The Geometry of the Inverse Base Rate Effect

A geometrical approach to neurodynamics and category learning.

Neurodynamic
. Flow

Common Basin —— ==
\ = - - | [ I :::-__ — ____--.-_:____ - el H'"-.l .“"-,. \ _! :! ) ___.' | Rare BESIH

| |

Attractor
Strength

Category
Boundary




Human memory maps experience as coordinates in a Psychological Space
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Key Insight

Shepard’s Universal Law of
Generalization (1957-2001)
dictates that P-spaces require
minimal dimensionality, where
the distance between objects
monotonically decreases with
increasing similarity.
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Takeaway

We do not store memories in
a logical filing cabinet; we
place them in a geometric
space without distance,
divided by dichotomies.
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Frequent experiences carve deep basins of attractors in our mental topography

3. Resolution:

1. Stimulus: 2 Activatinn: The mind state rolls down the
An v..‘:went gcc[_;rg The mind state is placed topographical gradient into
' on the landscape. the nearest, deepest basin

(conscious recall).

The size of these basins depends on the inherent noise, variability, and relative frequencies of the stimuli.
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The Disease and Symptom Experiment Setup

The Common Disease

Frequency: 75% of cases (3x more common) ]

Q —> Disease C

Symptom | Symptom PC
(Imperfect) (Perfect Predictor
Common)

The Rare Disease

Frequency: 25% of cases (1x rare) ]

Q /\ —> Disease R

Symptom | Symptom PR
(Imperfect) (Perfect Predictor
Rare)
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Base Rate logic dictates that common outcomes dominate ambiguous inputs

Single Symptom Prediction

Input just [I] = Predicts [C]
(80% of the time).

Mixed Symptom Prediction

Input [PC + | + PR] - Predicts [C]
(60% of the time).
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Because Disease C is three times more common, the brain naturally defaults
to it when presented with mixed or ambiguous symptoms.



The Paradox: When logic predicts Common,
but the mind chooses Rare

Base Rate Prediction for [PC + PR]

Given that [PC] is common and [PR] is rare,
the logical prediction is a strong bias toward

[C].
>

The Actual Human Response

60% of participants
associate the combination

[PR + PC] with the Rare
Disease [R].

Psychological explanations fail to justify this. To understand why humans
defy logic here, we must look at the physical geometry of learning.




Legacy models fail because they project complex
3D neurodynamics onto flat diagrams

Overlapping 2D ovals Training: Transfer:
representing 3D basins

60%
Confusing 2D arrows
<& for 3D gradients

[ = Imperfect predictor
PC = Perfect predictor of
Common disease

Unreadable text clusters PR = Perfect predictor of
R Rare disease

A messy diagram reflects a misunderstanding of the topological space.

The true answer lies in plotting the precise geometry.
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Rebuilding the feature space:
Mapping the dimensions of symptoms
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| A Every possible

= combination of symptoms

o symptoms exists as a

AN single physical coordinate
within this volume.
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The Common basin stretches wide due
to high frequency and symptom variance

Because (I, PC) is
presented 3x more often,
the C basin dominates
the volume, pulling in any
nearby mind states.
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The Rare basin is forced into a
narrow, highly concentrated corner

“ Disease R

S

The sheer size of C
forces R to be spatially
compressed. It is narrow,
but its gravitational
gradient is uniquely sharp.
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The geometrical trap:
Steep gradients override wide basins
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Activation by PR+PC leads to R not because R is more common, but
because the gradient at that specific coordinate is steeper toward R.
The distinct symptom PR dominates the topography.
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Diagnostic Matrix: Topographical
properties dictate cognitive outcomes

The Common Attractor [C] The Rare Attractor [R]
Large volume Small volume
e A Compressed location
| *l-—zcﬂ Wide span (I to PC+l) e o= (near PR+PC)
— " Shallow gradient \/\ Highly steep gradient
2 Vg Captures high-variance - Captures specific,
M iInputs % distinct inputs

Takeaway: The brain does not calculate probabilities at the moment of

recall; it simply follows the path of least physical resistance in P-space.
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Cognitive inertia: Mind states possess physical momentum in P-Space

P34
A conscious thought (O1) has |
momentum.

An external masking stimulus (O3)
placed close to 02 blocks activation
before the mind can settle into the
attractor.

Result: No conscious recall occurs.
Solid state physics applies to the
mind.




Human memory is not a filing cabinet; it is a gravitational field

Shepard (1987): Distances in
mental space equate to
similarity.

Tenenbaum & Griffith (2001):
Bayesian frameworks dictate
the depth of the wells.
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Neurodynamics: Learning is the
physical carving of this topology
through repeated neural firing.
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The final frontier: A physics-like theory of mental events

Simple 3D models solve the Inverse Base Rate Effect, but The ultimate challenge: Mapping
true mind visualization requires high-dimensional spaces massive-scale P-spaces for real-time
with non-Euclidean geometry (Finsler spaces). neurocognitive categorization.
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