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Abstract

This paper introduces a novel decision-making metric, the OCD/UCM Bias Index, 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 Bias Index quantifies the exact volume of
objective safety data required to counteract a subjective feeling of threat. By integrating both the Hit Rate (H) and the
False Alarm Rate (F), this index mathematically captures the threat-avoidance "pathological lock" characteristic of OCD
while eliminating diagnostic blind spots inherent to single-rate tracking.

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)(See Table 1) as a conceptual framework3, bridged with the mathematical rigor of Signal
Detection Theory (SDT), to cleanly quantify response biases in clinical populations.

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:
e 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)

Subjective Response (-)"Safe" Subjective Response (+)"Unsafe" (Threat
(Threat Dismissed) Detected)

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:

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

TP

Hit Rate (H) = m
e False Alarm Rate (F): The probability of misidentifying safety as danger.

FP

False Alarm Rate (F) = N

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

d=ZH)-Z(F)
c=-05X%[Z(H) + Z(F)]
The OCD/UCM Bias Index

While traditional SDT metrics (d' and ¢) are mathematically robust, they require non-linear statistical
conversions that complicate real-time clinical monitoring or straightforward digital dashboard interfaces. To
deliver a linear, bounded behavioral coefficient that preserves the exact directional movement of
psychological bias, we introduce the OCD/UCM Bias Index:

OCD/UCM Bias Index =1— (H + F)

By utilizing both foundational rates, this mathematical formulation scales behavior cleanly between —1.0
and +1.0. Incorporating the Hit Rate (H) alongside the False Alarm Rate (F) ensures that the metric accounts
for the entire behavioral profile, resolving the mathematical limitations of earlier safe-trial models.



Clinical and Behavioral Interpretation

The mathematical behavior of the OCD/UCM Bias Index directly corresponds to distinct operational profiles
across three core psychological states:

Optimal Calibration (Healthy Cohorts)

In non-clinical populations, individuals maintain a balanced response criterion (¢ = 0). Their visual
detection systems register threats effectively while maintaining a minimal rate of false alarms. Under these
conditions, the sum of the Hit Rate and False Alarm Rate hovers around parity:

H+ F =~ 1.0 = OCD/UCM Bias Index =~ 0.0

A score of 0.0 mathematically represents ideal calibration, where internal perception functions in balance
with objective 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 client treats
mild ambiguity as certain danger, driving both the Hit Rate (H) and False Alarm Rate (F) toward maximum
values (H — 1.0, F — 1.0). This causes the sum of the rates to exceed 1.5, forcing the index deep into negative
values:

H+ F > 1.5 = OCD/UCM Bias Index «< 0.0

This negative range mathematically defines the Pathological Lock. The patient is trapped in the False
Positive cell of the matrix, executing rituals to neutralize an environmental safety state that their cognitive
threshold cannot register.

Conservative Bias

Conversely, if an individual or system demands absolute cognitive certainty before declaring a threat (e.g., a
criminal jury threshold requiring proof "beyond a reasonable doubt"), both H and F contract toward zero.
Under this hyper-conservative strategy:

H + F < 0.5 = OCD/UCM Bias Index >» 0.0

This produces a positive index value approaching +1.0, capturing a strict refusal to trigger an alert without
overwhelming evidentiary support.

Mathematical Soundness Assessment

This following section offers a practical and mathematical bridge between cognitive-behavioral theories of
OCD and quantitative decision theory.

By introducing the OCD/UCM Bias Index (Bias Index = 1 — [H + F]), the paper presents a linear, non-
parametric metric that operationalizes response bias without requiring normal inverse cumulative
distribution transforms.

OCD/UCM Bias Index =1— (H + F)



Where:

. TP
e H = Hit Rate—TP+FN
e F = False Alarm Rate = ——
= raise arm ae—TN+FP

e Strict Boundedness: Because H, F € [0,1], theirsum H + F € [0,2]. Consequently, 1 — (H + F) is
strictly bounded in [—1.0, +1.0].

¢ Neutral Invariance (¢ = 0 & Bias Index = 0): Under Gaussian Signal Detection Theory (SDT)

H=oft P
I R K 2 ¢

When an individual exhibits an unbiased, neutral response criterion (¢ = 0), H = ®(d'/2) and F =
®(—d'/2) =1 —®(d'/2). Thus:

assumptions:

d d
H+F=CI><E)+1—CD(?>=1.O=>1—(H+F)=0.0

This property guarantees that neutral decision-making always evaluates to 0.0, regardless of
perceptual sensitivity (d').

¢ Directional Symmetry:

o Negative Values (< 0.0): H + F > 1.0, signaling a hyper-liberal threat detection threshold
(typical of the "Pathological Lock" in OCD).

o Positive Values (> 0.0): H + F < 1.0, signaling a conservative/skeptical threshold.

e Edge-Case Robustness: Classical SDT response criterion (¢ = —0.5[Z(H) + Z(F)]) relies on probit
transforms (Z = 1), which become undefined (+0) when H or F equals 0.0 or 1.0 (requiring

extreme-value correction log-edging like ﬁ). The OCD/UCM Bias Index is continuously defined

across the entire probability space without requiring artificial adjustments.
Mathematical Nuances & Limitations

Sensitivity Compression Effect: While Bias Index = 0.0 strictly aligns with ¢ = 0, for non-zero criteria (¢ #
0), the scale magnitude of 1 — (H + F) is non-linearly attenuated by the individual's sensitivity (d'). Higher
sensitivity shrinks 1 — (H + F) toward zero because both H and F approach 1.0 and 0.0 respectively.

While this does not impair diagnostic classification, researchers comparing raw Bias Index values across
cohorts with vastly different perceptual discrimination capabilities should note that 1 — (H + F) actsasa
probability-scale proxy for c rather than a latent normal Z-score.



Utility & Clinical Significance Table

Single-Rate Tracki OCD/UCM Bi
Feature Standard SDT (c) thgle-Rate lrackang / 1as

(F or H alone) Index
Mathematical Non-linear / ) Linear / Basic

. Linear . .
Complexity Inverse Normal (Z) Arithmetic
Edge-Case Stability Fails at 0.0 and 1.0 Stable Completely Stable
Sensitivit Exact at Neutral
ensitivity Fully Independent Dependent xactat Neutra
Independence (c=0)
Real-Time Dashboard Low (Requires stats Hich High (0(1)
i

Suitability library) & computation)
Interpretability for Abstract Z-units Unidirectional Bounded Scale
Clinicians (—o0 to + ) Probability (—1.0 to +1.0)

Core Utility Advantages

1. Digital Application Integration: Its O(1) arithmetic nature makes it computationally lightweight,

making it suitable for real-time clinical dashboards, mobile assessments, and web applications.

2. Operationalizing the "Evidence Gap": Provides an objective, task-based behavioral metric that

directly measures how much objective safety data (S_) an OCD patient misclassifies as threat (S, ),

complementing subjective self-report questionnaires.

Final Assessment

The OCD/UCM Bias Index represents a sound, practical, and highly accessible improvement over
complex parametric modeling for clinical applications. It preserves the theoretical core of Signal Detection
Theory while eliminating mathematical singularities and computational overhead.



Relationship between Standard Criterion (e} and OCOIUCM Bias Index
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Updated OCD/UCM Bias Index Calculator v4

Step 1: Trial Data Entry

Metric

True Negative (TN)
False Positive (FP)
False Negative (FN)
True Positive (TP)

Step 2: SDT Metrics & Bias Index

Metric Formula / Rate
Hit Rate (Raw, H)

False Alarm Rate (Raw, F)

Hit Rate (Corrected)

FA Rate (Corrected)

Sensitivity (d')

Criterion (c)

OCD/UCM Bias Index

Step 3: Clinical Diagnostic Profile
Diagnostic Category Profile Readout
Clinical State

OCD/UCM Bias Index Scale
Pathological Lock = -.4+
Conservative Bias = +.4+
Optimal Calibration =-.39 -- +.39

See 15 simulated cases generated below from the OCD/UCM Bias Index Calculator.



Fifteen (15) simulated examples calculating the OCD/UCM Bias Index across the three diagnostic profiles using the OCD/UCM Bias Index: 1 —
(H+F).

OCD/UCM Bias Index: Trial Data & Calculations

(TN) (FP) (FN) (TP) Hit Rate (H) FA Rate (F) Bias Index Diagnostic Profile
ID
#1 5 45 2 48 0.960 0.900 -0.860 Pathological Lock
#2 10 40 5 45 0.900 0.800 -0.700 Pathological Lock
#3 15 35 1 49 0.980 0.700 -0.680 Pathological Lock
#4 8 42 10 40 0.800 0.840 -0.640 Pathological Lock
#5 2 48 0 50 0.990 0.960 -0.950 Pathological Lock
#11 45 5 5 45 0.900 0.100 0.000 Optimal Calibration
#12 40 10 10 40 0.800 0.200 0.000 Optimal Calibration
#13 48 2 8 42 0.840 0.040 +0.120 Optimal Calibration
#14 45 5 15 35 0.700 0.100 +0.200 Optimal Calibration

#15 45 5 20 30 0.600 0.100 +0.300 Optimal Calibration



True Positive Rate (Corrected H)

Clinical Assessment Dashboard: OCD/UCM Bias Index
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Three Examples of OCD/UCM Bias Indices: Positive, Negative, Neutral

OCD/UCM Positive Bias Index

Coefficients

Time (Weeks)
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Clinical ERP (Exposure & Response Prevention) Daily Progress Dashboard
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The above graph presents how all the data from the OCD/UCM Bias Index and Application could potentially be displayed for clinical

use.
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