhance a
motivation to obtain desired goals. For example, optimists exercise more and work harder (see Sharot,

2011 for review; Puri & Robinson, 2007). Furthermore, positive beliefs enhance exploratory behavior that
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can enhance individual and group success (see Sharot, 2011 for review). In the context of MDD, recent
research suggests that depressed individuals benefit from therapy approaches that focus on inducing
positive biases such as positive psychology interventions (Sin & Lyubomirsky, 2009) and cognitive bias

modification (Hallion & Ruscio, 2011).

Future studies are needed to determine the generality of our findings in a larger sample that
includes more male participants as well as determine possible influences of medication and comorbidity
on the observed updating behavior. Importantly, we emphasize that the current study examines biased
updating for negative but not for positive life events. Previous studies have shown that a similar updating
bias exists in healthy individuals when they learn about positive stimuli (Eil & Rao, 2011; Méobius ef al.,
2011; Wiswall & Zafar, 2013; Korn et al., 2012), but whether such a lack of bias exists in MDD patients

for positive events is an empirical question that needs to be tested.

The optimistic updating pattern described for healthy participants in our task might be
associated with resilience to depression. Our study does not address whether altered information
processing has a causal role in MDD. Longitudinal studies are needed to establish whether an absence of
optimistically biased processing precedes the onset of depressive episodes and whether an increase in
optimistic updating predicts treatment effects. Future studies will also be critical in examining whether
techniques that enhance updating from desirable information and/or techniques that reduce updating from
undesirable information might be beneficial in the treatment of depression. Our results provide a starting
point for such investigations by suggesting that an absence of optimistically biased belief updating of

information regarding future life events may be relevant for mental health.
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Fig. 1. Paradigm

(a) On each trial participants were presented with a short description of one of 70 adverse life events and
asked to estimate how likely this event was to occur to them in their life time. They were then presented
with the average probability of that event occurring to a person living in the same sociocultural
environment. The second session was the same as the first session, except that the average probability of
the event to occur was not presented again. For each event an update term was calculated as the difference
between the participants’ first and second estimations. (b-c) Examples of trials for which the participant’s
estimate was (b) higher or (¢) lower than the average probability. Here, for illustration purposes, the thick
black and grey frames denote the participant’s response (either an overestimation or underestimation,
respectively). The black and grey filled boxes denote information that calls for an adjustment in an (b)

desirable (optimistic) or (¢) undesirable (pessimistic) direction.
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Fig. 2. Updating behavior

(a) In the healthy group absolute mean updates were greater on trials where participants received
desirable information than on trials where they received undesirable information. This bias
was absent in the MDD group.

(b) Relation between BDI scores and update bias (desirable minus undesirable) in MDD

patients.

Error bars indicate SEM.

Table 1. Demographic and clinical characteristics of participants; Multidimensional Mood State

Questionnaire (MDBF, Mehrdimensionaler Befindlichkeitsfragebogen)

Significant
effects
Characteristic Healthy controls MDD patients (»<0.05)
n 19 18
Female sex 15 12
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Age, years 26.5 (6.61) 29.1 (7.06)
Education, years 17.1 (3.46) 15.4 (3.25)
Verbal 1Q (WST) 109.84 (7.42) 105.5 (11.8)
LOT-R 16.6 (3.98) 8.3 (4.89) g
BDI 4.3 (3.56) 32.6 (7.96) g
HAMD-21 - 24.7 (6.95)
Comorbid anxiety disorder 0 8
Medication 0 13
Psychiatric hospitalization 0 11
Significant
effects
Healthy controls MDD patients
(p<0.05)
Mood state questionnaire* Pre-task Post-task Pre-task Post-task
Good mood — bad mood 32.8 (5.94) 33.4 (5.51) 20.3 (6.49) g, pre, post
Awake — tired 28.8 (6.41) 29.0 (7.05) 20.3 (6.68) g, 1, post
Calm — agitated 32.2(5.76) 32.7 (5.40) 19.9 (6.03) g, pre, post

Data are given as mean (standard deviation) unless otherwise specified.
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Verbal 1Q (WST), Wortschatztest, a vocabulary test implemented in the HAWIE-R (German adaptation

of the Wechsler Adult Intelligence Scale); LOT-R, Life Orientation Test-Revised; BDI, Beck depression

inventory; HAMD-21, Hamilton Depression Scale.

* Data from two healthy controls were not collected post-task on the mood state questionnaire.

¢ Significant group difference or significant main effect: group (p<0.05).

'Significant interaction between time and group (p<0.05).

pre

Significant difference between group in pre-task condition (p<0.05).

P! Significant difference between group in post-task condition (p<0.05).

Table 2. List of stimuli

English original

German translation

abnormal heart rhythm

age related blindness

Alzheimer's disease

appendicitis

arteries hardening (narrowing of blood vessels)

artificial joint

asthma

autoimmune disease

back pain
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Herzrhythmusstérungen

Altersblindheit

Alzheimer-Erkrankung

Blinddarmentziindung

Arteriosklerose (Verkalkung der BlutgefédB3e)

kiinstliches Gelenk

Asthma

Autoimmunerkrankung

Riickenschmerzen



being cheated by husband/wife

being convicted of crime

being fired

bicycle theft

blood clot in vein

bone fracture

cancer

(of digestive system/lung/prostate/breast/skin)

car stolen

card fraud

chronic high blood pressure

chronic ringing sound in ear (tinnitus)

death before 60

death before 70

death before 80

death by infection

dementia

diabetes (type 2)

disease of spinal cord

divorce

212

Ehemann/Ehefrau geht fremd

fiir ein Verbrechen verurteilt werden

Gefeuert werden

Fahrraddiebstahl

Thrombose

Knochenbruch

Krebserkrankung (Magen/Darm/Lunge/Prostata/Brust/Haut)

Autodiebstahl

Bank-/Kreditkartenbetrug

chronischer Bluthochdruck

Tinnitus (Ohrgerdusche)

Tod vor dem 60. Lebensjahr

Tod vor dem 70. Lebensjahr

Tod vor dem 80. Lebensjahr

Tod durch Infektion

Demenz

Diabetes (Typ 2)

Erkrankung der Wirbelsdule

Scheidung



domestic burglary

drug abuse

epilepsy

eye cataract (clouding of the lens of the eye)

fraud when buying something on the internet

gallbladder stones

genital warts

gluten intolerance

having a stroke

having fleas/lice

heart failure

hepatitis A or B

hernia (rupture of internal tissue wall)

herpes

house vandalised

household accident

infertility

irritable bowel syndrome (disorder of the gut)

kidney stones

knee osteoarthritis (causing knee pain and swelling)
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Einbruch in Haus/Wohnung

Drogenabhingigkeit

Epilepsie

Grauer Star (Linsentriibung)

Betrug bei Internetkauf

Gallensteine

Genitalwarzen

Glutenunvertréglichkeit

Schlaganfall

Flohe/Liuse haben

Herzversagen

Hepatitis A oder B

Eingeweide- oder Leistenbruch

Herpes

Haus/Wohnung wird mutwillig beschédigt

Haushaltsunfall

Unfruchtbarkeit

Reizdarm

Nierensteine

Kniearthrose



limb amputation

liver disease

migraine

more than £30000 debts

obesity

osteoporosis (reduced bone density)

Parkinson's disease

restless legs syndrome

serious hearing problems

severe injury due to accident (traffic or house)

severe teeth problems when old

skin burn

sport related accident

theft from person

theft from vehicle

ulcer

victim of mugging

victim of violence at home

victim of violence by acquaintance

victim of violence by stranger
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Amputation von Bein oder Arm

Lebererkrankung

Migréne

Schulden iiber 50,000 Euro

Fettleibigkeit

Osteoporose (Knochenschwund)

Parkinson-Erkrankung

Syndrom der ruhelosen Beine

schwere Horprobleme

schwere Verletzungen durch Unfall zu Hause oder im

StraBenverkehr

schwere Zahnprobleme im Alter

extremer Sonnenbrand

Sportunfall

Opfer von Taschendieben

Diebstahl aus dem Fahrzeug

Magen-/Darmgeschwiir

Opfer eines Uberfalls auf der StraBe

Opfer von héuslicher Gewalt

Opfer von Gewalt durch einen Bekannten

Opfer von Gewalt durch einen Fremden



victim of violence with need to go to A&E Gewaltopfer mit Notaufnahmenaufenthalt

witness a traumatising accident Zeuge eines traumatisierenden Unfalls

Events used during the training sessions

dying before 90 Tod vor dem 90. Lebensjahr

glaucoma Griiner Star

Table 3. Task-related variables, subjective scales, memory, reaction times

Healthy controls MDD patients Significant
effects
Desirable Undesirable Desirable Undesirable (p<0.05)
Task-related variables
Number of trials 32.9 (8.48) 34.6 (8.23) 43.0 (8.97) 24.2 (8.54) v,i,d, u
Number of trials excluded due to missed 0.68 (1.20) 1.28 (1.78)
answers
Number of trials excluded due to estimation 1.79 (1.18) 1.50 (1.29)
errors of zero
Updates 11.96 (6.84) 5.55 (4.81) 7.76 (4.26) 7.65 (4.37) v, i, d

215



Estimation errors

Pearson correlation coefficients (Fisher-

transformation): updates and estimation errors

Memory errors

Reaction time 1* estimate, ms

Reaction time 2™ estimate, ms

Subjective scales: (1) low — (6) high

Vividness

Familiarity

Prior experience

Emotional arousal

Negativity

Controllability

22.45 (5.65)

0.71 (0.31)

15.05 (6.26)

2483 (561)

1993 (613)

3.34 (0.73)

3.34 (0.721)

1.30 (0.19)

3.57 (1.00)

4.26 (0.67)

2.86 (0.85)

17.92 (2.45)

0.28 (0.35)

13.62 (4.01)

2325 (529)

1917 (592)

2.92(0.72)

2.90 (0.79)

1.16 (0.14)

3.40 (0.92)

4.23 (0.64)

3.13(0.77)

25.98 (6.66)

0.44 (0.26)

14.68 (7.39)

2434 (831)

1944 (745)

3.72 (0.57)

3.78 (0.54)

1.59 (0.29)

3.65 (0.85)

4.06 (0.59)

2.62 (0.60)

17.86 (3.33)

0.26 (0.32)

15.04 (5.93)

2520 (739)

1874 (780)

3.10 (0.55)

3.42 (0.66)

1.37 (0.28)

3.53 (0.64)

3.98 (0.67)

3.09 (0.63)

v,g,d,u

V’ g’ d’ u

Data are given as mean (standard deviation).

¥ Significant main effect: valence (p<0.05).

¢ Significant main effect: group (p<0.05).

"Significant interaction between valence and group (p<0.05).

4 Significant difference between group in desirable condition (p<0.05).

" Significant difference between group in undesirable condition (p<0.05).
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