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Abstract:

Objective: The aim of this study was to conceptualize and integrate neuroscientific evidence related
to the metatrait of Plasticity within the Cybernetic Big Five Theory by synthesizing findings on
Extraversion, Openness/Intellect, and large-scale brain networks.

Methods and Materials: A review-analytical approach was employed to synthesize evidence from
cognitive neuroscience, neuroimaging research, and personality neuroscience studies related to
Extraversion and Openness to Experience; findings were examined at regional and network levels
considering task context, processing stage, functional connectivity patterns, and individual
differences, and were organized within the cybernetic personality framework.

Findings: Inferential results indicated that Extraversion is primarily associated with reward and
valuation circuits with context-dependent and small effect sizes, whereas Openness to Experience
is more consistently linked to frontoparietal cognitive systems and interactions between the default
mode and frontoparietal control networks; at the integrative level, Plasticity emerged not as a
localized neural marker but as a dynamic interaction among the default mode, frontoparietal, and
salience networks, reflecting state-dependent personality—brain relationships.

Conclusion: Plasticity can be interpreted as a network-based capacity for behavioral and cognitive
exploration supported by flexible reconfiguration of motivational and control systems, suggesting
that personality metatraits arise from dynamic multi-network interactions rather than fixed neural
signatures.
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Extended Abstract

Introduction

Personality psychology has increasingly moved beyond
descriptive trait taxonomies toward explanatory models that
link psychological constructs to underlying neurobiological
mechanisms. Among these frameworks, the Five-Factor
Model (FFM) has remained the most empirically robust
structure for describing individual differences across
cultures and developmental stages (VicCrae & Costa, 2008).
Contemporary psychometric advances have strengthened the
hierarchical representation of personality by demonstrating
that broad domains can be decomposed into facets and
aspects while retaining structural stability (Denissen et al.,
2020; Soto & John, 2017). Longitudinal meta-analyses
further indicate that personality traits exhibit both stability
and systematic developmental change across the lifespan,
suggesting the existence of higher-order regulatory
mechanisms underlying behavioral consistency (Bleidorn,
2024; Bleidorn et al., 2022).

A major theoretical advancement in this regard is the
Cybernetic Big Five Theory (CB5T), which conceptualizes
personality as a cybernetic self-regulating system aimed at
minimizing discrepancies between current states and internal
goals (DeYoung, 2015). Within this framework, higher-order
personality organization emerges through two metatraits:
Stability and Plasticity. The metatrait of Plasticity, formed
by the shared variance of Extraversion and
Openness/Intellect, represents the organism’s tendency
toward exploration, learning, adaptation, and expansion of
internal models of the environment (DeYoung et al., 2002;
Digman, 1997). Theoretical accounts further associate
Plasticity ~with  dopaminergic  systems  supporting
motivational and cognitive exploration (DeYoung, 2013;
DeYoung et al., 2013).

Neuroscientific research has increasingly attempted to

identify neural correlates of personality traits. Extraversion

has frequently been linked to reward-processing systems,
including valuation circuits involving the ventral striatum
and medial prefrontal regions (Bartra et al., 2013; Levy &
Glimcher, 2012). Meta-analytic evidence demonstrates
consistent engagement of reward anticipation and delivery
networks, although individual differences findings often
reveal heterogeneous and context-dependent effects (Jauhar
et al, 2021; Tian et al.,, 2025). Studies using large
neuroimaging datasets also suggest that associations
between extraversion and neural responses may be modest
and dependent on task structure or reward context (Hyatt et
al., 2020).

In contrast, Openness/Intellect appears more closely
related to higher-order cognitive and associative processes.
Functional connectivity research indicates that Openness is
among the few personality traits reliably predicted from
whole-brain resting-state connectivity patterns (Dubois et
al., 2018). Neuroimaging meta-analyses highlight the
involvement of default mode and frontoparietal control
networks, supporting processes such as abstract reasoning,
self-referential cognition, and cognitive flexibility (Blain et
al., 2020a, 2020b). Creativity research provides convergent
evidence, demonstrating that interaction between internally
oriented and executive control networks underlies
exploratory cognition and idea generation (Beaty et al,
2015; Beaty et al., 2016).

Over the past two decades, neuroscience has shifted from
region-based explanations toward large-scale network
models of brain organization. Functional brain systems such
as the default mode network (DMN), frontoparietal control
network (FPN), and salience network (SN) have been
proposed as fundamental architectures supporting cognition,
emotion regulation, and goal-directed behavior (Menon,
2011, 2023; Yeo et al.,, 2011). Evidence suggests that
personality traits are reflected in intrinsic functional
architecture rather than isolated brain regions (Adelstein et
al., 2011; Simon et al., 2020). Moreover, dynamic

connectivity research demonstrates that relationships
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between personality and neural activity vary across
cognitive contexts, supporting a situationally dependent
view of trait expression (Hardikar et al., 2024).

Despite these advances, neuroscientific findings related
to Extraversion and Openness have largely developed in
parallel, leaving the neural organization of Plasticity
insufficiently integrated. The present study therefore aimed
to review and synthesize neurobiological evidence related to
the metatrait of Plasticity within the Cybernetic Big Five
framework by integrating regional findings and large-scale
network perspectives.

Methods and Materials

This study employed a review—analytical design
integrating empirical findings from cognitive neuroscience,
personality psychology, and network neuroscience. Rather
than collecting primary experimental data, the research
synthesized existing neuroscientific evidence examining
Extraversion,  Openness/Intellect, and  higher-order
personality organization.

Relevant studies were identified through systematic
searches of major academic databases. Inclusion criteria
required empirical neuroimaging evidence, theoretical
contributions to personality neuroscience, or large-scale
functional connectivity research related to personality traits.
Both task-based and resting-state studies were examined to
capture state-dependent and trait-related neural patterns.

Data extraction focused on three analytical levels:
regional neural correlates, functional circuits associated with
reward and cognition, and large-scale brain networks.
Studies were compared according to task context, processing
stage, methodological design, and reported effect size
patterns. The analytic strategy emphasized conceptual
integration rather than quantitative meta-analysis, enabling
synthesis across heterogeneous methodologies.

Findings

The analysis revealed that Plasticity cannot be attributed
to a single neural region or network. Instead, results

indicated a hierarchical organization emerging across

motivational, cognitive, and network levels of brain
function.

At the motivational level, Extraversion was consistently
associated with neural systems involved in reward
processing and incentive salience. Activation patterns
involving valuation circuits were observed across multiple
experimental paradigms, although individual differences
effects varied depending on reward anticipation versus
reward outcome conditions. These findings suggested that
exploratory motivation constitutes one foundational
component of Plasticity.

At the cognitive level, Openness/Intellect demonstrated
broader involvement of associative and executive processes.
Neural evidence pointed toward distributed activation across
prefrontal and parietal regions supporting abstraction,
imagination, and flexible cognition. Functional connectivity
findings indicated that Openness was more reliably
expressed through large-scale connectivity patterns than
through localized activation.

The transition from regional to network-level analysis
revealed that personality traits were better explained by
distributed connectivity rather than isolated brain structures.
Evidence converged on interactions among internally
oriented networks supporting self-generated thought and
control networks supporting goal-directed regulation. These
interactions appeared to provide a neural substrate for
exploratory cognition and adaptive behavior.

Dynamic analyses further indicated that neural correlates
of personality varied across situational contexts. Patterns of
connectivity shifted depending on task demands, emotional
conditions, and cognitive states, suggesting that stable
personality traits may emerge from flexible network
configurations rather than fixed neural signatures.

Integrative synthesis across findings suggested that
Plasticity reflects coordinated engagement among multiple
functional systems. Exploratory motivation, cognitive
expansion, and attentional prioritization jointly contributed
to a flexible neural architecture capable of adapting behavior

to novelty and opportunity.
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Discussion and Conclusion

The present synthesis supports a network-based
conceptualization of the personality metatrait Plasticity.
Rather than representing a localized neural mechanism,
Plasticity appears to emerge from coordinated interactions
among motivational valuation systems, cognitive control
processes, and large-scale brain networks responsible for
internal simulation and environmental engagement. This
interpretation aligns with cybernetic models of personality
that frame traits as regulatory parameters governing adaptive
behavior.

The findings suggest that Extraversion and Openness
constitute complementary pathways of exploration.
Extraversion primarily contributes behavioral activation and
reward sensitivity, enabling engagement with opportunities
in the external environment. Openness/Intellect contributes
cognitive  exploration, supporting flexible thinking,
creativity, and abstract reasoning. Plasticity therefore
reflects the integration of motivational energy with cognitive
flexibility, allowing individuals to update internal models
and pursue adaptive goals.

Importantly, the absence of a single neural signature
should not be interpreted as theoretical weakness. Instead, it
indicates that personality traits operate as emergent
properties of dynamic neural systems. Brain networks
continuously reorganize in response to contextual demands,

and stable personality characteristics may arise from

consistent tendencies in how these networks reconfigure
rather than from static activation patterns.

The results also help explain inconsistencies reported
across personality neuroscience studies. Small effect sizes,
analytic variability, and situational dependency are expected
features when studying distributed systems governing
complex behavior. A shift toward large-scale datasets,
hierarchical trait modeling, and dynamic network analysis
may therefore provide a more accurate understanding of
personality—brain relationships.

Conceptually, Plasticity may be understood as the neural
capacity for exploration—the ability of the brain to transition
between internally generated cognition and externally
guided action. Through coordinated network interaction,
individuals maintain openness to novelty while preserving
goal-directed regulation. This synthesis highlights the
importance of integrating psychological theory with network
neuroscience in order to move from descriptive models of
personality toward mechanistic explanations grounded in
brain organization.

In conclusion, Plasticity represents a dynamic, multi-
network phenomenon linking motivational exploration,
cognitive flexibility, and adaptive self-regulation. Future
personality neuroscience research may benefit from focusing
less on identifying single brain correlates and more on
understanding how patterns of network interaction support
enduring individual differences in exploration, creativity,

and psychological adaptation.
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