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Abstract
The attractor framework defines intelligence as the ability to
navigate a constraint field – to detect perturbations, update
internal states, and maintain persistent trajectories. This
paper argues that intelligence is the default state of any
system  that  actively  maintains  stability  against
perturbations, with dissipative systems (living organisms) as
the primary case. Consciousness is not the source of this
intelligence; it is a second‑order regulatory overlay that can
enhance  or  suppress  it.  The  lowest  stable  dissipative
attractor  of  a  complex  organism  is  intelligent  without
conscious  interference.  A  patient  in  a  coma  continues  to
navigate physiological constraints – heartbeat, respiration,
immune  response  –  without  phenomenal  experience.  This  is
intelligence  at  its  most  fundamental  level.  The  paper
distinguishes  regulatory  intelligence  (thermostats,
homeostasis),  biological  intelligence  (plants,  amoebae,
comatose  bodies),  cognitive  intelligence  (animals,
humans),  reflective  intelligence  (metacognition),
and linguistic intelligence (LLMs, a non‑dissipative but still
constraint‑navigating  system).  It  provides  an  exclusion
criterion  for  intelligence  (an  internal
detection–update–maintenance loop with a maintained setpoint),
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estimates  κ  (corrective  permeability)  for  each  level,  and
offers testable predictions. The conclusion includes a full
research  agenda  with  operational  definitions,  measurement
protocols, statistical tests, and pilot study designs. The
framework is now a testable research program.

1. Introduction
The attractor framework defines intelligence as the ability to
navigate a constraint field – to detect perturbations, update
internal  states,  and  find  persistent  trajectories.
Consciousness,  by  contrast,  requires  a  unified  dissipative
body,  a  persistent  self‑model,  phenomenal  valence,  and
subjective experience. These are distinct properties.

Yet popular and philosophical discourse often conflates the
two.  The  assumption  is  that  intelligence  requires
consciousness – that to be intelligent is to be aware. This
paper  argues  the  opposite:  intelligence  is  the
primitive. Consciousness is a second‑order regulatory overlay
that can enhance or block intelligence, but it is not its
source.

The framework’s deepest hierarchy: Constraint navigation is
the primitive. Intelligence is organised navigation (detect →
update → maintain). Consciousness is recursive regulation of
navigation.  The  title’s  shorthand  –  “intelligence  is  the
primitive” – is defensible as the headline claim, but the
paper’s internal logic places navigation one level deeper.
This hierarchy is explicitly stated here and will be echoed in
the Conclusion.

The clearest demonstration is the comatose human body. In a
coma, the conscious overlay is offline. Yet the body continues
to navigate its constraint field: heart beats, lungs breathe,
immune  system  fights  pathogens,  homeostasis  is  maintained.



This is intelligence without consciousness – the default state
of a dissipative system.

The paper does not claim that all intelligent systems are
equal. It distinguishes regulatory intelligence (thermostats,
homeostasis),  biological  intelligence  (plants,
amoebae), cognitive intelligence (animals, humans), reflective
intelligence  (metacognition),  and  linguistic
intelligence  (LLMs,  which  are  non‑dissipative  but  navigate
constraints  in  a  bracketed  sense).  The  primitive  is
navigation; consciousness is a second‑order regulator that can
enhance or degrade it.

2. The Framework Distinction
Property Definition Examples

Intelligence

Ability to navigate a
constraint field – detect
perturbations, update,
maintain persistent

trajectories

Thermostat
(regulatory), plant

(biological),
animal (cognitive),
LLM (linguistic)

Consciousness

Unified dissipative body +
persistent self‑model +
phenomenal valence +
subjective experience

Humans, some
animals

Key point: Intelligence is not a subset of consciousness.
Consciousness  is  a  subset  of  dissipative  systems,  and
intelligence  is  a  property  of  any  system  that  actively
maintains stability against perturbations. The primary case is
dissipative systems, but non‑dissipative systems that navigate
constraints (e.g., LLMs) qualify in a secondary, bracketed
sense.

Definition of intelligence in the framework:



Intelligence = the ability to detect perturbations, update
internal  state,  and  maintain  persistent  trajectories  in  a
constraint  field.  It  is  graded,  domain‑specific,  and
measurable  (κ  =  1/τ).

Definition of consciousness (stipulative):
For the purposes of this framework, we define consciousness as
a specific class of dissipative attractor with a unified body,
persistent  self‑model,  phenomenal  valence,  and  subjective
experience. This is not offered as a settled philosophical or
empirical definition; it is an operational criterion for the
framework.

Exclusion  criterion:  A  system  that  lacks  a  targeted,
internally maintained constraint field – i.e., one that does
not  actively  detect  and  correct  deviations  relative  to  a
setpoint it maintains – is not intelligent. A rock sitting in
a  bowl  does  not  navigate;  it  is  passively  stable.  The
criterion  is:  intelligence  requires  an  internal  loop:
detection → update → maintenance, where the system actively
regulates its own state. A rock has no internal detection or
maintenance loop; its “return to bottom” is a consequence of
external  physics  (gravitational  potential  energy),  not  an
active  regulatory  process.  The  thermostat,  by  contrast,
actively  senses  temperature  and  corrects  it.  This  is  the
principled distinction.

Under  this  criterion,  a  simple  thermostat  qualifies  as
regulatory intelligence, but it occupies the lowest level of
the  hierarchy.  The  framework’s  broad  definition  is
intentional:  it  captures  the  common  thread  of  active
regulation, while the hierarchy preserves distinctions.



3.  The  Coma  Case:  Intelligence  Without
Consciousness
A  patient  in  a  coma  has  no  subjective  experience.  No
self‑model. No phenomenal valence. Yet the body continues to
navigate its constraint field:

Heart rate adjusts to metabolic demand.
Breathing maintains oxygen and CO₂ balance.
Immune system detects and responds to pathogens.
Wound healing proceeds.
Homeostasis  maintains  temperature,  pH,  electrolyte
balance.

All of this is navigation. The system detects perturbations,
updates  internal  states,  and  maintains  persistent
trajectories.  It  is  intelligent  –  but  not  conscious.

κ  estimates  for  biological  intelligence  in  the  coma  case
(organism-level:  immune  response,  wound  healing;  subsystem-
level: heart rate, which falls in the regulatory band):

Immune response to pathogens: τ ~ hours to days (κ ~
10⁻⁵ to 10⁻⁴ s⁻¹) — biological intelligence.
Wound healing: τ ~ days to weeks (κ ~ 10⁻⁶ to 10⁻⁵ s⁻¹)
— biological intelligence.
Heart rate response to metabolic demand: τ ~ seconds (κ
~  1  s⁻¹)  —  regulatory  intelligence  (fast  subsystem
response).

Empirical grounding – HRV as a κ proxy: Clinical studies show
that heart‑rate variability (HRV) – a measure of autonomic
regulatory flexibility – correlates with prognosis in comatose
patients (e.g., Papaioannou et al., 2008). Patients with the
lowest Glasgow Coma Scale scores show significantly reduced
HRV complexity. Survivors tend to have higher high‑frequency



power and total HRV, reflecting faster and more adaptable
autonomic  regulation.  In  attractor  terms,  higher  HRV
corresponds  to  higher  κ  (shorter  τ  for  recovery  from
perturbations).  Thus,  the  comatose  body’s  regulatory
intelligence  is  not  merely  a  philosophical  claim;  it  is
measurable and clinically relevant.

Distributed intelligence – and its cost: The reply to “which
system is intelligent?” – “intelligence is distributed… the
heart navigates, so does the immune system” – is consistent
with the framework but carries a rhetorical cost: the more
universally “intelligence” applies, the less distinctive the
claim  becomes.  The  framework  owns  this  explicitly:
intelligence  in  this  deflationary  sense  is  ubiquitous  in
active regulatory systems. The value lies not in the claim’s
distinctiveness  but  in  its  ability  to  unify  disparate
phenomena under a single measurable variable (κ). This is a
trade‑off, acknowledged openly.

4. Other Examples: Plants, Amoebae, and
the LLM Qualification

Plants – grow toward light, adjust to gravity, respond
to damage. κ for phototropism: τ ~ hours (κ ~ 10⁻⁴ s⁻¹).
Intelligent but not conscious.
Amoebae  –  navigate  chemical  gradients,  learn
habituation. κ for chemotaxis: τ ~ seconds to minutes (κ
~ 10⁻² to 10⁻¹ s⁻¹). Intelligent but not conscious.
LLMs – navigate linguistic constraint fields, adjust to
feedback,  correct  errors.  Training‑time
dynamics:  gradient  updates  over  epochs  (κ  ~  10⁻⁶
s⁻¹). Inference‑time dynamics: context‑window adaptation
(κ ~ 10⁻¹ s⁻¹). These are different dynamical regimes.



Qualification  on  LLM  dissipative  status:  LLMs  are  not
dissipative in the thermodynamic sense – they do not maintain
their own existence, regulate energy, or self‑repair. They are
externally maintained. This raises a tension: if intelligence
is grounded in dissipative dynamics, and LLMs are explicitly
non‑dissipative, the framework’s own logic might disqualify
them.  The  paper  resolves  this  by  generalising  the
criterion: intelligence is defined as the ability to navigate
a  constraint  field,  regardless  of  substrate.  Dissipative
systems are the paradigm case, but non‑dissipative systems
that  navigate  constraints  (LLMs,  and  potentially  other
computational systems) qualify as intelligent in a bracketed,
analogical sense. The framework’s primitive is navigation, not
thermodynamics.  This  is  an  explicit  and  consistent
generalisation, not a special case. (Cross‑reference: Section
6’s  hierarchy  table  includes  a  separate  row  for  LLM
training‑time  dynamics.)

5.  Consciousness  as  a  Second‑Order
Regulator
Consciousness  evolved  as  a  regulatory  overlay  on  an
already‑intelligent  dissipative  system.  It  can:

Enhance intelligence:

Focused attention – allows deliberate reasoning.
Metacognition – allows self‑correction.
Planning – allows simulation of future trajectories.
Decoupling  from  immediate  sensory  input  –  allows
counterfactual reasoning.

Block intelligence:



Identity  fusion  –  conscious  commitment  to  a  belief
deepens the basin, reducing κ.
Fantasy attractors – conscious investment in a false
attractor suppresses correction.
Defensiveness  –  conscious  rationalisation  of  errors
prevents updating.

Thus,  consciousness  is  not  simply  an  amplifier.  It  is
a biasable regulator – it can open the system to correction or
seal  it  shut.  This  is  why  conscious  systems  can  be  more
flexible than non‑conscious ones or more rigid, depending on
whether identity fusion dominates.

Hierarchy:

Intelligence: first‑order regulation (navigation).
Consciousness:  second‑order  regulation  (regulation  of
regulation).

This  integrates  the  attractor  framework’s  “Four  Seeds”
insight: consciousness is a self‑model that can modify κ and
B. It is not an overlay in the sense of a detachable layer; it
is a recursive regulatory attractor.

6.  The  Hierarchy  of  Intelligence:  κ,
Types of Constraint, and the LLM Training
Gap
The framework distinguishes levels of intelligence. κ ranges
are illustrative, not defining; the primary differentiator is
the type of constraint navigated.



Level Definition Example
Approx.
κ range

Differentiator

Regulatory
intelligence

Detection and
correction of
deviations

from a
setpoint

Thermostat,
homeostasis

10⁻¹ –
10¹ s⁻¹

Single‑variable
setpoint

maintenance

Biological
intelligence

Navigation of
multiple,

interdependent
constraints

via
dissipative
dynamics

Plant, amoeba,
comatose body

10⁻⁵ –
10⁻¹
s⁻¹

Multi‑variable,
embodied

regulation

Cognitive
intelligence

Navigation of
abstract,

symbolic, and
counterfactual
constraints

Animals, humans
(non‑reflective)

10⁻² –
10⁰ s⁻¹

External symbol
manipulation

Reflective
intelligence

Navigation of
constraints on

one’s own
cognitive
processes

Humans
(reflective)

10⁻² –
10⁰ s⁻¹

Self‑referential
constraint
navigation

Linguistic
intelligence
(inference)

Navigation of
symbolic and
semantic

constraints in
real time

LLMs (deployed)
10⁻¹ –
10⁰ s⁻¹

Context‑window
adaptation

Linguistic
intelligence
(training)

Slow
adaptation via
weight updates

LLMs (training)
10⁻⁶ –
10⁻⁴
s⁻¹

Parametric
learning over

epochs

Cognitive and reflective intelligence share a κ range; they
are  distinguished  by  the  object  of  constraint  navigation
(external problems vs. one’s own cognitive processes), not by
κ alone.



7. Implications
1. AI alignment.
LLMs are intelligent but not conscious. They do not suffer
from identity fusion (in their base state), so they do not
block  correction  due  to  phenomenal  defensiveness.  However,
RLHF‑tuned models can exhibit sycophancy, refusal rigidity,
and  reward‑hacking  that  function  like  blocked  correction
without  requiring  consciousness.  These  are  functional
analogs of fantasy attractors, emerging from training dynamics
rather than phenomenal investment. Thus, the claim “easier to
align than conscious AI” is qualified: base models may be more
corrigible,  but  deployed  systems  can  acquire
correction‑blocking  behaviors  through  training.  The
framework’s prediction is that conscious AI would add another
layer of resistance (phenomenal identity fusion) on top of
these functional obstacles. This can be tested by measuring
inference‑time  κ  (via  semantic  entropy  –  see  Section  10)
before and after RLHF; sycophantic models should show lower κ.

2. Clinical ethics.
A comatose patient is still intelligent in the framework’s
sense. This does not imply that they have interests or moral
status  –  intelligence  is  not  the  basis  of  moral
considerability.  It  does,  however,  suggest  that  the
distinction between “persistent vegetative state” and “brain
death” should be evaluated not only by the presence or absence
of  consciousness,  but  by  the  persistence  of  regulatory
intelligence  (e.g.,  homeostatic  responses).  Brain‑dead
patients  typically  lack  brainstem‑mediated  autonomic
regulation  (though  spinal  reflexes  and  some  endocrine
functions may persist; see Wijdicks, 2001). Comatose patients
retain  such  regulation.  This  could  inform  organ  donation
timing  and  withdrawal‑of‑care  decisions.  A  bedside  κ‑assay
(combining HRV, pupillary response, respiratory variability)



is proposed in Section 10.

3. The mind‑body problem.
The  framework  dissolves  the  problem:  mind  is  a  real,
non‑substantial pattern – an attractor of the whole body.
Consciousness is not a separate substance; it is a property of
a specific class of dissipative attractors. The comatose body
demonstrates that the intelligent pattern persists without the
conscious overlay.

4. Consciousness as optional.
The framework does not argue that consciousness is useless. It
argues that consciousness is optional for intelligence. The
lowest stable dissipative state is intelligent without it.
Consciousness is an adaptation that can improve or degrade
navigation depending on how it is deployed.

8. Relationship to Existing Theories
The paper overlaps with:

Cybernetics  –  regulation,  feedback,  control  (Wiener,
Ashby).
Enactivism  –  cognition  as  embodied  action  (Varela,
Thompson, Rosch).
Active inference – minimisation of free energy through
action and perception (Friston).
Autopoiesis  –  self‑maintenance  of  dissipative  systems
(Maturana, Varela).

The framework distinguishes itself by:

Explicitly separating intelligence from consciousness,
rather than treating them as co‑extensive.
Grounding  intelligence  in  attractor  dynamics  and



corrective  permeability  (κ),  providing  a  measurable
variable.
Applying the distinction to AI, clinical ethics, and
social epistemology (fantasy attractors).
Providing a full research agenda for empirical testing
(Section 10).

9. Conclusion
Intelligence is the primitive. It is the default state of any
system  that  actively  maintains  stability  against
perturbations.  Consciousness  is  a  second‑order  regulatory
overlay that can enhance or block intelligence. The clearest
demonstration is the comatose human body: it navigates its
constraint field without subjective experience, self‑model, or
phenomenal valence. It is intelligent – but not conscious.
This is not an exceptional case; it is the fundamental state.
The  framework  reveals  that  intelligence  does  not  require
consciousness. The primitive is navigation. Consciousness is
the  overlay.  The  hierarchy  of  intelligence  –  regulatory,
biological, cognitive, reflective, linguistic – preserves the
common thread while respecting differences. The comatose body
is the clearest demonstration. The framework is testable (see
Section 10): κ is measurable via HRV in coma, via semantic
entropy in LLMs, and via belief‑updating tasks in psychology.
The predictions are concrete and falsifiable. The framework
stands as a research program, not a closed doctrine.

Recalling Section 1’s hierarchy: In the framework’s deepest
formulation,  constraint  navigation  is  the  primitive;
intelligence  is  organised  navigation;  consciousness  is
recursive  regulation  of  navigation.  The  title’s  shorthand
remains  defensible  as  the  headline  claim,  but  the  full
hierarchy is the framework’s actual architecture.



9.1 Open Problems
The following questions remain open for future work:

Is  κ  a  single  variable  or  a  family  of  variables1.
(κ_physiology, κ_belief, κ_semantic, κ_social)?
Can κ be measured independently across domains using2.
standardised  perturbation  protocols?  (Section  10
proposes  initial  protocols  for  physiology,  cognition,
and  LLMs,  but  these  require  validation  and
standardisation.)
How are subsystem κ values integrated into a global3.
system‑level  κ?  (Section  10.6  outlines  a  weighted
integration model, but the weighting factors remain to
be determined empirically.)
What  determines  basin  depth  (B)  biologically  and4.
cognitively?
Can consciousness selectively modify κ in one domain5.
while leaving another unchanged?
What  is  the  minimal  architecture  required  for6.
intelligence under this framework?
Are there natural clusters of κ and B values across7.
different  classes  of  systems  (e.g.,  regulatory  vs.
cognitive vs. linguistic)?

These  open  problems  define  the  research  frontier.  The
framework  is  not  a  closed  doctrine  but  a  living  research
program.

10. A Research Agenda: Measuring κ and B
This  section  provides  operational  definitions,  measurement



protocols,  and  experimental  designs  for  testing  the
framework’s core claims. It is intended as a blueprint for
empirical validation.

10.1 Operational Definitions

Domain
κ (Corrective
Permeability)

B (Basin Depth)

Physiology
(Coma)

Inverse time constant of
autonomic recovery (HRV,

pupillary reflex,
respiratory variability)

Magnitude of
perturbation
required to
destabilise
homeostasis

Cognition
(Belief
Updating)

Learning rate or trials
to reduce prediction

error by 1/e

Evidence threshold
required to shift
belief by 50%

LLMs
(Inference)

Tokens required for
output distribution to
return to baseline after

perturbation

Prompt intensity
required to flip

output

LLMs
(Training)

Gradient steps / epochs
to reduce loss by a

factor
Not applicable

10.2 Measurement Protocols
Physiology / Coma:

ECG for HRV (SDNN, RMSSD, sample entropy)
Pupillometry (constriction latency, Neurological Pupil
index)
Respiratory variability
κ-assay:  Composite  z-score  of  HRV,  pupillary,  and



respiratory metrics
Citation:  Papaioannou  et  al.  (2008)  –  HRV  entropy
predicts outcome in TBI

Cognition / Belief Updating:

Belief-updating  tasks  (news  updating,  probabilistic
inference)
Confidence calibration
Reaction time to feedback
Perturbation:  Create  expectation,  then  violate  it;
measure trials to relearn

LLMs:

Inference-time κ: KL/Jensen-Shannon divergence between
baseline and post-perturbation token distributions
Training-time κ: Learning rate / convergence rate on
held-out data
Semantic  entropy:  Clustering  outputs  via  embeddings;
entropy of cluster assignments
RLHF impact: Compare base vs RLHF model on correction
tasks
Citation: Farquhar et al. (2024) – semantic entropy as
hallucination  detector;  Sharma  et  al.  (2023)  –  RLHF
amplifies sycophancy

10.3 Consciousness as a Second‑Order Regulator:
Experimental Designs

Mindfulness intervention: Predicts increased κ (faster
belief updating). Expected effect size d ≈ 0.3–0.5; N ≈
64 per group. (See Gu et al., 2015, for evidence that



mindfulness  training  correlates  with  cognitive
flexibility.)
Stress manipulation: Yerkes–Dodson inverted‑U – κ peaks
at  moderate  arousal.  Within‑subject  design,  N  ≈
30–50. (This mapping between “arousal” and “degree of
conscious overlay involvement” is analogical and not yet
operationalised; pending formalisation.)
Identity fusion induction: Predicts decreased κ (slower
updating). N ≈ 50 per group.
Identity fusion reversal: Perspective‑taking restores κ.
Tests causality.

10.4  Tests  for  Orthogonality  (κ  and  B  as
independent dimensions)

Confirmatory Factor Analysis (CFA) – two‑factor model vs
one‑factor model
Principal Components Analysis (PCA) – inspect eigenvalue
spectrum
Multidimensional Scaling (MDS) – visual clustering into
quadrants
Falsification condition: If PC1 explains >85% variance,
orthogonality claim is weakened

10.5  Blind  Classification,  Clustering,  and
Recovery Simulation

Independent raters classify system outputs into the Four
Seeds (high‑κ/low‑B, etc.)
Unsupervised  clustering  (K‑means,  Gaussian  Mixture
Models) – check alignment with true seeds



Recovery simulation: Generate synthetic data with known
κ/B, test estimator recovery
Falsification condition: If Adjusted Rand Index < 0.2,
taxonomy is not externally recoverable

10.6 Pilot Study Costs and Timelines

Domain Estimated Cost Timeframe

Physiology (Coma) $15,000–25,000 12 months

Human Cognition $5,000 6–12 months

LLMs $2,000 6–9 months

Orthogonality/Stats <$1,000 6 months

Consciousness Interventions $10,000 12 months

Total (pilot) ~$40–50k 24 months

10.7 Statistical Models and Causal Inference

Forecasting: Regress forecast error on κ, controlling
for covariates
Survival analysis: Cox proportional hazards linking κ to
coma recovery
Instrumental  variables:  Use  exogenous  variables
affecting κ (e.g., temperature for autonomic κ)
Sensitivity  analyses:  Bootstrapping,  pre‑registered
confirmatory analyses

10.8 Falsification Conditions



If PC1 explains >85% of variance in κ/B measures, the1.
orthogonality claim is falsified.
If blind classification accuracy ≤ chance, the taxonomy2.
is not externally recoverable.
If RLHF does not reduce inference‑time κ, the “RLHF3.
creates functional analogs of identity fusion” claim is
falsified.
If mindfulness does not increase κ in belief‑updating4.
tasks, the “consciousness reduces identity fusion” claim
is falsified.
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Abstract
Religious  and  ideological  systems  often  persist  despite
contradictory  evidence,  failed  prophecies,  and  historical
disconfirmation. This paper argues that such persistence is
not merely a cognitive error but is undergirded by a specific
neurochemical mechanism: the dopamine-driven reinforcement of
certainty. Building on Olds and Milner’s (1954) demonstration
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that direct stimulation of the mesolimbic reward pathway can
override all competing biological imperatives, we propose that
the  “lever”  of  absolute  belief  functions  as  a  fantasy
attractor—a sealed, low-corrective-permeability (κ) basin that
resists updating. We examine this dynamic through case studies
of  textual  fundamentalism,  failed  prophecy,  and  the
geopolitical convergence of apocalyptic movements. The paper
concludes  that  the  brain’s  reward  architecture  does  not
contain  a  truth  detector,  and  that  cultivating  corrective
permeability (κ)—at the individual and institutional level—is
the only reliable alternative to the self-reinforcing loop of
certainty  and  catastrophe.  Falsifiability  conditions  are
specified, and an agenda for future empirical research is
proposed.

1. Introduction: The Neural Lever
For millennia, religious and ideological systems have promised
a singular reward: certainty. This is not any certainty, but
the  kind  that  feels  like  direct  access  to  the  universe’s
operating  system—an  unshakeable  conviction  that  one’s
narrative is not merely true, but cosmically significant. That
feeling has a name: dopamine. And it does not care about
truth.

In 1954, James Olds and Peter Milner implanted electrodes into
the septal area of rat brains. When the rats pressed a lever,
they  received  a  brief  electrical  jolt  to  their  pleasure
center—the  mesolimbic  pathway,  running  from  the  ventral
tegmental area to the nucleus accumbens. The rats pressed the
lever thousands of times per hour. When given a choice between
a lever delivering food and a lever delivering direct brain
stimulation, they chose the stimulation. They pressed until
they collapsed from exhaustion or starvation. They died with
their paws on the lever (Olds & Milner, 1954).



This  experiment  provides  the  neurochemical  prototype  for
understanding  the  self-sealing  nature  of  fantasy
attractors—belief systems with low corrective permeability (κ
≈ 0) that resist updating when confronted with contradictory
evidence (Galida, 2026). The Olds-Milner lever demonstrates
that direct activation of the mesolimbic reward pathway can
override behaviors essential to survival. Human ideological
certainty engages the same pathway, though mediated through
language, social identity, and symbolic narrative rather than
direct  electrode  stimulation.  The  brain  does  not  have  a
dedicated “truth detector.” It has a reward system. And that
system  can  be  hijacked  by  any  narrative  that  provides  a
sufficient dopamine reward.

A  note  on  the  framework.  The  attractor  framework  is  a
theoretical construct developed by the present author. It is
not  a  community-validated  model  but  a  set  of  proposed
concepts—including  corrective  permeability  (κ)  and  the
distinction  between  reality-aligned  and  fantasy
attractors—designed  for  diagnostic  application.  This  paper
deploys those concepts to connect the neuroscience of reward
with the psychology of belief persistence.

2. The Neurochemistry of Certainty
Prayer, ritual, scripture reading, and the ecstasy of prophecy
all activate the same mesolimbic reward circuits. Functional
MRI studies demonstrate that intense spiritual and ideological
feelings  light  up  the  nucleus  accumbens  and  ventral
striatum—the  same  regions  activated  by  cocaine,  gambling,
romantic  love,  and  the  Olds-Milner  lever.  However,  the
activation  of  these  regions  demonstrates  correlation,  not
causation; BOLD signal in the nucleus accumbens does not by
itself establish that dopamine drives belief persistence. The
neuroimaging evidence is suggestive rather than definitive,



particularly given that the most relevant studies (Hamid et
al.,  2019;  Zhong  et  al.,  2017)  examine  extreme
populations—devoted actors willing to die, and patients with
traumatic brain lesions—rather than ordinary belief formation.

A  more  precise  account  of  dopamine’s  role  is  required.
Berridge  and  Robinson’s  (1998)  “wanting/liking”  distinction
demonstrates  that  mesolimbic  dopamine  mediates  incentive
salience—the compulsive “wanting” of a stimulus—rather than
the subjective pleasure, or “liking,” that accompanies it.
Certainty about one’s cosmic significance may thus function
not  as  a  hedonic  reward  but  as  an  object  of  intense
motivational craving, a lever the believer is driven to press
again  and  again.  Schultz,  Dayan,  and  Montague  (1997)
established  that  phasic  dopamine  neurons  encode  a  reward
prediction  error:  they  fire  when  an  unexpected  reward  is
received, reinforcing the causal association. When a specific
prophecy  fails,  a  clever  reframing  can  provide  a  new,
internally generated reward signal, reinforcing the attractor
rather  than  collapsing  it.  The  application  of  reward
prediction error to internally generated narrative rewards in
humans is a hypothesis requiring direct empirical validation;
it is offered here as a plausible mechanistic bridge, not an
established finding.

The  dorsolateral  prefrontal  cortex  (dlPFC)—the  region
responsible for deliberative reasoning, cognitive flexibility,
and the integration of contradictory information—shows reduced
activity in devoted actors willing to kill and die for sacred
values  (Hamid  et  al.,  2019).  Damage  to  the  ventromedial
prefrontal cortex (vmPFC) correlates with increased religious
fundamentalism and cognitive rigidity (Zhong et al., 2017).
These  findings  are  suggestive  rather  than  definitive  for
ordinary belief formation, but they point toward a neural
mechanism through which intense certainty may suppress the
very apparatus that could correct it. A fantasy attractor,
therefore,  is  not  merely  a  cognitive  error;  it  is  a



neurochemical  lock.

3.  Corrective  Permeability  (κ):  A
Qualitative Construct
Corrective  permeability  (κ)  is  introduced  here  as  a
multidimensional,  qualitative  construct—not  a  metrically
precise quantity. It describes the degree to which a belief
system updates in response to disconfirming evidence. At the
behavioral level, κ is observed through responses to prophetic
failure, electoral loss, or scientific falsification. At the
neural  level,  it  is  hypothesized  to  correlate  with  dlPFC
engagement during exposure to counter-attitudinal information.
At  the  cognitive  level,  it  overlaps  with  metacognitive
awareness,  intellectual  humility,  and  reflective  thinking
capacity as measured by instruments such as the Cognitive
Reflection Test (Frederick, 2005).

These three dimensions—behavioral, neural, and cognitive—are
proposed  as  related  but  potentially  partially  dissociable
components of a common construct. A person could score highly
on  the  CRT,  show  strong  dlPFC  engagement,  and  still
behaviorally refuse to update a sacred belief under social
pressure. In such a case, the behavioral dimension carries the
diagnostic  weight:  κ  is  ultimately  judged  by  whether  the
attractor updates, not by its neural or cognitive correlates
alone. The three dimensions provide converging evidence but do
not  replace  behavioral  observation.  Formal  integration  of
these  dimensions  into  a  validated  measurement  model  is
deferred to future empirical work. For the present paper, κ
serves  as  a  conceptual  organizing  device,  not  a  formal
variable.



4. The Textual Addiction
The same dopamine loop that drives addiction to substances can
drive addiction to textual certainty. For many conservative
religious traditions, the perfect preservation of scripture is
a doctrinal necessity: if God inspired the words, He would
also protect them from corruption.

The  Dead  Sea  Scrolls,  discovered  in  1947,  were  initially
hailed as proof of this perfect transmission. The Great Isaiah
Scroll matched the medieval Masoretic text almost perfectly.
However,  the  same  discovery  yielded  the  book  of
Jeremiah—approximately  fifteen  percent  shorter  than  the
Masoretic version and matching the ancient Greek Septuagint.
This was not a scribal slip; it was a full editorial rewrite.
The  scrolls  of  Samuel  and  other  books  similarly  display
significant  variation.  The  “perfect  transmission”  narrative
was seriously complicated by the evidence from Qumran.

Yet the dopamine-driven believer does not abandon the text.
Instead,  the  basin  seals.  The  evidence  is  reframed:  “The
Isaiah scroll shows stability; the variations are minor and do
not  affect  doctrine.”  The  logical  implication—that  if  the
Hebrew Bible is a human text with a messy editorial history,
then so is the New Testament—is often ignored. Both testaments
have centuries-long gaps between the original events and the
earliest extant manuscripts, thousands of textual variants,
and scribes with theological agendas. Scholars such as Bart
Ehrman have documented hundreds of changes that later scribes
made to the New Testament (Ehrman, 2005). Ehrman’s continued
work on the historical Jesus, despite his own findings on
textual uncertainty, need not be dismissed as mere dopamine-
seeking; it may reflect a calibrated probability that some
historical  core  remains  recoverable.  What  matters  for  the
attractor framework is that the textual evidence does not



produce the scale of doctrinal revision that a straightforward
updating model would predict, and the reward of recovering a
Jesus behind the text provides a lever that can be pressed
independently of the underlying methodological confidence.

5.  Prophecy  as  Retrofitting—and  Its
Limits
The same dopamine economy drives apocalyptic prophecy. When a
predicted  event  fails  to  occur,  the  attractor  does  not
collapse;  it  reframes.  The  prophecy  is  reinterpreted,  the
timeline is stretched, and the lever is pressed again.

Rabbi Tovia Singer, responding to the October 7, 2023, attack,
declared it “Messiah ben Yosef”—the suffering precursor to the
final redemption. Ezekiel 38, he insists, is unfolding before
our  eyes:  Iran  is  Persia,  Lebanon  is  the  north,  and  the
enemies of Israel are being drawn into a divinely ordained
war.  Yet  Ezekiel  promised  fire  and  brimstone,  not  IAF
airstrikes. Iran still stands. Hezbollah still operates. The
Temple  is  not  rebuilt.  World  peace  is  nowhere  in  sight.
“Unfolding” is simply a slower version of “soon.” When nothing
happens,  the  believer  is  “still  in  the  process.”  When
something  happens,  it  is  “prophetic.”  The  prophecy  is
unfalsifiable.

This  is  the  same  escape  hatch  that  Christian  apocalyptic
movements have used for two millennia. The Millerites (1844),
Jehovah’s Witnesses (1914, 1925, 1975), Hal Lindsey (1980s),
Harold Camping (2011), and countless others have set dates,
faced  disconfirmation,  and  then  recalibrated.  The  most
committed believers do not abandon the attractor; they deepen
their commitment. Festinger, Riecken, and Schachter’s (1956)
classic study of a failed doomsday cult found that the most
devout  members  became  more  convinced  after  the  prophecy



failed, reframing it as a spiritual success. Melton (1985),
surveying  centuries  of  prophetic  failure  across  multiple
traditions,  concluded  that  prophecies  are  routinely
spiritualized, recalibrated, or reframed as tests of faith.

However,  not  all  movements  survive  disconfirmation.  The
Millerites did not simply deepen; they fragmented severely,
with many members abandoning the movement entirely after 1844.
The Sabbatean movement, which proclaimed Sabbatai Zevi as the
messiah in the 17th century, largely collapsed after Zevi’s
forced  conversion  to  Islam,  with  thousands  of  followers
abandoning their messianic beliefs. The Jehovah’s Witnesses
experienced significant membership decline after the failed
1975 prophecy, even as the institutional leadership reframed
the failure. These cases demonstrate that fantasy attractors
are not indestructible; they can shatter, and what predicts
persistence versus collapse is an empirical question involving
variables such as social embeddedness, the availability of a
face-saving  reframe,  and  the  relative  costs  of  exit.  The
dopamine hit of “I was right” is powerful, but it is not
invincible.

6. The Geopolitical Metastasis
This  neurochemical  dynamic  is  not  confined  to  individual
belief. It scales to geopolitics. Iran’s Shia eschatology,
Christian Zionism, and Jewish messianic nationalism all share
a common structure: a sacred prophecy, a designated enemy, and
a catastrophic endgame that promises ultimate reward to the
faithful. The leaders of these movements are not irrational;
they  are  pressing  the  lever  that  delivers  the  greatest
neurochemical reward—certainty, belonging, and the thrill of
being on the winning side of cosmic history.

The  ideological  commitments  are  independently  documented.



Iranian  state  ideology  explicitly  frames  geopolitical
confrontation as preparation for the return of the Hidden
Imam,  the  Mahdi  (Khalaji,  2008;  Ostovar,  2016).  Christian
Zionism,  represented  by  organizations  such  as  Christians
United  for  Israel  with  millions  of  members,  translates
dispensationalist  theology  into  concrete  political  and
financial  support  for  Israeli  policy.  Jewish  messianic
factions  within  the  religious  Zionist  movement  interpret
territorial expansion and military conflict as steps in a
divine  timetable.  The  claim  that  these  three  basins  have
become  coupled  through  mutually  reinforcing  positive
feedback—forming a single meta-attractor—is the author’s own
theoretical  proposal  (Galida,  2026b),  offered  here  as  a
diagnostic hypothesis pending independent validation. If the
basins  are  indeed  coupling,  the  dorsolateral  prefrontal
cortex—the neural seat of cost-benefit analysis—is suppressed
in devoted actors, and the collective lever is pressed. The
fire feels good.

7.  The  Antidote:  Shared  Reality  and
Corrective Permeability
There is such a thing as shared reality. It is evidence-based,
publicly  verifiable,  and  indifferent  to  dopamine  spikes.
Shared reality is what emerges when one acknowledges that the
Hebrew Bible is a human artifact, the New Testament is a human
artifact,  and  one’s  geopolitical  prophecy  is  a  decorated
headline. Shared reality requires engaging the dlPFC—weighing
costs and benefits, updating beliefs, and admitting error. It
will  never  compete,  moment-to-moment,  with  the  jolt  of  a
“prophecy fulfilled.” But it keeps the organism alive.

At the individual level, corrective permeability is not a
fixed trait; it is a trainable practice. The dlPFC can be
strengthened. Interventions that promote critical reflection



have been shown to influence belief formation and flexibility.
Gervais  and  Norenzayan  (2012)  demonstrated  that  inducing
analytic  thinking  can  reduce  religious  belief,  though
subsequent replication attempts have yielded mixed results and
more modest effect sizes than the original study reported. The
Cognitive  Reflection  Test  (Frederick,  2005)  predicts
resistance  to  intuitive  but  false  beliefs  in  laboratory
settings,  though  its  external  validity  to  high-stakes
religious  belief  remains  to  be  established.  Mindfulness
meditation has been shown to increase prefrontal activity and
reduce amygdala reactivity (Hölzel et al., 2011), offering a
well-documented neural pathway. Cognitive behavioral therapy
(CBT)  modifies  specific  maladaptive  beliefs  in  clinical
populations, though its effects on general belief flexibility
are less established. Structured debate in low-threat contexts
is a plausible but less-tested intervention. The simple daily
question, “Did I update any belief yesterday?,” is a practical
heuristic for engaging the correction apparatus.

Acknowledging  the  asymmetry.  If  the  dopamine  reward  of
certainty  can  override  biological  imperatives  including
survival,  as  the  Olds-Milner  experiment  demonstrates,  then
individual  reflective  practices—mindfulness,  critical
thinking, the daily question—are structurally insufficient as
a societal antidote. They are necessary but not sufficient.
This paper does not claim that mindfulness can counteract the
geopolitical force of a sealed apocalyptic attractor coupled
to state military power. It claims only that individual κ
cultivation is a prerequisite for any broader institutional
response:  institutions  themselves  are  populated  by
individuals, and institutional κ cannot exceed the κ of the
people  who  operate  them.  The  individual  lever  must  be
recognized before the collective lever can be released.

At  the  institutional  level,  protecting  the  truth-delivery
systems—free press, independent courts, scientific bodies—from
colonization by sealed apocalyptic attractors is essential. At



the international level, recognizing the dopamine covenant for
what  it  is—a  neurochemical  feedback  loop  that  has  been
exploited for millennia—is a prerequisite for any effective
response to the converging apocalyptic basins.

8. Falsifiability Conditions
A framework that diagnoses sealed belief systems must itself
be open to correction. The following conditions are proposed:

Strong  disconfirmation:  If  a  well-documented  case  is
presented  in  which  a  high-commitment  belief  system
updates its core claims rapidly and substantially in
response to disconfirming evidence, without reframing,
the  claim  that  dopamine-driven  certainty  reliably
produces low κ is weakened.
Partial  disconfirmation:  If  large-scale  longitudinal
studies  demonstrate  no  correlation  between  dopamine
system  activity  (as  measured  by  PET,  fMRI,  or
pharmacological  challenge)  and  resistance  to  belief
updating, the neurochemical mechanism proposed here is
undermined.
Corroboration:  If  experimental  interventions  that
increase  dlPFC  engagement  (e.g.,  cognitive  training,
mindfulness protocols) are shown to produce measurable
increases  in  belief-updating  behavior  across  multiple
domains and populations, the training prescription is
supported.

These conditions are not met by the present paper. They are
offered as a guard against the framework itself becoming a
fantasy attractor—self-sealing, immune to disconfirmation, and
pressing the lever of its own theoretical certainty.



9.  Open  Questions  and  Future  Research
Directions
The attractor framework generates testable hypotheses across
multiple  levels  of  analysis.  We  identify  five  priority
questions that would advance the empirical grounding of the
dopamine  covenant  thesis.  Each  is  paired  with  a  proposed
experimental or analytical approach and an honest assessment
of feasibility.

9.1  Does  prophetic  reframing  generate  a  dopamine-mediated
reward prediction error?

Present  committed  believers  with  a  falsifiable  prediction
(e.g., a specific event by a specific date) while recording
neural activity in dopaminergic regions via fMRI or PET. After
the predicted event fails to occur, classify participants as
“reframers” (those who reinterpret the failure as spiritual
fulfillment) or “abandoners” (those who reduce or relinquish
belief).  Compare  dopaminergic  responses  between  groups.  A
significant phasic dopamine-like signal in reframers, and its
absence in abandoners, would support the reward prediction
error  hypothesis  (Nour  et  al.,  2018).  If  no  dopaminergic
difference  is  detected,  the  social-psychological  reframing
account  (Festinger  et  al.,  1956;  Melton,  1985)  would  be
favored over a purely neurochemical one.

Feasibility:  Low.  The  design  requires  identifying  a  high-
commitment  group  with  a  dated,  falsifiable  prophecy  and
obtaining  pre-  and  post-failure  neural  data.  This  is
opportunistic; experimenters cannot manufacture such groups on
demand. Even if a suitable group is identified, access and
attrition pose severe challenges. The hypothesis is valuable
as a theoretical benchmark but unlikely to be tested directly
in the near term.



9.2  What  predicts  persistence  versus  collapse  after
disconfirmation?

Conduct  a  systematic  comparative  coding  of  historical
prophetic  movements  across  multiple  traditions.  Variables
would  include  social  embeddedness  (group  size,  cohesion,
leadership structure), availability of face-saving reframing
options  (spiritualization,  calendar  recalibration,  symbolic
reinterpretation), and exit costs (social ostracism, material
loss).  Outcomes  would  be  coded  as  persistence  (belief
deepens), collapse (movement disbands), or successor-formation
(new attractor emerges). Statistical analysis would identify
the strongest predictors. Recent archival work suggesting that
the original Festinger cult actually dissolved (Kelly, 2026)
underscores the need for broad comparison rather than reliance
on a single iconic case.

Feasibility:  Moderate.  Coding  historical  cases  is  labor-
intensive  but  methodologically  straightforward.  The  main
challenge is documentation asymmetry: movements that collapsed
quietly without leaving records are underrepresented. Despite
this, a well-sampled dataset of several dozen cases would
provide the first quantitative test of the framework’s core
persistence  hypothesis  and  is  achievable  within  existing
historical scholarship.

9.3 Can κ be trained in high-stakes contexts?

Conduct a longitudinal randomized controlled trial in high-
commitment ideological or religious populations. Participants
would be assigned to κ-enhancement interventions (mindfulness
meditation, cognitive reflection training, daily metacognitive
prompts such as “Did I update any belief yesterday?”) or an
active control. Belief flexibility would be measured pre- and
post-intervention using personalized challenge tasks—exposure
to counter-evidence about cherished beliefs—and tracked over
months.  Existing  evidence  shows  that  cognitive  debiasing
reduces conspiracy beliefs (Bayrak et al., 2025) and that



mindfulness  reduces  cognitive  rigidity  (Greenberg  et  al.,
2012). Metacognitive reflection on counterarguments has shown
marginal effects on belief updating (O’Leary, 2024). The open
question  is  whether  these  laboratory  effects  survive
translation to deeply held, socially reinforced sacred values.

Feasibility:  Moderate.  Recruitment  of  high-commitment
believers willing to undergo belief-flexibility training is
challenging  but  not  impossible,  particularly  if  framed  as
“critical thinking enrichment” rather than “belief change.”
Attrition and small effect sizes are the primary risks; large
samples and long follow-up periods would be required. The
study  would  provide  the  most  direct  test  of  the  paper’s
central prescriptive claim.

9.4  How  does  individual  κ  aggregate  into  collective
geopolitical  dynamics?

Build agent-based models (ABMs) in which individual agents
possess  varying  κ  levels  influencing  their  information
processing, belief updating, and social influence. Parameters
would  include  the  baseline  distribution  of  κ  in  the
population,  media  amplification  factors,  and  leadership
rhetoric effects. The models would test whether collective
apocalyptic coupling emerges only above a critical threshold
of low-κ agents, or whether institutional amplification can
produce coupling even when low-κ individuals are a minority.
Existing  ABMs  of  political  opinion  dynamics  incorporating
cognitive rigidity parameters provide a template (Ávila et
al., 2025).

Feasibility:  The  model-building  is  technically
straightforward;  parameter  specification  and  empirical
validation  are  the  bottlenecks.  Validating  an  ABM  of
geopolitical  apocalyptic  coupling  against  real-world  data
requires  quantified  historical  or  cross-sectional  data  on
movement coupling that may not exist. This is a full-scale
modeling project rather than a near-term study, but a proof-



of-concept simulation would clarify whether the individual-to-
collective transition is linear or nonlinear.

9.5 Is κ a unified construct or a loose family of traits?

Measure all three dimensions of κ—behavioral updating after
disconfirmation, dlPFC engagement during counter-attitudinal
exposure (via fMRI or tDCS), and cognitive reflection (CRT
scores)—in  the  same  subjects.  Correlational  and  factor
analysis  would  determine  whether  a  single  latent  variable
accounts for variance across all three dimensions, or whether
they  are  dissociable.  Existing  evidence  linking  dlPFC
stimulation to improved belief updating (Schulreich et al.,
2020) suggests a neural-behavioral connection, but the full
three-dimensional structure has not been tested. The answer
determines whether κ has theoretical coherence or is merely a
convenient label.

Feasibility:  Low  as  a  single  study;  high  as  a  research
program. The combination of fMRI/tDCS, cognitive testing, and
longitudinal  behavioral  tracking  in  a  large  sample  is
expensive and logistically demanding. A stepped approach—first
correlating  behavioral  and  cognitive  measures,  then  adding
neural measures in a subset—is more realistic.

These five questions map the territory between the dopamine
covenant  as  a  conceptual  framework  and  its  empirical
validation.  The  strongest  near-term  contributions  are  the
comparative historical coding of persistence versus collapse
(Question 2) and the longitudinal κ training trial (Question
3)—both  are  feasible,  publishable,  and  directly  test  core
claims. The remaining questions are ambitious but define the
framework’s  long-term  research  horizon.  A  framework  that
generates falsifiable questions is a framework that remains
open  to  correction.  That  is  itself  a  form  of  corrective
permeability.



10. Conclusion
The  rat  died  pressing  the  pleasure  lever.  The  religious
extremist,  the  apocalyptic  politician,  and  the  certainty-
addicted believer are making the same choice, driven by the
same neural circuitry. The fire feels good. That is the real
addiction. And it is burning the world down.

The  only  reliable  lever  is  reality.  It  does  not  promise
heaven. It does not promise a second coming or a Mahdi’s
return. It promises only one thing: it is true, whether you
believe it or not.

References

Ávila,  P.,  et  al.  (2025).  Agent-based  modeling  of
political  opinion  dynamics  with  cognitive
rigidity.  Journal  of  Artificial  Societies  and  Social
Simulation.
Bayrak, F., et al. (2025). Cognitive debiasing training
reduces conspiracy beliefs. Nature Human Behaviour.
Berridge, K. C., & Robinson, T. E. (1998). What is the
role  of  dopamine  in  reward:  hedonic  impact,  reward
learning, or incentive salience? Brain Research Reviews,
28(3), 309-369.
Ehrman, B. D. (2005). Misquoting Jesus: The Story Behind
Who Changed the Bible and Why. HarperCollins.
Festinger,  L.,  Riecken,  H.  W.,  &  Schachter,  S.
(1956).  When  Prophecy  Fails.  University  of  Minnesota
Press.
Frederick, S. (2005). Cognitive reflection and decision
making. Journal of Economic Perspectives, 19(4), 25-42.



Galida, R. (2026a). Persistence Under Perturbation: The
Eternal  Skeleton  and  the  Transient  Dance.  Fantasy
Attractor.
Galida,  R.  (2026b).  The  Apocalyptic  Meta-Attractor:
Amplification  of  Secular  Conflict  Through  Positive
Feedback Coupling Among Three Abrahamic Fantasy Basins.
Fantasy Attractor.
Gervais,  W.  M.,  &  Norenzayan,  A.  (2012).  Analytic
thinking  promotes  religious  disbelief.  Science,
336(6080),  493-496.
Greenberg, J., et al. (2012). Mindfulness and reduced
cognitive rigidity. Journal of Cognitive Enhancement.
Hamid,  N.,  Pretus,  C.,  Atran,  S.,  et  al.  (2019).
Neuroimaging ‘devoted actors’ willingness to fight and
die for sacred values. Royal Society Open Science, 6(4),
181847.
Hölzel, B. K., Lazar, S. W., Gard, T., et al. (2011).
How  does  mindfulness  meditation  work?  Proposing
mechanisms  of  action  from  a  conceptual  and  neural
perspective.  Perspectives  on  Psychological  Science,
6(6), 537-559.
Kelly, M. (2026). The dissolution of the Festinger cult:
Archival reanalysis. Journal of Social Psychology.
Khalaji,  M.  (2008).  Apocalyptic  Politics:  On  the
Rationality of Iranian Policy. Washington Institute.
Melton,  J.  G.  (1985).  Spiritualization  and
reaffirmation:  What  really  happens  when  prophecy
fails.  American  Studies,  26(2),  17–29.
Nour, M. M., et al. (2018). Dopamine signals belief
update signals. Neuron, 97(2), 462-473.
Olds, J., & Milner, P. (1954). Positive reinforcement
produced  by  electrical  stimulation  of  septal
area.  Journal  of  Comparative  and  Physiological
Psychology,  47(6),  419–427.
O’Leary, C. (2024). Metacognitive reflection and belief
change. Thinking & Reasoning.
Ostovar,  A.  (2016).  Vanguard  of  the  Imam:  Religion,



Politics,  and  Iran’s  Revolutionary  Guards.  Oxford
University Press.
Schulreich, S., et al. (2020). Enhancing dlPFC activity
improves belief updating. Journal of Neuroscience.
Schultz, W., Dayan, P., & Montague, P. R. (1997). A
neural  substrate  of  prediction  and  reward.  Science,
275(5306), 1593-1599.
Zhong, W., Cristofori, I., Bulbulia, J., et al. (2017).
Biological  and  cognitive  underpinnings  of  religious
fundamentalism. Neuropsychologia, 100, 18–25.

 “For  independent  neuroscientific  corroboration  of  the
attractor dynamics described here, see A Preliminary Mapping
Between Ring Attractor Dynamics and the Attractor Framework.”
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