
Empirical Modeling of the Uncertainty-Certainty Matrix (UCM) 

Using the OCD/UCM Coefficient as a Framework for Obsessive-Compulsive Disorder 

This outlines how to mathematically operationalize the Uncertainty-Certainty Matrix (UCM) with Obsessive-Compulsive Disorder 

(OCD) using the OCD/UCM Coefficient which is a newly developed decision-making metric. By evaluating an individual's response 

bias under varying levels of ambiguity, researchers can quantify the 'evidence gap'—the exact volume of objective data required to 

correct a subjective feeling of error. 

The Paradigm Setup 

Consider an experimental task where a participant views an ambiguous visual gauge depicting an environmental asset (e.g., an 

oven dial). Over multiple trials, the participant must decide whether the system is safe or dangerous. 

• Reality State (+): The system is objectively Safe / Correct. 

• Reality State (-): The system is objectively Unsafe / Faulty. 

• Subjective Decision: Participant declares 'Safe' (+) or 'Unsafe' (-). 
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Primary Signal Detection Metrics 

To isolate an individual’s subjective response bias from their underlying perceptual sensitivity (the ability to discriminate between 
"safe" and "unsafe" states), we apply a modified Signal Detection Theory (SDT) framework. While standard metrics such as 𝑑′ 
(discriminability) and 𝑐 (criterion) provide a baseline for sensory performance, we introduce the OCD/UCM Coefficient to 
specifically quantify the evidence gap—the threshold of objective data required to suppress a subjective report of error. 

The coefficient is calculated as follows: 

𝑶𝑪𝑫/𝑼𝑪𝑴 = 𝑻𝑷− 𝑭𝑷 
 

By manipulating the signal-to-noise ratio of the stimulus (e.g., varying the ambiguity of the visual gauge), we observe the following 
patterns: 

• Optimal Performance: For non-clinical cohorts, a predominant 𝑇𝑃 and 𝑇𝑁 pattern is expected, reflecting accurate signal 
detection and minimal response bias.  

• Neutrality: A condition where 𝑇𝑃 ≫ 𝐹𝑃 indicates an effective calibration between objective input and subjective reporting, 
resulting in a neutral 𝑂𝐶𝐷/𝑈𝐶𝑀 score.  

• Pathological Lock: In individuals with OCD, a shift toward high 𝐹𝑃 rates is hypothesized, reflecting an "over-reporting" of 
threat to mitigate risk. In this model, the 𝑂𝐶𝐷/𝑈𝐶𝑀 score decreases as the participant's criterion (𝑐) shifts toward a lower 
threshold for "danger," effectively locking the participant into the 𝐹𝑃 cell despite the absence of an objective threat.  

While 𝐹𝑁 rates are theoretically possible, they are excluded from the primary 𝑂𝐶𝐷/𝑈𝐶𝑀 calculation as they typically fall below the 
threshold of clinical significance in threat-avoidance populations. 

 



Primary Signal Detection Metrics & Mathematical Formalization 

To isolate an individual's underlying threat-detection threshold from their basic sensory ability to discriminate states, we map the Uncertainty-Certainty 

Matrix (UCM) data onto standard Signal Detection Theory (SDT) parameters.  

Let Reality (-) [Objective Danger] represent the target signal, and Reality (+) [Objective Safety] represent noise. The behavioral responses are 

operationalized into standard rates:  

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

𝐻 =
𝑇𝑁

𝑇𝑁 + 𝐹𝑁
 

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

𝐹 =
𝐹𝑃

𝑇𝑃 + 𝐹𝑃
 

From these rates, standard SDT derives perceptual sensitivity (𝑑′) and response criterion (𝑐) using 𝑍-scores (the inverse of the cumulative normal 

distribution): 

𝑑′ = 𝑍(𝐻) − 𝑍(𝐹) 

𝑐 = −0.5 × [𝑍(𝐻) + 𝑍(𝐹)] 

Mathematical Bridge: Connecting OCD/UCM to Criterion (𝒄) 

The newly proposed decision-making metric, the OCD/UCM Coefficient, is defined as: 

𝑂𝐶𝐷/𝑈𝐶𝑀 = 𝑇𝑃 − 𝐹𝑃 

To demonstrate how this metric reflects a shifting response criterion (𝑐) independent of sensitivity (𝑑′), we examine the total number of safety trials, 

defined as 𝑁+ = 𝑇𝑃 + 𝐹𝑃. We can express True Positives as 𝑇𝑃 = 𝑁+ − 𝐹𝑃. Substituting this into the coefficient formula yields:  

𝑂𝐶𝐷/𝑈𝐶𝑀 = (𝑁+ − 𝐹𝑃) − 𝐹𝑃 = 𝑁+ − 2𝐹𝑃 

When normalized by the total number of safety trials (𝑁+), the metric simplifies to a direct function of the False Alarm rate (𝐹):  

𝑂𝐶𝐷/𝑈𝐶𝑀

𝑁+
= 1 − 2𝐹 

Response Bias Shift in OCD 

High Certainty (Healthy)       Pathological Lock (OCD) 

[-------|-------]                 [---|-----------] 

                                                                                                     ↑                              ↑ 

Criterion (c)                 Criterion (c) 

Low F / High OCD/UCM              High F / Negative OCD/UCM 

Clinical and Behavioral Interpretation 

This mathematical proof exposes the direct covariation between the 𝑂𝐶𝐷/𝑈𝐶𝑀 coefficient and the SDT response criterion (𝑐): 

• Optimal/Neutral Calibration (𝑂𝐶𝐷/𝑈𝐶𝑀 > 0): In healthy cohorts, individuals maintain a balanced or conservative criterion (𝑐 ≥ 0), 

minimizing false alarms (𝐹 → 0). This keeps the normalized 𝑂𝐶𝐷/𝑈𝐶𝑀 metric close to 1.  

• The Pathological Lock (𝑂𝐶𝐷/𝑈𝐶𝑀 < 0): In threat-avoidance clinical models like OCD, patients exhibit a hyper-liberal response bias 

toward reporting danger to minimize perceived risk. As the threshold for danger drops, the False Alarm rate inflates (𝐹 > 0.5). This causes 

the standard criterion (𝑐) to shift downward into negative values, while simultaneously forcing the 𝑂𝐶𝐷/𝑈𝐶𝑀 coefficient below 0.  

By utilizing this framework, researchers can mathematically demonstrate that a low or negative 𝑂𝐶𝐷/𝑈𝐶𝑀 score represents an asymmetric "evidence 

gap"—a systematic criterion shift (𝑐) toward threat-reporting rather than a deficit in baseline perceptual discrimination (𝑑′).  
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