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Abstract

Recently developed quantitative models of psychopathology (i.e., Hierarchical Taxonomy of
Psychopathology) identify an Antagonistic Externalizing spectrum that captures the psycho-
logical disposition toward criminal and antisocial behavior. The purpose of the present
study was to examine relations between Antagonistic psychopathology (and associated
Five-Factor model Antagonism/Agreeableness) and neural functioning related to social-
cognitive Theory of Mind using a large sample (NN =973) collected as part of the Human
Connectome Project (Van Essen et al, 2013a). No meaningful relations between
Antagonism/Antagonistic Externalizing and Theory of Mind-related neural activity or syn-
chrony were observed (p < .005). We conclude by outlining methodological considerations
(e.g., validity of social cognition task and low test-retest reliability of functional biomarkers)
that may account for these null results, and present recommendations for future research.

A major contemporary challenge for clinical science is to identify neurobiological dimensions
underlying psychopathological processes. Reflecting this understanding, the National Institute
of Mental Health created the Research Domain Criteria (Cuthbert & Insel, 2013) initiative to
explore the genetic, biological, and behavioral underpinnings of psychopathology and investi-
gate social processes relevant to the perception and understanding of others. So far, a small body
of research has emerged examining the neurobiological link between personality traits and a
category of cognitive functions defined as Theory of Mind (ToM; i.e., mentalizing, empathy,
and social cognition). Specifically, the Agreeableness domain of the Five-Factor Model
(FFM; Costa & McCrae, 1992) of personality has shown evidence of being connected to
ToM performance (e.g., Allen, Rueter, Abram, Brown & DeYoung, 2017; Nettle & Liddle,
2008). This suggests that lower-order ToM cognition, in subserving the ability to reason about
the mental states of others, may underlie higher-order patterns of thought, feeling, and behavior
relevant to social information processing.

Meanwhile, recent advances in the measurement of personality pathology provide the oppor-
tunity to investigate links between personality, psychopathology, and neurocognition with
greater precision. Some recent findings indicate that putatively separable personality disorders
involving externalizing behaviors (e.g., antisocial personality disorder [APD], narcissistic per-
sonality disorder [NPD], psychopathy) are better conceptualized as heterogeneous constructs
that hold certain personality dimensions in common, namely (low) FFM Agreeableness and
Conscientiousness (O’Connor, 2005; Widiger, Lynam, Miller & Oltmanns, 2012). The
Hierarchical Taxonomy of Psychopathology (HiToP; Kotov et al., 2017), a data-driven and inte-
grative model of psychopathology, reflects these dimensions in two Externalizing spectra
(Antagonistic Externalizing and Disinhibited Externalizing). Antagonistic Externalizing, which
describes tendencies toward engaging in criminal and antisocial acts involving theft, destruction
of property, physical aggression toward others, and violations of rules of conduct, is most rel-
evant to the present study in view of its relations to FFM Agreeableness and reference to inter-
personal conduct. Focusing on coherent dimensions of personality and psychopathology (versus
categorical disorders [e.g., APD]) is thought to be favorable to uncovering links between person-
ality/psychopathology and neurocognition because irrelevant traits (e.g., Disinhibition within
APD) are no longer detracting from the signal of relevant ones. A major research initiative
is to identify the neurocognitive mechanisms by which these higher-order latent factors impact
life outcomes.
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1.1. ToM, agreeableness, and antagonistic externalizing

ToM has been broadly separated into social-affective (also known
as social-perceptual) and social-cognitive perception components
(Meinhardt-Injac, Daum, Meinhardt & Persike, 2018). The social-
affective component represents the capacity to infer an individual’s
affective mental state from external information involving physical
expression (e.g., facial cues and nonverbal behaviors), whereas
the social-cognitive component represents the capacity to infer
mental states from more subtle and complex contextual cues that
are not physically apparent. Measures of social-affective and social-
cognitive ToM are moderately related (e.g., Fossati, Somma,
Krueger, Markon & Borroni, 2017 [r =.36]), with some evidence
to suggest that the two components rely on distinct neural circuits.
The social-affective perception component is believed to be tied to
orbitofrontal/medial temporal/amygdala circuits, whereas the
social-cognitive perception component is believed to be mediated
by the medial prefrontal cortex (particularly dorsally and in the left
hemisphere), the temporoparietal junction (TPJ), and precuneus
(Allen et al,, 2017; Haas, Anderson & Filkowski, 2015; Sabbagh,
2004; Saxe & Kanwisher, 2003; Spunt & Lieberman, 2012;
Young, Dodell-Feder & Saxe, 2010). Notably, the latter circuit
meaningfully overlaps with the Default Mode Network (DMN;
Allen et al., 2017), which shows activation across contexts in which
individuals passively generate mental content involving social cog-
nition, memories, and imagination (Spreng & Andrews-Hanna,
2015). In this study, we focused on brain regions associated with
social-cognitive ToM (e.g., Ewing, Zeigler-Hill & Vonk, 2016;
Nettle & Liddle, 2008), and “ToM” will heretofore refer to
social-cognitive ToM, specifically.

The link between Antagonistic Externalizing and ToM is based
on (a) a close connection between low FEM Agreeableness (or FFM
Antagonism at the opposite pole) and the Antagonistic
Externalizing dimension of HiToP and (b) the theory that low
FFM Agreeableness may represent a higher-order manifestation
of deficits in social information processing, which may impede
core traits related to Agreeableness including compassion and
empathy (e.g., DeYoung & Gray, 2009). Specifically, social-
cognitive deficits in inferring the mental states of others may
underlie Antagonistic Externalizing through impairing individ-
uals’ capacity for insight into others’ sensibilities, preferences,
and boundaries using subtle, contextual cues that are not physically
apparent. Lack of knowledge of these sensibilities may lead to
reduced wherewithal or concern for supporting others’ well-being,
cooperating in the pursuit of collective goals, or appreciating the
value of rules. ToM deficits may also affect behavior in more
indirect ways such as through impairing insight into the untoward
elements of one’s own social behavior (via processing social feed-
back) and limiting prosocial aspects of socialization.

Empirically, the proposed connection between Antagonistic
Externalizing and ToM rests primarily on links between FFM
Agreeableness and ToM performance. Four studies point to a
meaningful relation between FFM Agreeableness and ToM, as
assessed by comprehension tasks (i.e., assessing insight into a char-
acters’ use of deception, faux pas, persuasion, false belief, etc.,
within verbal scenarios) and a novel reaction-time-based emotion
attribution task (e.g., Allen et al., 2017; Ewing et al., 2016; Haas,
Ishak, Denison, Anderson & Filkowski, 2015; Nettle & Liddle,
2008). Perhaps the most informative study examined aspects of
FFM Agreeableness in a moderately sized sample while controlling
for memory and IQ (Allen et al., 2017). The authors found differ-
ential relations between aspects of Agreeableness and ToM, with
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Compassion (ff =.11) and Non-aggression (f = .21) factors show-
ing positive relations, and an Honesty factor (= —.25) showing a
negative relation.

Direct examinations of Antagonistic Externalizing in relation
to ToM have not yet been conducted. Although evidence from
examinations of categorical disorders (e.g., NPD and psychopathy)
is fairly plentiful, results from this research domain have been
strongly mixed (e.g., Blair et al., 1996; Drayton, Santos & Baskin-
Sommers, 2018; Fonagy, Target, Steele & Steele, 1998; Nentjes,
Bernstein, Arntz, Slaats & Hannemann, 2015; Pellecchia et al,
2015; Vonk et al,, 2015). Inconsistency in these findings is likely
to be a natural effect of poor measurement accompanying structural
heterogeneity in constructs such as NPD, psychopathy, and APD
(Lynam, Gaughan, Miller, Mullins-Sweatt & Widiger, 2011;
Saulsman & Page, 2004).

Evidence for neural links between Agreeableness and ToM is
similarly limited. Only one moderately sized study has directly
examined relations between FFM Agreeableness and DMN process-
ing (Allen et al,, 2017). Using functional connectivity analyses of
resting-state functional magnetic resonance imaging (fMRI), the
study found generally null results, though a negative relation
between an Honesty factor of Agreeableness and DMN connectivity
(p <.05) was found that did not survive statistical correction.
However, it bears noting that participants were not specifically
engaging in ToM but rather were engaged in undirected cognition
that may or may not have included engagement of ToM. Given that
the DMN serves a variety of functions, measuring its activity at rest
likely captures a variety of processes of which not all are likely to be
related to Agreeableness. In sum, a small body of consistent findings
demonstrate a link between FFM Agreeableness and ToM using
behavioral measures, but relations between FFM Agreeableness
and ToM-related neural processing are very limited, and the role
of ToM in Antagonistic Externalizing has not been directly or validly
tested.

1.2. Present study

The purpose of the present study was to build upon extant research
by using a task-based functional neuroimaging methodology to
investigate relations between (low) FEM Agreeableness (heretofore
referred to as FFM Antagonism), Antagonistic Externalizing
symptoms, and social-cognitive ~ToM. Although FFM
Antagonism and Antagonistic Externalizing are highly related,
we examine both separately in acknowledgement that they may
capture different ranges of the trait spectrum of Antagonism. To
investigate, we used a large sample from existing data collected
as part of the Human Connectome Project (HCP; Van Essen
et al,, 2013a). To measure ToM, we used a social cognition task
developed by Castelli and colleagues (2000) and Wheatley and col-
leagues (2007) to elicit ToM social cognition and associated neural
function. To operationalize ToM neural response, we contrasted
the activation in the brain’s social cognition system during ToM
sequences and Random control sequences, consistent with prior
literature (Castelli, Happe, Frith & Frith, 2000; Castelli, Frith,
Happe & Frith, 2002; Wheatley, Milleville & Martin, 2007).

Our primary hypothesis was that FFM Antagonism and
Antagonistic Externalizing psychopathology would bear negative
relations to neural activity in and synchrony among brain regions
implicated in ToM. Only one study has directly tested relations
between Agreeableness and neural synchrony in regions impli-
cated in ToM, showing marginally significant results (Allen
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et al., 2017). The present study builds upon Allen and colleagues’
(2017) work by utilizing a social-cognitive task to elicit ToM-
related brain response. In addition, we also carried out a series
of exploratory analyses. Relations between other personality
domains  (i.e,  Neuroticism, Extraversion, = Openness,
Disinhibition [reversed Conscientiousness]) and internalizing
psychopathology, on one hand, and neural activity and synchrony,
on the other, during the ToM paradigm was examined.
Multivariate analyses were also conducted in which relations with
Antagonism were examined while controlling for other FFM
domains.!

2. Method
2.1. Participants

Self-reported personality, psychopathology, and fMRI data were
collected from 1,206 subjects who participated in the HCP (Van
Essen et al., 2013a, 2013b). Informed consent was obtained for
all participants. Participants were community-dwelling healthy
adults between 22 and 35 years old with no significant history of
psychiatric disorder, substance abuse, neurological disorder or
damage, cardiovascular disease, or Mendelian genetic disease.
Full fMRI social cognition task data were available for 1,054 par-
ticipants. Fifty-six participants were excluded from analyses who
failed to accurately report social stimuli following ToM sequences
62% of the time or greater (62% corresponded to one standard
deviation greater (~12%) than chance (i.e., 50%). Additional par-
ticipants were excluded due to missing validity check data (one
participant), missing personality or psychopathology data (four
participants), and incorrect processing of right-left runs (20 partic-
ipants). Although the latter group of participants possessed correct
left-right runs, only participants containing both runs were
included to mitigate phase encoding bias. This yielded a final sam-
ple of 973 participants. Demographic information for this sample
is found in Table 1.

2.2. Materials and procedures

2.2.1. Personality

Traits from the Five Factor Model (FFM) of personality were mea-
sured using the NEO Five Factor Inventory (NEO-FFI; Costa &
McCrae, 1992), which is a 60-item measure that indexes character-
istic patterns of thoughts, emotions, and behaviors. Similar to our
strategy of reversing NEO-FFI Agreeableness and referring to it by
its low pole, Antagonism, NEO-FFI Conscientiousness scores were
reversed and referred to as Disinhibition in line with the present
study’s focus on psychopathological aspects of personality.
Reliability estimates of internal consistency ranged from .75
(Openness) to .85 (Neuroticism).

2.2.2. Psychopathology

Psychopathology was measured using the Achenbach Adult Self-
Report (ASR) scale of adaptive functioning, a 123-item measure
of adaptive functioning for adults that includes items on emotional,
behavioral, and social problems (Achenbach & Rescorla, 2003).
Responses produce both externalizing and internalizing

'For comprehensiveness, we also tested narrower personality aspects (based on the Big
Five aspects model [BFAS; DeYoung, Quilty & Peterson, 2007]) and Exploratory Factor
Analysis-derived factors comprised of items from measures of personality and psychopa-
thology in relation to neural activity and synchrony during the ToM paradigm (presented
in online supplemental material).
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Table 1. Demographic information on the current sample (N =973)

Percentage/mean (SD)

Sex
Male 46.13%
Female 53.87%
Years of age 29.73 (3.74)
Race
White or Caucasian 76.77%
African American 12.95%
Asian American 6.27%
Native American .10%
More than one race 2.36%
Not sure or unknown 1.54%
Ethnicity
Hispanic or Latino 8.74%
Not Hispanic or Latino 90.03%
Not sure or unknown 1.23%

psychopathology composites which were used in present analyses.
The Externalizing Psychopathology composite is comprised of
Aggression, Rule-Breaking, and Intrusive Behavior subscales,
whereas the Internalizing Psychopathology composite is com-
prised of Anxiety/Depression, Withdrawnness, and Somatic
Complaints subscales. Although the externalizing psychopathol-
ogy composite is not a pure measure of HiToP Antagonistic
Externalizing, it is likely to index Antagonistic Externalizing more
strongly than Disinhibited Externalizing in view of its stronger
relations with FFM Antagonism (r=.47) versus Disinhibition
(r=.31; Table 3), and the presence of exclusively weak item load-
ings from ASR Externalizing onto the Conscientiousness factor is
in Table S7. Therefore, we use ASR Externalizing to refer to
Antagonistic Externalizing in the Results section. A reliability esti-
mate of internal consistency was computed for each index:
Internalizing (a = .88) and Externalizing (o = .86).

2.2.3. ToM task

An fMRI social cognition task was used to elicit ToM. In this task,
fMRI imaging was conducted during a video clip task in which sub-
jects observed objects (squares, circles, and triangles) either inter-
acting with each other in an animate manner (ToM sequence) or
moving randomly (Random sequence). Developed by Castelli and
colleagues (2000) and Wheatley and colleagues (2007), the video
clips in the experimental task condition were designed to stimulate
social-cognitive ToM and have shown reliable associations with
activation in ToM-related brain regions (Castelli et al., 2000,
2002; Wheatley et al., 2007; White et al., 2011). Each subject
received two task/imaging runs in which five video blocks were
administered (two ToM and three Random blocks in an imaging
run acquired from right to left; three ToM and two Random blocks
in an imaging run acquired from left to right). Of note, Castelli and
colleagues’ (2000) video clips were shortened from 40 sto 20 s to
accommodate integrated task paradigm. A pilot study confirmed
that the shorter video clips elicited similar responses to the longer
video clips (Barch et al,, 2013). The task’s design is presented in
Figure 1.
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(a) You will now watch short clips and decide if the shapes are havinga
Mental Interaction or not.

(c)

O Bl !_(Ment| R | Fix [Rand| R_| Fix [Ment| R_| Fix |Rand| R_| Fix [Ment| R [ Fix |

Ment R Fix

Run2 B Rand R Fix

Figure 1. Social cognition task design.

Rand R Fix

Ment R Fix Rand R Fix

Note. | = Instructions (5 s); Ment = Mentalizing Scene (20 s); Rand = Random Scene (20 s); R = Response (3 s); Fix = Fixation/Rest (15 s); Panel A=Task Instructions; Panel B-

D = Example Mentalizing Scene.

2.2.4. Functional magnetic resonance imaging protocol

fMRI data were collected during the social cognition task using a
32-channel head coil on a 3 T Siemens Skyra (Barch et al., 2013). A
multi-band acceleration factor of 8 was used. Two task fMRI runs
lasting 3:12 were completed with a repetition time (TR) =720 ms,
echo time (TE)=33.1ms, flip angle =52 degrees, field of view
(FOV) =208 X 180 mm, 72.2-mm-thick sagittal slices, and
2.0 mm isotropic voxels. Data were downloaded from the HCP
database having been preprocessed using the minimal preprocess-
ing pipeline (Glasser et al., 2013). This pipeline includes gradient
unwarping, field-map-based echo-planar imaging (EPI) distortion
correction, motion correction, registration of EPI to the structural
scan and into MNI152 space, and grand-mean intensity
normalization.

2.2.5. Operationalization of ToM fMRI response

All fMRI data processing and analysis were conducted using
Statistical Parametric Mapping-12 software (SPM12; Wellcome
Department of Imaging Neuroscience, London, UK) and imple-
mented through Matlab R2013a (www.mathworks.com). Spatial
smoothing was done to minimally preprocessed data using a
5mm full width half maximum Gaussian filter. A whole-brain
voxel-wise analysis was performed by creating a general linear
model with the following regressors: (a) A 20-s boxcar regressor
convolved with each condition (ToM sequences and Random
sequences); (b) six dimensions of motion (x, y, z, roll, pitch,
yaw); and (c) linear, quadratic, and cubic trends. Consistent with
prior work using this social cognition task (e.g., Castelli et al.,
2002), parameter estimates for the blood-oxygen-level-dependent
(BOLD) response during ToM sequences (i.e., when shapes dis-
played social animacy) was contrasted with response during
Random control sequences (i.e., when shapes randomly moved).

2.2.6. Definition and operationalization of regions of interest

A priori (regions of interest) ROIs were identified using Van
Overwalle’s (2009) meta-analysis of ToM-related brain regions
and Neurosynth’s automated lexical meta-analysis software found
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at https://neurosynth.org/. The search terms “mentalizing” and
“theory mind” were used in Neurosynth to identify relevant
regions. Selected regions included dorsomedial, medial, and ven-
tromedial prefrontal cortices (dmPFC, mPFC, and vinPFC; sepa-
rately defined), orbitofrontal cortex (OFC), right and left TP]Js
(combined), right and left temporal poles (TP; combined), and
the precuneus/posterior cingulate cortex (PCC). The SPM12
MarsBar extension was used to generate ROI masks, and the
SPM12 Imcalc function was used to combine right and left ROIs
into one ROI mask. The sphere radius for each ROI was defined
as 5mm from central coordinates. Coordinates and anatomical
labels for each ROI are provided in Table 2 and Figure 2.

2.3. Analyses

2.3.1. Hypothesis testing
Three main sets of analyses were conducted to examine relations
between neural activity and connectivity related to ToM and rel-
evant personality and psychopathological constructs. Across
analyses, statistical significance was determined using an alpha
of p < .005 (Benjamin et al., 2018). In addition, for the second
and third sets of analyses, a false discovery rate adjustment was
planned only in the advent that statistically significant results were
found (Benjamini & Hochberg, 1995). For each of the following
analyses that used ROIs, the data were averaged across all of the
voxels within the ROI and then extracted to generate a single num-
ber per ROI per subject. For the t-tests, for example, this resulted in
a single parameter estimate per subject; for the correlation analy-
ses, this resulted in an average BOLD time series for the ROL

In the first set of analyses, to confirm the presence of greater
activation during ToM sequences versus Random control sequen-
ces in a priori ROIs, one-sample t-tests were conducted examining
whether average group-level contrast activation was different than
zero for each whole ROL. In the second set of analyses, fMRI BOLD
signal associated with ToM sequences was contrasted with
Random sequences to confirm task activation in expected regions.
Between-person correlations were then conducted to examine rela-
tions between personality domains and psychopathology indices,


https://www.mathworks.com
https://neurosynth.org/
https://doi.org/10.1017/pen.2020.12

Personality Neuroscience

Table 2. A priori regions of interest

Center of mass coordinates

(MNI)

Region of interest X Y z

dmPFC 0 50 35
mPFC 0 55 20
vmPFC 0 50 5
OFC —4 48 —16
R.and L. TPJ +50 —55 25
Precuneus/Posterior cingulate (PCC) 0 -60 40
R. & L. TP 50 8 -30

L, left, MNI, Montreal Neurologic Institute, R, right.

on the one hand, and BOLD contrasts, on the other, for each a pri-
ori ROI, separately.

In the third set of analyses, psychophysiological interaction
(PPI) analyses were conducted using SPM12 to investigate the
degree to which functional synchrony between regions was depen-
dent on experimental task condition. Specifically, PPI analysis
identifies whether two ROIs are more highly correlated in one
experimental condition (ToM) versus another (Random). This
involves correlating the average time series of a seed ROI with
the time series of each voxel of a target ROIs. A PPI interaction
coefficient constitutes the degree to which the time series of the
seed RO is differentially correlated with the time series of the tar-
get ROI voxels based on the task condition variable. Accordingly,
for each participant, six sets of PPI interaction coefficients were
generated between each combination of three ROIs (vinPFC,
mPFC, OFC, and PCC were excluded due to nonsignificant
ToM effects). Across PPI analyses, hemodynamic response was
deconvolved onto task conditions in order to control for asyn-
chrony between task design and fMRI hemodynamic response
(Gitelman et al., 2003). In addition, to include both fMRI runs
(i.e., right to left, left to right), SPM12 specified run as a regressor
in PPI analyses. PPI analyses generated an interaction coefficient
for each subject indicating the degree to which the synchrony
between unique ROI pairs increased (or decreased) in the ToM
versus Random condition. ROIs were included in analyses that
exhibited significant task-dependent contrast activation in the first
set of analyses. Between-person correlations were then conducted
between these interaction coefficients and personality/psychopa-
thology variables.

2.3.2. Preregistration note

Analyses were preregistered within the initial abstract submission
to Journal of Personality Neuroscience. Two deviations from our
original preregistered plan are notable. First, our preregistered plan
was to examine fine-grained personality aspects in relation to neu-
ral processing in order to enhance the prediction of the very spe-
cific neural response elicited by the social cognition task. In view of
reviewers’ objections to the adequacy of this measurement
approach, however, aspect-level analyses were moved to supple-
mental materials, and domain-level analyses were selected for pri-
mary analyses instead. Second, our preregistered plan was to utilize
Independent Component analyses to uncover alternative neural
regions exhibiting task-dependent activation and then examine
these regions in relation to personality variables. This analytic

https://doi.org/10.1017/pen.2020.12 Published online by Cambridge University Press

approach, however, was not undertaken due to the authors’ reli-
ance on SPM12.

2.3.3. Power analysis

A power analysis was conducted using G * Power (Faul, Erdfelder,
Lang & Buchner, 2007). With N=973, a two-tailed significant
value =.005, power estimates ranged from 63% (r =.10) to
<99.9% (r=.20), and a power threshold of 80% was met with
an effect size of approximately .12. These estimates suggest
adequate power for detecting a small effect size.

3. Results
3.1. Relations between personality and psychopathology

Pearson correlations were calculated to examine relations between
NEO-FFI personality domains and ASR psychopathology indices,
while employing a statistical significance threshold of p < .005 to
control for type I error (Table 3). The pattern of correlations among
personality domains was broadly consistent with previous work
(e.g, Costa & McCrae, 1992). Internalizing and Externalizing
psychopathology indices displayed a large, positive relation as
expected (e.g., Kotov et al., 2017). Furthermore, as expected, ASR
Internalizing evinced a strong relation with FFM Neuroticism,
and ASR Externalizing evinced moderate relations with FFM
Antagonism and Disinhibition. Notably, ASR Externalizing was
more strongly associated with FFM Antagonism (r=.47) than
FFM Disinhibition (r=.31), suggesting that it may be somewhat
more reflective of HiToP Antagonistic Externalizing than
Disinhibited Externalizing.?

3.2. Confirming task-dependent activation in a priori ROIs

To confirm the presence of greater activation during ToM sequen-
ces versus Random sequences in a priori ROIs, one-sample #-tests
were conducted using a statistical significance threshold of
p <.005. Significant group-level contrast activation was found
for dmPFC, right and left TPJ, and right and left TP, but not for
vmPFC, mPFC, OFC, or PCC. Mean contrast activation parameter
estimates for dmPFC, TPJ, and TP were .24, .27, and .13,
respectively.

3.3. ROI analyses relating theory of mind-based activation to
personality and psychopathology

Pearson correlations were calculated to examine relations between
task-dependent activation in a priori ROIs with NEO-FFI person-
ality domains and ASR psychopathology indices. For FFM
Antagonism and ASR Externalizing (i.e., two personality/psycho-
pathology variables X three ROIs = six analyses total), no signifi-
cant correlations were observed with task activation in any of the a
priori ROIs (range: —.02 < r < .01; see Table 4). With respect to
exploratory analyses, Pearson correlations were calculated that
examined other FFM personality domains and the ASR
Internalizing composite, which is found in Table 4 (i.e., five per-
sonality/psychopathology variables X three ROIs=15 analyses
total). Results indicated no significant correlations with task acti-
vation in any a priori ROIs (range: —.04 < r <.04). Multivariate
analyses in which neural activity in each ROI was regressed on

2This difference in effect size was confirmed using Steiger’s (1980) test (z=4.55,
p <.005).
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1 2 3 4 5 6
1. Neuroticism -
2. Extraversion —.35* -
3. Openness .05 .08 -
4. Antagonism .30* —.28* —.10* -
5. Disinhibition 42 —-.26" .14* .23* -
6. Externalizing A1* -.01 .13* AT* 31* -
7. Internalizing .70* —.38* 1% 27" .32* .58*

p < .005.

Figure 2. Leftand Left-4 Sagittal cut views of a priori regions
of interest.

Note. Depicted regions include dorsomedial prefrontal cortex
(green), medial prefrontal cortex (red), ventromedial prefron-
tal cortex (blue), orbitofrontal cortex (dark purple); precu-
neus/posterior cingulate cortex (light purple); right and left
temporoparietal junctions (yellow); right and left temporal
poles (turquoise).

all personality domains simultaneously also resulted in no signifi-
cant results.

3.4. Relating differential theory of mind-based synchrony to
personality and psychopathology

Pearson correlations were calculated to examine relations between
PPI interaction coefficients (i.e., indexing differential connectivity
between ROIs based on ToM task condition), on the one hand, and
FFM personality domains and ASR psychopathology indices, on
the other (see Table 5). For FFM Antagonism and ASR
Externalizing (i.e., two personality/psychopathology variables X
six ROI pairs = 12 analyses total), no statistically significant corre-
lations were observed (range: —.01 < r < .07). A second set of cor-
relations were examined containing exploratory variables (i.e.,
FFM Neuroticism, Extraversion, Openness, Disinhibition, and
ASR Internalizing), which is found in Table 5 (i.e., five personal-
ity/psychopathology variables X six ROI pairs = 30 analyses total).
No statistically significant correlations were observed (range:
—.06 <r < .06). Multivariate analyses in which neural synchrony
was regressed on all personality domains resulted in no significant
results.

4. Discussion

Theoretical links between cognitive ToM, Antagonistic-
Externalizing, and FFM Antagonism suggest that psychopatho-
logical features related to antisocial behavior, aggression, and
rule-breaking tendencies could rest in part on common neurobio-
logically instantiated social-cognitive substrates. In the present
study, our primary aim was to investigate hypothesized relations
between externalizing traits/symptoms and neural activity/
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synchrony during ToM video sequences in a large community
sample (N =973). Hypothesized relations were not found across
the 72 analyses examining relations between FFM Antagonism
and Antagonistic Externalizing and neural activation during
the ToM task, across main, exploratory, and supplemental analy-
ses.® These null results suggest that FFM Antagonism and
Antagonistic Externalizing psychopathology may not be related
to ToM-elicited activity in or synchrony between neural regions
linked to ToM. More broadly, our results may show that FFM
Antagonism and Antagonistic Externalizing symptoms do not rest
on neurobiological substrates related to social-cognitive ToM, and
other neural systems are more meaningfully related.

Although the current null results may be reflective of a “true”
lack of association between personality traits and neural activation
in a ToM task, these null results may also stem from a number of
methodological factors. First, reasoning about others’ mental states
represents a complex cognitive capacity that has been operation-
alized in multiple ways and may encompass multiple related but
separable constructs that bear varying relevance to personality.
Specific operationalizations of ToM have ranged from identifying
simple acts of deception (Dziobek et al., 2006) to analyzing com-
plex social attributions and motives (e.g., Pellecchia et al., 2015).
The present study used a social cognition task that displayed

*One significant correlation was found between neural synchrony involving the dPFC
and TP and an Antagonistic Externalizing factor extracted from exploratory factor analysis
of all NEO-FFI and ASR items (r =.09; see online supplemental materials; Table S9). We
however do not interpret this result as it is likely to have emanated from Type I error asso-
ciated with a statistical significance threshold of .005, which permits Type I error in
approximately .5% of analyses, equating to 1.22 of cases among the 243 main, exploratory,
and supplemental analyses devoted to examining relations with neural activity and syn-
chrony. This result was also no longer significant at p <.005 after adjusting for the false
discovery rate (Benjamini & Hochberg, 1995).
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Table 4. Correlations between fMRI theory of mind processing, personality, and
psychopathology

Dorsomedial Temporoparietal Temporal
prefrontal junction pole
Hypothesis-driven
variables
Antagonism —-.02 -.01 —-.02
Externalizing .01 -.01 .00
Exploratory variables
Internalizing .01 .00 .00
Neuroticism .00 —-.01 —-.02
Extraversion —.04 .00 .02
Openness .00 —-.03 .04
Disinhibition .02 -.03 .01

Antagonism = reversed Agreeableness; Disinhibition = reversed Conscientiousness;
Internalizing and Externalizing represent psychopathology composites of relevant ASR
subscales; *p < .005

shapes taking into account each other’s feelings and thoughts.
Although these stimuli are likely to elicit cognitive processing
of external mental states, it is possible that other facets of
social-cognitive ToM exist that differ meaningfully from this
operationalized construct and may be more relevant to FFM
Antagonism and  Antagonistic  Externalizing symptoms.
Inasmuch as this is the case, the present social cognition task
may be limited in eliciting neural ToM processing underlying
externalizing forms of psychopathology and related personality
traits, and additional functional tasks may be required. For exam-
ple, it may behoove researchers to investigate differences in neural
processing in response to more complex demonstrations of social-
cognitive ToM.

On the other hand, if the underlying social-cognitive ToM con-
struct is unified across different operationalizations that have
sought to elicit it, it is plausible that our null results emerged
because the present social cognition task failed to adequately elicit
it. Although our test of task-based contrast activation yielded sta-
tistically significant activation in three ROIs, these ROIs repre-
sented less than half of the a priori ROIs that we tested and
that have been linked empirically to ToM, raising concerns about
the task’s validity in eliciting ToM. Even further, it is possible that
the social cognition task was valid in distinguishing between neu-
ral processing during ToM activity (Mental video sequences) and
ToM absence (Random video sequences), but still failed to elicit
ToM in a way that would discriminate between participants higher
and lower in ToM ability. Our study’s validity depended not only
on ToM sequences eliciting greater neural ToM activity on average
across people than during Random sequences, but also eliciting
greater neural ToM response from individuals higher in ToM abil-
ity than those lower in ToM ability. Unfortunately, a measure of
ToM ability was not obtained in the present study. The absence of
a ToM-related behavioral performance metric was unfortunately
quite significant in limiting the interpretation of our results. In
consequence, we were unable to determine which of the following
conclusions our null results suggested: (a) that the null relation
between FFM Antagonism/Antagonistic Externalizing and neural
processing during a task designed to elicit ToM reflected a null
relation between personality and ToM performance, contrary to
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Table 5. Correlations between psychophysiological interaction coefficients and NEO-FFI antagonism and externalizing

Seed: temporal pole

Seed: temporoparietal junction

Seed: dorsomedial prefrontal

Temporoparietal junction

Temporal pole Dorsomedial prefrontal Temporal pole Dorsomedial prefrontal

Temporoparietal junction

Hypothesis-driven variables

.04

.03 .05 .05

.04

.03

Antagonism

.04

.05

.07 -.01 .04

.04

Externalizing

Exploratory variables

.03

.00 .00 .00 .02

.00

Internalizing

.06

.03 .01 .02

.04

.02

Neuroticism

—.06

.02 —-.03 —.02 —.04

.03

Extraversion

.04

—.02 —.03 —.02 —.03

—-.03

Openness

.05

—-.03 —-.03 —-.02 .00

—-.05

Disinhibition

reversed Agreeableness; Disinhibition = reversed Conscientiousness; Internalizing and Externalizing represent psychopathology composites of relevant subscales; *p < .005

Antagonism
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prior research; (b) that the null relation reflected that the social
cognition task failed to measure ToM adequately, and would there-
fore not elicit ToM-related neural processing; or (c) that
Antagonism/Antagonistic Externalizing and neural activity/syn-
chrony both have relations to ToM, but Antagonism/
Antagonistic Externalizing does not show a relation to neural
processing during a task designed to elicit ToM, specifically. A
fourth (d) possibility that also stems from the properties of the
ToM construct is that personality traits, even at more granular
structural levels of analysis (e.g., aspects), contain so great a diver-
sity of cognitive, emotional, and behavioral expressions that they
do not correlate with very specific neural functions, even if a spe-
cific neural function contributes in some small degree to trait
patterns. Observing a correlation between the two may be made
yet more unlikely when the specific neural function in question
is circumscribed by a single, specific cognitive task such as the
one used in the present study.

Second, a growing body of research has critically examined the
conditions under which fMRI may be validly used to estimate reli-
able individual differences in neural functioning (e.g., Elliott et al.,
2019a; Infantolino, Luking, Sauder, Curtin & Hajcak, 2018). These
findings suggest that using contrast estimates and PPI interaction
coefficients as valid measures of individual differences in func-
tional activity and connectivity depends on multiple conditions,
many of which were not satisfied in the present study, which could
contribute to null and/or erroneous results. With respect to
between-person estimates of BOLD contrast estimates, previous
findings indicate that robust effects of within-subject differences
in task-based activation of particular ROIs do not necessarily
translate into reliable between-subject scores on contrast activation
(e.g., Infantolino et al., 2018; Nord, Gray, Charpentier, Robinson &
Roiser, 2017). This is important as the latter is considered neces-
sary in order to utilize functional patterns of brain activity as stable
biomarkers of dispositional traits. Indeed, Elliott and colleagues
(2019b) demonstrated strongly suboptimal test-retest reliability
in between-subject contrast activation scores (e.g., intra-class cor-
relation [ICC] range = ~.13 - .37 across ROIs) among HCP partic-
ipants engaged in the social cognition task paradigm when tested
months apart.* Their findings suggest that poor reliability associ-
ated with between-subject contrast activation scores is likely to
have severely attenuated correlations between Antagonism/
Antagonistic Externalizing and ROI activation in the present
study. Regrettably, suboptimal psychometric properties of the
fMRI social cognition task are consistent with growing field-wide
concern surrounding the adequacy of fMRI tasks (Elliott et al.,
2019b; Herting, Gautam, Chen, Mezher & Vetter, 2018) and
behavioral tasks more broadly (Enkavi et al., 2019).

With respect to the validity of hypothesis-driven analyses
examining ToM-related synchrony between regions, previous find-
ings suggest that the test-retest reliability of between-subject task-
based PPI interaction coefficients is generally low (i.e., ICC < .40
for the majority of whole brain PPI effects for two tested seeds;
Di & Biswal, 2017). Elliott and colleagues (2019a) also demon-
strated poor test-retest reliability of intrinsic connectivity (though
not using PPI analysis) at scan lengths of 5 min or less, which coin-
cides with the present method. While the effect of insufficient test—
retest reliability on the validity of the present results is not known,
the foregoing findings raise substantial concerns that poor

“Though still suboptimal, it bears noting that the anterior temporal lobe (similar to the
temporal lobe examined in the present study) exhibited reliability exceeding .30. Reliability
for an ROI approximating the posterior cingulate cortex was not examined.
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reliability related to the social cognition task paradigm used herein
may account for observed null and/or erroneous results. More
broadly, these methodological issues may pose significant chal-
lenges for the validity of functional individual difference variables
that exhibit suboptimal test-retest reliability across contrast and
PPI analyses. Indeed, the list of well-powered yet failed efforts
to link personality traits to structural and functional neural varia-
bles seems to be growing field-wide (e.g., Avinun, Israel, Knodt &
Hariri, 2019; Baranger et al., 2020; Gray, Owens, Hyatt & Miller,
2018; Hyatt et al., 2020). Unfortunately, study design attributes
that researchers advocate for to support adequate test-retest reli-
ability of functional variables (e.g., >40 min of scan length, large
sample size; Elliott et al., 2019a) come with significant financial
and temporal costs that may hamper progress in the current tech-
nological and economic climate.

A third and final limitation is that the properties of our sample
and analytic plan could have contributed to type II error. First, the
HCP sample is a relatively healthy community sample that is likely
to exhibit relatively low levels of Antagonistic Externalizing
psychopathology. The relative range restriction of FFM
Antagonism and Antagonistic Externalizing in the present sample
could obscure an association between neural ToM processing and
Antagonistic Externalizing symptoms in the population.
Nevertheless, the dimensional nature of externalizing-related per-
sonality disorders and related personality traits suggests that vari-
ance in externalizing-related and disagreeable traits within a
moderate range of the trait spectrum could still show associations
with ToM impairment. Second, ROIs were defined based on the
existing empirical literature rather than an empirical examination
of regions evincing high neural ToM activity and synchrony in the
present sample. It is conceivable that examining Antagonistic
Externalizing symptoms in relation to empirically derived ROIs
could have yielded effects that were not found in the present exami-
nation (although these additional analyses would be associated
with elevated risk for Type I error). Third, the validity of supple-
mental analyses examining narrower personality aspects in rela-
tion to neural processing is likely to have been negatively
impacted by lower internal consistency on the part of key person-
ality aspects (i.e., Cronbach alpha ranged from .58 to .70 for
Antagonism aspects). Examining narrower aspects or facets of per-
sonality in future work without sacrificing measurement precision
through the use of longer measures of personality/psychopathol-
ogy is encouraged.

5. Conclusion

The present study leverages the largest sample to date and an fMRI
social cognition task paradigm to examine the degree to which neu-
ral ToM functioning underlies FFM Antagonism and Antagonistic
Externalizing psychopathology. Although a study with these meth-
odological strengths confers some confidence in interpreting null
results, results should nevertheless be interpreted with caution in
view of important methodological considerations, namely the rel-
evance of the social cognition task operationalization of ToM to
higher-order behavioral and personality features and low test—
retest reliability associated with the social cognition task. The
present study may provide evidence that neural ToM functioning
does not underlie Antagonistic Externalizing symptoms or associ-
ated personality traits. Even so, the absence of positive results and
miniscule effect sizes could be reflective of concerns related to the
viability of the social cognition task, fMRI-based biomarkers of
ToM, and fMRI task paradigms with similarly suboptimal
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reliability. These concerns make further efforts at replication criti-
cal and may raise the importance of testing different operational-
izations of ToM and designing ToM tasks that sustain ToM
processing for longer periods of time, in accordance with evidence
that longer scan lengths confer stronger test-retest reliability
within the context of investigations of functional synchrony/con-
nectivity (Elliott et al., 2019a).

Supplementary materials. For supplementary material for this article, please
visit https://doi.org/10.1017/pen.2020.12
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