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ABSTRACT

Moral Idiosynchrony: Variability in Naturalistic Complexity

Modulates Intersubject Representational Similarity in Moral Cognition

by

Frederic René Hopp

In daily life, moral judgments are embedded in dynamic, complex, and
contextualized environments. As we reason about morally right or wrong behaviors, our
personal history shapes how we judge who did what to whom, where, when, and why. Yet,
surprisingly little is known about how individual differences in moral dispositions modulate
shared neural response patterns when processing increasingly complex moral scenarios.
Consequently, we herein examine brain-behavior-trait coherence in moral cognition across
three datasets of increasing naturalistic complexity. Applying intersubject representational
similarity analysis, we demonstrate how between-subject variability in moral dispositions
modulates similarity in neural responses when processing decontextualized moral vignettes,
auditory movie summaries, political attack advertisement, soap opera clips, and full-length
movies. Our approach highlights how brain-behavior-trait relationships during moral
cognition are shaped by paradigm choice, and provides a reference for conducting research
at the intersection of socio-moral cognition, communication science, and naturalistic

neuroimaging.
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Introduction

In daily life, the human mind integrates myriad sources of sensory information when
judging an act as morally right or wrong. Did the cook knowingly serve rotten food or was it
an accident? Is torture justifiable when it saves innocent lives? Do | yell at the referee when
his false call leads to the win of my son’s hockey team? Pondering on these questions
reveals that moral judgment is influenced by a host of exogenous information embedded in
our environment, including our social context (Yudkin et al., 2021) and cues about a
perpetrator’s mental state (Young & Saxe, 2008), character (Inbar et al., 2012; Uhlmann et
al., 2015), group affiliation (Eriksson et al., 2019; Voelkel & Brandt, 2019), race and gender
(Hester & Gray, 2020), and intention (Koster-Hale et al., 2013; Schaich Borg et al., 2006;
Young & Saxe, 2009). In addition, moral judgment is also shaped by endogenous
information that reflects our current homeostatic states (Crockett et al., 2008), past
socialization and environmental pressures (Garten et al., 2019; Graham et al., 2009; van
Leeuwen et al., 2014), and future aspirations (Berman & Kupor, 2020). The integration of
both exogenous and endogenous information allows us to meaningfully judge if an observed
behavior is morally right or wrong (Schein, 2020).

In view of this multidimensional nature, recent calls (Hester & Gray, 2020; Redcay &
Moraczewski, 2020; Schein, 2020) debate the ecological validity of highly controlled,
decontextualized experimental paradigms that form the pillars of moral psychology (Greene
et al., 2001; Greene & Haidt, 2002; Shenhav & Greene, 2010; Wasserman et al., 2017,
Young & Dungan, 2012). While these paradigms have instrumentally driven the
“localizationist” objective of assigning specific aspects of moral judgment to discrete brain
regions, the abstract and impoverished nature of trolley problems and vignettes of “raceless,

genderless strangers” (Hester & Gray, 2020) rarely simulate the dynamic, complex, and
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multimodal information that shapes everyday moral cognition. To better capture real-life
sensory experience, cognate areas in the neurosciences have started using more
“naturalistic” paradigms, which generally refer to “rich, multimodal dynamic stimuli that
represent our daily lived experience, such as film clips, TV advertisements, news items, and
spoken narratives, or that embody relatively unconstrained interactions with other agents,
gaming environments, or virtual realities.” (Sonkusare et al., 2019). Particularly when
contextual information matters (Mclntosh, 2004), naturalistic stimuli can greatly
complement controlled, abstract task-based paradigms. Evidence for the contextual
embeddedness of moral information is ample (Schein, 2020), yet naturalistic paradigms
within moral psychology remain scarce (Adebimpe et al., 2019; Pegado et al., 2018). This
slow adoption may be attributed to the challenge of (i) defining and capturing the latent,
complex dynamics of morally relevant content embedded in naturalistic stimuli (Hopp,
Fisher, & Weber, 2020; Hopp, Fisher, Cornell, et al., 2020; Weber et al., 2018) and (ii)
jointly modelling the exogenous and endogenous information brought forth by combining
naturalistic stimuli with neural activity and behavior (Turner et al., 2019).

We introduce a research framework for tackling these challenges. We start by
highlighting the promise of character-driven narratives as naturalistic stimuli for studying
how exogenous and endogenous information shape neural representations of moral
cognition. Thereafter, we present content-analytic methodologies for extracting morally
relevant information from narratives and discuss techniques for continuously interrogating
moral cognition during narrative processing. Subsequently, we apply intersubject
representational similarity analysis (IS-RSA) to examine shared structure in neural
representations of moral information across three datasets of increasing naturalistic

complexity. Specifically, we demonstrate how between-subject variability in moral traits



and behavior drives similarity in neural response patterns when processing experimentally-
controlled moral vignettes and narrated movie summaries; naturalistic audiovisual political
attack advertisements; clips from a popular U.S. TV soap opera, and full-length movies. We
envision that our proposed framework pushes scientific progress beyond moral judgment,
providing a reference for conducting advanced standardized research at the intersection of

socio-moral cognition, communication science, and naturalistic neuroimaging.

Narratives as Paradigm in Moral Neuroscience

Narratives have become essential stimuli for advancing neuroscientific research
(Nastase, Liu, Hillman, Zadbood, et al., 2020; Willems et al., 2020). The inherent structure
of narratives enables examinations of how the brain processes complex streams of sensory
information, including social networks among characters and dynamic events that cause and
are caused by multiple agents’ actions (Baldassano et al., 2018). From a computational
perspective, narratives simulate humans’ natural experience by presenting arrays of events
in a temporally sequenced, causally related order (Mar & Oatley, 2008), thereby providing a
more ecologically valid assessment of how the human brain operates “in the wild” (Speer et
al., 2009). At the same time, narratives can be constructed and edited to isolate or control
some aspect of scientific interest (Chang et al., 2020; Tamborini et al., 2013; Zillmann &
Cantor, 1977), making them amenable for use in experimental settings. In what follows, we
argue that narratives are especially powerful tools for advancing the study of moral
cognition (Kelly & O’Connell, 2020). While narratives exists in different types and forms,
we understand narratives as “cohesive and coherent stor[ies] with an identifiable beginning,
middle, and end that provide information about scene, characters, and conflict; raise

unanswered questions or unresolved conflict; and provide resolution” (Hinyard & Kreuter,



2007, p. 778). Paradigmatic examples are novels, screenplays, and movies, whereas we do

not consider computer code or instruction manuals as narratives.

Narratives Feature Contextualized Moral Information

In many ways, narratives provide a continuous array of contextually embedded moral
cues. Within this input stream, characters are the central carrier of morally relevant
information (Tamborini, 2013; Zillmann, 2002). Characters are frequently driven by moral
and immoral motivations to achieve their goals (Eden et al., 2021), and are placed in settings
that foster or constraint moral behavior. In addition, characters experience consequences for
their moral actions in the form of rewards and punishments (Weber, Tamborini, et al., 2008),
and hence serve as important models for vicarious moral learning (Bandura, 2001).
Moreover, characters frequently face realistic moral conflicts and dilemmas (Hopp, Fisher,
& Weber, 2020), where either some moral norm must be violated to uphold other norms, or
egoistic and altruistic motivations clash (Tamborini & Weber, 2020). In contrast to abstract
agents, characters inherit many human features that modulate moral judgment in real-life,
spanning visual (e.g., age, sex, race), social (e.g., power, status), mental (e.g., empathy,
psychopathy), and relational (e.g., ally versus enemy) attributes (for an overview, see Hester
& Gray, 2020). Screenwriters and directors often make the moral makeup of characters
hypersalient to facilitate engaging storytelling (McKee, 1997). In this sense, narratives
provide key contextual information that exists in the background of real-word moral
decision-making. Thus, narratives may serve as an even richer sampling space of moral
scenarios in contrast to everyday experience. At the same time, not all narratives
prominently feature moral information, while few might not contain any events of moral
relevance. However, mounting evidence suggests that universally appealing narratives that

engage large numbers of culturally-diverse audiences all weave a tapestry of moral truisms
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that are recognized across the globe (Weber et al., 2013). In this sense, morally relevant
narratives might not only be useful tools for understanding human moral cognition, but

indeed may unlock some of the mysteries undergirding compelling storytelling.

Narrative Processing Elicits Moral Judgment

Media psychologists have long recognized that the judgment of characters’ moral actions
is a central, continuous process undergirding narrative exposure (Weber et al., 2008),
character perception (Eden et al., 2011, 2015, 2017; Kleemans et al., 2017; Krakowiak &
Tsay-Vogel, 2015), and story appeal (Raney, 2002, 2004; Weber et al., 2008). According to
Affective Disposition Theory (ADT; Zillmann & Cantor, 1976), narrative consumers act as
“untiring moral monitors” (Zillmann, 2000, p. 54), who continually evaluate the moral
actions of characters. As the experienced story unfolds, audiences form affective (i.e.,
positively or negatively valenced) dispositions towards characters based on the perceived
moral rightness or wrongness of their actions: Positive affective disposition are developed
towards characters whose behavior conforms to audiences’ moral sensitivities, whereas
negative affective dispositions are formed towards characters whose actions violate moral
norms. In turn, audiences frequently select and enjoy stories where positively evaluated
characters are rewarded and negatively appraised characters are punished (Raney, 2002,
2004; Weber et al., 2008). Moreover, stereotypical, visual cues associated with heroes and
villains evoke character-consistent moral judgments absent character behaviors (Grizzard et
al., 2018), resembling person-centered moral judgments that emphasize someone’s identity
over their actions (Uhlmann et al., 2015). Furthermore, these character-schema activations
are magnified by the presence of an opposing character, and schema-based moral judgments
can bias approbation of behaviors and subsequent moral judgments of characters (Grizzard
et al., 2018). In addition, there exist networked interdependencies that guide moral judgment

5



during narrative exposure, such that affective dispositions formed toward one character are
interdependent with affective dispositions formed toward others (Grizzard et al., 2020).
Although a full review of how moral judgment operates during narrative exposure is beyond
the scope of this work (for excellent summaries, see Tamborini, 2013; Zillmann & Vorderer,
2000), our point is that narrative exposure does elicit moral judgments that mirror those in

daily life.

Narratives Emphasize Individual Variation in Moral Intuition

People vary in how they reach moral judgments in many ways. At the extreme, “even
when identical actors perform identical actions in identical situations, moral evaluations can
differ widely depending on who is doing the judging” (Schein, 2020; p. 210; emphasis
added). Over the last decades, moral psychology has produced numerous insights how
individual differences or situational factors modulate moral judgment (Hester & Grey,
2020). Narratives hold great potential to connect to this research, highlighting how the
processing of dynamic, exogenous moral information is modulated by endogenous moral
sensitivities. For example, individuals’ moral intuition salience—the relative weight
attributed to moral norms as a result of socialization processes (Graham et al., 2011) —
predict narrative genre preferences (Bowman et al., 2012), character perception (Grizzard et
al., 2018; Grizzard et al, 2019), story appeal (Tamborini et al., 2013), and even intercoder
reliabilities in moral content codings (Weber et al., 2018). In addition, the dynamic and
contextual nature of narratives may reveal individual differences in moral cognition that
remain undetected when using static, decontextualized stimuli: Someone might strongly
endorse principles of loyalty at an abstract level, while fully approving a character who
commits an act of whistleblowing for scientific fraud (Schein, 2020). Here, the narrative

context reveals that loyalty to whom is key. From a cognitive perspective, evidence suggests
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that the brain may simply be more “tuned” to naturalistic than artificial stimuli: for example,
the addition of natural, biological motion to facial stimuli increases the strength of cortical
responses even in those regions, such as the fusiform gyrus, that classically respond to static
faces (Schultz & Pilz, 2009). Accordingly, individual differences at both the neural and
behavioral level may be accentuated when increasing the naturalistic complexity of moral
stimuli. Indeed, mounting research demonstrates that naturalistic, in contrast to controlled,
static paradigms, outperform the detection of individual differences (Chang et al., 2021;

Chen et al., 2019; Finn et al., 2018, 2020; Finn & Bandettini, 2021; Vanderwal et al., 2017).

Extracting Moral Information From Narrative Content and Cognition

Narratives contain a rich moral sampling space for interrogating human moral cognition.
Our understanding of how the human brain processes, integrates, and responds to morally
relevant narratives is therefore fundamentally constrained by our understanding of the
contextually embedded moral content in narratives (Hopp, Fisher, & Weber, 2020; Hopp,
Fisher, Cornell, et al., 2020; Weber, 2008; Weber et al., 2018) and our confidence that
observed neural responses during narrative perception reflect underlying moral
computations (Krakauer et al., 2017). In the following, we argue that overcoming both
challenges requires (i) a methodical, theoretically-informed content analysis of moral
content, and (ii) behavioral measurements that tap into moral cognition during narrative

processing.

The Seven Pillars of Moral Content

Extracting latent, contextually embedded moral content is a challenging task, calling for
methodical, fine-grained, and theoretically informed content analysis (Weber et al., 2018).

Failure to adequately embrace the complexity of moral content would otherwise re-introduce



several limitations that dynamic, multimodal naturalistic stimuli aim to overcome (Hopp &
Weber, 2020). A holistic account of moral content in narratives begs the question: Who,
does what, when, to whom, with what reason and what intention, and with what
consequence? Capturing the components of this “moral arc” in narratives is instrumental for
making informed predictions about neural responses to morally salient events. Moreover,
while the detection of narrative agents (who and whom) at a particular time point (when) is a
rather manifest task, defining and capturing what constitutes a moral act (what), and
determining the reasons and intentions (why) and outcomes (consequence) of this act
requires more nuanced, theoretically-informed definitions.

The majority of research in the communication literature examining the types of moral
acts that are represented in narratives has relied on the Model of Intuitive Morality and
Exemplars (MIME, Eden et al., 2021; Tamborini, 2013; Tamborini & Weber, 2020). The
MIME defines morality by largely relying on Moral Foundations Theory (MFT; Haidt,
2007; Graham et al., 2012), which conceptualizes morality with regard to five moral
foundations: The individualizing foundations spanning Care/harm (involving intuitions of
sympathy, compassion, and nurturance) and Fairness/cheating (including notions of rights
and justice), as well as the binding foundations spanning Loyalty/betrayal (supporting moral
obligations of patriotism and “us versus them” thinking), Authority/ subversion (including
concerns about traditions and maintaining social order), and Sanctity/degradation (including
moral disgust and spiritual concerns related to the body). A sixth foundation—
Liberty/oppression (an intuition about the feelings of reactance and resentment people feel
toward those who dominate them and restrict their liberty)—is still under consideration (see
http://moralfoundations.org). Guided by the MIME, Weber and colleagues (2018)

demonstrated that a large crowd of human coders, appropriately trained in MFT and using



an intuitive annotation tool, yield the most reliable and valid codings of moral foundations in
textual narratives. While Weber and colleagues did not specifically code for the motives
behind moral actions, several validated measures exist to relate intentions of agents and
targets (e.g., benefit or harm to self (agent) or others (target); NTVS, 1996). The coding of
characters’ consequences has mostly relied on ratings of outcome valence (e.g., from
extremely good to extremely bad; Tamborini et al., 2013; Weber et al., 2008). In addition to
manual content annotations, recent research has utilized advancements in natural language
processing and social network analysis to computationally detect moral communities in
character networks of movie scripts (Hopp, Fisher, & Weber, 2020), and automated the

detection of moral foundations in textual corpora (Hopp, Fisher, Cornell, et al., 2020).

Triangulating Moral Cognition During Narrative Processing

Defining the morally salient events embedded in narrative is a necessary, but insufficient
step for understanding moral cognition during narrative processing. Even if content features
labelled as “morally relevant” elicit neural responses in brain networks associated with
moral cognition, the myriad dynamic and sensory inputs received during narrative
perception presage reverse inference errors (Poldrack, 2011). In addition, neural responses
alone cannot reveal the semantic and valenced appraisal of morally relevant characters and
events, which is crucial for understanding the underlying moral computation that preceded
neural activation patterns. Hence, neural responses must be complemented with behavioral
measurements that tap into these moral appraisals (Krakauer et al., 2017; Turner et al.,
2019). These behavioral measurements are typically static (following narrative exposure) or
dynamic (during narrative exposure). Static measures may retrospectively interrogate
perceived character morality (Grizzard et al., 2019) and character outcomes (Weber et al.,

2008). In contrast, dynamic measurements provide time-locked, moment-by-moment
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assessments of select stimuli features. For example, continuous response measurements
(CRM; Biocca et al., 1993) have been used to dynamically rate stimuli’s valence and arousal
(Nummenmaa et al., 2012), but may equally be used to continually index moral judgments
of characters. Furthermore, think-aloud and free-recall paradigms have been administered to
survey individuals’ thoughts and interpretations during narrative exposure (Nguyen et al.,
2019; Weber, 2008). Responses can subsequently be content-analyzed to determine moral
appraisals. In addition, individuals’ facial expressions may reveal several dimensions of
their emotional states (Ekman, 1993). As recent advancements in the field of affective
computing have yielded impressive progress in automatically detecting facial expressions
from videos (Cheong et al., 2021), analyzing facial expressions during narrative
consumption may provide novel insights into elicited affective experiences (Chang et al.,
2021, Mangus, 2016). Although the application of static or dynamic measurements depends
on the research question, a particular strength of dynamic measures is their shared temporal
resolution with neural recordings (i.e., continuous, moment-by-moment), which affords a

more straightforward mapping between behavioral and neural responses.

Joint Modeling of Moral Information Across Stimuli and Individuals

We reviewed empirical evidence highlighting that exogenous and endogenous factors
modulate the observed correlates of moral cognition during narrative processing at
behavioral and neural levels. Accordingly, we examine moral information across three levels
of analysis: 1) stimulus and content; 2) individual differences in traits and behavior; and 3)
individual differences in neural patterns. On the first level, our analyses focus on narratives
that primarily describe characters who violate particular moral foundations (e.g., care,
fairness, loyalty, authority, and sanctity). These semantically similar moral scenarios are

embedded in increasingly naturalistic environments across our datasets. On the second level,
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we examine how individual differences in traits (e.g., empathy, moral intuition salience,
political orientation) and moral judgment (e.g., moral wrongness ratings) relate to neural
patterns when processing morally relevant scenarios in increasingly contextualized
environments. On the neural level, we rely on a controlled, moral judgment task to identify
ROIs that are preferentially activated during moral judgment. By doing so, we use the same
ROIs across our datasets and analyses to enable cross-dataset comparisons. In bridging all
three levels of analysis, we pursue a central question: Which individual differences in traits
and moral judgment modulate shared neural responses when processing moral narratives,
and how is this similarity affected by the naturalistic complexity of the underlying
stimulus?

Answering this question lends itself to intersubject representational similarity analysis
(IS-RSA,; Finn et al., 2020) which allows us to examine how endogenous between-subject
variability in moral traits and judgments (behaviors) relates to similarity in neural responses
when processing exogenous morally relevant narratives that are similar in task (stimulus)
and content. Specifically, IS-RSA combines two recent developments in neuroimaging
analysis: the geometric mapping of relationships between stimulus features (here: moral
interactions), as proposed in RSA (Kriegeskorte et al., 2008), and the similarity of
computations in a specific brain region across participants, as proposed in intersubject
connectivity (Hasson, 2004; Nastase et al., 2019). Thus, IS-RSA allows us to map variations
in brain processes evoked by particular moral scenarios onto individual differences in
morally-relevant traits and behaviors, effectively testing whether neural activity associated
with moral cognition are (dis)similar for participants who are (dis)similar in traits and moral

judgment.

11



Results

We report analyses of three different datasets spanning five stimuli (tasks) that

continually increase in naturalistic complexity (Table 1). For each stimulus, we examine the

coherence between individual differences in morally-relevant traits and behavior and neural

representations as indexed by IS-RSA. Thereafter, we pool the resulting IS-RSA results to

assess how brain-behavior-trait coherence is affected by the underlying naturalistic

complexity of the stimulus.

Table 1. Overview of datasets and paradigms

Stimulus Modality Naturalism Moral Traits N
Features (Behavior)
I 1
Moral . Pol. Orient.,
Foundation Visual deigr?tré;(;t;tllicie q Empathy,
Vignettes Moral
hort. d Harm Foundation
: Short, dynamic, Cheatin Salience
Narrated Movie . ; 9
Summaries Auditory semi-- Betraygl 64
contextualized Subversion
) Degradation (Moral
Political Attack o Short, dynamic, Wrongness
Ads Audiovisual semi-- Ratings)
contextualized
| |
e, Empaty
Soap Opera L Long, dynamic, fully . (Moral
Clips Audiovisual contextualized Cg%itilglg/ Wrongness 28
Sabotage Ratings)
] |
Harm
Naturalistic . Cheating
Neuroimaging Audiovisual Lor::%, n?ggt%rglli(;e]:ju“y Betrayal T 0’::? ox 20
Database Subversion

Degradation
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Moral Foundation Vignettes

Background and Procedure

We first assessed where violations of moral foundations — the common currency across
our datasets — are encoded in the brain. To this end, we relied on moral foundation vignettes
(MFV) (Clifford et al., 2015) to identify regions of interest (ROIs) that encode moral
transgressions. In the MFV paradigm, sixty-four healthy subjects underwent functional
magnetic resonance imaging (fMRI) while judging the moral wrongness of violations of
each moral foundation and social norm transgressions as controls. The MFV feature only
sparse information about the identities of perpetrators and targets and do not provide any
reason, intention, and consequence for actions. Thus, the MFV offer a controlled paradigm

to study where decontextualized moral violations are encoded in the brain.

Behavioral Results

We find that subjects rated all vignettes pertaining to moral, compared to social, norm
violations as significantly more morally wrong (Figure 1a, top), suggesting that contrasting
subjects’ neural responses between moral versus social transgressions indeed captures
differences in moral judgment, rather than mere processing of different transgressions types
(Parkinson et al., 2011). Response times to social norm transgressions were also
significantly faster than response times to moral transgressions (Figure 1a, bottom),
suggesting that evaluations of moral, compared to social, violations elicit a deeper

evaluation of individuals” motives and actions and how they relate to one’s own values.
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Region of Interest (ROI) Analysis

We examined the neural correlates underlying the moral judgment of vignettes with a
univariate whole-brain General Linear Model (GLM), contrasting each type of moral
violation with social norm violations as controls. Activated regions were identified on the
basis of 50 nonoverlapping ROIs derived from a whole-brain parcellation using
coactivations from over 10,000 published studies (Vega et al., 2016, see Methods and
Supplemental Information, SI). This revealed neural activation in a large, dissociable brain
network observed in previous work (Figure 1b; Buckholtz & Marois, 2012; FeldmanHall &
Mobbs, 2015; Greene & Haidt, 2002; Parkinson et al., 2011; Wasserman et al., 2017; Young
& Dungan, 2012).

Notably, each contrast yielded significant (q < .05; FDR corrected) activation in the
dorsomedial prefrontal cortex (dmPFC), supporting previous research that demonstrated
consistent dmPFC activation when judging different kinds of moral transgressions
(Parkinson et al., 2011). Dorsal anterior cingulate cortex (dACC), Precuneus (PC), superior
lateral occipital complex (LOC), and V1 were also activated across all contrasts; ROIs
which also have been associated with moral judgment (FeldmanHall et al., 2014;
FeldmanHall & Mobbs, 2015; Young & Saxe, 2008). With the exception of physical care
and purity violations, the temporoparietal junction (TPJ), the anterior ventrolateral prefrontal
cortex (VIPFC), and the ventromedial prefrontal cortex (vmPFC) also showed significant
activation across each moral violation. Physical, but not emotional, harm elicited activation
in dorsal and ventral anterior insula, which have previously been linked to perception of
bodily harm (Jabbi et al., 2008; Wright et al., 2004).

To directly compare these results with prior research, we generated a brain mask via

Neurosynth (Yarkoni et al., 2011) consisting of meta-analytic activation maps from 87
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studies that contained the word “moral” in their abstract. Applying this mask to a contrast
featuring all moral scenarios versus social norms (Figure 1b, bottom), we found a direct
overlap with extant moral judgment studies in left dmMPFC and PC, right TPJ, and bilateral
angular gyrus (Table 2).
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Figure 1. Results of univariate GLM analysis for moral foundation vignettes. a. Ratings of moral wrongness
(top) and response times (bottom) across vignette conditions. Error bars denote 95% confidence intervals. b.
t-maps showing activation unique to each individualizing (blue) and binding (red) moral violation versus
social norm. All images are cluster-level corrected (FDR, g < 0.05). c. ROIls involved in the perception of the
7 types of violations versus control.

We triangulated these encoding models using multivariate pattern analyses to test
whether identified ROIs contain more fine-grained information about the categorical
divisions and representational organization of moral versus social norm violations. A

multivoxel pattern classifier was able to discriminate between moral versus social vignettes
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in all identified ROIs (SI, Figure 1), with particularly high accuracy in posterior cingulate
cortex (PCC), anterior VIPFC, and dmPFC. In addition, representational similarity analysis
(RSA,; Kriegeskorte et al., 2008) revealed a salient distinction between binding and
individualizing foundations, as well as between moral versus social norm violations in V1,
dmPFC, dIPFC, Precuneus, and dACC (SI, Figure 2-3).

Table 2. Moral vs. social norm violations masked via meta-analytic moral associations

MNI Coordinates

X y z t value Volume (mm)
Region name
L dmPFC | —2 | 52 | 38 | 4.52 | 2072
L Angular Gyrus -52 —66 24 7.97 1344
L Precuneus -2 -58 32 11.25 744
RTPJ 54 —60 24 4.17 256
R Angular Gyrus 48 12 -32 3.36 120

Note. All regions survived cluster-level correction (FDR, g < 0.05).

Taken together, these findings highlight that violations of moral foundations elicit
dissociable cortical activation patterns, providing further evidence that morality is better
understood via a pluralistic, rather than domain-general framework (Parkinson et al., 2011,
Sinnott-Armstrong, 2016; Sinnott-Armstrong & Wheatley, 2012). While dmPFC, PC, V1,
dACC, and superior LOC were involved in the judgment of all moral foundations, MVPA
demonstrated that the neural representation of each foundation in these ROIs are highly

distinguishable (SI, Figure 1).
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Intersubject Representational Similarity Analysis

We tested how intersubject variability in neural processing of MFV is related to
individual differences in traits and behavior using intersubject representational similarity
analysis (IS-RSA; Finn et al., 2020; van Baar et al., 2019). The intuition behind IS-RSA is
that participants who occupy a similar position in the individual difference space will also be
processing information about the MFV more similarly, and regions involved in these
processes should show a commensurate similarity in neural activity patterns (Chen et al.,
2020; van Baar et al., 2019). We assessed participants’ individual differences with regard to
traits that have shown reliable associations with moral judgment (Dawson et al., 2021),
including multidimensional measures of empathy (Davis, 1980) and moral intuition salience
(Graham et al., 2011), as well as political orientation (Eriksson et al., 2019; Graham et al.,
2009). In addition, we also computed individuals’ similarity for wrongness ratings of each
vignette category. One participant was discarded because this person selected the same
middle-point option across all empathy items, resulting in a total of 63 remaining subjects.

We generally predicted that individuals who scored highly in a given trait or behavioral
domain display a similar brain pattern to other high scorers, whereas low scorers will not
look particularly similar to one another or to high scorers. To operationalize this “Anna
Karenina” (AnnaK, Finn et al., 2020; see Glossary for detailed description and
interpretation) structure of similarity, we computed the mean of every subject pair’s rank on
a given subscale, and normalized by the highest possible rank. Accordingly, for empathy, we
computed four AnnaK models, reflecting individual trait differences in empathic concern
(EC), perspective taking (PT), personal distress (PD), and fantasy (FS). In addition, we also
computed the itemwise correlation (see Nearest Neighbor item-wise, Chen et al., 2020; Finn

et al., 2020) across all empathy items to test whether people who fill out a questionnaire in
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more similar ways, regardless of their summary trait scores, show similar brain activity.
Likewise, for moral intuition salience and wrongness ratings, we computed AnnaK models
for each foundation separately to test if individual differences in moral traits and behavior
predict neural similarity in a foundation-specific fashion, as well as two NN-itemwise
models comprising all moral intuition items and responses to each moral vignette item. For
political orientation, we computed both the AnnaK similarity and pairwise Euclidean
distance (see Nearest Neighbor, Finn et al., 2020) to test whether individuals of similar
political orientation — both in terms of their relative and absolute position on the scale — will
show similar brain responses.

We then searched for brain regions that showed a similar representational geometry to
these individual similarity measures in terms of the multi-voxel activity pattern correlations
between each pair of participants and for each moral vs. social contrast computed by our
GLM (Figure 1b). To reduce the search space in the brain while performing this
computation, we used the same 50-ROI whole-brain parcellation as before, and we identified
ROIs that survived Bonferroni correction (i.e., p < 0.001). Following established practices
for conducting IS-RSA1, we examined the overall distribution of IS-RSA values
(Spearman’s rhos) per individual difference model using a one-sample t-test to assess if
there is generally some level of representational similarity between brain, traits, and
behavior. Note that this does not reveal which, if any, individual nodes show significant
representational similarity, but it does show whether there is significant representational
similarity at the whole-brain level. In addition, we compared the distribution of Spearman’s
rho for ROIs preferentially activated by the moral vignettes (“moral ROIs”, Figure 1c) to

ROIs that did not show significant activation in the vignette task (“control ROIs”).

1 https://naturalistic-data.org/content/Intersubject RSA.html#comparing-different-models
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We observed that each of our individual difference measures was linked to significant
intersubject representational similarity (IS-RS) effects at the whole-brain level (SI, Figure
3). Overall, the PD dimension of empathy fit the whole-brain neural data best (t =-13.33, p
<.000), with the negative trend of Spearman’s rho emphasizing that individuals who are not
easily distressed by the experiences of others responded more similarly to other low-scorers,
whereas individuals high in PD did not respond similarly to both high and low-scorers. This
effect was significantly more pronounced in moral ROIs (t = -3.94, p <.000). Conversely,
individuals high in self-reported PT (t = 9.48, p <.000), EC (t =8.09, p <.000), and FS (t =
6.24, p < .000) responded more similarly to other high scorers, whereas low-scorers in these
domains responded more dissimilarly to both low and high-scorers. Again, for both PT (t =
4.64, p <.000) and EC (t = 3.82, p <.000), the effects were significantly higher in moral
ROls.

Similarly, the NN-itemwise empathy model also revealed that individuals who
responded to the entire questionnaire in a more similar fashion also processed moral
violations more similarly (t = 12.56, p < .000), again with a higher brain-trait similarity for
moral ROIs (t = 3.61, p < .000). Together, these results corroborate the important, but
complex relationship of various dimensions of empathy with moral cognition (Dawson et
al., 2021; Decety, 2021).

Moreover, we find that individual differences in political orientation as assessed by the
AnnaK model fit the data slightly better than the NN model (compare distributions of RSA
values in Figure 2d), emphasizing that individuals’ absolute, rather than relative, similarity
in political orientation is a better predictor for shared neural representations of abstract
moral violations. Surprisingly, the general left-skewed distribution of IS-RSA values for the

political orientation AnnaK model across vignette conditions (Figure 2d) does neither
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support the notion that liberals respond more similarly to the individualizing foundations,
nor that conservatives respond more similarly to both individualizing and binding
foundations. Rather, this finding suggests that liberal-leaning individuals are generally more
similar in their representation of moral violations than conservatives. Significant differences
between moral and non-moral ROIs only emerged for the political orientation NN model (t

=2.08, p = 0.038).
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Figure 2. Intersubject representational similarity analysis for moral foundation vignettes. a. We first
computed the pairwise similarity across each participant’s moral vs. social vignette contrast map (one per
moral domain, 7 total) in each of the 50 ROIs using 1 — correlation distance. b. Next, we computed pairwise
individual similarity in political orientation, empathy, moral intuition salience, and moral vignette ratings c.
We then assessed intersubject representational similarity via Spearman’s rho between each ROI, vignette
category, and individual difference matrix. d. Spearman's rho denotes the strength of brain-behavior-trait
coherence across moral vignette categories.
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With respect to moral intuition salience, we observed that the NN-itemwise model (t =
10.85, p <.000) yielded stronger effect sizes than the foundation-specific AnnaK model (t =
—2.69, p = .008), suggesting that individuals’ overall similarity in moral intuition salience is
a better predictor for neural responses to any class of moral violation than individuals’
absolute importance of a foundation that is currently evaluated. In contrast, individuals’
absolute moral wrongness ratings for each vignette condition (t = —-10.55, p < .000) yielded a
stronger brain-behavior coherence than overall (NN-itemwise) similarity in vignette ratings
(t=7.78, p <.000), demonstrating that on the behavioral level, similarity in neural patterns
to distinct moral violations may be better reflected in individuals’ foundation-specific moral
wrongness ratings.

Across all IS-RSA analyses, a total of 34 ROIs survived Bonferroni correction (Table 3;
for full specification see SI, Table 2). With the exception of political orientation, every
individual difference matrix was linked to significant neural similarity in at least one ROL.
Compellingly, most significant ROIs were identified via the AnnaK moral wrongness
ratings, particularly for processing purity violations, providing further evidence that
individual differences in dynamic moral behavior, rather than stable traits, may be a better
predictor for neural activity patterns related to sparse, controlled, and decontextualized
moral stimuli. Moral ROIs that showed significant intersubject representational similarity
included, among others, PCC/precuneus relating perspective taking and oppression (r =
276, p =.001), dmPFC relating NN-itemwise moral intuition salience and subversion (r =
.13, p <.000), dACC relating wrongness ratings and physical harm (r = -0.20, p < .000),
subversion (r =-0.23, p =.001), and degradation (r = —.31, p < .000), and mid insula

relating wrongness ratings and betrayal (r =—0.26, p = .001).
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Notably, the highest IS-RS was observed in V1 between the AnnaK moral intuition
salience models and physical (r = .39, p <.000) as well as emotional harm (r =.32, p =
.000). This result provides further evidence for the attentional capture of moral stimuli
(Gantman et al., 2020; Gantman & Van Bavel, 2014, 2015), especially if they directly relate
to human survival (e.g., bodily harm) and are highly valued by certain individuals.

Table 3. Significant Spearman’s rho per individual difference model and vignette condition

ID Measure Model P. E. Cheat Oppr Betr Sub Degrad Y
Harm Harm
I I I I I I I I I
AnnaK — — — — — — 1 1
Fantasy
Empathy NN-Itemwise — — — — 1 — 1 2
AnnaK — — — 1 — — — 1
Perspective
Taking
[ A K | 1 [ 1 I I | 1 [ I [ 3
nna — - - -
Moral
Intuition  NN-Itemwise 2 - - 1 1 1 1 6
Salience
I I I I I I I I I
Moral AnnaK 1 4 — 1 2 2 8 18
Wrongness )
Ratings NN-Itemwise 1 — 1 — — 1 — 3
| | I | I | I | |
Y 5 5 1 3 5 4 11 34

Note. Condition legend: P. Harm: Physical harm; E. Harm: Emotional harm; Cheat:
Cheating; Oppr: Oppression; Betr: Betrayal; Sub: Subversion; Degrad: Degradation. Except
for the NN-Itemwise model, all reported models were tested with an AnnaK structure.
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Narrated Movie Summaries

Background and Procedure

To study how individual differences in moral traits and judgment modulate neural
processing of moral stimuli in a more dynamic, but still experimentally controlled
environment, the same participants as described previously underwent fMRI while listening
to ten professionally narrated movie summaries (for full paradigm description, see Methods).
In each plot summary (2 per moral foundation), the main character (a) violates one of the
five moral foundations while adhering to all other foundations during the “action” part of the
story and (b) is either punished or rewarded for their moral transgressions during the
“outcome” part of the story. Trial order was randomized and counterbalanced between
subjects so that the same order of plots was given to a pair of subjects, but with the
alternative outcomes. Thus, the action portion of each story featuring a moral violation was
listened to by all subjects, albeit in a randomized order. Subsequent to undergoing fMRI,
subjects listened to each plot summary again and rated the degree to which they perceived
(a) the main character’s actions to be moral-immoral, (b) the outcomes that befell the
character to be good-bad, and (c) the behavior of the character to uphold-violate each of
five moral foundations. One additional participant had to be dropped due to audio issues,

producing a final sample of 62 participants.

Treatment Check and Behavioral Results

Behavioral results confirmed that participants perceived the manipulated moral
foundation to be most strongly violated in each of the ten stories (S, Figure 4a).
Furthermore, all positive-outcome summaries were perceived as having a more positive

outcome for the main character compared to the negative-outcome summaries (SI, Figure
23



4b). Character outcome did not modulate perceived strength of foundation violation or rated
character morality. Supporting the main theoretical tenets of the MIME (Tamborini et al.,
2013), with the exception of two stories, self-reported salience of the moral foundation
violated by a character negatively predicted perceptions of character morality (S, Fig. 5).
Moreover, we observed that perceived character morality positively predicts story
enjoyment (SI Figure 6), but an expected interaction where character outcome
(reward/punishment) modulates enjoyment of morally appraised characters only emerged in
two stories. Taken together, these behavioral results replicate findings from a previous

behavioral experiment using the same stimuli (Tamborini et al., 2013).

Intersubject Correlation

We first examined the overall similarity in temporal responses in each region separately
for each moral foundation condition using intersubject correlation analysis (ISC), focusing
only on the “action” part of a story that featured the violation of a moral foundation. Overall,
we observed largely uniform I1SC values across conditions, although 1SC were slightly lower
for subversion summaries compared to stories featuring harm (t(49) = 3.98, p = 0.0002),
cheating (t(49) = 4.60, p < 0.0001), betrayal (t(49) = 4.08, p = 0.0002), and degradation
(t(49) = 4.83, p < 0.0001). As expected for auditory stimuli, the highest average ISC values
were observed in superior temporal gyrus, primary auditory, and superior temporal sulcus.
However, there was also significant stimulus-driven neural synchrony in identified moral
ROIs, including TPJ, Precuneus, and dIPFC (Figure 3a—e€). Notably, the spatial distribution
of ISC values across the whole brain was highly consistent across the five conditions (Figure
3f), suggesting that the overall spatial topography of ISC was highly similar across

summaries.
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Figure 3. Intersubject correlation for movie plot summaries. Mean ISC within each ROI separately for
conditions featuring a. harm; b. cheating; c. betrayal; d. subversion; and e. degradation. The color bar
indicates the average ISC value within each ROI for each condition respectively. f. The spatial distribution
of these maps was highly similar between the five conditions (each point reflects a single ROI).

Intersubject Representational Similarity Analysis

We again performed 1S-RSA to identify brain regions with temporal dynamics that
exhibited similar patterns of intersubject variability to individual differences in traits and
behavior. We used the same trait-based measures as in the previous IS-RSA, but constructed
new behavioral similarity matrices denoting intersubject similarity in perceived foundation
transgression and character morality ratings for the movie plot summaries. Because each
story pair was judged to mostly violate the transgressed foundation (SI, Figure 4a), we
computed the average (two per condition) foundation transgression rating for the foundation
that was experimentally manipulated in a summary via an AnnaK model as well as an NN-
itemwise model that considered similarity in average ratings of all foundations for a
particular condition. Similarly, we constructed an AnnaK and NN model to capture

similarity in perceived character (im)morality.
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We find that the moral intuition NN-itemwise model (t = 8.00, p < .000) fit the whole-
brain neural data best (SI, Figure 8) whereas the moral intuition AnnaK model did not result
in significant I1S-RS effects at the whole-brain level. Again, this finding demonstrates that
relative, overall similarity in moral sensitivities across foundations, rather than absolute
weight towards a single foundation that a condition violated, is a better predictor for neural
synchrony.

In contrast, we observed that absolute (AnnaK) similarity in rated foundation violation —
for the specific foundation that a condition transgressed — yielded stronger effect sizes (t =
5.87, p < .000) than overall similarity (NN-itemwise) in rated transgressions of all
foundations (t = 0.42, p = .0675). Replicating findings from the moral vignettes, this result
confirms that a foundation-specific 1S-RS effect is only prevalent on the behavioral, but not
on the trait level when processing moral transgressions. The right-skewed distribution of
Spearman’s rho also highlights that individuals who perceived a stronger foundation
violation were more similar to other individuals with equally high ratings, whereas
individuals who did not perceive a strong foundation violation had more idiosyncratic
responses. Likewise, the interaction between moral intuition salience and perceived
foundation violation ratings were only significant in moral ROIs (t = 3.12, p = .002). For
character morality ratings, we find that the NN model (t=-2.65, p =.009) is a better
predictor for whole-brain shared neural responses than the AnnaK model (t =1.86, p =
.064). Hence, relative, rather than absolute similarity in rated character morality appears to
be a better predictor for neural responses. This effect was significantly more pronounced in
moral compared to control ROIs (t = 2.59, p =.01).

In line with previous research linking individuals’ empathic skills and fiction processing

(Dodell-Feder & Tamir, 2018; Tamir et al., 2016), we observed that each sub-dimension of
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empathy yielded significant intersubject RSA values at the whole-brain level. With the
exception of distress (t = —4.87, p < .000), all other dimensions showed a significant positive
trend in Spearman’s rho, with perspective taking having the strongest effects (t = 5.93, p <
.000), followed by concern (t = 5.55, p <.000), NN-itemwise, and fantasy (t =4.12, p <
.000). Observed intersubject RSA values were significantly lower in moral ROIs compared
to control ROIs in the distress model, although no such difference was observed for any
other sub-dimension of empathy.

Lastly, for political orientation, only the NN model yielded significant intersubject RSA
values (t = 4.19, p <.000), with moral ROIs showing an overall smaller effect compared to
control ROIs. Accordingly, for the processing of dynamic, morally-relevant narratives,
individuals' relative, rather than absolute similarity in political orientation appears to be a
better predictor for shared neural responses.

After Bonferroni correction, three Spearman’s rho were statistically significant. The mid
insula for the NN-itemwise empathy model in the cheating condition (r = .12, p =.001), the
amygdala for the interaction between moral intuition and perceived foundation ratings in the
subversion condition (r = .11, p <.000), and the right motor cortex for moral intuition in the

cheating condition (r =—-.11, p = .001).

Political Attack Advertisements

Background and Procedure

The previously analyzed movie summaries embedded moral violations in dynamic,
semi-contextualized environments that more closely resemble everyday environments.
Notably, these summaries described fictional characters in an auditory modality without any

visual cues that may modulate daily moral cognition. To overcome these limitations, we
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next analyzed a dataset where the same participants as described previously freely viewed a
total of 22 political campaign attack ads (11 ads attacking Trump; “anti-Trump”, 11 ads
attacking Clinton, “anti-Clinton”; for full paradigm description, see Methods). Each ad
embedded information about actors, behaviors, intentions, and consequences within an
audiovisual modality. Thus, they offer a more naturalistic, ecologically-valid paradigm to
study how individual differences shape moral judgment. Notably, after viewing the ads
while undergoing fMRI, subjects re-watched all ads and after each ad answered a battery of
questions probing their reaction to the ad, including how (im)moral the candidate’s overall

behavior was perceived and whether it adhered to or violated a particular moral foundation.

Behavioral Results

Political affiliation exerted a robust effect on the moral judgment of political candidates
(SI, Figure 9a). Participants identifying as Democrats perceived Clinton’s behavior in anti-
Clinton ads to be more moral compared to Republicans, whereas Republicans rated Trump’s
behavior in anti-Trump ads to be more moral compared to Democrats (SI, Figure 9b). This
effect also persisted for rating the violation of each moral foundation (SI, Figure 9c),
highlighting that political affiliation reinforces the perception of moral violations by
opposing candidates, and dampens the perception that one’s own candidate commits a moral
transgression.

Taken together, these behavioral results confirm reported “moral double standards”
in political judgment (Eriksson et al., 2019; Voelkel & Brandt, 2019) where differences in
moral foundations are primarily driven by ingroup-versus-outgroup categorizations of
competing political groups. Independent of political affiliation, individuals perceived Trump
and Clinton to violate each moral foundation more than to uphold them across conditions

(SI, Figure 10). Significant differences between conditions only emerged for the purity
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foundation, where Trump was rated to violate purity more in anti-Trump ads than Clinton in

anti-Clinton ads.

Intersubject Correlation

We again first computed the overall similarity in temporal responses in each region
separately for each condition (anti-Trump versus anti-Clinton) using ISC. Overall, we
observed largely uniform 1SC values across both conditions, although ISC were slightly
higher for anti-Trump clips (mean ISC: r = 0.14) than anti-Clinton clips (mean ISC: r =
0.12; t(49) = 5.01, p <.000). As expected for audiovisual stimuli, the highest average 1SC
values were observed in lower-order regions including superior temporal gyrus, V1, and
inferior LOC, but stimulus-driven synchrony also extended to identified moral ROIs
including TPJ and STS (Figure 4a—b). The spatial distribution of ISC values across the
whole brain was highly consistent across the two conditions (Figure 4c), suggesting that the

overall spatial topography of ISC was highly similar across conditions.
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Figure 4. Intersubject correlation for political attack advertisements Mean ISC within each ROI separately
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similar between the two conditions (each point reflects a single ROI).
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Intersubject Representational Similarity Analysis

Following our previous framework, we performed 1S-RSA to identify brain regions with
temporal dynamics that exhibited similar patterns of intersubject variability to individual
differences in traits and behavior. We relied on the same trait-based measures as before, and
again constructed behavioral similarity matrices denoting intersubject similarity in moral
foundation and moral behavior ratings for each political attack advertisement condition.
Specifically, we computed NN-itemwise models separately for the anti-Trump and anti-
Clinton clips denoting how similarly participants perceived each candidate to uphold or
violate moral foundations. Likewise, we created an NN-itemwise model that captured how
similarly participants perceived the overall moral behavior — from moral to immoral — of
each candidate separately in each condition. For these overall moral behavior ratings, we
also constructed an AnnaK model based on the mean morality ratings for each condition.
Lastly, for each condition, we created an NN and AnnaK similarity model that captured how
favorably participants viewed the respective candidate.

As expected, individual differences in political orientation as captured by an NN model
yielded the strongest whole-brain effects (SI, Figure 11; t = 10.01, p <.000), confirming that
political orientation is a reliable predictor for explaining shared processing of politically-
relevant messages. Compared to the NN model, measuring political similarity via an AnnakK
model yielded smaller Spearman’s rho (t = 2.75, p = .007), suggesting that relative, rather
than absolute similarity in political orientation is a better predictor for representational
similarities during the processing of political attack advertisements. Notably, Spearman’s
rho for the NN model in the anti-Clinton condition in right vIPFC survived Bonferroni
correction (r = .12, p = .0006), suggesting that within this region, individuals with similar

political orientation displayed higher neural synchrony.
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With the exception of the concern and fantasy sub-dimensions, Spearman’s rho across
all empathy models were significantly greater than zero at the whole-brain level, with
distress having the highest absolute effect size (t = -8.13, p = .000), followed by perspective
taking (t = 7.16, p <.000) and the NN-itemwise model (t = 5.79, p <.000). However, no rho
survived Bonferroni correction.

We again find evidence that similarity in moral judgment, rather than moral traits as
indexed by moral intuition salience, is a better predictor for explaining shared neural
responses. Specifically, participants’ relative similarity in rated moral behavior for each
candidate yielded the strongest whole-brain coherence with neural processing (t = 7.35, p <
.000), followed by overall similarity in rated moral foundation adherence (t=6.72, p
<.000). Notably, in the anti-Clinton condition, intersubject representational similarity for
rated moral foundation adherence remained significant after Bonferroni correction in the
intercalcarine cortex (r = .29, p =.0002), suggesting that participants’ ratings of Clinton’s
behavior as pertaining to each moral foundation showed commensurate neural activation in

this region.

Soap Opera Clips

Background and Procedure

The stimuli in the previously analyzed dataset emphasized the violation of moral
foundations and to varying degrees provided contextual information about the identities and
intentions of the actors. We now extend this line of inquiry by testing whether observed
consequences of moral transgressions in the form of punishments and rewards drive
intersubject neural response patterns, and whether these similarities in neural responses can

subsequently predict individual differences in rated character morality and outcome valence.
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Specifically, across full narrative arcs, we examine whether scenarios in which a character is
punished for their moral transgressions yield a greater coherence (higher absolute
Spearman’s rho) between neural response patterns across the previously studied ROIs and
the moral judgment of characters, compared to scenarios in which a character is rewarded
for their moral transgressions.

To answer this question, we use data from a previously conducted study spanning 28
healthy female participants (Weber, 2008). Note that these participants were different from
those reported in previous datasets. In this study, participants watched 15 pre-selected
scenes from the show Days of Our Lives—a popular daytime US network television soap
opera—while undergoing fMRI. Notably, these scenes had been selected and analyzed for the
presence of moral arcs (who, what, whom, when, why/what intention, and consequence)
using a theoretically-driven, methodical content analysis (Weber, 2008; see Methods). Based
on these content codings, the 15 selected scenes were grouped into the following five
experimental groups (3 per group): (1) main character acts morally and experience a positive
consequence (moral-reward); (2) immoral behavior and negative outcome (immoral—
punishment); (3) moral behavior and negative outcome (moral—punishment); (4) immoral
behavior and positive outcome (immoral-reward); (5) neutral behavior (perception of
behavior as neither moral nor immoral) and neutral outcome (perception of story outcome as
neither negative nor positive). After completing fMRI, participants were seated in front of a
PC and watched all 15 scenes again and evaluated their narrative enjoyment of each clip
using continuous response measurement. For each viewed clip, participants additionally

rated main characters’ moral behaviors and outcome valence.
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Treatment Check and Behavioral Results

Clip evaluations were as expected (SI, Figure 12): the main character was rated as more
moral in scenarios where the character behaved more morally, whereas the main character
was perceived as more immoral in scenarios that illustrated an immoral character. Outcomes
for characters were rated as more positive if the scenario displayed a character that was
rewarded, whereas outcomes for characters that were punished were appraised more
negatively. Notably, we observed that characters who were punished for their moral actions
were perceived as most moral. This result confirms the recently described “virtuous victim”
effect, where victims of moral transgressions are attributed greater moral character than
neutral controls (Jordan & Kouchaki, 2021). Adding to this result, we show that this effect
may be more pronounced if the victim is perceived as highly moral after having committed a

moral action and being punished for it.

Intersubject Correlation

We examined the overall similarity in temporal responses in each region separately for
each soap opera condition using ISC. While we find largely uniform ISC values across
conditions, neural synchrony — particularly in moral ROIs (SI, Figure 13) — were higher for
scenarios in which an immoral character was punished. Across conditions (Figure 5a—e), the
highest average ISC values were observed in superior temporal gyrus, V1, and V2. The
spatial distribution of ISC values across the whole brain was again highly consistent across
all conditions (Figure 5f), suggesting that the overall spatial topography of ISC was quite

similar across conditions.
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Intersubject Representational Similarity Analysis

To relate individual differences in traits and moral judgment to neural similarity in
processing soap opera clips, we performed IS-RSA. Because subjects in this dataset were
different from those reported previously, individual difference matrices had to be re-
computed. As in the previous dataset, we constructed intersubject similarity matrices
denoting trait-level and behavioral-level individual differences. On the trait level, we
computed participants’ overall similarity in empathy via an NN-itemwise model and again
used an AnnaK model for each empathy subdimension spanning empathic concern (EC),
perspective taking (PT), personal distress (PD), and fantasy (FS) (Davis, 1987). Likewise,
we computed two NN-itemwise models that captured similarity in personality as measured

by the Ten Item Personality Index (TIPI; Gosling et al., 2003) and Eysenck questionnaire
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(Eysenck & Eysenck, 1993). On the behavioral level, we computed intersubject similarity in
moral judgment for character morality and outcome valence using an AnnaK model on the
average ratings per condition (three ratings per condition) and an NN-itemwise model
capturing the correlation of ratings across clips per condition. Lastly, for each condition, we
created an NN-itemwise similarity matrix denoting the pairwise, intersubject correlation for
continuous response measurements (CRMSs) across the three condition-specific,
concatenated clips.

Examining intersubject representational similarity at the whole-brain level, we find the
strongest behavior-trait coherence within the AnnaK fantasy subdimension of empathy (t =
13.77, p <.001), providing evidence that individuals who more readily identify and
mentalize with characters indeed process audiovisual narratives in more similar ways. For
this model, mPFC survived Bonferroni correction in the condition where a good character
was rewarded (r = 0.345, p <.001). We also observed that individuals with lower tendency
of distress (t =—-3.92, p < .001) and perspective taking (t = —4.90, p <.001) process soap
opera clips in a more similar fashion compared to their high-scoring counterparts. On the
personality level, itemwise response similarity to the TIPI yielded slightly higher (t = —6.85,
p <.001) intersubject representational similarities in absolute terms than itemwise responses
to the Eysenck questionnaire (t = 2.23, p =.027), whereas in both models, the Spearman’s
rhos were significantly higher for moral than control ROIs (TIP1 moral vs. control: t = 4.93,
p <.001; Eysenck moral vs. control: t = 3.25, p =.001).

On the behavioral level, we observed that IS-RS for individual similarities in CRM
yielded largely negative Spearman’s rho (t = —5.32, p <.001). This is surprising as it
suggests that subjects who were more similar in their moment-to-moment ratings had a

dissimilar neural activation while processing the soap opera clips. Although speculative, we
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think this result may reflect that CRMs, although measured dynamically, may lag behind or
lead neural activations. Thus, implementing different lags and leads in CRMs may yield a
closer match between brain and behavior as assessed via IS-RSA. In contrast, for post-hoc
character morality ratings, we indeed observe significant positive IS-RS effects for the NN (t
=3.71, p <.001) and NN-itemwise (t = 2.03, p = .044) model, suggesting that participants
who judged characters’ moral behavior more similarly indeed processed the narrative
scenarios in a more similar manner. Particularly, in scenarios where an immoral character
was rewarded for their actions, we find that individuals who rated this character as more
moral showed significantly similar response patterns in Superior Temporal Gyrus (r =
0.334, p =.001). In addition, when comparing the different soap opera scenarios (SI Figure
16), we find that the AnnaK model for character morality yielded the most negative whole-
brain intersubject representational similarity in scenarios where a character behaves
immorally, particularly in visual attention (V1, r =-0.42, p =0.002, V2,r =-0.37,p =
0.008) and auditory networks (Primary Auditory, r = -0.42, p = 0.002; Superior Temporal
Gyrus, r =-0.41, p = 0.003). This finding compellingly demonstrates that individuals who
processed immoral scenarios in a more similar fashion indeed judged the observed character
as more immoral compared to individuals who rated the character as less immoral, providing
further evidence for the brain-behavior linkage between attentional networks and moral

judgment.

Full Length Movie

Background and Procedure

For the third dataset, we used a full-length movie to assess brain-trait coherence when

processing dynamic, morally-relevant scenarios. Movies are emerging as the “gold-
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standard” for naturalistic neuroimaging (Chang et al., 2021; Chen et al., 2020; Finn et al.,
2018; Finn & Bandettini, 2021), and situate moral behaviors in contextualized environments
that unfold over long time windows (Hopp, Fisher, & Weber, 2020). Hence, movies provide
a high degree of naturalism for assessing how observed moral actions link intersubject
variability in traits and behavior. We utilized the recently introduced naturalistic
neuroimaging database (NNDb v.1.0; Aliko et al., 2020) and obtained data for the movie
500 Days Of Summer, which was viewed by 20 participants while undergoing fMRI. In
addition, we recruited four independent undergraduate research assistants (RA) to obtain
continuous response measurements (CRM) of how engaging they perceived each moment of
the movie to be. This CRM served as explorative, behavioral assessment to illuminate
linkages among a movie’s moral content, its behavioral rating, and neural processing. To
extract the latent moral information of the movie, we used several techniques from natural
language processing: First, we retrieved and computationally parsed the movie’s screenplay,
providing us the scene and stage directions, action descriptions, characters, and dialogue.
Two additional RASs then jointly viewed the movie while labeling the timestamps
corresponding to the onsets of each screenplay scene. Additional scenes that were not
present in the screenplay were also recorded, while scenes that were missing in the movie
were discarded, and scenes spanning multiple scenes in the screenplay grouped together. In

total, 97 scenes (M duration= 56.16sec; SD duration = 61.51sec) were identified.

Tracking Dynamic States of Engagement During Movie Watching

We first examined how behavioral engagement as assessed by the CRM changes over
time as individuals comprehend the movie and whether changes are synchronized across
participants. Providing initial validation for our self-report task as a measure of stimulus-
related narrative engagement, with the exception of RA2, we find that the raters experienced
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the interestingness of the movie in highly similar ways, with particularly strong correlations
between RA1 and RA3 (r = 0.86, p <.000), RA1 and RA4 (r = 0.55, p <.000), and RA3 and
RA4 (r = 0.53, p <.000) (Figure 6b—c).
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Figure 6. Continuous measurement of engagement while watching 500 Days of Summer. a. Every RA’s
engagement ratings across scenes. Ratings were z-normalized across scenes for each RA. b. Pairwise
participants’ response similarities. Engagement rating similarity was calculated by Pearson's correlation
between pairs of participants’ engagement ratings across time. €. Average engagement ratings, which are
used as proxies for group-level states of engagement. The gray area indicates 95% confidence interval (ClI).
Event descriptions are given at moments of peak engagement.

Since engagement ratings were similar across participants, we treated the group-average
engagement rating (Figure 6c) as a proxy for stimulus-related engagement, common across
individuals. We qualitatively assessed moments when participants were, on average, most or
least engaged in the narratives (Figure 6¢). Engagement peaked at moments when the first
intimate moment between the main couple was revealed; when the couple fought over their
relationship status; and when the main male character unexpectedly found out that his date
got engaged. On the other hand, engagement was generally low when a story setting was

being developed or when a protagonist was having an internal thought. The group-averaged
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engagement time courses were convolved with the hemodynamic response function (HRF)

to be applied to a separate pool of individuals who participated in the fMRI study.

Engagement Ebbs and Flows with Moral Content

Given that RA’s engagement dynamics were time locked to the stimuli, we examined
whether morally-relevant features of the narrative drove changes in engagement.
Specifically, we assessed the degree to which words in the time locked subtitles of the
movie signal upheld, violated, or conflicted (i.e., violating moral norms in order to uphold
others (Tamborini, 2011, 2013) moral foundations. To this end, we used the eMFDscore
software (Hopp et al., 2021) on the parsed subtitles to calculate the probability that any
given word reflects the adherence or transgression of moral foundations. Moral conflict
scores were calculated by following procedures developed by Hopp and colleagues (2020).
Next, we averaged the moral content features for each scene. We then conducted partial
correlations between group-average engagement and moral content features.

We find that scenes featuring moral conflicts between authority-subversion (partial r =
0.23) and sanctity-degradation (partial r = 0.20), as well as notions of betrayal (partial r =
0.16) were most positively correlated with changes in engagement when controlling for the
rest of the variables. In contrast, scenes that displayed a moral conflict between loyalty-
betrayal (partial r = —0.198), subversion (partial r = —0.182), and harm (partial r = -0.179)
were most negatively related to engagement. Because the CRM is only based on four
independent raters, we did not conduct any inferential statistics but rather interpret these
results as preliminary evidence that engagement ebbs and flows with certain facets of

morally-relevant narrative content.
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Neural Synchrony of Moral Networks Increases During Engaging Moments of the Story

Next, we examined the overall similarity in temporal responses in each of the 50
parcellated regions separately for each scene using ISC. We find highest mean ISC values in
visual and auditory networks (Figure 7a), including inferior LOC (mean ISC = 0.44), STG
(mean ISC = 0.40), Lateral Occipital/Temporal Occipital (V2) (mean ISC =0.39), V1
(mean ISC = 0.37) and primary auditory (mean ISC = 0.35). We also observe notable mean
ISC in many of our previously identified moral ROIls, including TPJ (mean ISC = 0.26),
STS (mean ISC = 0.2), Cerebellum (mean ISC = 0.18), PCC/Superior LOC (mean ISC =
0.18), and PCC/Precuneus (mean ISC = 0.17), suggesting that participants also had some
shared interpretations of the movie scenes in ROIs implicated in controlled moral judgment.
Moreover, mean ISC of individual scenes fluctuated markedly throughout the movie (Figure

7b), indicating that scenes elicited varying degrees of intersubject synchrony.

Mean ISC

Mean ISC

%

Scene #

Figure 7. Intersubject correlation for scenes in 500 Days of Summer. a. Mean scene-based intersubject
synchrony was highest in visual and auditory networks. b. Mean ISC fluctuated markedly across scenes.
Shaded areas of the line plot reflect 95% CI based on 1,000 bootstraps.
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We then asked whether ISC would increase as participants, on average, become more
engaged in the story. We used HRF convolved group-average engagement ratings from the
CRM as our index of narrative engagement because participant specific measures of
engagement were not available in the existing fMRI dataset. We then correlated the scene-

based ISC with the scene-based CRMs for each of the 50 ROIls separately (Figure 8).
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Figure 8. Dynamic ISC scales with changes in engagement. Similarity as indexed by Pearson’s correlation
coefficient (uncorrected) between scene-based ISC and scene-based engagement ratings.

We observed the highest positive coherence between ISC and engagement ratings in
Dorsal Caudate (r = 0.353), Superior LOC (r = 0.278), Dorsal Anterior Insula (r = 0.27),
dIPFC (r = 0.263), and dmPFC (r = 0.192). Surprisingly, the correlation between ISC and
engagement ratings was most negative in V1 (r = -0.26), suggesting that shared neural
activation in the early visual cortex decreased as subjects became more engaged in the
narrative. Taken together, these results suggest that BOLD responses are more entrained to
the stimulus when self-reported levels of engagement increase, especially in regions

implicated in moral judgment (Dorsal Anterior Insula, dIPFC, dmPFC).

Moral Content Modulates Intersubject Representational Similarities

In line with our central research question, we examined whether moral features of a
narrative modulate the brain-trait signal during movie viewing. To this end, we first
computed the (dis)similarity of the 20 participants viewing the movie in the scanner with

regards to a range of emotional measures taken from the National Institute of Health (NIH)
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Toolbox (Figure 9; Sl Figure 17). Thereafter, for each scene, we computed IS-RSA between

each individual difference model and ISC of each of the 50 ROls.
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Figure 9. Boxplots and factor structure of NIH toolbox scores for emotional measures. Clusters for the
correlation map were generated via the average linkage method.

We find that whole-brain coherence between traits and neural representations varies
dynamically throughout the movie, and that individual difference models yield idiosyncratic
peaks and troughs during different time windows (scenes) of the narrative (Figure 10a).
Hence, future work may apply reverse correlation (Hasson, 2004) approaches to
qualitatively study which narrative elements triggered these boosts in Spearman’s rhos.
Notably, the AnnaK models consistently outperform the NN models in terms of absolute
effect sizes (Spearman’s rho), suggesting that individuals’ absolute position in the individual
difference trait space is a better predictor for shared neural processing than their relative
distance to each other.

Moreover, significant, scene-based Spearman’s rhos (FDR corrected, q < .05) across

individual difference models were observed most frequently in TPJ and Cerebellum (Figure
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10b), confirming previous work that has linked neural similarities in these ROIs to different

individual differences measures (Chen et al., 2019; Finn et al., 2018, 2020).
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Figure 10. Moral content shapes intersubject representational similarity during movie viewing. a. Dynamic,
mean whole-brain intersubject representational similarities for individual difference measures. b. Significant
Spearman’s rho were detected most frequently in TPJ and Cerebellum. ¢. Whole-brain coherence between
individual difference measures and neural representations of the movie scales with a scene’s moral content.
d. Pearson’s correlation coefficient relating moral content and IS-RSA in moral judgment parcels.

Next, we tested whether intersubject representational similarities scale with the moral

content of a scene. To this end, for each scene, we correlated the computed moral foundation
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scores with the Spearman’s rho for each of the 50 ROIs and individual difference models
(Figure 10c). We find that the brain-trait coherence for the perceived hostility AnnakK model
increases in scenes that feature notions of harm (r = 0.16) and authority (r = 0.15),
suggesting that the extent to which individuals perceive their daily social environment as
hostile becomes a more relevant predictor of shared neural patterns when processing story
elements that feature physical or emotional harms or concerns about maintaining social
order. Exploratory analyses (SI Figure 18) showed that content relating to harm in particular
positively increases IS-RSA in attentional networks, including Primary Auditory (r = 0.450),
Superior Temporal Gyrus (r = 0.343), and V1 (r = 0.35).

Notably, the relatively higher correlation for primary auditory likely reflects the fact that
we extracted moral content from subtitles, which primarily deliver auditory (e.g., dialogue)
information. This compelling result suggests that individuals who are under higher
perceived threat also monitor and respond to perceived harms in narratives in a more similar
fashion compared to those who typically navigate through less hostile environments.
Moreover, displays of fairness increased the coherence between trait measures of social
support (emotional support NN, r = 0.102; friendship NN, r = 0.108; loneliness NN, r =
0.097) and general life satisfaction (r = 0.107), highlighting that individuals’ perceptions of
the availability of friends or companions in daily life becomes a stronger predictor for
shared neural representations during moments of the narrative that involve notions of rights
and justice.

Lastly, we examined whether these effects are specific to ROIls involved in moral
judgment (Figure 10d). We find a robust association between intersubject similarity in social
support and companionship within TPJ/angular gyrus during the processing of narrative

moments that emphasize fairness, whereas for the same traits, notions of degradation
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increased Spearman’s rhos in TPJ/Parietal operculum. In particular, displays of cheating
correlated markably (r = 0.41) with the brain-trait signal in TPJ/Parietal operculum for the
instrumental support NN model. Moreover, we observe that the brain-trait coherence for the
Friendship NN model increases in dIPFC during moments that emphasize fairness (r = 0.36).
Taken together, we find support that moral content in a narrative impacts viewers’
engagement and temporarily increases the brain-trait coherence in ROIs previously linked to
moral judgment. Although the obtained individual difference measures were not related to
morality per se — for example, no measures of empathy or moral intuition salience were
collected in this dataset — we were still able to show that narrative features relating to harm
increase intersubject representational similarity effects for trait measures of perceived
hostility, whereas notion of fairness were processed more similarly by individuals high in
social support. Overall, these findings warrant further research into the power of morally
relevant movie content to emphasize individual differences in traits and behavior that extend

beyond moral traits and moral judgment.

How does naturalistic complexity affect brain-behavior-trait coherence?

In order to examine how the brain-behavior-trait coherence is affected by the underlying
naturalistic complexity of a paradigm, we pooled together the intersubject synchrony (ISC;
Pearson’s r) as well as intersubject representational similarity (IS-RSA; Spearman’s rho)

results from our previously analyzed datasets.

Neural Synchrony in Moral Brain Networks Scales with Naturalistic Complexity

We first examined how intersubject synchrony varies as a function of the underlying
stimulus (task). Notably, we find that mean ISC in moral brain networks — particularly in

TPJ, STS, and Precuneus — increases continuously across vignettes, narrated movie
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summaries, and political attack advertisements (Figure 11). As the fMRI scanner settings
and subjects were held constant across these tasks, this result provides compelling evidence
that processing increasingly contextualized moral violations indeed leads to more
synchronized neural activity, especially in ROIs that reliably encoded moral information in
our previous analyses. As expected, we also observed that ISC in auditory and visual
networks scale with the corresponding stimulus modality: for stimuli that contained auditory
signals (i.e., narrated movie summaries and political attack advertisements), we observed
higher ISC in auditory networks, whereas for stimuli that contained visual information (i.e.,
vignettes and political attack advertisements), we find higher ISC in visual networks.
Moreover, we observed that processing soap opera clips and full length movies resulted
in lower ISC in TPJ and STS compared to the processing of political attack advertisements.
This suggests that in political attack advertisements, moral transgressions of political
candidates, despite being embedded in a dynamically unfolding attack advertisement, may
still become salient to a degree that elicits high ISC in moral brain networks. In contrast,
moral cues that are situated in a fully contextualized narrative world may be overshadowed
by the numerous additional — and potentially noisy — information that the narrative mode
presents, hence resulting in lower ISC in morally relevant brain networks. Yet, as the soap
opera clips and the movie dataset contained data with different subjects and fMRI scanner
settings, it cannot be ruled out that differences in ISC in these datasets were driven by
subject composition or scanning protocols. However, we observed that ISC in ROIs that are
not part of auditory, visual, and moral judgment networks (Figure 11d) did not follow any
trends observed in these networks across the datasets. This result highlights that it is unlikely
that cross-study differences in ISC are primarily driven by differences in sample and fMRI

recording devices.
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Figure 11. Mean intersubject synchrony across tasks, datasets, and brain networks. Line charts denote mean
ISC values averaged over the conditions of each task.

Brain-Behavior-Trait Coherence Across Stimuli of Increasing Naturalistic Complexity

Next, we examined how intersubject representational similarities — indexed by
Spearman’s rho — with respect to different traits and behavioral measures fluctuate across
tasks and datasets. As the movie dataset did not contain any behavior or trait measures that
overlapped with our previous datasets, we discarded the 1S-RSA results for the movie
dataset. Accordingly, we first contrasted the IS-RSA for each trait dimension of empathy
across auditory, visual, moral, and our defined control networks (Figure 12). Overall, we do
not find support that IS-RSA in moral judgment ROIs increases continually from controlled,
decontextualized stimuli to more naturalistic, contextualized narratives. Rather, IS-RSA are
largely stable and more nuanced with regard to specific dimensions of empathy. A general

positive trend in IS-RSA across datasets is only apparent in TPJ and auditory networks for
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the fantasy dimension (Figure 12d). This result suggests that individuals who more easily
become transported in narratives and empathize with characters indeed become more similar
to other individuals high in fantasy (and dissimilar to individuals low in fantasy) in their
neural representational patterns as stimuli integrate more narrative features (e.g., character

identities, intentions, and consequences).
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Figure 12. Intersubject representational similarity for empathy across datasets. Intersubject representational
similarities (Spearman’s rho) for concern (a), distress (b), perspective taking (c), and fantasy (d) across
datasets and brain networks. Individual differences for each empathy trait were captured via an Anna
Karenina model.

In visual ROIs, we find a negative trend for concern and perspective taking across datasets,
indicating that visual activation patterns of individuals who scored low in these dimensions

become more similar to other low scorers as the naturalistic complexity of a paradigm

increases.
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These observed trends largely extend to comparative 1IS-RSA models on behavioral
moral wrongness ratings. Here, for the NN model, we find that Spearman’s rho in moral
judgment ROIs increases from short stories to political attack advertisements (Figure 13a),
whereas we again observed that the brain-behavior signal was highest for controlled moral
vignettes in visual networks. Conversely, for the AnnaK moral wrongness model, a clear

negative trend in Spearman’s rho is apparent in primary auditory, V1, as well as in TPJ

(Figure 13b).
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Figure 13. Intersubject representational similarities for moral judgment across datasets. Intersubject
representational similarities (Spearman’s rho) for moral wrongness ratings as indexed by a Nearest Neighbor
a. or Anna Karenina b. model.

Due to the signed nature of the AnnaK model, this finding suggests that in
decontextualized environments, people that judged behaviors as moral had a more similar
neural response, whereas during the processing of contextualized narratives, individuals who
rated characters as more immoral showed commensurate neural activation patterns.
Interestingly, this effect diverges in dIPFC and TPJ (compare Spearman’s rhos between
political attack ads and soap opera clips): in dIPFC, individuals that judged characters as
more moral had a more similar neural response to other high scorers, whereas in TPJ,

individuals with more immoral ratings had a more similar response to other individuals who
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rated characters as more immoral; an effect that was not as pronounced during the
processing of other stimuli types.

Taken together, these cross-dataset results do not confirm a straightforward hypothesis
linking greater naturalistic complexity to a domain-general increase in observed brain-
behavior-trait coherence. Rather, our findings paint a more complex picture, highlighting
unique associations between stimulus (task) type, individual difference measure, and
intersubject representations in particular brain networks when studying idiosyncrasies in

moral cognition.

Discussion

Moral judgments in daily life are shaped by our personal traits and the contextual cues
embedded in our dynamic environment. While previous research has largely used highly
controlled experimental paradigms to study the neural basis of moral judgment, we herein

examined the challenges and opportunities that naturalistic stimuli offer for advancing
our understanding of how individual differences shape moral cognitions above and beyond
traditional moral judgment tasks. To this end, we analyzed three different functional
magnetic resonance imaging (fMRI) datasets, spanning a total of five stimulus paradigms
that embedded moral cues in increasing naturalistic settings: In the first dataset, the same
subjects were exposed to controlled, decontextualized, visually presented moral vignettes
and auditory movie summaries, as well as to more dynamic, audiovisual political attack
advertisement. In dataset two, a different set of subjects freely viewed a theory-guided
selection of audiovisual soap opera clips (Weber, 2008), featuring characters that violate or
uphold moral norms and are subsequently punished or rewarded for their actions. In a third
dataset, another set of participants freely watched an entire, full-length motion picture film.

To evaluate the usefulness of naturalistic stimuli for studying moral cognition in a
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quantifiable fashion, we assessed the extent to which varying levels of stimulus naturalism
lend themselves to a) identifying brain networks that undergird moral cognition; b) lead to
shared or idiosyncratic neural responses in identified moral brain networks; and c) modulate
the coherence between individual differences in morally relevant traits and behaviors and
shared neural representations of moral stimuli.

Generally, we found that controlled moral vignettes are a reliable paradigm for
identifying dissociable brain networks that undergird moral judgments. In turn, we
demonstrated that moral brain circuits identified via controlled vignettes remain stable
during the processing of more naturalistic moral narratives, providing evidence for both the
ecological validity of controlled moral judgment tasks and the reliability of neural responses
to moral transgressions in more naturalistic environments. Furthermore, we showed that the
rich sampling space of naturalistic stimuli can advance the pluralistic study of moral
cognition by illuminating how characters’ identities (e.g., political affiliation), actions (e.g.,
violating or upholding moral norms), and consequences (e.g., rewards and punishments)
dynamically interact with individual differences and drive intersubject synchrony in moral
brain networks. At the same time, to prevent reverse inference errors (Poldrack, 2011) and to
afford a more robust study of naturalistic moral perception, we encourage scholars to i)
triangulate neural recordings during naturalistic perception with content-analytic and
behavioral measurements that tap into morally relevant stimulus features, and ii) to take into
account individuals differences in empathy, moral intuition profiles, and political ideology
that interact with specific, morally relevant contextualized content features. Adhering to
these practices likely boosts the advantages of naturalistic stimuli for interrogating how

moral cognition dynamically evolves during narrative processing, is modulated by
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individual differences, and shapes character judgment, story engagement, and narrative
appeal.

To elaborate on these findings, using classic brain mapping techniques, we demonstrated
that processing moral vignettes elicits neural activation in a dissociable brain network
including temporoparietal junction (TPJ), dorsomedial prefrontal cortex (dmPFC),
Precuneus (PC), and superior temporal sulcus (STS). Given the common reference of these
regions in the extant moral neuroscience literature Buckholtz & Marois, 2012; FeldmanHall
& Mobbs, 2015; Greene & Haidt, 2002; Parkinson et al., 2011; Wasserman et al., 2017;
Young & Dungan, 2012), we encourage future researchers to use moral vignettes as a
standardized “localizer” for identifying regions that compose the moral brain. Furthermore,
by applying intersubject synchrony analysis (Hasson et al., 2004; Nastase et al., 2019), we
showed that moral violations embedded in auditory short stories, political attack
advertisements, and soap opera clips elicited significant, stimulus-driven neural activation in
the same ROIs as identified by the moral vignettes, providing converging evidence that
moral transgressions, even when embedded in more ecologically-valid, but potentially noisy
input streams, have reliable neural correlates.

Yet, precisely because narratives contain a much larger content feature space that not
only consists of isolated moral actions as controlled tasks do, we stress that neural activation
in moral brain networks during the processing of narratives may not necessarily index the
moral judgment of characters and their actions. Thus, to lower the likelihood of reverse
inference errors (Poldrack, 2011) when using naturalistic stimuli in moral neuroscience, we
employed online (dynamic) and static (post-hoc) behavioral measurements that assessed
subjects’ moral judgments. Our behavioral results demonstrate that audiences indeed judged

moral transgressions and their consequences in a predicted fashion, suggesting that the
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underlying, time-locked neural computations during narrative exposure indeed reflect moral
cognitions.

At the same time, openly available, naturalistic fMRI datasets (Aliko et al., 2020;
Nastase, Liu, Hillman, Zadbood, et al., 2020) frequently do not contain behavioral
measurements that interrogate moral cognitions. As our secondary analysis of a full length
movie matched this scenario, we triangulated neural activation patterns during movie
viewing with validated computational content analysis of moral content features (Hopp et
al., 2021) and continuous response measurements executed by a separate set of coders. Our
results demonstrated that behavioral engagement ratings were positively correlated with
both the story’s underlying moral conflicts and the neural activation patterns in moral ROIls
of fMRI participants. This finding points to the promising role of naturalistic moral
narratives over short, decontextualized moral judgment tasks to advance media
psychological theories that postulate linkages between a story’s moral conflict pattern (Hopp
etal., 2021), synchronization of audiences (Weber et al., 2013), and narrative appeal
(Tamborini et al., 2013; Weber et al., 2008). In addition, these results may also encourage
researchers who wish to use narrative stimuli for studying moral cognition to utilize moral
content analysis pipelines and crowd-sourced ratings of narrative engagement as means to
triangulate how recorded neural activations ebb and flow with a story’s moral content and
modulate narrative enjoyment.

Furthermore, speaking to the power of naturalistic narratives for synchronizing neural
responses, we observed that intersubject neural similarity, particularly in TPJ and PC,
increased continuously from moral vignettes to auditory movie summaries and political
attack advertisements. As the same subjects were exposed to these stimuli, this is compelling

evidence that more dynamic, multimodal, and engaging moral narratives are indeed more
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capable of synchronizing audiences’ brains compared to static and decontextualized
paradigms (Finn, 2021; Finn & Bandettini, 2021). Crucially, this variance in intersubject
synchrony across different stimuli, but similar subjects, afforded us to examine whether
intersubject representational similarities in moral brain networks come more into focus via
a) highly controlled tasks that elicit minimal average intersubject synchrony and leave more
room for specific subject pairs to be more or less correlated with one another according to
variations in traits and behavior; or b) moral stimuli that strongly synchronize subjects’
neural activity and boost signal-to-noise for individual differences, since even though these
stimuli may reduce overall intersubject variability, the residual variation may be more stable
and trait-like (Finn et al., 2017; Vanderwal et al., 2017). Here, our findings largely support
Finn and colleagues’ (2020) assertion that “there may not be a single ‘best’ stimulus for
studying individual differences [in moral cognition]; rather, the most appropriate stimulus
may depend on the specific [moral traits and] behavior(s) of interest.” (p. 20). Accordingly,
we did not find that intersubject RSA values increased equally for all traits and behaviors
across increasingly naturalistic stimuli. In contrast, we found that individual differences in
neural responses become more pronounced based on the specific content and context-based
cues of the stimulus. For moral vignettes, we find that variation in general sensitivity to
distressing actions resulted in the highest intersubject RSA values. Hence, highly controlled,
decontextualized experimental stimuli may generally be better suited to study individual
differences in domain-general personality traits (e.g., the big five, see Finn et al., 2020)
rather than morally relevant traits that interact with contextualized content features, such as
the identities and intentions of characters. In line with this argument, processing dynamic
auditory movie summaries where the main character violates a moral foundation increased

the coherence between individuals’ overall similarity in moral intuition salience and
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intersubject neural activations. This renders contextualized narratives superior to controlled
moral vignettes for studying how individual differences that particularly pertain to moral
sensitivities drive neural representations. As expected, for political attack advertisements,
individuals’ similarity in political orientation yielded the highest intersubject RSA values in
contrast to other stimuli, traits, and behaviors. Hence, dynamic political attack
advertisements in which candidates commit contextualized moral transgressions may be a
promising future stimulus for researchers interested in examining how neural polarization
processes operate in the moral brain and are shaped by individuals’ political ideology (Baar
etal., 2021; Leong et al., 2020). Finally, to understand how the moral mind parses
contextualized consequences of moral and immoral actions, our analysis of audiovisual soap
opera clips highlighted that intersubject variability in continuous response measurements
yielded the highest coherence with neural synchronies in scenarios where moral or immoral
characters are punished. Hence, compared to more controlled, decontextualized paradigms,
our analysis of naturalistic soap operas signals that responses to observed punishment are
primarily driven by a desire to both provide justice for those who have been wronged and

second to reprimand those who violate expected moral norms.

Limitations and Future Directions

Although this work has highlighted the opportunities of both controlled and naturalistic
moral narratives for advancing our understanding of the moral brain, our analyses have
limitations that warrant future research. One limitation of the present study is the rather
coarse-grained spatial scale — 50 parcels — with which neural activation and intersubject
representational similarities were linked across stimuli. While selecting the optimal spatial
scale for multivariate feature selection in fMRI remains an open discussion (Jolly & Chang,
2021), mounting evidence points to the fact that idiosyncratic variations in traits and
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behavior are encoded at a much finer spatial resolution (Feilong et al., 2018). Yet, increasing
spatial granularity by using a higher-resolution brain parcellation or even relying on a
searchlight or voxelwise approach (Wasserman et al., 2017) significantly increases the
computational costs of conducted analyses and necessitates stricter control of the familywise
error rate. Nevertheless, future studies should connect to the herein described analyses by
means of a more fine-grained measurement of neural activation patterns. Here, utilizing
voxelwise or sphere-based, rather than ROI-based activation maps generated by controlled
moral vignettes may serve as a healthy middle point that maintains informational specificity
at a manageable computational scale. A related point of discussion is concerned with further
improving the signal generated by individual variation while factoring out group variance.
For instance, shared-response modeling and hyperalignment have been shown to increase
sensitivity to individual differences (Feilong et al., 2018). Future work on individual
differences in moral cognition should investigate whether these approaches increase
sensitivity to brain-behavior relationships in the IS-RSA framework. Here, creating shared
response spaces for the same subject, but across multiple datasets (Nastase, Liu, Hillman,
Norman, et al., 2020) may be a particularly promising endeavor to boost individual signal.
Moreover, we herein largely treated the moral content features embedded in
naturalistic stimuli as block-designs, where we concatenated and grouped together stimuli
that featured common moral scenarios. Future work may triangulate this approach with more
fine-grained event-related designs using content analysis to identify time segments where
the moral action of interest occurred, who the actor was, if the action was intentional, and
what the subsequent consequences of the action were. Using forward inference, these event
codes could be used in classic encoding models to examine how stable or variable the neural

signatures of moral transgressions are across naturalistic contexts. Especially when coupled
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with certain covariates of stimulus features (e.g., luminance, visual flow, acoustic properties
(Lahnakoski et al., 2012), neural encodings of morality could be more robustly crystalized.
Second, as demonstrated per the movie viewing paradigm, combining theoretically-informed
content-analysis with dynamic intersubject synchrony approaches (Simony et al., 2016;
Weber, 2008) may reveal whether the brain-trait signal indeed increases (or fades) during
morally-salient narrative moments.

Lastly, this study primarily related intersubject variability in neural representations to
moral judgments recorded immediately after stimulus exposure in a laboratory setting.
Future research could thus extend this study by testing whether variability in neural
responses to either controlled or naturalistic stimuli is a better predictor of subsequent real-
world behavior(s), including similarity in moral sentiment expression on social networks,

voting preferences, or movie ratings.

Conclusion

Taken together, this work has highlighted the challenges and opportunities of using
highly controlled, decontextualized moral judgment tasks as well as more naturalistic,
contextualized stimuli for illuminating the neural basis of moral cognition. In particular, we
emphasized the usefulness of controlled moral vignettes for studying the dissociable brain
networks that undergird moral judgments. Moreover, we demonstrated that moral brain
circuits identified via controlled vignettes remain stable during the processing of more
naturalistic moral narratives, providing evidence for the ecological-validity of
experimentally controlled moral judgment tasks and the reliability of more naturalistic,
contextualized narratives to elicit neural responses in moral brain networks. Furthermore, we
showed that the rich sampling space of naturalistic stimuli can advance the pluralistic study

of moral cognition by illuminating how characters’ identities (e.g., political affiliation),
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actions (e.g., violating or upholding moral norms), and consequences (e.g., rewards and
punishments) dynamically interact with individual differences and drive intersubject
synchrony in moral brain networks. Finally, if researchers enrich neural recordings obtained
during naturalistic moral perception with theory-driven content-analytic and behavioral
ratings, narrative stimuli are a boon for studying how moral cognition evolves during
narrative processing, is modulated by individual differences, and shapes character judgment,

story engagement, and narrative appeal.

Methods

Description of Datasets

Moral Vignettes, Narrated Movie Summaries, and Political Attack Advertisements

The first three datasets (moral vignettes, narrated movie summaries, and political attack
advertisements) are drawn from a previously conducted study that includes 64 participants
recruited from communication courses at the University of California, Santa Barbara. Before
undergoing MRI, participants completed a battery of questionnaires to assess their basic
socio-moral (Moral Foundations Questionnaire, (Graham et al., 2011); Society Works Best,
(Smith et al., 2011); Empathy, (Davis, 1980) and political attitudes (e.g. political behavior,
knowledge and affiliation). Participants then underwent a first fMRI scan while completing
the Moral Foundation Vignettes (MFV; Clifford et al., 2015). The MFV span 120, one-
sentence descriptions (14-17 words) detailing the violation of one (and only one) of eight
categories: Emotional care, physical care, fairness, loyalty, liberty, authority, purity, and

social norms (control), with 15 vignettes in each category (Table 4).
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Table 4. Examples of Vignettes for the Eight Types of Violations.

Moral Foundation Example Vignette

Care Physical You see a woman swerving her car in order to intentionally run over a
squirrel.

Care Emotional You see a girl saying that another girl is too ugly to be a varsity
cheerleader.

Fairness You see a soccer player pretending to be seriously fouled by an
opposing player.

Liberty You see a public leader on TV trying to ban the wearing of hooded
sweatshirts.

Authority You see a boy spray-painting anarchy symbols on the side of the
police station.

Loyalty You see a man leaving his family business to go work for their main
competitor.

Purity You see a man having sex with a frozen chicken before cooking it for
dinner.

Social Norm You see a woman eating dessert before her main entrée arrives on the

(Control) table.

These vignettes were organized in an event-related design, pseudorandomly distributed
over three approximately 8-minute functional runs (5 in each of the 3 runs). Subjects viewed
one vignette at a time and were instructed to vividly imagine the described scene. While the
vignette was on the screen, they were asked to make a judgment of how morally wrong the
action described in the vignette was (1 = not at all morally wrong to 4 = extremely morally
wrong). After 8 seconds, the vignette disappeared but the scale remained on screen and
participants could respond during the inter-trial interval (IT1). ITIs were on average 4
seconds long, with a jitter of +/- 2.16 seconds (jitter length was calculated so that each trial
would begin at exactly the beginning of the scanner’s collection of the next volume).

Thereafter, participants listened to ten professionally narrated and previously validated
(Tamborini et al., 2013) movie plots summaries (mean duration = 45sec) while undergoing
fMRI. In each plot summary (2 per moral foundation), the main character (a) violates one of

the five moral foundations while adhering to all other foundations during the “background”

59



part of the story and (b) is either punished or rewarded for their moral transgressions during
the “outcome” part of the story. Trial order was randomized and counterbalanced between
subjects so that the same order of plots was given to a pair of subjects, but with the
alternative outcomes. After listening to a summary, subjects rated, on a scale of 14, the
degree to which they would like to see the movie. Subsequent to undergoing fMRI, subjects
listened to each plot summary again (randomized order) and rated the degree to which they
perceived (a) the main character’s actions to be moral-immoral, (b) the outcomes that befell
the character to be good-bad, (b) the behavior of the character to uphold—violate each of five
moral foundations.

In a third fMRI session, subjects watched political campaign attack ads (11 ads attacking
Trump, 11 ads attacking Clinton). The length of the average ad was 38.35 seconds (range
29.26-78.20). Using an MRI-safe button box, subjects were instructed to press “2”
whenever the perceived ad made a statement they liked and “1” whenever it made a
statement they did not like. After watching each ad participants were also asked to rate the
ad on a scale from 1-4 on how convincing the ad was. Time between each ad was 5 seconds,
with +/-2 seconds of jitter during which the response was solicited. The total duration of the
entire experimental run was ~16.5 minutes. The order of attack ads was generated using
repeated history with a lookback of 1. For example, an anti-Trump ad appeared the same
amount of times before another anti-Trump ad as an anti-Clinton ad. Then the order of ads
was randomized within this constraint: a reverse order was presented to the next subject of
same gender and political affiliation. Finally, each sequence was presented once to a
member of each of the 6 main participant groups (Male/Female)x(Republican/Democrat
/Unaffiliated). After the fMRI session, subjects re-watched all political ads and after each ad

answered a battery of questions probing their reaction to the ad, including how strongly the
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ad was making them want to vote for a candidate, emotional impact, whether a moral
violation was perceived in the different domains and whether the subject had seen the ad
before. The sequence of ads in the survey was random and different from their sequence
during fMRI.

All previously described MRI data was collected on a Siemens Magnetom Prisma 3T
MRI following Human Connectome Project guidelines (Ugurbil et al., 2013). The blood-
oxygen-level dependent (BOLD) contrast was measured using a multiband echo planar
gradient sequence (TR =720 ms, TE = 37 ms, FA = 52 degrees, FOV = 208 mm,
acceleration factor = 8). Volumes consisted of 72 interleaved slices (2 mm isotropic)
acquired with an angle of ~20° relative to the AC-PC plane, so that the slices are acquired
more dorsally near the eyes relative to the back of the brain (in that fashion we were able to
acquire the entire brain volume including the cerebellum for every subject). High-resolution
T1-weighted whole brain acquisitions were collected prior to functional image acquisition

(TR =2500 ms, TE 2.22 ms, FA =7 degrees, FOV = 241 mm, .9 mm isotropic resolution).

Soap Opera Clips

Data for the soap opera clips was collected from a previously conducted study spanning
28 healthy female participants (Weber, 2008). Upon entering the lab, participants provided
information on demography, handedness, medical history, trait empathy (Davis, 1980) and
personality as indexed by (Eysenck & Eysenck, 1993) and the Ten Item Personality Index
(TIPI, Gosling et al., 2003). Participants then watched 15 pre-selected scenes from the show
Days of Our Lives—a popular daytime US network television soap opera—while undergoing
fMRI. Notably, these scenes have been analyzed for the presence of moral arcs (who, what,
whom, when, why/what intention, and consequence) using a theoretically-driven,

methodical content analysis (Weber, 2008). Furthermore, the selection of scenes was based

61



on a survey among an independent sample of 547 female undergraduate students (average
was 20.1 years; SD = 1.09). The sample resembled both the main target group of the
television show and the sample for the present study. Evaluations included the moral
valence of character’s behaviors (i.e., did the character act morally or immorally) and the
valence of story outcomes for characters (i.e., whether moral or immoral behaviors were
punished or rewarded). Scene selection was based on the presence of a clearly identifiable
main character with either high, neutral, or low ratings on morality and clearly identified
positive, neutral, or negative outcomes. Due to the nature of the programming, most moral
behaviors violated or upheld the fairness/reciprocity norm. That is, immoral characters
attempted to socially sabotage other people or attempted to cheat them in some manner,
whereas moral characters sacrificed time and effort to help others. Outcomes were also
mainly social in nature, such that in the positive outcome scenes, characters were socially
rewarded by receiving good news or succeeding in their social machinations, whereas in the
negative outcome scenes, characters were socially punished through being rejected or
suffering emotional harm. Based on these categorizations, the 15 selected scenes were
grouped into the following five experimental groups (3 per group): (1) perception of main
character’s behaviors as moral & perception of story outcomes for the main character as
positive; (2) immoral behavior & negative outcome; (3) moral behavior & negative
outcome; (4) immoral behavior & positive outcome; (5) neutral behavior (perception of
behavior as neither moral nor immoral) & neutral outcome (perception of story outcome as
neither negative nor positive). The presentation order of the scenes was fully randomized
across participants. Scenes were presented on a 640x480 color LCD in the magnet (as hood
mount) and synchronized with the MR-signal. Participants wore MRI headphones in the

scanner to hear the specific video clip. The entire scanning procedure was divided in 3 runs
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of 18 minutes each, resulting in a total scan time of 54 minutes. Between clips, participants
were shown a blue screen with a centered cross for 30 seconds which served as a non-active
baseline.

Cortical activity was measured as the BOLD effect. BOLD contrast was obtained with a
gradient-echo EPI sequence (General Electric scanner; field strength of 3 Tesla; whole brain
coverage with 30 interleaved slices; slice size 4mm with 0.4mm gap; TR = 2000ms; TE =
27.2 ms; flip angle = 77°, field of view 22 x 22 cm2, matrix size 64 x 64; ). For reference,
we acquired anatomical brain images of each participant between the first and the second
run of the fMRI procedure. Raw DICOMs were organized according to the Brain Imaging
Data Structure (BIDS; Gorgolewski et al., 2016) and then minimally pre-processed using
fMRIprep (Esteban et al., 2019).

After completing fMRI, participants were seated in front of a PC and watched all 15
scenes again and evaluated their narrative enjoyment of each clip using continuous response
measurement. Participants' moment-to-moment enjoyment of each scene was assessed via
continuous response measurement (CRM; Biocca et al., 1994). Using the Media Monitor
software, participants were instructed to re-watch each of the 15 scenes while continually
moving a slider to rate how much they enjoyed each moment on screen (I do not enjoy it at
all — I enjoy it very much). Due to software malfunctions, CRM data from four participants
had to be discarded. Lastly, for each viewed clip, participants additionally rated main

characters’ moral behaviors and outcome valence.

Full-Length Movie

We use data from the recently released naturalistic neuroimaging database (NNDb
v.1.0; (Aliko et al., 2020). The NNDb spans 84 participants watching 10 full-length movies

from 10 genres. Notably, we only focused on the movie 500 Days of Summer as this movie
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was viewed by a total of 20 subjects, whereas other movies were only viewed by 8 subjects
at a time. In addition, we obtained the movie’s publicly available, manually-corrected, high-
quality movie script in extended markup language (XML) format (Gorinski & Lapata, 2015)

as well as its subtitles from https://www.opensubtitles.org.

fMRI Preprocessing

For each described dataset, raw DICOMSs were organized according to the Brain
Imaging Data Structure (BIDS; Gorgolewski et al., 2016) and then minimally pre-processed
using fMRIprep (Esteban et al., 2019)-a robust tool to prepare task-based fMRI data for
statistical analysis and circumventing the reproducibility concerns of fMRI preprocessing
steps (Esteban et al., 2020). After preprocessing with fmriprep, we postprocessed the data
according to established guidelines for naturalistic imaging data (https://naturalistic-
data.org/content/Preprocessing.html).

Specifically, we smoothed the data (fwhm=6mm) and performed basic voxelwise
denoising using a General Linear Model. This entailed including the 6 realignment
parameters, their squares, their derivatives, and squared derivatives. We also included
dummy codes for spikes identified from global signal outliers and outliers identified from
frame differencing (i.e., temporal derivative). We chose to not perform high-pass filtering
and instead include linear & quadratic trends, and average CSF activity to remove additional
physiological and scanner artifacts. Note that the movie from the NNdb had already been
pre- and postprocessed and organized into BIDS by the authors, so no further processing

was applied.
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Parcellation

All imaging analyses were conducted over a set of 50 parcels (parcellation available at
http://neurovault.org/images/39711). The parcellation was created by performing a whole-
brain parcellation of the coactivation patterns of activations across over 10,000 published
studies available in the Neurosynth database (Yarkoni et al., 2011). The use of a parcellation
scheme has several advantages over the more conventional voxelwise and searchlight
approaches. First, it is several orders of magnitude less computationally expensive as
analyses are performed only 50 times compared to 352,000 voxels. Second, the parcels are
nonoverlapping and contain bilateral regions that reflect functional neuroanatomy, whereas a
searchlight approach is limited to local spheres that do not adapt to different areas of cortex.
Analyses

All analyses were performed in a dedicated Anaconda environment using Python 3.7.9
(see https://github.com/medianeuroscience/diss_fhopp/blob/main/conda_env.yml). Unless
otherwise noted, all fMRI analyses were performed using the NLTools package version 0.4.4

(https://github.com/cosanlab/nltools).

Vignettes General Linear Model

The moral vignettes were used to determine ROIs that are preferentially activated during
the judgment of moral violations. The functional data was analyzed using general multilevel
linear modeling procedures (GLM; Beckmann et al., 2003). First level GLMs for each
subject included explanatory variable time courses (EVs) for the control condition (social
norm violations) and for each moral domain (gamma convolution = 6's, SD = 3) and
temporal derivatives of each EV. For each trial a 5-second window (starting 5 seconds from
when the vignette appears on the screen) of volumes of interest was included as an event.

Planned contrasts then modeled activation unique to each moral domain (e.g., fairness vs.
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control). These contrasts were then analyzed at the second level using a mixed effects
analysis. Resulting statistical parametric maps were thresholded using FDR (q < .05).

Parcels that survived FDR were then included in all subsequent analyses.

IS-RSA Vignettes

We first computed each participant’s moral vs. social vignette contrast maps (one per
moral domain, 7 total) by subtracting each mean (averaged across three runs) moral GLM
beta map from the mean social GLM beta map. We then divided these moral-social subject-
level beta maps into 50 ROIs using the described parcellation. Next, we created a pairwise
correlation matrix for each ROI (the “ROI similarity matrices”). Correlation is a useful
metric that can accommodate data that is on different scales, which is important when
comparing different participants’ beta maps. We also created similarity matrices for each
trait and behavior measure. For empathy, moral intuition salience, and the vignette
wrongness ratings, we computed the mean of every subject pair’s rank on a given scale,
normalized by the highest possible rank. Notably, for moral intuition salience and
wrongness ratings, we did this separately for each foundation to test whether individual
differences in moral traits and behavior predict neural similarity in a foundation-specific
fashion. For political orientation, we computed the pairwise Euclidean distance and then
converted it to similarity. Accordingly, these “individual difference similarity matrices”
captured the similarity between participants’ in their traits and behavior.

For each moral-social vignette contrast, we then computed the correlation between each
ROI similarity matrix and the individual difference similarity matrices using Spearman’s
rank-order correlations on the lower triangle of the matrices. To obtain significance levels of
the resulting Spearman’s rhos, we used a Mantel permutation test (Mantel, 1967;

Nummenmaa et al., 2012), in which both the rows and columns of one subject by subject
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similarity matrix are shuffled and the Spearman’s rhos between both correlation matrices is
recomputed. This procedure was repeated 10,000 times to generate a null distribution of
rank correlations which was used to compute p-values based on a one-tailed test with the
alternative hypothesis of correlations greater than 0 for each ROI (Nili et al., 2014). These
Monte Carlo p-values were Bonferroni-corrected by multiplying them by the number of
parcels (50). All p-values that remained below 0.05 after this correction were taken to
indicate a significant association between individual difference similarity and ROI

representation similarity.

ISC and IS-RSA for Movie Plot Summaries

We used intersubject correlation (ISC) to examine the reliability of neural dynamics in
response to the movie summaries across individuals (Cohen et al., 2017; Hasson et al., 2004;
Nastase et al., 2019). For each participant, we extracted the timepoints when participants
were listening to the summaries of a particular foundation (two per foundation) and
separately concatenated all of the summaries into five separate conditions (one per moral
foundation). We then separately extracted the mean time course for each condition with 50
ROIs — using the same parcellation scheme as before. For each summary type, we separately
computed the pairwise correlation between participants’ mean time-course in each ROI
producing a subject by subject correlation matrix for each ROI. To compare the spatial
patterns of mean ISC between foundations, we computed the mean of the lower triangle of
the subject by subject correlation matrix for each ROI and then correlated these mean values
between each foundation. This correlation provides an estimate of the similarity of
individual variation across brain regions between each summary.

We performed IS-RSA to identify brain regions with temporal dynamics that exhibited
similar patterns of intersubject variability to either trait-level (i.e., political orientation,
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empathy, moral intuition salience) or behavioral-level (i.e., foundation and character ratings)
individual differences. The overall analytical framework was identical to the IS-RSA
previously reported for the vignettes, with the exception that the condition-specific ROI

similarity matrices were obtained through the ISC analysis above.

ISC and IS-RSA for Political Attack Advertisements

We again performed ISC analysis to examine the reliability of neural dynamics in
response to the political attack advertisements across individuals. For each participant, we
extracted the timepoints when participants were watching either anti-Trump or anti-Clinton
advertisements and separately concatenated all of the clips into two conditions (anti-Trump
or anti-Clinton). We then separately extracted the mean time course for each condition
within the same 50 ROIs as before. For each condition type, we separately computed the
pairwise correlation between participants’ mean time-course in each ROl producing a
subject by subject correlation matrix for each ROI. To compare the spatial patterns of mean
ISC between conditions, we computed the mean of the lower triangle of the subject by
subject correlation matrix for each ROI and then correlated these mean values between each
condition. This correlation provides an estimate of the similarity of individual variation
across brain regions between each condition.

The IS-RSA for the political attack advertisements followed the identical steps as the IS-
RSA reported for the movie summaries. We again searched for regions of the brain that
showed similar variability as measured via ISC to either trait-level (i.e., political orientation,
empathy, moral intuition salience) or behavioral-level (i.e., perceived moral foundation and

morality ratings) individual differences.
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ISC and IS-RSA for Soap Opera Clips

We used intersubject correlation (ISC) to examine the reliability of neural dynamics in
response to the soap opera clips across individuals (Cohen et al., 2017; Hasson et al., 2004;
Nastase et al., 2019). For each participant, we extracted the timepoints when participants
were freely viewing clips pertaining to each of the five conditions (three clips per condition)
and separately concatenated all of the clips into five separate conditions. We then separately
extracted the mean time course for each condition with our 50 ROI parcellation. For each
condition, we separately computed the pairwise correlation between participants’ mean
time-course in each ROI producing a subject by subject correlation matrix for each ROI. To
compare the spatial patterns of mean 1SC between conditions, we computed the mean of the
lower triangle of the subject by subject correlation matrix for each ROl and then correlated
these mean values between each condition. This correlation provides an estimate of the
similarity of individual variation across brain regions between each condition.

We performed IS-RSA to identify brain regions with temporal dynamics that exhibited
similar patterns of intersubject variability to either trait-level or behavioral-level individual
differences. The overall analytical framework was identical to the IS-RSA reported for the
previous datasets. On the trait level, we computed participants’ overall similarity in empathy
via an NN-itemwise model and again used an AnnaK model for each empathy
subdimension. Likewise, we computed two NN-itemwise models that captured similarity in
personality as measured by Eysenck and the TIPI. On the behavioral level, we computed
intersubject similarity in moral judgment for character morality and outcome valence using
an AnnaK model on the average ratings per condition (three ratings per condition) and an
NN-itemwise model capturing the correlation of ratings across clips per condition. Lastly,

for each condition, we created a similarity matrix denoting the pairwise, intersubject
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correlation for continuous response measurements (CRMs) across the three condition-

specific, concatenated clips.

Movie Annotation Pipeline

We first obtained the screenplay for the movie 500 Days of Summer from Scriptbase J
(Gorinski & Lapata, 2015). Properly formatted movie scripts allow the distinction between
several structural screenplay features such as scenes and stage directions, action
descriptions, characters, and dialogue. Hence, we computationally parsed the script using a
pipeline developed in (Hopp et al., 2020) to extract the labels for every scene onset. Next, to
align the scenes of a movie script with the corresponding motion picture, two research
assistants jointly viewed the movie while labeling the timestamps corresponding to the
onsets of each extracted screenplay scene. Additional scenes that were not present in the
screenplay were also recorded, while scenes that were missing in the movie were discarded
and scenes spanning multiple scenes in the screenplay grouped together. Thereafter, we
assessed the moral signal of a scene by computationally detecting morally relevant words in
the subtitles of the movie. To this end, we first obtained the subtitles for the movie from
https://www.opensubtitles.org/ and then again computationally parsed the downloaded file.
As a result, every line of this file contains a unique subtitle element, with the corresponding
text as well as beginning and ending of the text on screen. Next, we aligned the subtitle time
codes with the scene onset codes to learn what subtitles were present during a given scene.

Thereafter, we extracted the moral words in each subtitle file by using the extended
Moral Foundations Dictionary (eMFD; (Hopp, Fisher, Cornell, et al., 2020) The eMFD is
built on a crowd-sourced content analysis and contains a total of 3,270 words. Each word in

the eMFD is assigned five probabilities that denote the association with each of the five
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moral foundations. Using the eMFDscore software? and the bow single vice-virtue scoring
option, for each scene, we obtained ten probabilities that reflect the degree to which any one

moral foundation is present and upheld or violated in a scene.

2 (https://github.com/medianeuroscience/emfdscore)
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Supplemental Information

Neurosynth Parcellation (k = 50)

Controlled, Decontextualized Moral Foundation Vignettes

Multivoxel Pattern Classification of Moral Foundation Vignettes

We supplemented the encoding analyses of the moral foundation vignettes with a
decoding approach using multi-voxel pattern analysis (MVPA). Specifically, we tested
whether ROIs identified via our GLM represent vignettes of each condition differently. To
this end, we first performed an initial temporal data reduction using univariate GLMs to
create an average beta map of each participant’s brain response to each of the eight vignette
categories. We then used a leave-one-subject-out (LOSO) cross-validation procedure to
evaluate the performance of our multivariate SVM model in classifying maps associated
with each participant’s response to a moral vignette category using data from the remaining
63 participants.

The trained SVM was able to discriminate (classification accuracy > 50%) between
moral versus social norm violations in all ROls identified by our localizer, with particularly
high accuracy in posterior cingulate cortex (PCC), anterior VIPFC, and dmPFC, emphasizing
the role of these ROIs in classifying an action as morally relevant (Figure 1). Classification
accuracy across moral foundations was highest in PCC (Precuneus/superior LOC),
suggesting that this region may play a superordinate role in discriminating different types of

moral violations—a result consistent with extant work linking PCC activity to reasoning
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through different types of moral judgments (Greene et al., 2001) and hypothetical moral

choices (FeldmanHall, Dalgleish, et al., 2012).
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Figure 1. Between subject multivoxel pattern classification across moral vignette categories.
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Representational Similarity Analysis

To gain more information about the representational geometry (Kriegeskorte & Kievit,
2013) of moral and social norm violations, we used representational similarity analysis
(RSA; Kriegeskorte et al., 2008). We first obtained an activity estimate for each voxel and

vignette item using massively univariate linear modeling (Kriegeskorte et al., 2008),

creating a canonical beta map (item vs. average) for each of the 98 vignette items across our
participants. For each ROI, the item-related activity patterns form the basis for computing
the neural representational similarity matrices (RSM). We then created several candidate
models to explain the representational pattern in our identified ROIs (Figure 2a, top).

Our conceptual, theoretically-derived models predicted greater similarity within versus
between vignettes of the same condition; within moral versus social norm transgressions;
within individualizing versus binding versus social norms; and individualizing versus
binding as subcategories of moral versus social. In addition, we created two behavioral
models capturing similarity in average moral wrongness ratings and response times across

all vignettes. Using the sentence BERT (sBERT) transformer (Reimers & Gurevych, 2019),

we also created a matrix denoting the semantic similarity of the vignettes in a high-
dimensional sentence embedding space.

To explore the dimensions of the stimulus space that are most strongly reflected in the
neural response patterns, we computed the group-average neural RSM for several candidate
ROIs identified by our localizer and also for V1 due to its popular application in
representational models (Figure 2a, bottom). When visually examining the neural RSMs, we
noticed a salient distinction between moral versus social norm transgressions across ROIs,
further supporting the notion that the brain represents moral versus social norm

transgressions differently.
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Figure 2. Data-driven visualization of relationships among multiple representational models. a.
Representational similarity matrices (RSM) of conceptual, behavioral, embedding, and group-averaged brain
representations across vignette items. b. Matrix of RSM correlations. Each entry compares two RSMs by
Spearman’s p. The correlation matrix is symmetric about a diagonal of ones and all correlations across
RSMs were positive. c. Force-directed graph of the RSMs. Each point represents an RSM, and distances
between the points approximate the p correlation distances among the RSMs.

This distinction is also reflected in individuals’ behavioral wrongness ratings,
highlighting that social norm transgressions, compared to moral norm transgressions, are
judged more similarly. Compellingly, the close match between V1 and individuals’ moral
wrongness rating provides further evidence for the attentional capture (Gantman et al., 2020;
Gantman & Van Bavel, 2014, 2015) and motivational role of visual imagery in intuitive
moral judgments (Amit & Greene, 2012; Kahane et al., 2012). Yet, mounting evidence
suggests that neural activity in V1 does not reflect the processes directly undergirding moral
judgments, but the processes that trigger them by making aspects of a moral situation more
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salient. For example, the high similarity between representational patterns in V1 and dACC
as well as dIPFC, two central ROIs in the moral judgment network, suggests that sensory
representations about moral information are propagated throughout the brain. Additionally,
when examining the correlations across RSMs (Figure 2b), more fine-grained
subdimensions of moral actions come into focus. For example, V1, dACC, dIPFC, and
anterior VIPFC contain more information about categorical divisions between
individualizing and binding moral foundations than vmPFC and TPJ as visualized by the
closer/further distance of these ROIs to the ind/bind/moral/social RSM in the force-directed
graph of RSM correlations (Figure 2c). Moreover, the force-directed layout efficiently
pushed models with an overall low similarity to the periphery, suggesting that the
categorical divisions of moral foundations, response times, as well as the SBERT model are
suboptimal explanations of the neural RSMs.

Subsequent to these data-driven, exploratory analyses, we tested the statistical
significance of each candidate model’s relatedness to each of the neural reference models

(Figure 3). To this end, we followed established guidelines (Nili et al., 2014) using

Spearman’s rank correlation coefficient as measure of between-model similarity and
performed a one-sided signed-rank test across the single-subject RSM correlations.
Although the resulting correlations are relatively small — which is to be expected when using
coarse grained ROIs, rather than more fine-grained, smaller nodes and spheres — all
coefficients are statistically significant, suggesting that each candidate model explained

variance in the neural representations of moral foundations.
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Figure 3. Inferential comparisons of model representations. Data-driven visualization of relationships among
multiple representational models. Spearman’s rank-order correlations (all p < .001) indicate the similarity
between candidate model and neural pattern similarity. Black bars show significant pairwise differences
between candidate models. Multiple testing was accounted for by controlling the FDR at g < 0.05.

To test whether two candidate models are statistically different in their relatedness to the

neural representation, we computed the difference between the candidate model correlations

in each subject and performed a two-sided signed-rank test across subjects. In the majority

of ROls, the conceptual moral/social model outperformed all other candidates, suggesting

that the categorical division between moral versus social norm violations is salient within
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each ROI’s neural activation pattern. The conceptual model defining individualizing versus
binding foundations as a subcategory of the larger moral versus social model consistently
outperformed the more limited individualizing/binding/social model. This indicates that the
brain distinguishes between individualizing and binding foundations as two subcategories of

a larger moral space whose activation pattern is distinct from social norm violations.

Intersubject Representational Similarity Analysis

Table 1. Significant intersubject representational similarities for moral vignettes

ID Measure Model Vignette Contrast ROI Spearman’s rho
[ I I I
Distress carep dIPFC -0.082
Fantasy pur ? 0.187
NN-Itemwise carem Temporal 0.104
Occipital
Fusiform
Empathy _
NN-Itemwise carep V1 0.235
NN-Itemwise loy Cerebellum (V1) 0.101
NN-Iltemwise pur V1 0.268
Perspective T. lib PCC/precuneus 0.276
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Table 1. Contd.

ID Measure Model Vignette Contrast ROI Spearman’s rho
| |
AnnaK
loy ? -0.236
auth dmPFC 0.131
carep V1 0.228
Moral Intuition
Salience carep ? 0.128
NN- lib ? 0.103
Itemwise
loy anterior 0.171
fronto-parietal
(dIPFC,
dACC)
pur ? 0.142
I I
auth amPFC -0.160
auth dACC -0.234
carem Amygdala -0.124
carep dACC -0.203
Moral Wrongness
Ratings Annak lib Amygdala -0.123
loy mid insula -0.267
loy Primary -0.203
Auditory
pur anterior -0.230
MPFC
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Table 1. Contd.

ID Measure Model Vignette Contrast ROI Spearman’s rho
I I I |
pur Dorsal -0.192
Anterior
Insula
pur ? -0.170
pur dACC -0.311
AnnaK pur Left IFG -0.179
Moral
Wrongness pur ? -0.171
Ratings
pur ? -0.348
pur ? -0.280
auth ? 0.186
NN-
ltemwise carem V1 0.255

Note. Condition Key: carep: physical harm; carem: Emotional harm; lib: Oppression; loy:
Betrayal; auth: Subversion; pur: Degradation. All reported ROIs survived Bonferroni
correction. ‘?’ indicates a missing atlas label for brain parcellation. Bolded ROIs were
functionally localized by the moral vignette localizer.
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Narrated Movie Summaries
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Figure 5. Behavioral results of narrated movie summaries. a. Perceived violation of moral foundations
across stories. Each story violated a single moral foundation (see subtitle) while upholding all others. b.
Effects of story outcome on perceived character morality, outcome valence, story enjoyment, and dramatic
perception of story. Error bars reflect 95% confidence intervals based on 1,000 bootstrap iterations.
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Figure 6. Moral foundation salience predicts rated character morality. For each story, the moral foundation
salience score for the foundation that the story character violated (see title) served as predictor for rated
character morality of that story. With the exception of two stories (betrayal 1; subversion 2), a higher
foundation salience led to harsher (more negative) character judgments. Significant interactions based on
character outcomes (red versus green graphs) did not emerge.
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Figure 7. Character morality predicts story enjoyment. For each story, rated story enjoyment was regressed
onto perceived character morality. We predicted that story enjoyment increases when a morally appraised
character is rewarded or when an immorally appraised character is punished. In contrast, story enjoyment
should decrease when an immorally appraised character is rewarded and a morally appraised character
punished. While we do find that perceived character morality positively predicts story enjoyment, an
interaction with character outcome was only apparent for two stories (betrayal 2; degradation 1).

99



Political Orientation
Anna Karenina {Annak)

Il ROs: t=-1.46. p=0.146

: Nearest Neighbor (NN) :
Al ROSs: t=4,19, p=0.000 Moral - Control ROIs
", ¢ tw2.77, p=0.006

©1{ Moral - Control RO¥s
t=-1.99, p=0.047

ROIs: twd 45, p=0.000 ontrol ROIs: tw-3,30, p=0,001

“. e 4 “n Al Lo
Spearman's rho
5 Distress (AnnakK)

i

Ll o o
Spearman’s rho

Empathy i Concern {(Annak} i Fantasy (Annak)

s Moral - Control R Al ROIS: t=4,12, p=0.000

Il ROIs: t=5.55, p=0.000 Moral - Control
1=0.47, p=0.640 1 f ¢

| ROls: t=-4.78, p=0,000 Moral - Control
tw-3.43, pu0. " 383

=192, p=0.056)

ntrol ROIs: t=2.52, p=0.013

ontrol ROIs: t=4.45, p=0.000 jontrol ROIs: t=-2.08, p=0.039

Frequency
» "

o — - . . ﬂ

iPerspective Taking (Annak)

:

NN-ltemwise

« Moral - Control

g\ll ROfs: t=4 .84, p=0.000
t=1.43, p=0.154 ral R

1, p=0.0

All ROIs: 1=5.93, p=0.000 Moral - Control
bntrol ROIs: t=3,25, p=0.001

t=133, p=0.18

Frequency

<0
Spearman’s rho Spearman's rho
Moral Intuition Salience NN-Itemwise Anna Karenina (AnnakK)
Moral - Control ROt ROIs: t=8.00, pw0.000 Moral - Control ROIs 5 tw.0.64, pw0 52

t=0.94. p=0.347 t=1.18. p~0.239

ROIs: t=6.10, p~0.000 { ol ROIs: te-1.41. p=0.159

‘»“ - -1 “n e " o <o "
Spearman’s rho Spearman’s rho
Perceived Foundation Violation
o Anna Karenina (Annak) . MIS X Foundation Rating (Annak) NN Itemwise
Moral - Controj ROs Moral - Control Moral - Control R
t=143, pe0.18S tw2 39, p=0.01 tw2 63, p=0.009
ol ROMs: twS 87, pwi 0K | 3 t=352, p=0.001 Ns t=0 42, p=0 675
s ROIs: t=4.59, p=0.000 ROIs: t=1.79, p=0.076 ROIs: t=-1.49, p=0.138
!
gl' 1
! |
SR = L "
T e e e o A e an e a L N on G S
Character Morality Rat

Anna Karenina (Annak) H Nearest Neighbors

Moral - Control RO
t=2 59 p=0.010

Moral - Control RO
=013 p=0 808
1 RO t=1 86, p0.064 All ROIS: tw.2.65, p=0.009

RO t=1.58 p=0.116 Control ROts: t=-3.77, p=0.000

- on B3 o e W ) ) o

*n -
Spearman’s o Spearman’s o
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Figure 9. Political affiliation modulates moral judgment of political candidates. a. For each video,
subjects rated the degree to which they perceived the candidate’s behavior to be morally wrong.
Videos 1-11 are anti-Trump; videos 12-22 are anti-Clinton. b. Republicans perceived Trump
(Clinton) to act more morally (immorally) in anti-Trump (anti-Clinton) ads, whereas democrats
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clip.
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differences only emerged for the purity foundation, where Trump was rated to violate
purity more than Clinton.
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Figure 11. Distribution of Spearman’s rho for political ads per individual difference model.
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Soap Opera Clips
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the main character indeed acted more morally, whereas the main character was perceived as more immoral
in scenarios that illustrated an immoral character. b. Outcomes for characters were rated as more positive if
the scenario displayed a character that was rewarded, whereas outcomes for characters that were punished
were appraised more negatively.
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Figure 16. Intersubject representational similarity analysis for soap opera clips. Point- and stripplots for
Spearman’s rho across individual difference models and soap opera conditions.
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Glossary

Anna Karenina (AnnaK): A type of similarity metric that captures how similar
individuals are in absolute terms on an overall score of a given scale. Specifically, the
AnnaK similarity structure tests if individuals who score high on a given scale are similar to
other high-scorers and dissimilar to low-scorers. A powerful feature of operationalizing
similarity in this way is that the same model can detect effects in both directions, based on
the sign of the resulting Spearman’s rho value between brain, trait, and behavioral similarity
matrices. If high scorers are alike and low scorers different, the resulting Spearman’s rho
would be positive; if low scorers are alike and high scorers different, the resulting
Spearman’s rho would be negative.

Nearest Neighbor (NN): A type of similarity metric that captures how similar
individuals are in relative terms on an overall score of a given scale. When relating
similarity matrices of brains with an NN similarity model, a positive Spearman’s rho
highlights that subject who are more similar to their immediate neighbors on a given
trait/behavior scale show more similar neural responses, whereas a negative resulting
Spearman’s rho would suggest that subject who are more similar to their immediate
neighbors on a given trait/behavior scale show more dissimilar neural responses.

Nearest Neighbor Itemwise (NN-itemwise): A type of similarity metric that captures
how similar individuals are in relative terms in their item to item responses to a
questionnaire. When correlating neural similarity matrices with an NN-itemwise similarity
matrix, a positive Spearman’s rho highlights that subject who filled out a questionnaire in
more similar ways show more similar neural responses, whereas a negative resulting
Spearman’s rho would suggest that subject who filled out a questionnaire in more similar

ways show more dissimilar neural responses.
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