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Political moderation, a key attractor in democratic systems, proves highly fragile under realistic
information conditions. We develop a stochastic model of opinion dynamics to analyze how
noise and differential susceptibility reshape the political spectrum. Extending Marvel et al.’s
deterministic framework, we incorporate stochastic media influence ζ(t) and neuropolitically-
grounded sensitivity differences (σy > σx). Analysis reveals the moderate population—stable
in deterministic models—undergoes catastrophic collapse under stochastic forcing. This occurs
through an effective deradicalization asymmetry (ueff

B = u + σ2
y/2 > ueff

A ) that drives conservatives
to extinction, eliminating cross-cutting interactions that sustain moderates. The system exhibits a
phase transition from multi-stable coexistence to liberal dominance, demonstrating how information
flow architecture—independent of content—systematically dismantles the political center. Our
findings reveal moderation as an emergent property highly vulnerable to stochastic perturbations
in complex social systems.
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I. INTRODUCTION

The stability of democratic societies is an emergent
property of a complex social system, intimately linked to
the vitality of its political center. In the framework of
sociophysics, moderate actors can be seen as a critical
attractor state that integrates ideas from across the po-
litical spectrum, upholding the tradition of constructive
conflict essential for preventing systemic polarization [1–
6, 8, 9]. Yet, a pervasive trend of political polarization
threatens to erode this centrist foundation in many mod-
ern democracies [3], presenting a fundamental problem
in the dynamics of social systems. Understanding the
mechanisms that foster or undermine this stable, moder-
ate state is therefore a question of profound importance
for both societal resilience and the physics of complex
systems.

Recent comprehensive reviews in social physics have
further established the mathematical foundations for
modeling complex social phenomena, including opinion
formation and polarization dynamics [59]. These devel-
opments highlight the growing recognition of physics-
inspired approaches to understanding social systems.
Concurrently, empirical studies have demonstrated how
success-driven opinion formation can generate and am-
plify social tensions through reinforcement mechanisms
[60], providing crucial context for our investigation into
the structural vulnerabilities of political moderation.

In a seminal contribution to this field, Marvel et al.
[10, 13, 15, 17, 18] employed a simple yet powerful math-
ematical model from statistical physics to explore strate-
gies for encouraging ideological moderation. Their model

considered interactions between population classes as a
dynamical system. From seven distinct strategies, only
one proved successful: nonsocial deradicalization. In this
deterministic framework, a stable, mixed population in-
cluding a substantial fraction of moderates can persist,
representing a theoretical beacon of hope for mitigating
polarization.

However, this successful strategy was identified under
a critical and arguably simplistic assumption: a consis-
tent, unambiguous pro-moderation signal. This idealized
assumption stands in stark contrast to the stochastic re-
ality of contemporary information ecosystems. The mod-
ern public sphere is characterized by high-volume, high-
velocity information flows that are often fragmented, in-
consistent, and contradictory [47, 48]—creating an en-
vironment of pervasive informational noise. This noise
is not processed uniformly, and a growing body of evi-
dence from neuropolitics reveals fundamental differences
in how liberals and conservatives process information,
suggesting differential susceptibility to chaotic signals
[12, 14, 16].

In this paper, we investigate the fragility of this de-
radicalization attractor under a more realistic, stochastic
information environment. We extend the deterministic
model into the stochastic regime by incorporating two
key features: (i) Stochastic Media Influence, modeled as
a noisy drive ζ(t), and (ii) Differential Susceptibility, pa-
rameterized from neuropolitical findings (σy > σx). Our
analysis reveals that the previously stable population of
moderates undergoes a catastrophic collapse under the
stochastic dynamics of contradictory stimulation, lead-
ing to outcomes of polarization or extinction. This result
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provides a formal demonstration of how the architecture
of modern information flow—irrespective of content—can
systematically engineer the collapse of the political cen-
ter, a phenomenon that can be understood as a noise-
induced phase transition in a complex social system.

II. MODEL FORMULATION AND
STOCHASTIC FRAMEWORK

We formulate the opinion dynamics as a stochastic dy-
namical system, extending the deterministic framework
of Marvel et al. [10] into a regime with parametric noise
and differential susceptibility. The model presented in
this section is a conceptual tool designed to illustrate the
core argument. While simple, it offers a formal frame-
work to explore the implications of our hypotheses.

Let A, B, AB, Ac symbols denote the liberals, con-
servatives, moderates and committed liberals (militants),
respectively. The following hypotheses will be considered
(interpret symbols such as A+B → AB as “speaker” +
“listener” → “something”. A + B → AB has the inter-
pretation: when a liberal (A) hears a conservative (B),
there is a tendency of the liberal become more moderate
(AB)):

1. When a conservative (liberal) hears a liberal (con-
servative), there is a tendency of the conservative
(liberal) becomes more moderate: B + A → AB,
(A+B → AB).

2. When a moderate hears a conservative (liberal),
there is a tendency of the moderate becomes more
conservative (liberal): AB + B → B, (AB + A →
A).

3. When a conservative hears a committed liberal,
there is a tendency of the conservative becomes
more moderate B +Ac → AB.

4. When a moderate hears a committed liberal, there
is a tendency of the moderate becomes more liberal
AB +Ac → A.

5. The total population is fixed, so that nA + nB +
nAB + p = 1, where nA, nB , nAB and p denote the
expected fractions of individuals corresponding to
the liberals A, conservatives B, moderates AB and
committed liberals p, respectively.

6. The fraction p of committed individuals is fixed and
the initial conditions are (nA(0), nB(0)) = (0, 1−p).

Table I summarizes schematically some of the hypothe-
ses:

Note that committed liberals Ac cannot be influenced.
Based on these interaction rules and the law of mass ac-
tion [7, 20–22, 24], we can derive a system of equations
describing the rate of change for each population:

ṅA = (p+ nA)nAB − nAnB ,

ṅB = nBnAB − (p+ nA)nB
(1)

TABLE I. Interaction rules in the opinion dynamics model

Speaker + Listener → Post-interaction

A + B → AB
Ac + B → AB
Ac + AB → A
AB + B → B
B + A → AB
AB + A → A

with nAB = 1 − p − nA − nB and Ẋ ≡ dX/dt. These
equations represent the backbone of the models analyzed
in [10]. Among the 7 variations proposed by Marvel et al.,
only one demonstrated the property that the population
of moderates does not collapse or becomes subdued. This
variant incorporates media effects and can be described
mathematically as

ṅA = (p+ nA)nAB − nAnB − unA,

ṅB = nBnAB − (p+ nA)nB − unB
(2)

Here, the parameter u > 0 represents the rate at which
the conservatives and liberals abandon their radical posi-
tions (or engages in it, u < 0) in response to a nonsocial
stimulus. We interpret this nonsocial stimuli as being
generated by mass media mechanisms in general. This
model was named nonsocial deradicalization.
The main outcome associated with this model is shown

in Fig. 1 where we see how the equilibrium populations
vary with the intensity of the mass media influence u.
Fig. 1 reveals a bifurcation in the system’s equilibrium
states as a function of the control parameter u.

FIG. 1. Deterministic baseline: Population equilibria under
nonsocial deradicalization. Shows how moderate populations
(black squares) persist only within a specific range of media
influence u, while conservatives (blue triangles) are driven to
extinction beyond a critical threshold ucr, destabilizing the
political ecosystem. Parameters: nAc(0) = p, nB(0) = 1 − p

with p = 5/100, nAB(0) = 0 and nA(0) = 0, ucr = 11
10

−
√

3
5
≈

0.325.

There is a critical value of u ≡ ucr above which the
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population of conservatives is extinguished. For 0 ≤ u ≤
ucr the population of liberals increases slowly and after
a subtle increment in u = ucr, the population of liberals
abruptly increases. The population of moderates grows
with 0 ≤ u ≤ ucr and u > ucr with a little abrupt fall
in u = ucr. The conclusion reached in [10] is that the
only way (out of 7 tested possibilities) to encourage the
population of moderate is through pro-moderation mass
media effort.[61] We will see that if we consider some
results coming from the new field of Neuropolitics [11, 19],
things can not be that simple.

Before discussing the recent discoveries of Neuropoli-
tics, it is important to briefly mention the results for the
equilibrium behavior of non-social deradicalization model
considering different sensitivities to media stimuli. Let
the model described by

ṅA = (p+ nA)nAB − nAnB − uAnA,

ṅB = nBnAB − (p+ nA)nB − uBnB
(3)

which may be written as[62]

ẋ = (1− 2p− uA)x− 2xy − x2 − py + p− p2,

ẏ = (1− 2p− uB) y − 2yx− y2
(4)

with uA and uB representing the different sensitivities to
media stimuli of liberals and conservatives, respectively,
and nA, nB , nAB are x, y and z = 1− p− x− y, respec-
tively. The sequence of figures in Fig. 2 illustrates what
happens to the equilibrium populations if we vary uB for
some specific values of uA.

The relevant conclusion for this article is that low sus-
ceptibility of liberals to the media influences implies lower
equilibrium values for the population of moderates. This
conclusion will be very important later when we discuss
the effects of contradictory stimulation.

III. NEUROPOLITICAL FOUNDATIONS FOR
DIFFERENTIAL SUSCEPTIBILITY

To ground the parameterization of differential suscep-
tibility (σy > σx) in our stochastic extension, we re-
quire a plausible mechanistic hypothesis for how different
groups process informational noise. We posit that estab-
lished findings in neuropolitics provide a robust founda-
tion for expecting systematic differences in susceptibil-
ity to contradictory stimulation. This section reviews
the key evidence suggesting that conservatives and liber-
als exhibit differential sensitivity to the uncertainty and
threat potentially embedded in a volatile information en-
vironment, justifying the core model assumption where
σy > σx.

Neural Correlates of Uncertainty Tolerance

A central dimension of our thesis involves tolerance
for ambiguity and conflict. The anterior cingulate cor-
tex (ACC), a brain region critically involved in conflict

monitoring, error detection, and regulating responses to
uncertainty, appears to be a key neuroanatomical site for
relevant individual differences.

Kanai et al. [16] provided a direct link between brain
structure and political orientation by demonstrating that
larger ACC grey matter volume was associated with
greater liberalism. The authors hypothesize that this
structural difference may be linked to a “higher capacity
to tolerate uncertainty and conflicts,” a cognitive style
more receptive to novel and complex information, which
aligns with liberal ideologies. Conversely, a relatively
smaller ACC volume in conservatives might indicate a
lower threshold for perceiving and experiencing cognitive
conflict, making inconsistent or ambiguous signals more
psychologically taxing.

This finding is not isolated. Amodio et al. [12] found
that liberals showed significantly greater event-related
ACC neural activity in response to cues signaling a need
to change a habitual response—a task requiring conflict
monitoring and cognitive flexibility. Conservatives, in
contrast, displayed more stable neural activity in these
situations. This suggests a neurocognitive basis for dif-
fering responses to information that challenges existing
patterns or creates cognitive dissonance.

Physiological Sensitivity to Threat and Aversive
Stimuli

Beyond processing uncertainty, responses to directly
threatening or aversive stimuli also show politically pat-
terned differences. The amygdala, particularly the right
amygdala, is a key structure in the neural circuitry for
processing fear and emotional salience.

Multiple studies have linked conservatism to a height-
ened physiological responsiveness to threats. Oxley et
al. [14] found that individuals with measurably higher
physiological reactions to sudden noises and threatening
visual images were significantly more likely to support
protective policies such as defense spending, capital pun-
ishment, and patriotism. Schreiber et al. [15] further
confirmed this link using neuroimaging, showing that
during a risky decision-making task, Republican partici-
pants exhibited heightened amygdala activity compared
to Democrats.

This sensitivity extends beyond direct physical threat
to include moral disgust. Smith et al. [17] demonstrated
that individuals with marked involuntary physiological
responses to disgusting images (e.g., a man eating worms)
were more likely to self-identify as conservative and to
adopt socially protective stances, such as opposing gay
marriage. This suggests that a general sensitivity to aver-
sive, norm-violating stimuli is a trait more commonly as-
sociated with conservatism.
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FIG. 2. Differential susceptibility in deterministic framework: Equilibrium populations as a function of conservative sensitivity
uB for varying liberal sensitivities uA. Clockwise from top-left: uA = 1
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susceptibility to media influences (smaller uA) systematically reduces equilibrium moderate populations (black squares), estab-
lishing the foundational asymmetry exploited in our stochastic extension. This demonstrates how inherent differences in media
responsiveness can predispose the system to center collapse under noisy conditions.

Synthesis: From Neurophysiology to Model
Parameterization

These convergent lines of evidence paint a coherent
picture: a neurocognitive profile associated with conser-
vatism is characterized by lower tolerance for uncertainty
and cognitive conflict (linked to ACC structure/function)
and higher sensitivity to threatening and aversive stimuli
(linked to amygdala reactivity).

In the context of our model, the parameter σ repre-
sents the intensity of perceived “contradictory stimula-
tion” from the media environment. We argue that this
noise is not emotionally or cognitively neutral. A stochas-
tic stream of conflicting narratives inherently contains
high levels of uncertainty (What is true?) and potential
symbolic threat (Which narrative, if believed, puts me or
my values at risk?).

Therefore, it is a parsimonious and empirically
grounded hypothesis that individuals with the neurocog-
nitive traits more common among conservatives would
experience a given level of informational noise (σ) as
more salient, stressful, and impactful. This justifies our
core modeling assumption of differential susceptibility,
formalized as σy > σx. It is crucial to emphasize that
this is not a value judgment on either orientation but a
recognition of differential fit between inherent cognitive
styles and the structure of the modern information envi-

ronment. The subsequent section explores the dramatic
consequences of this seemingly minor adjustment to the
model of deradicalization.

IV. RESULTS: THE STOCHASTIC COLLAPSE
OF MODERATION

Having established the deterministic baseline and the
neuropolitical rationale for differential susceptibility, we
now present the outcomes of our stochastic extension.
Our central question is: How robust is the “nonsocial de-
radicalization” strategy when the pro-moderation media
signal is contaminated by noise, and this noise is per-
ceived asymmetrically?
The original deterministic system for the “nonsocial

deradicalization” strategy is given by:

ṅA = (p+ nA)nAB − nAnB − unA,

ṅB = nBnAB − (p+ nA)nB − unB ,
(5)

where nAB = 1− p−nA −nB , and u > 0 is the constant
deradicalization rate. As shown in Fig. 1, this system
supports a stable equilibrium with a non-zero population
of moderates nAB for a range of u values.
We introduce stochasticity and differential susceptibil-

ity by transforming the media influence parameter u into
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a stochastic variable, unique to each group:

u → u+ ζi(t), for i ∈ {A,B}. (6)

Here, ζi(t) is a Gaussian white noise process with
zero mean and variance σ2

i , such that ⟨ζi(t)⟩ = 0 and
⟨ζi(t′)ζi(t′′)⟩ = σ2

i δ(t
′′ − t′). The key model extension

is the hypothesis, grounded in Section 3, that σy > σx

indicating conservatives’ higher sensitivity to the contra-
dictory stimulation represented by the noise.

The resulting system of Stratonovich Stochastic Dif-
ferential Equations (SDEs) is:

dnA = [(p+ nA)nAB − nAnB − unA] dt− nAdB
A
t ,

dnB = [nBnAB − (p+ nA)nB − unB ] dt− nBdB
B
t ,

(7)

where dBi
t are the Wiener increments for groups A and

B, correlated with their respective noise intensities. We
adopt the Stratonovich interpretation of stochastic calcu-
lus, which is physically natural for systems with smooth,
real-world noise [40–42, 45].

A. Analytical Insight via Moment Equations

To gain analytical insight, we derive the approximate
moment equations using a derivative matching closure
method [46, 59], which neglects temporal correlations
(⟨xy⟩ ≈ ⟨x⟩⟨y⟩; see Appendix). We obtain:

ẋ =

(
1− 2p− u− σ2

x

2

)
x− 2xy − x2 − py + p− p2,

ẏ =

(
1− 2p− u−

σ2
y

2

)
y − 2yx− y2.

(8)

A critical observation is that these equations are math-
ematically equivalent to the original deterministic model
under the transformation ueff

A = u + σ2
x/2 and ueff

B =
u+ σ2

y/2. This reveals that the effect of stochastic influ-
ence is isomorphic to an effective increase in the deradi-
calization rate in the deterministic model. Since σy > σx,
this implies ueff

B > ueff
A . The original model showed that

a sufficiently high deradicalization rate u leads to the
extinction of conservatives and an eventual drop in mod-
erates. Our analysis thus predicts that differential sus-
ceptibility will selectively and asymmetrically impact the
population dynamics, pushing the system towards a new
equilibrium devoid of conservatives and with a fragile
moderate population.

B. Numerical Simulation of the Stochastic
Dynamics

The analytical approximation, while insightful, ne-
glects temporal correlations and extinction events. To

capture the full stochastic dynamics, we performed nu-
merical simulations of the SDEs (Eqs. 7) using the Euler-
Maruyama method [40, 57].
First, in the symmetric noise case (σx = σy), when

both groups are equally susceptible to noise, the sys-
tem’s behavior moderates. While the average popula-
tions resemble the deterministic case, the stochasticity in-
troduces fluctuations around these equilibria. The mod-
erate population persists, though its size shows increased
variance.
Second, in the differential susceptibility case (σy >

σx), introducing our core hypothesis produces a dramatic
shift. The conservative population nB , subjected to a
higher effective deradicalization pressure ueff

B , is driven
towards extinction. Concomitantly, the moderate popu-
lation nAB , which previously thrived, collapses.

FIG. 3. Stochastic collapse of political moderation: Quasi-
stationary probability density functions for the moderate pop-
ulation under differential noise susceptibility. (Top) For low
conservative sensitivity (σx = 0.6, σy = 0.25), the distribu-
tion maintains a peak away from zero, indicating viable mod-
erate coexistence. (Bottom) For high conservative sensitivity
(σx = 0.6, σy = 0.75), the distribution undergoes catastrophic
collapse to a peak at zero, demonstrating moderator extinc-
tion. This visualizes the central finding of our study—a noise-
induced phase transition where the political center becomes
unsustainable under asymmetric contradictory stimulation.

Fig. 3 illustrates this starkly. For low σy (e.g., σy =
0.25), the PDF for moderates is centered away from zero,
indicating their survival. However, for high σy (e.g.,
σy = 0.75), the PDF for moderates becomes sharply
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peaked at zero. This signifies that in the long run, the
most probable outcome is the extinction of the moderate
population. The system evolves towards a state domi-
nated almost entirely by liberals.

FIG. 4. Emergent liberal dominance following center collapse:
Quasi-stationary probability density functions for the liberal
population. (Top) σx = 0.6, σy = 0.25; (Bottom) σx = 0.6,
σy = 0.75. As conservative sensitivity to contradictory stim-
ulation increases, the liberal distribution shifts rightward and
sharpens, indicating demographic dominance. Crucially, this
liberal expansion occurs not through conversion of moder-
ates but through the collapse of the cross-cutting interac-
tion network that sustained the political center, revealing the
ecosystem-level consequences of asymmetric noise susceptibil-
ity.

Fig. 4, showing the PDF for the liberal population
(nA), confirms the mechanism. As conservative sensitiv-
ity (σy) increases, the liberal distribution shifts rightward
and sharpens, indicating that liberals come to dominate
the population with higher probability and less uncer-
tainty.

C. Interpretation of the Collapse

In summary, the results demonstrate that the “nonso-
cial deradicalization” strategy is not robust to the intro-
duction of realistic, asymmetrically perceived noise. The
mechanism is twofold: First, the higher susceptibility of
conservatives (σy > σx) acts as a selective pressure, effec-
tively applying a stronger deradicalization force to them

and leading to their demographic extinction. Second, the
moderates (AB), who rely on cross-cutting interactions
with both liberals (A) and conservatives (B) for their ex-
istence (e.g., via A+B → AB), cannot be sustained in a
political ecosystem where one of their foundational inter-
action partners has been eliminated. The moderate pop-
ulation, deprived of its “ecological niche,” subsequently
collapses.
In conclusion, the only strategy proven to foster mod-

eration in the deterministic model fails catastrophically
under a stochastic regime that incorporates empirically
grounded differences in neurocognitive processing. The
moderate population, far from being stable, is shown to
be a fragile phenomenon, highly susceptible to the struc-
tural noise of the modern information environment.

V. SYNTHESIS AND DISCUSSION:
RESILIENCE AND PHASE TRANSITIONS IN

POLITICAL ECOSYSTEMS

Our stochastic analysis reveals that political modera-
tion, while stable in deterministic frameworks, exhibits
critical fragility under stochastic forcing—collapsing
through a noise-induced phase transition. This section
interprets this demographic shift through classical soci-
ological frameworks (anomie), examines its weaponiza-
tion via digital platforms, and explores implications for
building democratic resilience in high-noise information
environments.

A. The Silent Extinction: Noise-Induced Phase
Transition

The analytical insight from moment equations pre-
dicted a fundamental shift: differential susceptibility
(σy > σx) selectively targets conservatives with higher ef-
fective deradicalization, leading to their demographic ex-
tinction and consequent collapse of the moderate ecosys-
tem.
The numerical simulations—specifically the quasi-

stationary Probability Density Functions (PDFs) in
Figs. 3 and 4—provide stark confirmation of this tran-
sition. Fig. 3 shows the PDF for moderates (nAB). At
low conservative sensitivity (σy = 0.25), the distribu-
tion peaks away from zero, indicating metastable coex-
istence. At high sensitivity (σy = 0.75), the distribu-
tion undergoes a catastrophic collapse, peaking sharply
at zero—a clear signature of a noise-induced phase tran-
sition where moderation becomes unsustainable. Fig. 4,
showing liberal PDFs (nA), confirms the mechanism. As
σy increases, the liberal distribution shifts rightward, in-
dicating demographic dominance. Crucially, moderates
don’t convert to liberals; rather, the cross-cutting inter-
actions that sustain them (A+B → AB) become impos-
sible when one interaction partner is eliminated.
This represents not ideological victory but ecosystem
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collapse—the political center vanishes as collateral dam-
age in an asymmetrical environmental stressor.

B. From Model Dynamics to Sociological Reality:
Complex Systems Perspective

This mathematical collapse finds resonance in classi-
cal sociology. The model formalizes Durkheim’s anomie
[34, 35]—a state of normlessness emerging when integra-
tive mechanisms fail. Here, the “collective conscience”
is the cross-cutting discourse that moderates represent.
Contradictory stimulation (σ), by making this discourse
cognitively unsustainable, dissolves social cohesion.

The result is not new consensus but vacuum—a sys-
tem dominated by a single attractor (A), with the former
center vanished into political disengagement. Our model
demonstrates how information architecture can engineer
anomie, not by arguing against the center, but by making
its maintenance prohibitively costly.

C. The Hegelian Stress Test: When Dialectics
Breaks Down

This process represents a pathological instantiation of
Hegelian dialectics. In healthy form, Thesis-Antithesis-
Synthesis enables epistemic progress. When weaponized
into continuous, high-frequency contradictory stimula-
tion, the intended “Synthesis” becomes psychological
breakdown.

Our model shows this manifests as center collapse. The
moderate synthesis cannot hold under perpetual conflict.
The resulting “synthesis” is the vacuum in our PDFs—
a distribution where the middle disappears, leaving only
a dominant pole and disengaged former centrists. This
aligns with mass psychology insights [21, 25–29] that con-
fusion and contradiction dissolve critical thought.

D. The Engagement-Alignment Paradox: Platform
Dynamics

Our theoretical findings resonate powerfully with em-
pirical digital landscapes. The model identifies high-
σ contradictory stimulation as the moderation collapse
driver. Modern social platforms systematically maximize
this parameter through their core mechanics:

First, algorithmic σ-maximization: Engagement-
optimizing algorithms preferentially amplify content gen-
erating strong reactions—outrage, fear, tribal affirma-
tion [23, 32, 33, 50]. Coherent, nuanced arguments
(low-σ) are less “engaging” than conflicting, sensational
claims (high-σ). Second, temporal and contextual col-
lapse: Social media fragments complex discourse into si-
multaneous, decontextualized pieces—humanitarian ap-
peals alongside genocidal rants, science alongside con-
spiracy. This represents the “informational grille illu-

sion” where contradictory stimuli apply simultaneously,
maximizing cognitive load [36, 37, 58]. Third, person-
alized susceptibility amplification: Neurocognitive differ-
ences (σy > σx) become profiling and targeting variables.
Micro-targeting can expose threat-sensitive users to more
danger-related content, effectively personalizing and am-
plifying their σ exposure [38, 39, 49].

Thus, social platforms function as σ-maximization en-
gines. They operationalize dialectics not as philosophical
process but as continuous psychological stress test. The
predicted collapse serves engagement metrics while cor-
roding democratic discourse.

E. Implications: From Content Control to System
Resilience

These findings compel a paradigm shift: the primary
threat is not extremist content but the chaotic informa-
tion structure itself. Content-focused interventions re-
semble saving individual fish in an acidifying ocean—
addressing symptoms while missing systemic pathology.

The model suggests instead fostering structural and
cognitive resilience—developing systems and citizens ca-
pable of processing noise without collapsing. This im-
plies: First, epistemic stability: Education should pri-
oritize critical thinking, logic, and media literacy as
stable cognitive frameworks for navigating contradic-
tion. Second, coherent deliberation spaces: The antidote
to weaponized contradiction is more coherent speech—
institutions and spaces dedicated to sustained civil dia-
logue create low-σ havens where synthesis becomes pos-
sible. Third, center valorization: Cultural and political
efforts should recognize the moderate, synthesizing mind-
set as the essential, fragile bedrock of pluralistic society.

VI. CONCLUSION: COMPLEX SYSTEMS AND
DEMOCRATIC RESILIENCE

This study demonstrates that political moderation
constitutes an emergent property of stable systems, ex-
hibiting critical fragility under stochastic contradictory
stimulation. Extending a canonical model reveals how
the only known solution for fostering moderates can be
subverted by the very information environment it relies
upon.

The social media ecosystem, in its current form, acts
as a potent engine for maximizing the destructive pa-
rameter σ. However, a potential misinterpretation—
advocating centralized control or censorship—would con-
stitute a profound misdiagnosis. The weaponization of
contradiction represents a pathology of disordered dis-
course, not free discourse itself.

The solution cannot lie in empowering central authori-
ties to impose order—a cure destroying patient autonomy
to save it. Such approaches replace chaotic digital noise
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with monolithic, state-sanctioned signals, replicating the
totalitarian designs our work seeks to illuminate.

The model’s dynamics point toward resilience princi-
ples found in complex adaptive systems: distributed cul-
tural mechanisms and local interaction rules can gener-
ate system-level resistance to informational noise [7, 55],
while epistemic network analyses demonstrate that het-
erogeneous judgment and local knowledge processing en-
hance collective resilience to misinformation cascades
[47, 50]. These distributed, bottom-up approaches to
maintaining system stability stand in stark contrast to
centralized information control, which often fails to cap-
ture the necessary complexity for genuine resilience [56].

This suggests a path both more challenging and
more aligned with complex systems principles: First,
intellectual patrimony: Resilience emerges not from
blocking bad information but from furnishing minds
with robust frameworks. Shared cultural and in-
tellectual patrimony—philosophy, history, literature—
provides stable reference points for navigating contradic-
tion. Second, civil association: Local, voluntary commu-
nities act as essential low-σ environments. These “molec-
ular structures” of civil society [52, 53] train habits of rea-
soned dialogue and trust eroded by high-velocity digital
discourse. Third, epistemic agency: The ultimate an-
swer to engineered chaos is cultivating what Mill termed
“the sovereignty of the individual” [54]—educational and
cultural ethos prizing epistemic agency, critical thinking,
and independent judgment over algorithmic or state del-
egation.

In conclusion, our model serves not as control blueprint
but as warning and renewal call. It reveals the center’s
fragility and how digital architectures actively test its
limits. The democratic response cannot be simplistically
turning down volume, but complexly learning to discern
signal within noise—cultivating, through education, cul-
ture, and civil society, the intellectual and moral fortitude
enabling free people to remain free amidst the storm.

Appendix A: Moment Equations Derivation

To obtain the equations for the moments, we use the
equation

d⟨F (x(t), t)⟩
dt

=

〈
∂F

∂t
+

∂F

∂x
· a+

1

2
Tr

[
bT · ∂

2F

∂x2
· b
]〉

,

(A1)
where ∂2F/∂x2 is the matrix of second deriva-
tives [55]. For our problem, x =

[ x
y

]
, a =[ (p+x)(−p−x−y+1)−ux−xy

−y(p+x)+y(−p−x−y+1)−uy

]
and b =

[ σxx 0
0 σyy

]
. If F (x) =

lnx and F (x) = ln y, the equations for ⟨ẋ⟩ and ⟨ẏ⟩ will
be, respectively

⟨ẋ⟩ =
(
1− 2p− u− σ2

x

2

)
⟨x⟩ − 2⟨xy⟩ − ⟨x2⟩ − p⟨y⟩

+ p− p2

⟨ẏ⟩ =

(
1− 2p− u−

σ2
y

2

)
⟨y⟩ − 2⟨yx⟩ − ⟨y2⟩

(A2)

If F (x) = x2, F (x) = y2 and F (x) = ln (xy), we have

⟨ẋ2⟩ = 2p(1− p)⟨x⟩ − 2p⟨xy⟩
+ (2− 4p− 2u+ σ2

x)⟨x2⟩ − 2⟨x3⟩ − 4⟨x2y⟩

⟨ẏ2⟩ = (2− 4p− 2u+ σ2
y)⟨y2⟩ − 2⟨y3⟩ − 4⟨xy2⟩

⟨ẋy⟩ = p(1− p)⟨y⟩ − 3⟨x2y⟩ − 3⟨xy2⟩ − p⟨y2⟩

+

(
2− 4p− 2u− σ2

x

2
−

σ2
y

2

)
⟨xy⟩

(A3)

To close the hierarchy of equations, we use the clo-
sure method called derivative matching [56] and put

⟨x3⟩ = ⟨x2⟩3
⟨x⟩3 , ⟨y3⟩ = ⟨y2⟩3

⟨y⟩3 , ⟨x2y⟩ = ⟨x2⟩⟨xy⟩2
⟨x⟩2⟨y⟩ and ⟨xy2⟩ =

⟨y2⟩⟨yx⟩2
⟨y⟩2⟨x⟩ in the equations above:

⟨ẋ2⟩ = 2p(1− p)⟨x⟩ − 2p⟨xy⟩

+ (2− 4p− 2u+ σ2
x)⟨x2⟩ − 2

⟨x2⟩3

⟨x⟩3
− 4

⟨x2⟩⟨xy⟩2

⟨x⟩2⟨y⟩

⟨ẏ2⟩ = (2− 4p− 2u+ σ2
y)⟨y2⟩ − 2

⟨y2⟩3

⟨y⟩3
− 4

⟨y2⟩⟨yx⟩2

⟨y⟩2⟨x⟩

⟨ẋy⟩ = p(1− p)⟨y⟩ − 3
⟨x2⟩⟨xy⟩2

⟨x⟩2⟨y⟩
− 3

⟨y2⟩⟨yx⟩2

⟨y⟩2⟨x⟩
− p⟨y2⟩

+

(
2− 4p− 2u− σ2

x

2
−

σ2
y

2

)
⟨xy⟩

(A4)

The system of equations (A2) and (A4) is closed and can
be used in further analysis.
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