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ABSTRACT

This study investigates the impact of functional connectivity between the posterior
cingulate (PCC), a key node of the default mode network of the brain, and the dorsal
lateral prefrontal cortex (DLPFC), a key node of the central executive network in a
sample of 48 unrelated male brains. Results indicate that weakened connectivity
between the right PCC and the right DLPFC were linked to aggression. The
implication of these findings is discussed in the context of current findings and future
research.
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1. INTRODUCTION

Throughout history, human aggression has shadowed human progress with untold
suffering (Anderson & Huesman, 2003). Research in modern society has linked
exposure to violence to neurological changes, increased hostile attributions, and the
increased propensity to commit acts of aggression (see Morley et al., 2019 for a full
review) with as many as 5.7 million victims during the year 2022 (Federal Bureau of
Investigations, 2022). Incarcerating perpetrators of violence costs the U.S. Justice
System $182 billion annually (Wagner & Rabuy, 2017). Beyond these
accumulating costs, victims of violence suffer socio-emotional costs (Langton &
Truman, 2014). Given the impact of violence on our society, understanding the
cause of violence is crucial for reducing recidivism, developing interventions, and
predicting violent crime. Moreover, research suggests that many perpetrators of
violence are male (U.S. Department of Justice — Federal Bureau of Investigation,
2025; Hodgins, 1994; Lurigio et al., 2020; Reaves, 2006). Moreover, data on arrests
for violent crime (murder, nonnegligent manslaughter, rape, robbery, aggravated
assault) in U.S. cities during 2019 indicate ~3.5 times as many males were arrested
than females (U.S. Department of Justice — Federal Bureau of Investigation, 2025).

Although research suggests that by age 13 the default mode network (DMN)
and central executive network CEN show about equal maturational trajectories
(Sherman et al., 2014), Thijssen et al. (2015) noted significant DMN ' cortical
thinning in aggressive children as early as age 6. It has been suggested that the
potential impact of DMN abnormalities linked to exposure to violence and the
principle of neuroplasticity may lead to developmental changes in the CEN (Motley,
2015). A key developmental pathway of interest in this regard could involve
neurological connections between the posterior cingulate (PCC), a key node of the
DMN, and the dorsolateral prefrontal cortex (DLPFC), a key node of the CEN
(Achterberg et al., 2020; Buckley et al., 2014; Chai et al., 2014). Indeed, research
has linked the DLPFC to perplexity emotional regulation (Buckley et al., 2014) and
aggression (Achterberg et al., 2020) and Morley et al. (2023) also proposed that
interactions between the PCC, a key node of the DMN, and the DLPFC, an
important node of the CEN, may play an important role in aggression.

1.1 Large scale brain networks

The brain is a highly organized organ comprised of interactive dynamic systems,
chemical processes, individual neurons, and complex regional and large-scale
neuronal networks (Kandel et al., 2013). Large-scale brain networks integrate
neuronal activity through hierarchical pathways to perform motor, psychological,
perceptual, and cognitive functions (Bressler & Menon, 2010; van den Heuvel &
Sporns, 2013).
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Furthermore, these hierarchical brain systems include interconnected nodes
and brain regions embedded within them (van den Heuvel & Sporns, 2011, 2013).
Mortley et al. (2019, 2023) have suggested three large-scale interconnected brain

networks, the salience network (SN), CEN, and the DMN, may be linked to
violent aggression.

1.2 Default mode nexwork

The DMN consists of multiple brain regions including the ventral medial
prefrontal cortex (VMPFC), PCC, precuneus, hippocampus, temporal parietal
junction (TP]), and dorsomedial prefrontal cortex (DMPFC) (Barretr &
Satpute, 2013; Raichle, 2015). The DMN has been described as being
internally focused and non-goal orientated and tending to increase activity at
rest or during self-reflection (Buckner et al., 2008; Dosenbach et al., 2025;
Greene et al., 2001; Gusnard et al., 2001; Harrison et al., 2008; Philippi &
Koenig, 2014; Johnson et al., 2006; Raichle et al., 2001, 2015; Sebastian et al.,
2008). The impaired activity in the DMN has been linked to multiple
correlates of violence including exposure to violence, poverty, impulsivity,
stress, and substance abuse (Dalwani et al., 2011; Sripada et al., 2012; Sripada
et al., 2014; Sokotowski et al., 2022; Weissman et al., 2022).

Research also indicates that DMN is associated with violence (DiGangi et al.,
2016; Kinget al., 2016) and reduced functional activation and connectivity in the
DMN is associated with narcissistic aggression (Cale & Lilienfeld, 2006; Judrez et
al., 2013; Sheng et al., 2010). Similarly, Pujol et al. (2012) found that psychopathic
criminals have been shown to display less functional activity within key regions of
the DMN (e.g., PCC, bilateral MPFC). Marin-Morales et al. (2022) found that
violent criminals display less functional activation within the DMN compared to
non-violent criminals. Finally, Motzkin et al. (2011) found less structural integrity
within the uncinate fasdiganciculus, a white matter tract connecting the VMPFC
to the anterior temporal lobe, which includes connection to the amygdala.

1.3 Central executive network

The CEN consists of various regions of the brain including the DLPFC, the
middle cingulate cortex, the limbic system, the cerebellum, the inferior
parietal sulcus, and the temporal lobe (Bellebaum & Daum, 2007;
D’Esposito, 2007; Fornito et al., 2011; Fuster, 2002; Laird et al., 2005; Ng et
al., 2016; Niendam et al., 2012; Owen et al., 1990), is active during decision-
making and is involved in impulse control (Elton et al., 2014; Rodrigo et al.,
2014.). Research suggests aggressive and violent individuals display weak
functional connectivity at rest (Contreras-Rodriguez et al., 2015; Thijssen &
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Kiehl, 2017). Empirical studies also show violence and aggression prone
individuals display less activity and grey matter in the CEN (Mehta & Beer,
2010; Raine et al., 2000; Wong et al., 2019). Finally, Achterberg et al.’s
longitudinal study (2020) found strengthened functional activity in the
DLPFC, a key node of the CEN, was linked to less aggression after

experiencing social rejection.
1.4 The SN-DMN-CEN interaction

The SN intersects with the DMN and CEN (Menon & Uddin, 2010; Menon et
al., 2023; Motley et al., 2019; Morley et al., 2023). The SN is characterized by
many brain regions including the insular cortex and the anterior cingulate cortex
(Barrett & Satpute, 2013; Menon & Uddin, 2010; Menon et al., 2023; Uddin,
2016). The SN is involved in detecting relevant internal and external information
including threat detection as well as directing choice, processing tasks, regulating
emotions, and arousal (Barrett & Satpute, 2013; Dosenbach et al., 2007; Ettinger
etal., 2013; Philippi et al., 2015; Seeley et al., 2007; Yoder et al., 2015). Functional
connectivity within the SN is anti-correlated with functional connectivity within
the DMN and CEN (Barrett & Satpute, 2013; Seeley et al., 2007). Moreover,
research suggests that the SN modulates the DMN and CEN (Barrett & Satpute,
2013; Seeley et al., 2007). Like the DMN and CEN, research has linked an
overactive SN to violence and aggression (Aharoni et al., 2013; Cisler et al., 2013;
Ettinger et al., 2013; Philipi et al., 2015; Sripada et al., 2012; Trzepacz et al., 2013;
Yoder et al., 2015).

It has been suggested the intersection of SN, CEN, and DMN is associated
with violence and aggression (Motley et al. 2019; Morley et al., 2023) and atrophy
in brain regjons associated with all three brain networks has been linked to violence
among people diagnosed with dementia (Trzepacz et al., 2013). Research also
suggests that developmentally, children prone to aggression display structural
abnormalities within the DMN and SN earlier than abnormalities in the CEN;
including the PCC, a key region of the DMN (Thijssen et al., 2015). Moreover,
exposure to violence has been shown to disrupt connectivity between the SN and
DMN (Cisler et al., 2013; Sripada et al., 2012).

A key developmental pathway of interest in this regard could involve a
neurological connection between the PCC, a key node of the DMN, and the
DLPFC, a key node of the CEN (Achterberg et al., 2020; Andrews-Hanna et
al., 2007; Buckley et al., 2014; Chai et al., 2014). Evidence suggests that a
correlation between the PCC and MPFC, key nodes of the DMN, and an
anticorrelational functional connectivity between the MPFC, and the DLPFC,
a key node of the CEN are linked to cognitive function (Andrews-Hanna et al.,
2007; Chai et al., 2014).
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Based on this evidence, Mortley et al., (2023), hypothesized that
abnormalities within the PCC, a key region of the DMN, stemming from a
disruption in functional connectivity between the SN and the DMN caused by
exposure to violence, could lead to neuroplastic changes in the CEN.
Currently, researchers have not investigated the link between aggression and
functional connectivity between the PCC, and DLPFC. To explore this topic,
we examined functional connectivity between the DLPFC and PCC and self-
reported physical aggression of 48 males within the 100 unrelated subjects of
the Human Connectome Project (HCP).

2. METHOD
2.1 Participants

Participants in this investigation were collected from the HCP. The HCP is a big
data initiative committed to exploring the neurological basis of behavior (Van Essen
et al., 2013). The subjects for this study include the 48 male participants between
the ages of 22 and 36 sampled from the 100 Unrelated HCP’s minimally
preprocessed pipeline which was released as part of 2017 data release of the 1200
healthy adults (Behavioral Unrestricted; Elam et al.,2021). Demographic data
beyond gender and age were not available in the unrestricted data and are thus not
reported. Participants from this project completed a battery of measurement tools
including the NIH toolbox for assessing neurological and behavioral function
(Toolbox Assessments, Inc, 2025).

2.2 Brain imaging data processing

All data were processed using version 3 of the HCP pipelines. A summary of the
major processing steps for each pipeline and synoptic tables are available from the
WU-Minn Consortium Human Connectome Project (Essen et al., 2013) with full
descriptions found in Glasser et al. (2013).

Functional connectivity was measured by obtaining a correlation of bold
signal between bilateral PCC: right (8, -56, 26) and left (-8, -56, 26) MNI
coordinates; DLPFC: right (43, 21, 38) and left (-43, 21, 38) (Phillipi et al.,
2015). The bold signals were extracted using the AFNI 3dUndump program. The
resulting signal extractions included functional connectivity correlation coefficients
corresponding to the rPCC/DLPFC and the IPCC/DLPFC (Motley, 2012).
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2.3 Physical Aggression

Physical aggression was measured using the NIH Toolbox, Anger/Physical
Aggression Survey Questionnaire (APASQ; Toolbox Assessments, Inc, 2025).
This measure is an assessment of aggression as a behavioral component of
anger for ages 18-85 using a 5-item fixed-length form. Each item
administered has a 7-point scale with options ranging from “extremely untrue
of me” to “extremely true of me”. The survey is scored using IRT methods.

An IRT-derived theta score is generated for each participant, as is an
Uncorrected Standard Score (T-Score). For the NIH Toolbox APASQ,
higher scores are indicative of more reported physical aggression. Scores 1 SD
or more below the mean (T < 40) suggest low levels of physical aggression
and scores 1 SD or more above the mean (T = 60) suggest high levels of
physical aggression. T-scores > 60 may warrant heightened surveillance or
concern (Slotkin et al., 2012).

3. RESULTS

To explore the relationship between aggression and the functional connectivity
of the bilateral PCC and DLPFC, descriptive statistics and correlational
analysis were employed. The descriptive statistics and the correlation matrix are
reported in Table 1. Correlational analysis reveals physical aggression is
positively correlated with functional connectivity in the rPCC and rDLPFC r =
.264; p = .038. However, analysis reveals that IPCC and IDPFC are not
associated with aggression (IPCC and IDLPFC 7 = - 0.10, p = .255).
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Table 1. Descriptive statistics and correlation matrix

M SD Kurtosis Skewness Min Max

APASQ 54.26 9.29 -0.8 0.399 43.4 77.2
IPCC-DLPEC 0.22 0.31 1.95 -1.19 -0.66 56
rPCC-DLPFC 0.56 0.28 1.14 -0.47 -0.76 0.87

Physical Aggression IPCC-DLPFC rPCC-DLPFC

APASQ T
IPCC-DLPFC 0.26** 1
rPCC-DLPFC -0.07 -0.24** 1

Note. The IPCC-DLPFC and the rPCC-DLPFC variable represents the strength in functional
connectivity strength between the left and right posterior cingulate and dorsal lateral prefrontal cortex.
The APASQ represents the Anger/Physical Aggression Survey Questionnaire scores. This table presents
descriptive statistics consisting of Men, N = 48. M and SD represent the Mean and Standard Deviation
respectively. These include Pearson product moment correlation coefficients

*p<.05 "p<.01

4. DISCUSSION

This study examines the relationship between physical aggression and
anticorrelation in functional activity between the bilateral PCC, a key node of
the DMN, and the DLPFC, a key node of the CEN. It finds a positive
functional connectivity between key nodes is associated with physical
aggression (as measured by the APASQ) in the right hemisphere.

These findings suggest physical aggression is associated with a weakened
anticorrelation. That is, it appears to be associated with a reduced
anticorrelation in signal between two key nodes of the CEN and DMN in the
right hemisphere, but not the left. Previous research findings indicate that
anticorrelation between key regions of the DMN and the DLPFC is associated
with improved cognitive function and emotional wellbeing (Cao et al., 2016;
Chai et al., 2014; King et al., 2016; Peters et al., 2016; Taylor et al., 2022).

Previous studies have also shown that a weaken resting state anticorrelation
between the PCC and DLPFC has been associated with rumination and
hyperarousal (King et al., 2016; Peters et al., 2016; Taylor et al., 2022). A recent
meta-analysis of the role and function of the right DLPFC (Christian &
Soutschek, 2022) suggests it is context-specific, playing an active part in
implementing response inhibitions that override selfish interests when an
individual is engaged in social decision making about others’ fairness intention.
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Research findings have also linked changes in activation of the DLPFC
associated with childhood exposure to violence, to an increased propensity for
violence in adulthood (Achterberg et al., 2020) and Thijssen et al. (2015). Also,
found that structural differences in the posterior cingulate are associated with
violence. Furthermore, Morley et al. (2023) also contend that exposure to violence
leads to increased connectivity between the SN and the DMN, which leads to
neuroplastic changes over time that weaken the anticorrelation between the CEN
and DMN. This weakening could lead to diminished cognitive function, increased
impulsivity, less self-awareness, and impaired emotional regulation, which in turn
leads to an increased propensity for violence (Morley et al., 2023). Given that
violence is a form of aggression (Allen & Anderson, 2017; National Collaborating
Center for Mental Health, 2015; Motley et al., 2023), the current findings appear
to support this hypothesis by demonstrating a diminished anticorrelation between
the PCC and DLPFC are associated with aggression.

The findings from the current study contribute to an ongoing dialogue
suggesting the large-scale brain network dynamics are associated with violence
and antisocial behavior (See Motley et al., 2023). This dialogues include
evidence suggesting that a disruption between the DMN and SN (Amaoui et
al., 2022; Cisler et al., 2013; Sripada et al., 2012), connectivity within the
DMN (Philippi et al., 2015), and connectivity between the CEN and the
DMN and SN are all associated with proclivities towards violence (Achterberg
et al., 2020; Romero-Martinez et al., 2019).

Another potential outcome to the current study relates to developing
an intervention that could reduce the propensity of individuals to engage in
aggression and violence. More specifically, understanding the underlying
neurological mechanisms associated with violence and aggression could lead
to interventions that lead to targeted changes that could reduce or eliminate
violent behavior. One tool that shows great promise in this area is
mindfulness-based interventions (MBI). Indeed, MBI have been shown to
reduce violent behavior and criminal recidivism (Howell et al., 2010; Morley et
al., 2021; Morley et al., 2024; Rainforth et al., 2003; Shonin et al., 2013). MBI
has also been linked to functional changes in the CEN, DMN, and SN
dynamics (Kilpatrick & Barsalou, 2012; Kilpatrick et al., 2011; Motley et al.,
2023; Taylor et al., 2012). One outcome of this study could be to use the
results to examine the impact of mindfulness functional connectivity changes
between the PCC and DLPFC and aggression. Indeed, changes between these
areas could suggest underlying neurosynaptic changes resulting in improved
neurological efficacy and a reduced propensity to engage in violence.
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4.1 Limitations

While one key premise of Morley et al.’s (2023) contention appears to be
supported, to confirm this, future studies should reexamine these findings with
a larger sample size and include key nodes of the SN to further explore the
relationship between key nodes of these large-scale networks. For example,
Morley et al. (2023) suggested that increased connectivity between the PCC
and the insular cortex, a key node of the SN, should mirror the diminished
connectivity between key nodes of the DMN and connectivity between the
PCC and the DLPFC. Future studies could examine these interconnections
more thoroughly to further explore Morley et al.’s 2023 contentions.

While this study does suggest some interesting information concerning
the relationship between large-scale networks and physical aggression. There
are key areas of concern that should be stated. One of these is that the tool for
aggression is a self-report measure. Research indicates that self-reporting is
sensitive to bias and falsification (Howard & Daily, 1979; Podsakoff et al.,
2003). While there is no evidence to suggest that these subjects fabricated these
results, the potential for such occurrences does exist and can’t be ruled out.
Further, the APASQ is a screener of aggression as a behavioral component of
anger and although higher scores are indicative of more reported physical
aggression, it may not represent actual physical aggression. Finally, additional
work remains to examine the predictive and concurrent validity of these
measures and to identify clinically meaningful thresholds (Slotkin et al., 2012).

Another key limitation is that this study examined key nodes of large-scale
networks rather than looking at the large-scale networks holistically. This
limitation could underestimate the impact of dynamics between other regions
and interconnection within and between large-scale networks. Finally, this
study only examined a male sample. Future studies should include a
comparative age-matched female sample.

5. CONCLUSION

The findings of this study indicate functional connectivity between the right
PCC, a key node of the DMN, and the right DLPFC, a key node of the CEN,
are associated with self-reported physical aggression. These findings appear to

support Morley et al.’s 2023 contention that a weak anticorrelation between
the PCC and DLPFC is linked to physical aggression.
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