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Abstract

This paper introduces a novel decision-making metric, the OCD/UCM Coefficient,
designed to mathematically operationalize the "evidence gap" in Obsessive-Compulsive
Disorder (OCD). While traditional models of OCD focus qualitatively on the intolerance of
uncertainty, this framework utilizes a modified Signal Detection Theory (SDT) paradigm
to isolate subjective response bias from baseline perceptual sensitivity. By evaluating an
individual's decision-making thresholds under varying levels of stimulus ambiguity, the
OCD/UCM Coefficient quantifies the exact volume of objective safety data required to
correct a subjective feeling of threat. It demonstrates that a pathological shift in response
criterion (c) directly covaries with a negative coefficient, mathematically capturing the
threat-avoidance "pathological lock” characteristic of OCD. This metric offers researchers
and clinicians a standardized, quantitative method to track therapeutic progress and
cognitive-behavioral shifts.

Introduction

Obsessive-Compulsive Disorder (OCD) is characterized clinically by persistent, intrusive
thoughts (obsessions) and repetitive physical or mental acts (compulsions) designed to
mitigate distress. At the core of OCD's cognitive pathology lies a profound intolerance of
uncertainty and an asymmetric "evidence gap"—a subjective state wherein an individual
requires an extraordinary, often unattainable volume of objective data to neutralize an
internal feeling of risk or error.

In classical cognitive-behavioral models, this phenomenon is described qualitatively.
However, to advance the empirical evaluation of OCD treatments, we must mathematically
operationalize how individuals navigate threat and safety under ambiguous conditions.
This paper proposes the Uncertainty-Certainty Matrix (UCM) as a conceptual framework



(3), bridged with the mathematical rigor of Signal Detection Theory (SDT), to quantify
response biases in clinical populations (1)(2)(4)(5)(6).

The Threat-Detection Paradigm

To isolate and measure these cognitive biases, we propose a computerized laboratory task
where participants are presented with a series of ambiguous visual stimuli (e.g., a visual
gauge representing an environmental asset, such as an oven temperature dial). Across
multiple trials, the signal-to-noise ratio of the gauge is manipulated to introduce varying
levels of ambiguity.

To align this framework with standard psychological literature, the trial parameters are
defined as follows (See Table 1):

o Target Signal (Danger): The gauge is objectively in an unsafe or faulty state (S, ).
« Noise State (Safety): The gauge is objectively in a safe or correct state (S_).

e Subjective Response (+): The participant declares the system "Unsafe" (Threat
detected).

e Subjective Response (-): The participant declares the system "Safe" (Threat
dismissed).

Table 1: Standardized Uncertainty-Certainty Matrix (UCM)(3)

Subjective Response (-)"Safe” Subjective Response (+)"Unsafe”
Noise State (S_) True Negative (TN) False Positive (FP)
Objective Safety Certainty Axis (Correct Rejection) Uncertainty Axis (False Alarm)
Signal State (S,) False Negative (FN) True Positive (TP)
Objective Danger Uncertainty Axis (Miss) Certainty Axis (Hit)

Primary Signal Detection Metrics & Mathematical Formalization

Standard SDT separates an individual's ability to discriminate between safety and danger
from their overall willingness to report a threat. The behavioral responses are converted
into standard rates:



o Hit Rate (H): The probability of correctly identifying danger when danger is
present.

by TP
" TP+ FN

o False Alarm Rate (F): The probability of misidentifying safety as danger.

e FP
" TN + FP

From these rates, we derive baseline perceptual sensitivity (d') and response criterion (c)
using standard normal distributions (Z-scores):

d =Z(H)—-Z(F)
c=—-05%x[Z(H)+ Z(F)]
The OCD/UCM Coefficient

While d’ and c are standard, they do not directly model the specific "evidence gap"
regarding safe trials—where OCD-related doubt predominantly manifests. We introduce
the OCD/UCM Coefficient, defined in standard SDT terms as:

OCD/UCM = TN — FP
Where:
o TN represents correct rejections of threat (comfort on safe trials).
o FP represents false alarms (hyper-vigilance/threat-reporting on safe trials).
Mathematical Bridge to Criterion (c)

To prove that this coefficient directly reflects response criterion (c) rather than perceptual
sensitivity (d'), we examine the subset of objectively safe trials, defined as N_ = TN + FP.

We can express True Negatives as:
TN =N_—-FP
Substituting this into the OCD/UCM Coefficient formula:
OCDJUCM = (N_ — FP) — FP = N_ — 2FP
Normalizing the coefficient by the total number of safety trials (N_) yields:

OCD/UCM 1_> (FP)
N_. N_



Because F = Z—P (False Alarm rate), the normalized coefficient simplifies directly to:

0CD/UCM _

1-2F
N_

This proof demonstrates that the normalized OCD/UCM Coefficient is a direct linear
transformation of the False Alarm rate (F). Since F is a primary driver of the criterion shifts
(¢), our metric mathematically maps onto response bias independent of sensory
discriminability (d").

Clinical and Behavioral Interpretation

The mathematical behavior of the normalized OCD/UCM Coefficient directly corresponds
to distinct clinical profiles:

Optimal Calibration (Healthy Cohorts)

In non-clinical populations, individuals maintain a balanced or conservative response
criterion (¢ = 0), successfully minimizing false alarms (F — 0). Under these conditions:

0CD/UCM
N_

-_

This positive value represents a healthy "Certainty Axis" performance, where internal
perception accurately matches objective safe reality.

The Pathological Lock (OCD Cohorts)

In threat-avoidance disorders like OCD, individuals exhibit a hyper-liberal response bias to
prevent the catastrophic cost of a "Miss" (False Negative). As the threshold for reporting
danger drops, the False Alarm rate inflates dramatically (F > 0.5). This causes the standard
criterion (c) to shift downward into negative values, while simultaneously forcing the
normalized OCD/UCM Coefficient below 0:

0CD/UCM
v <0

This negative coefficient mathematically defines the "Pathological Lock". The patient is
trapped in the False Positive cell of the matrix, incapable of registering objective safety due
to an asymmetric evidence requirement (See Figure 1).



Figure 1: Response Bias Shift in OCD
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Empirical Validation: Simulation of Clinical and Healthy Cohorts

To empirically validate the utility of the OCD/UCM Coefficient, we simulated data from 10
distinct clients (5 healthy controls, 5 diagnosed with OCD) performing a computerized
threat-detection paradigm. The test consisted of 100 trials: 50 objectively safe trials (N_ =
50) and 50 objectively dangerous trials (N, = 50).

: 1 . 1 .
For trials yielding a 100% rate, a standard correction of 1 — -y was applied to prevent

infinite Z-scores.

Table 2: Simulated Performance Metrics for 10 Experimental Subjects

ID  Diagnosis = TN FP | EN TP | Hits Eﬁ; @ | © 88;/ g(érl;?al
ucM

C1 Healthy 45 5 5 45 0.90 0.10 2.56 0.00 +40 +0.80

C2 Healthy 48 2 6 44 0.88 0.04 2.92 +0.29 +46 +0.92

(&1 Healthy 42 8 4 46 0.92 0.16 2.40 -0.21 +34 +0.68

C4 Healthy 46 4 8 42 0.84 0.08 2.40 +0.21 +42 +0.84

Cs Healthy 40 10 2 48 0.96 0.20 2.59 -0.45 +30 +0.60

cé OCD 15 35 2 48 0.96 0.70 1.23 -1.14 -20 -0.40
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Diagnosis = TN FP | FN TP Hits E:lsr; @ | © 821\?1/
OCD 10 40 1 49 0.98 0.80 1.21 -1.45 -30
OCD 20 30 3 47 0.94 0.60 1.30 -0.90 -10
OCD 8 42 o 50 0.99 0.84 1.34 -1.66 -34
OCD 18 32 2 48 0.96 0.64 139 -1.06 -14

Normal
OCD/
UucMm

-0.60

-0.20

-0.68

-0.28

Figure 2: Linear Correlation Between Response Criterion (¢) and Normalized

OoCDh/UCM
Normalized OCD/UCM (y-axis) vs. Response Criterion c (x-axis)
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Analysis of Simulation Results

The empirical data from the 10 simulated profiles confirms the mathematical and clinical

validity of the framework:

1.

Sensitivity (d') Independence: Both cohorts display intact sensory
discriminability, with healthy subjects showing d' scores between 2.40 and 2.92,
and OCD subjects showing d’ scores between 1.21 and 1.39. While OCD subjects
have slightly lower sensitivity under highly ambiguous conditions, they retain a
functional ability to identify target states.

The Criterion Shift (c): The defining boundary between healthy decision-making
and pathological anxiety is response criterion (c). Healthy subjects maintained
conservative, balanced, or mildly liberal response strategies (c ranging from —0.45
to +0.29). Conversely, OCD patients displayed profoundly negative response
criteria (¢ ranging from —0.90 to —1.66), indicating a hyper-liberal bias to report
"danger” even at the slightest hint of visual noise.

The OCD/UCM Coefficient as an Evaluative Tool: Healthy controls
demonstrated robust, positive normalized coefficients (= 4+0.60). In sharp contrast,
all 5 OCD subjects fell into the "Pathological Lock" zone, scoring negative
normalized coefficients (ranging from —0.20 down to —0.68). As illustrated in
Figure 2, the linear transformation between the Criterion and OCD/UCM metrics
is perfectly preserved, providing clinicians with an intuitive and direct
measurement of a client's specific cognitive bias.

Clinical Applications and Psychoeducation

Beyond its utility as an empirical research metric, the UCM framework acts as a powerful

psychoeducational bridge during clinical interventions such as Exposure and Response
Prevention (ERP) (See Appendix: Table 2: The OCD Mind and the Reality Matrix).

"Feelings Are Not Facts"

The matrix visually and mathematically demonstrates to the patient that their intense

internal distress during an obsession is a consequence of a shifting response bias (c), rather

than a change in objective reality (S_). By externalizing the "danger alarm" as a high False

Alarm rate (F), patients are encouraged to:

Identify obsessive doubts as "uncertainty axis" errors rather than actual signals of
danger.



o Tolerate the discomfort of a False Positive without executing compulsions
(neutralizing behaviors).

o Track their own therapeutic progress quantitatively, observing their individual
OCD/UCM Coefficient migrate from a negative "pathological lock" back toward a
healthy, positive coefficient of 1.
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Appendix: The OCD Mind & The Reality Matrix

A Guide to Understanding How OCD Rewires Our Perception of Safety and Danger

Obsessive-Compulsive Disorder (OCD) and the Uncertainty-Certainty Matrix (UCM)(3) explain a common

glitch in how our brains process threats. Often, OCD tricks us into feeling completely unsafe when we are

perfectly secure, trapping us in a cycle of overthinking. This matrix maps the difference between Objective

Reality and our Internal Feelings.

REALITY (-)

Objective
Safety
(Noise)

REALITY (+)

Objective
Danger
(Signal)

Table 2: The Perception vs. Reality Matrix

SELF (-)Feeling "Safe” (Threat
Dismissed)

True Negative (TN)
Certainty Axis (Correct Rejection)

What it means: Reality matches your
feeling. The environment is objectively

safe, and you feel comfortable and calm.

No alarms are ringing.

False Negative (FN)
Uncertainty Axis (Miss)

What it means: There is actual danger,
but you perceive it as safe. This is a rare,

genuine mistake or blindspot in everyday

life.

Key Takeaways for Managing OCD

How to Use This Matrix to Reclaim Peace of Mind:

SELF (+)Feeling "Unsafe" (Threat Detected)

False Positive (FP)
Uncertainty Axis (False Alarm)

The OCD Zone: The situation is safe, but your
brain fires off an intense "danger" alarm. This
creates crippling doubt and fuels compulsions
to fix a non-existent problem.

True Positive (TP)
Certainty Axis (Hit)

What it means: There is a real, legitimate
threat, and your brain correctly flags it as unsafe
so you can protect yourself logically.

e Recognize the "False Alarm" (False Positive): When an obsessive thought strikes, remind

yourself: "My reality is safe (-), but my internal alarm is yelling unsafe (+). This is a False Alarm on my

uncertainty axis."

e OCD Attacks the Uncertainty Axis: OCD thrives on the two fields marked "Uncertainty." It hates
that life cannot be 100% guaranteed and tries to force you to treat every safe situation like a hidden

trap.

o Feelings Are Not Facts: Just because your brain is generating a powerful feeling of "unsafe" does not

change the objective reality of the situation. You can sit with the uncomfortable feeling without

needing to perform a compulsion to change reality.
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