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Fechner's Law

Primary Disciplinary Field(s): Psychophysics, Experimental Psychology, Sensory Science

Proponents: Gustav Theodor Fechner

1. Core Principles

Fechner's Law, also frequently referred to as the Weber-Fechner law, is a foundational principle in

psychophysics established by Gustav Theodor Fechner in 1860. It describes the mathematical

relationship between the physical magnitude of an external stimulus and the subjective, perceived

intensity of that stimulus (sensation). The law formally proposes that the strength of a sensation

experienced is directly proportional to the logarithm of the stimulus magnitude.

This logarithmic relationship means that as physical stimulus intensity increases geometrically (by

multiplication), the corresponding subjective sensation increases arithmetically (by addition). In

practical terms, to achieve successive, equal increases in perceived intensity, the physical energy

driving the sensation must be dramatically and constantly multiplied. Fechner's groundbreaking

work provided the first successful attempt to quantify the abstract realm of the mind using rigorous

mathematical methods, effectively establishing psychophysics as a distinct field of scientific inquiry.

2. Historical Development

Fechner's Law was not developed in isolation but was built directly upon the earlier, foundational

observations made by physiologist Ernst Heinrich Weber. Weber had experimentally determined

the Just Noticeable Difference (JND)--the smallest detectable change in a stimulus. Weber found

that the ratio of the change in stimulus intensity (∆R) necessary to produce a JND to the initial

stimulus intensity (R) was constant for a given sensory modality. This constant ratio is known as

Weber's Fraction (∆R / R = k).

Fechner recognized that this differential threshold (the JND) could serve as the elementary,

quantifiable unit of sensation. In his pivotal 1860 work, Elemente der Psychophysik (Elements of

Psychophysics), Fechner mathematically integrated Weber's findings. He made the crucial

theoretical assumption that all JNDs are subjectively equal, regardless of the magnitude of the

stimulus they correspond to. By accumulating these subjectively equal JND units, Fechner

transformed Weber's differential law into an integral law relating stimulus magnitude to total

sensation magnitude.

3. Mathematical Formulation and Components

Fechner's Law is mathematically expressed as: S = k log R. This equation encapsulates the core

tenet of the law and defines the parameters involved in psychophysical measurement.
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Sensation (S): This represents the subjective experience or perceived intensity. In Fechner's

system, S is measured by counting the number of JNDs above the absolute threshold (the

minimum stimulus required for detection).

Stimulus (R): This is the objective, measurable physical energy of the external input (e.g., light

watts, sound pressure).

Constant (k): This is the Weber fraction, a constant derived empirically that varies depending on

the specific sensory dimension being examined (e.g., weight discrimination versus pitch

discrimination).

The use of the logarithmic function (log) mathematically models the compression effect observed in

human sensation. For instance, our sensory systems are highly sensitive to small changes when

the stimulus level is low but require massive changes to register a difference when the stimulus

level is already high. The logarithmic curve represents this diminishing sensitivity, ensuring that the

vast range of physical energies in the world can be perceived and processed effectively by the

limited range of the sensory organs.

4. Relationship to Weber's Law

While often consolidated as the Weber-Fechner law, it is essential to distinguish between the

scope of the two principles. Weber's Law is descriptive and empirical, stating the relationship for

the Just Noticeable Difference (the differential threshold). It describes how much a stimulus must

change to be *just noticed*. It is expressed as a ratio (∆R / R = k).

In contrast, Fechner's Law is a theoretical derivation that is prescriptive, using the constancy of

Weber's ratio as its fundamental building block. Fechner extended Weber's differential observation

into a complete integral formula that calculates the *total magnitude* of the internal sensation (S)

as a function of the external stimulus (R). Therefore, Fechner's Law is the result of integrating the

premise of Weber's Law and applying the assumption of the subjective equality of all JNDs.

5. Applications and Examples

Fechner's Law continues to be highly significant, particularly in understanding scaling systems

designed for human perception. It provides a reliable model for sensory compression across

various modalities, especially for intensity judgments.

One of the most practical applications is in acoustics. The physical energy of sound is measured

linearly (e.g., in W/m²), but human loudness perception is logarithmic, aligning perfectly with

Fechner's Law. Consequently, the widely used decibel (dB) scale for measuring sound intensity is

a logarithmic scale. An increase of 10 dB often corresponds roughly to a doubling of perceived

loudness, demonstrating the necessary geometric increase in physical energy required for

arithmetic increases in sensation. Other scales rooted in this principle include the photographic f-
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stop scale, which controls light exposure logarithmically, and the scale used for measuring stellar

brightness in astronomy.

6. Criticisms and Limitations

Fechner's Law, despite its historical importance, faces significant empirical and theoretical

limitations. The primary point of criticism centers on Fechner's core assumption that all Just

Noticeable Differences (JNDs) correspond to subjectively equal increments of sensation. Modern

psychophysical research has demonstrated that this assumption does not universally hold true,

especially at the extremes of stimulus intensity (near the absolute threshold or at maximal intensity

levels).

The most robust alternative to Fechner's logarithmic model emerged in the mid-20th century with

the work of S. S. Stevens. Stevens proposed the Power Law (S = kR^n). Stevens argued that

Fechner's method of relying on indirect measurement (JNDs) was flawed and introduced methods

of direct magnitude estimation, where subjects assign numerical values directly to their perceived

sensation. Stevens' Power Law provides a more accurate fit for several sensory modalities, such

as perceived brightness and electric shock, demonstrating relationships that are often exponential

rather than compressive logarithmic ones. While Stevens' Law is now preferred for broad

psychophysical scaling, Fechner's Law remains accurate for specific modalities like hearing and

vision intensity judgments, and its historical role in legitimizing the study of sensation is undeniable.

Further Reading

Weber-Fechner law (Wikipedia)

Gustav Theodor Fechner (Wikipedia)

Psychophysics (ScienceDirect)
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