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METHOD OF EQUAL AND UNEQUAL CASES

Primary Disciplinary Field(s): Psychophysics, Experimental Psychology, Sensation and

Perception

1. Core Definition

The Method of Equal and Unequal Cases, frequently employed within the field of psychophysics,

is a sophisticated experimental procedure designed to measure the discriminatory capacity of a

sensory system. It fundamentally requires participants to make a binary comparative judgment

regarding the relationship between two presented stimuli: a Standard Stimulus (Ss) and a

Comparison Stimulus (Sc). The unique characteristic distinguishing this method is the inclusion of

an explicit third category of response--the judgment of "equal" or "same"--in addition to the

traditional "greater" or "less" categories. This three-category forced-choice design aims to precisely

map the region of subjective uncertainty surrounding the point where the difference between the

two stimuli is imperceptible to the observer.

In practice, the technique involves presenting the Standard Stimulus consistently, while the

Comparison Stimulus is systematically varied across a range of magnitudes, some greater than,

some less than, and some equal to the standard. For each trial, the participant must decide if Sc is

perceptually greater than, perceptually less than, or perceptually equal to Ss. This structured

approach allows the researcher to collect robust data regarding the probability of each judgment

across the continuum of stimulus differences. By recording the proportion of "equal" responses for

each comparison stimulus value, the experimenter can delineate the Interval of Uncertainty (IU),

which is a crucial measure related to the subject's differential threshold, or Just Noticeable

Difference (JND).

The primary utility of this method lies in its ability to accurately determine both the Point of

Subjective Equality (PSE) and the Differential Limen (DL). The PSE represents the stimulus

magnitude of Sc that is judged as equal to Ss fifty percent of the time, often serving as a metric for

measuring constant errors in perception, such as systematic bias toward over- or under-estimation.

Simultaneously, the DL, derived from the width of the IU, quantifies the precision of the sensory

system--the smaller the DL, the greater the discriminatory sensitivity of the participant. The

rigorous structure of repeated trials and randomized presentation minimizes sequential errors,

such as the error of habituation or anticipation, providing a highly reliable estimate of sensory

capability.

2. Etymology and Historical Development

The development of the Method of Equal and Unequal Cases is inextricably linked to the founding
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of Psychophysics in the mid-19th century by Gustav Fechner, who sought to establish the

quantitative relationship between physical stimuli and psychological sensation. Fechner formalized

several key methodologies for measuring sensory thresholds, including the Method of Limits, the

Method of Adjustment, and, most importantly in this context, the Method of Constant Stimuli

(MCS). The Method of Equal and Unequal Cases emerged as a critical refinement and variant of

the MCS, specifically tailored to handle discrimination tasks where subjective equality, rather than

mere detection, was the parameter of interest.

Early psychophysical experiments often struggled with the ambiguity inherent in forced-choice

paradigms, particularly when the difference between the standard and comparison stimuli

approached zero. In a simple two-alternative forced-choice (2AFC) task, participants are forced to

guess when they genuinely perceive no difference, introducing noise and inflating the estimated

variability. Recognizing this limitation, researchers developed the three-category system, allowing

participants a legitimate option for expressing uncertainty or subjective equivalence. This

innovation provided a more honest and reliable mapping of the 'interval of doubt,' thereby

enhancing the methodological rigor of threshold estimation, particularly in the German

experimental tradition established by figures like Fechner and Wundt.

Historically, the method gained prominence because it provided a robust statistical basis for

calculating the PSE and DL using methods of frequency and proportion. Unlike the Method of

Adjustment, which relies on the participant actively setting the comparison stimulus to match the

standard (and is thus susceptible to motor errors and less reliable variance measurement), the

Method of Equal and Unequal Cases presents fixed, predefined stimuli. This characteristic allows

for the compilation of a psychometric function based on hundreds of independent observations,

lending itself well to the stringent statistical requirements of classical psychophysics. The

consistency and ability to precisely define the statistical error associated with the measurements

cemented its position as a cornerstone technique in foundational sensory research throughout the

late 19th and early 20th centuries.

3. Key Characteristics of the Procedure

A defining characteristic of the Method of Equal and Unequal Cases is the meticulous control

over the stimulus presentation sequence and the response categories available to the participant.

The procedure mandates that the comparison stimuli (Sc) are selected carefully to bracket the

expected magnitude of the Standard Stimulus (Ss), ensuring that the range includes values clearly

greater, clearly less, and those perceptually indistinguishable from the standard. Crucially, the

order of presentation for the various Sc values is completely randomized across trials. This

rigorous randomization is essential to mitigate serial effects, such as the tendency for a

participant's judgment to be influenced by the stimulus presented immediately prior--a common

source of bias in non-randomized methods like the Method of Limits.
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The structure of the data generated by this method is inherently trinary, relying on the three

permitted responses: "Sc is greater than Ss," "Sc is less than Ss," and "Sc is equal to Ss." This set

of responses creates three distinct psychometric functions when plotted against the stimulus

magnitude: the 'greater' curve, the 'less' curve, and the 'equal' distribution. The points where the

'greater' and 'less' curves intersect the 50% probability line are critical for analysis, but the

distribution of 'equal' responses forms a Gaussian-like distribution centered around the PSE. The

width of this distribution directly informs the calculation of the IU, providing a measure of variability

in subjective judgment that is explicitly captured rather than inferred.

Furthermore, the procedure is characterized by its reliance on a large number of trials. To

accurately map the psychometric functions and achieve statistical stability, each comparison

stimulus value is typically presented dozens, or even hundreds, of times. While this requirement

makes the method relatively time-consuming compared to adaptive or staircase procedures, the

resulting data is exceptionally robust and free from systematic errors associated with participant

control or anticipation. The large dataset allows researchers to perform rigorous statistical testing

and modeling, often involving probit or logit analysis, to precisely determine the PSE and the limits

of the IU, providing high confidence in the derived sensory thresholds.

4. Related Psychophysical Methods

While sharing a core goal with other classical psychophysical techniques--the quantification of

sensory thresholds--the Method of Equal and Unequal Cases distinguishes itself from the Method

of Constant Stimuli (MCS) and the Method of Limits (MOL). The Method of Limits determines

thresholds by presenting stimuli in ascending and descending series until the participant reports a

change in perception. While quick, MOL is highly susceptible to sequential errors, necessitating the

development of the more robust constant stimuli approach.

The Method of Constant Stimuli is the most direct relative, involving the random presentation of

a fixed set of comparison stimuli. However, traditional MCS typically forces a binary choice (e.g.,

"heavier" or "not heavier"). When the difference is small, participants are forced to adopt an

arbitrary decision criterion, potentially masking the true sensory uncertainty. The innovation of the

Equal and Unequal Cases method lies specifically in its introduction of the third, intermediate

response category, providing a statistically meaningful way to measure the indifference interval.

This difference is not merely semantic; it fundamentally changes the nature of the psychometric

function derived, allowing for the direct visualization and calculation of the subjective span of

ambiguity.

Moreover, modern psychophysics frequently utilizes Adaptive Methods (like staircase

procedures) to efficiently converge on the threshold using fewer trials. These adaptive methods

adjust the stimulus intensity based on the previous response, making them faster but often
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sacrificing the ability to map the entire psychometric function. In contrast, the Method of Equal and

Unequal Cases provides a complete and systematic mapping of the entire range of discriminatory

capacity around the standard, including the regions of certainty, uncertainty, and error. Thus, while

adaptive methods optimize for speed, the Method of Equal and Unequal Cases optimizes for

comprehensive precision and validity across the stimulus continuum, often serving as the gold

standard against which faster methods are calibrated.

5. Application and Significance

The significance of the Method of Equal and Unequal Cases stems from its historical role in

establishing fundamental psychophysical laws and its continued application in high-precision

sensory research. Since its inception, the method has been instrumental in verifying and refining

Weber's Law, which posits that the JND is proportional to the magnitude of the standard stimulus.

By accurately determining the DL across various stimulus intensities (e.g., measuring the

discrimination of weight at 100 grams versus 1000 grams), researchers can calculate the Weber

fraction, a constant used to define sensory precision for a given modality.

In applied research, the method is crucial for tasks requiring precise perceptual matching. For

example, in vision science, it is used to determine the exact intensity required for two light sources

of different wavelengths to be perceived as equally bright (heterochromatic brightness matching).

In auditory research, it helps establish the PSE for pitch matching between complex tones or the

difference limen for sound intensity. This high level of precision is vital in both clinical settings, such

as assessing small sensory deficits in patients, and in industrial quality control, where human

observers are required to make nuanced judgments, such as matching paint colors or texture

consistency.

Beyond simple threshold measurement, the method is invaluable for studying perceptual biases

and errors. The calculated PSE often deviates slightly from the true physical equality, reflecting

systematic perceptual distortions known as constant errors (e.g., time-order error, where the order

of presentation influences judgment). By isolating and quantifying the magnitude and direction of

the constant error through the PSE, researchers gain insight into the cognitive and physiological

processes that mediate subjective experience. This robust analytical framework ensures that the

method remains a fundamental tool whenever objective and highly reliable estimates of differential

sensitivity are required.

6. Debates and Criticisms

Despite its precision, the Method of Equal and Unequal Cases is subject to several methodological

debates and criticisms, primarily centering on the interpretation of the 'equal' response category. A

key theoretical challenge revolves around whether the judgment of equality truly reflects a unique
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subjective perceptual state--a genuine feeling of "sameness"--or if it merely serves as a catch-all

for trials where the stimulus difference is too small to reliably generate a "greater" or "less"

response, essentially acting as a zone of caution.

Critics argue that the exact criterion a participant uses to define the boundaries of "equal" can vary

significantly, leading to potential response bias that is independent of true sensory sensitivity. If a

participant adopts a highly cautious criterion, they may classify many slightly differing stimuli as

"equal," inflating the Interval of Uncertainty. Conversely, a less cautious participant might minimize

the "equal" category, forcing binary decisions even near the threshold. This variability in cognitive

criterion setting challenges the assumption that the IU is purely a measure of sensory noise; rather,

it may reflect a mixture of sensory limits and decision-making strategies.

Furthermore, from an efficiency perspective, the method is often criticized for its labor intensity.

The requirement for a large number of trials across many discrete comparison stimuli makes data

collection slow and demanding on both the experimenter and the participant. Modern

psychophysics often favors adaptive methods, which, while potentially less precise in mapping the

full psychometric function, can estimate the differential threshold much more rapidly.

Consequently, while the Method of Equal and Unequal Cases remains the criterion standard for

high-fidelity mapping of sensory spaces, its use in exploratory or large-scale studies is often limited

by practical constraints of time and resources.

Further Reading

Psychophysics (Wikipedia)

Method of Constant Stimuli (Wikipedia)

Just Noticeable Difference (JND) (Wikipedia)
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