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MEMORY-OPERATING CHARACTERISTIC CURVE (MOCC)

Primary Disciplinary Field(s): Cognitive Psychology, Experimental Psychology, Signal Detection

Theory (SDT), Neuroscience

1. Core Definition

The Memory-Operating Characteristic Curve (MOCC), frequently referred to simply as the

Receiver Operating Characteristic (ROC) curve when applied to cognitive research, is a

fundamental graphical tool utilized in experimental psychology to assess the performance of

recognition memory. Its primary function is to provide a comprehensive, bias-free measure of

discriminability--the innate ability of a participant to distinguish between previously encountered

stimuli (targets) and novel stimuli (lures). This measurement is critical because it separates true

memory sensitivity from the influence of subjective response strategies.

The MOCC plots the functional relationship between the probability of a successful identification

and the probability of a false identification across various decision thresholds. Specifically, it charts

the Hit Rate (HR), which is the proportion of old items correctly recognized as old, against the

False Alarm Rate (FAR), which is the proportion of new items incorrectly accepted as old. By

plotting these paired rates, the curve illustrates how memory performance changes as the internal

threshold required for saying "yes, I remember this" is systematically varied, either by explicit

experimental instruction or by analyzing responses across different confidence levels.

The resulting curve offers a visual and quantitative measure of underlying memory ability, providing

insight into the strength and quality of the memory trace. A highly convex curve, bowing

significantly toward the upper-left corner of the graph, indicates superior memory performance and

strong discriminability, while a curve close to the main diagonal line signifies poor memory

performance, suggesting responses are largely random or based on chance.

2. Relationship to Signal Detection Theory (SDT)

The theoretical framework that underpins the MOCC is rooted firmly in Signal Detection Theory

(SDT), a mathematical model originally developed for analyzing detection tasks in engineering and

later broadly applied across perception and cognition. SDT provides a principled way to separate

the observer's true ability to detect a signal (sensitivity) from their willingness to respond (bias).

In the context of recognition memory, SDT posits that the memory strength or familiarity associated

with both target items and lure items follows continuous distributions, typically assumed to be

Gaussian. The distribution for target items ("signal plus noise") generally has a higher mean

strength than the distribution for lure items ("noise"). Recognition judgments are made by

comparing the observed memory strength of an item against an internal cut-off point, known as the
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criterion (c). If the strength exceeds this criterion, the participant responds "old"; otherwise, they

respond "new."

The MOCC is generated by calculating the Hit Rate and False Alarm Rate that would occur if the

criterion (c) were placed at different points along the memory strength axis. As the criterion shifts,

the resulting HR/FAR pair traces the curve. The distance between the means of the two

distributions, normalized by their standard deviations, yields the key sensitivity metric, d' (d-prime),

which is independent of the location of the criterion and is thus a pure measure of memory

discriminability.

3. Graphical Representation and Interpretation

A standard MOCC is plotted on a unit square graph, where both axes range from 0.0 to 1.0. The x-

axis is dedicated to the False Alarm Rate (FAR), and the y-axis to the Hit Rate (HR). The

interpretation of the MOCC relies heavily on three spatial features: the diagonal line, the distance

from the diagonal, and the overall shape.

The line running from the origin (0, 0) to the upper-right corner (1, 1) represents chance

performance. Any MOCC that falls exactly on this line indicates that the participant's Hit Rate

equals their False Alarm Rate at all confidence levels, meaning they cannot reliably distinguish

targets from lures. A perfect performance curve would pass through (0, 0) to (0, 1) and then to (1,

1), though empirical data rarely achieves this ideal.

The most important summary statistic derived from the graph is the Area Under the Curve (AUC).

This metric quantifies the overall discriminability across all possible decision criteria. The AUC

represents the probability that a randomly chosen target item will have a higher memory strength

value than a randomly chosen lure item. An AUC of 0.5 corresponds to chance performance, while

an AUC of 1.0 corresponds to perfect discrimination. Because AUC is a single, non-parametric

measure that integrates performance across the entire curve, it is highly valued as a robust

indicator of memory quality.

4. Key Metrics and Components

The MOCC framework allows researchers to extract several fundamental quantitative metrics

essential for comparing memory performance across experimental conditions or populations:

Sensitivity (d'): Calculated using the standard normal cumulative distribution function (z-score

transformation) of the HR and FAR (d' = Z(HR) - Z(FAR)). This is the primary index of memory

capability, representing the separation between the means of the target and lure strength

distributions.

Response Criterion (c): A measure of bias, typically calculated as the negative average of the z-
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scores of the HR and FAR (c = -(Z(HR) + Z(FAR))/2). A criterion of 0 indicates a neutral bias, while

positive values indicate a conservative response strategy (reluctance to say 'old'), and negative

values indicate a liberal bias (tendency to say 'old').

Asymmetry (Unequal Variance): While the classic SDT model assumes equal variance for the

target and lure distributions, resulting in a symmetric MOCC when plotted on z-score axes,

empirical data often show asymmetrical curves. This asymmetry suggests unequal variance in the

underlying distributions or, more commonly in memory research, the influence of multiple

recognition processes. Researchers often calculate the ratio of the standard deviations of the noise

and signal distributions ($sigma_n / sigma_s$) to quantify this asymmetry.

Confidence Ratings: To generate the full curve, researchers typically require participants to rate

their confidence (e.g., 1 to 6) for every recognition decision. These confidence ratings are then

used as proxies for internal decision criteria, where each confidence level boundary generates a

distinct HR/FAR data point used to plot the curve.

5. Historical Development and Utility

The precursor to the MOCC, the ROC curve, originated during World War II for the analysis of

electronic signals, specifically in assessing the capability of radar operators to distinguish enemy

aircraft (signals) from ambient interference (noise). Its utility was formalized mathematically by

researchers such as Wilson Tanner and David Green.

The adoption of this concept into cognitive psychology began in the late 1950s and 1960s, driven

by the realization that traditional measures of accuracy, such as percentage correct or $A'$ (an

earlier non-parametric sensitivity measure), failed to adequately account for decision bias. The

MOCC provided the necessary formal apparatus to disentangle memory quality from strategic

decision-making, revolutionizing the methodology used in recognition memory experiments.

The MOCC became particularly instrumental in testing competing models of recognition memory.

For decades, the shape of the MOCC served as the primary empirical evidence used to debate the

merits of single-process familiarity models versus dual-process models involving both familiarity

and recollection. Its continued utility lies in its unparalleled ability to provide a comprehensive,

criterion-free measure of memory sensitivity, ensuring that experimental results reflect genuine

changes in cognitive processing rather than merely shifts in response strategy.

6. Application in Dual-Process Theory

Perhaps the most profound impact of the MOCC in cognitive psychology lies in its application to

the Dual-Process Theory of Recognition Memory. This theory posits that recognition judgments

are supported by two distinct processes: fast, automatic familiarity (a feeling of 'knowing') and

slower, effortful recollection (retrieval of specific contextual details).
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The standard SDT model assumes a continuous process (familiarity) which tends to predict a

symmetric MOCC when the variances of the target and lure distributions are equal. However,

empirical MOCCs, particularly those generated from experiments employing high-confidence

judgments, frequently exhibit pronounced asymmetry. This asymmetry--a sharp bowing near the

low-FAR, high-HR region--is often interpreted as evidence of the contribution of all-or-none

recollection. Recollection acts as a high-threshold process, resulting in highly accurate, high-

confidence hits without a corresponding increase in false alarms, thus skewing the curve.

Sophisticated analysis techniques, such as the Dual-Process Signal Detection (DPSD) model,

utilize the empirical MOCC to mathematically separate the contributions of familiarity and

recollection, providing independent estimates for each process. By analyzing the curve shape,

researchers can calculate parameters representing the probability of recollection (R) and the

sensitivity of the familiarity process ($d_{F}$), offering a highly detailed, mechanistic understanding

of how memory retrieval operates.

7. Limitations and Potential Criticisms

While the MOCC is a highly robust tool, it is not without limitations, mostly stemming from the

inherent assumptions of its underlying SDT framework. One major constraint involves the

necessary assumption about the form of the memory strength distributions. If the distributions are

significantly non-Gaussian or highly asymmetrical, the resulting calculation of $d'$ using the

standard z-score transformation may yield an inaccurate or biased estimate of sensitivity.

Furthermore, collecting the necessary data points to construct a stable MOCC often requires

eliciting confidence ratings from participants. The reliability and validity of these subjective

confidence ratings themselves can be questioned, especially in populations where metacognitive

awareness might be compromised, such as clinical groups or young children. If participants use

the confidence scale inconsistently or non-linearly, the plotted MOCC may be distorted.

Finally, the MOCC methodology is primarily designed for recognition memory tasks (old/new

judgments). It is generally less applicable to recall memory tasks, which involve generating

information rather than discriminating between presented stimuli. Despite these limitations, the

MOCC remains the gold standard because its graphical representation and associated metrics

(AUC, $d'$) offer a far more complete and nuanced picture of memory ability than any single-point

accuracy measure.

8. Further Reading

Receiver Operating Characteristic (ROC) Curve (Overview and background on SDT application)

Macmillan, N. A., & Creelman, C. D. (1991). Detection theory: A user's guide. (Definitive textbook

on applying SDT to psychological measurement)
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Yonelinas, A. P. (2002). The nature of recognition memory and the measurement of recollection

and familiarity. (Key article detailing the use of MOCCs to evaluate dual-process memory models)
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