
PSYCHOLOGICAL SCALES scales.arabpsychology.com

VOLLEY THEORY

Authored by

mohammad looti

October 13, 2025

RECOMMENDED CITATION

mohammad looti (2025). VOLLEY THEORY. PSYCHOLOGICAL SCALES. Retrieved from

https://scales.arabpsychology.com/?p=46966

ARABPSYCHOLOGY.C
OM

https://scales.arabpsychology.com/?p=46966
https://scales.arabpsychology.com/?p=46966
https://scales.arabpsychology.com
https://scales.arabpsychology.com


VOLLEY THEORY 2

PSYCHOLOGICAL SCALES scales.arabpsychology.com

Volley Theory

Primary Disciplinary Field(s): Auditory Neuroscience, Sensation and Perception, Psychology

Proponents: Ernest Wever and Charles Bray

1. Core Principles

The Volley Theory, sometimes referred to as the Volley Principle or Volley Standard, posits a

fundamental mechanism by which the auditory nervous system can accurately encode sound

frequencies that exceed the maximum individual firing rate capacity of any single auditory nerve

fiber. This theory was developed in the 1930s as a crucial refinement and extension of the earlier

Frequency Theory (or Telephone Theory), which could not adequately account for the perception

of frequencies above approximately 1,000 Hertz (Hz).

The physiological limitation addressed by the Volley Theory is the constraint imposed by the

absolute refractory period of neurons. Auditory nerve fibers, like all neurons, require a

mandatory, brief period immediately following the generation of an action potential during which

they are incapable of firing again. This refractory period inherently restricts the maximum frequency

at which a single fiber can reliably generate impulses to about 1,000 to 1,500 spikes per second.

Since the human ear is capable of perceiving pitches spanning up to 20,000 Hz, a robust

mechanism was required to explain how frequency information in the critical mid-range (roughly

1,000 Hz to 5,000 Hz) could be reliably transmitted to the central processing centers of the brain.

The ingenious solution proposed by the theory centers on the cooperative coding provided by a

population of nerve fibers working in precisely timed sequences.

The mechanism specifically details how separate, numerous fibers within the auditory nerve react

to rhythmic noise stimulants in a swift, successive pattern of alternating activity. For example, when

exposed to a 3,000 Hz tone, a single fiber might only be physically able to respond to one out of

every three cycles due to its refractory limitations. However, by coordinating activity across the

neural bundle, Fiber A responds to the first peak of the sound wave, Fiber B (coming out of its

refractory state) responds to the second peak, and Fiber C responds to the third, before Fiber A is

ready to fire again. This staggered, sequential firing--termed a 'volley'--ensures that subsequent

volleys of impulses are consistently and collectively fired to match the overall frequency of the

incoming data of stimuli, yet no single fiber is required to react to each individual cycle of the sound

wave. The consequential pooled response of this neural ensemble accurately reflects the high

frequency of the stimulus, allowing the nerve bundle as a whole to demonstrate a significantly

swifter effective frequency of arousal and temporal code than any separate, refractory-limited fiber

could achieve alone.
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2. Historical Development and Context

The Volley Theory was formally proposed by American psychologists Ernest Wever and Charles

Bray in 1937, stemming from their comprehensive research into the electrophysiology of the

auditory system. Their work emerged from a pivotal, decades-long historical debate concerning the

fundamental mechanism of pitch perception--the Place Theory versus Frequency Theory

controversy. The reigning theories offered conflicting explanations for how sound frequency was

translated into neural activity in the cochlea.

The Place Theory, primarily associated with Hermann von Helmholtz, argued that pitch was

entirely determined by the specific physical location along the basilar membrane that experienced

maximal vibration in response to a particular frequency. High frequencies caused maximum

displacement near the base of the cochlea, while low frequencies caused maximum displacement

near the apex. This spatial mapping provided an excellent explanation for high-frequency

perception, but struggled to account for the detailed, precise pitch perception required for low

frequencies and complex harmonic structures.

In contrast, the original Frequency Theory (or Telephone Theory, proposed by Rutherford)

asserted a direct temporal relationship: the basilar membrane vibrated synchronously with the

stimulating frequency, causing the auditory nerve to fire at precisely the same rate. This direct

synchronization, known as temporal coding, perfectly explains very low frequencies. However,

experimental confirmation of the neuronal refractory period provided irrefutable evidence that this

direct one-to-one firing mechanism was biologically impossible for frequencies exceeding 1,500

Hz. This physiological discovery created a significant explanatory void for mid-range hearing,

challenging the core viability of the Frequency Theory.

Wever and Bray's major contribution was the development of the Volley Principle, which provided

the crucial bridge necessary to salvage the temporal coding concept and integrate it into a

comprehensive model. By demonstrating that temporal information could be encoded by a group of

phase-locked neurons rather than a single neuron, they overcame the refractory period limitation

while retaining the critical accuracy of frequency mapping. This synthesis effectively merged

elements of both predecessor theories, establishing a unified framework where temporal coding

(Volley Theory) dominates the low and mid-ranges, and spatial coding (Place Theory) governs the

highest frequencies.

3. Key Concepts and Components

The operational success of the Volley Theory hinges entirely on the coordination of

neurophysiological processes, specifically the concepts of Phase-Locking and Ensemble

Coding, which work in concert to overcome the inherent limitations imposed by the neural

refractory period.
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Phase-Locking (Synchronization): This is the sine qua non of the Volley Principle. Phase-locking

is the phenomenon where an individual auditory nerve fiber fires an action potential at a consistent,

specific point in the cycle--or phase--of the stimulating sound wave. For example, if a 2,000 Hz

pure tone causes the basilar membrane to oscillate, a neuron responding to that tone will

consistently fire only when the membrane is at its peak upward deflection, even if it skips

subsequent cycles. This precision ensures that even when a neuron does not fire during every

cycle, its firing is still systematically and reliably related to the period of the sound frequency. This

phase-locked timing provides the foundational temporal code necessary for the collective volley to

be accurate.

Neural Ensemble Coding (The Volley Mechanism): The necessity of the volley arises when the

stimulus frequency surpasses the individual neuron's firing capacity. If a tone is 4,000 Hz, a neuron

is limited to firing perhaps once every four cycles while maintaining phase-lock. To prevent the loss

of information, the auditory system utilizes the pooled activity of neighboring fibers. These fibers

exhibit slightly randomized refractory periods, meaning that when Fiber A is absolutely refractory,

Fiber B is available to fire, and Fiber C is available in the subsequent cycle. The result is a

statistically precise, staggered, and interwoven pattern of firing across the entire bundle. When the

activity of all these individual, phase-locked neurons is aggregated, the resulting summation of

impulses--the 'volley'--maintains an accurate periodicity matching the 4,000 Hz stimulus,

successfully conveying the frequency information to the brainstem.

Rate-Place vs. Volley-Place Coding: Modern interpretations often combine the spatial and

temporal elements. While the Volley Theory relies on temporal information (rate of firing), this

temporal coding is still anchored to a specific region of the basilar membrane (place). Therefore,

the system utilizes a form of Volley-Place Coding, where the precise timing (the volley) identifies

the fundamental frequency, while the general location (the place) helps define the frequency range

being stimulated, particularly important for complex sounds and harmonics.

4. Frequency Range and Mechanisms of Coding

The Volley Theory provides a crucial mechanism for pitch perception within a specific spectral

band, integrating seamlessly with the functions of the other major auditory theories. The entire

spectrum of human hearing requires a combination of coding strategies, and the Volley Principle

operates optimally within the mid-frequency range.

In the low-frequency range (typically below 1,000 Hz), the stimulus frequency is sufficiently slow

that individual neurons can reliably maintain a direct one-to-one firing relationship, where the firing

rate of the fiber directly equals the frequency of the sound wave. This is pure rate coding,

consistent with Rutherford's original Frequency Theory. There is no need for a volley mechanism in

this range, as the refractory period does not pose a limit.

As the frequency ascends from 1,000 Hz up to approximately 5,000 Hz, the auditory system enters
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the range where the Volley Theory is the dominant mechanism for temporal coding. In this range,

phase-locking remains robust, but individual neurons must begin to skip cycles. The collective,

synchronized firing of multiple neurons maintains the periodicity of the stimulus. This range is

particularly crucial as it encompasses most of the frequencies essential for speech recognition and

musical pitch perception.

Above 5,000 Hz, the temporal requirements become too demanding. The inherent variability and

latency (jitter) in neural transmission preclude the formation of sufficiently precise volleys to

accurately encode frequencies greater than 5 kHz. Consequently, pitch coding above this

threshold shifts almost entirely to a spatial mechanism, relying exclusively on the Place Theory. In

this high-frequency band, the auditory system detects pitch solely by identifying the specific, most

vigorously vibrating region of the basilar membrane, effectively abandoning temporal phase-locked

coding.

5. Applications in Auditory Prosthetics

The neurophysiological insights provided by the Volley Theory have profound and practical

ramifications, particularly in the engineering and optimization of advanced auditory prosthetic

devices, most notably cochlear implants (CIs). CIs are designed to bypass damaged hair cells and

directly stimulate the remaining auditory nerve fibers, aiming to replicate the natural neural codes

that encode sound information.

When developing the signal processing strategies for cochlear implants, engineers must

meticulously account for both the spatial dimensions (stimulating different electrodes along the

cochlea to mimic place coding) and the temporal dimensions (stimulating the nerve fibers at rates

that mimic natural neural firing). To accurately convey pitch information in the critical low-to-mid

frequency range, cochlear implants extensively utilize stimulation patterns that directly leverage the

Volley Principle.

By delivering electrical pulses in rapid succession, which are synchronized to the fundamental

frequency of the input sound, the CI aims to activate multiple neural fibers in a pooled, staggered

manner. This sophisticated stimulation is intended to recreate the precise, synchronized volley of

action potentials that would naturally occur in the healthy cochlea in response to complex acoustic

stimuli such as speech or music. This strategy is vital because the perception of complex pitch and

prosody relies heavily on accurate temporal cues, especially in the 1,000 Hz to 5,000 Hz range.

The successful performance of modern CIs in restoring functional hearing is often contingent upon

how effectively they integrate temporal coding based on the Volley Theory. Continuous research

focuses on optimizing the electrode stimulation rates and timing patterns to maximize the efficiency

of phase-locked stimulation, thereby enhancing the user's ability to perceive fine pitch details and

improving the overall clarity and naturalness of the perceived sound.
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6. Criticisms and Limitations

Despite its significant success in resolving the physiological limitations of the Frequency Theory,

the Volley Theory has faced ongoing scrutiny and possesses defined limitations, particularly

regarding the highest detectable frequencies and the statistical reliability of the mechanism.

The primary constraint identified involves the ultimate physiological ceiling of phase-locking.

Although the theory extends temporal coding up to approximately 5,000 Hz, the precision of this

synchronization degrades significantly as frequency increases beyond this point.

Neurophysiological data confirms that the inherent limits of synaptic transmission delay and the

accumulated temporal jitter in neural pathways prevent the formation of accurate volleys for very

high frequencies (e.g., above 5 kHz). This empirical observation confirms the model proposed by

Wever and Bray: at the highest frequencies, the auditory system must abandon temporal coding

entirely and rely solely on the Place Theory.

Furthermore, early critiques questioned the statistical feasibility of the necessary coordination.

Critics argued that achieving the required phase precision among a large number of independent,

probabilistic neural fibers seemed overly complex and prone to timing errors. However, subsequent

neurophysiological studies using microelectrodes have largely validated the theory, demonstrating

that while individual fiber responses are indeed probabilistic, the statistical aggregation (the pooling

of many responses) achieves the required robustness and temporal accuracy necessary for

reliable frequency coding.

In modern auditory science, the Volley Theory is rarely treated as a standalone explanation but is

instead understood as a critical and indispensable component of the Dual-Mechanism Theory of

Auditory Perception. This comprehensive viewpoint acknowledges that hearing is a highly

sophisticated process where both temporal coding (Volley Principle) and place coding (Place

Theory) operate simultaneously across the frequency spectrum, with their relative dominance

dynamically shifting based on the frequency of the incoming stimulus.

7. Further Reading

Psychology (Wikipedia)

Ernest Wever (Wikipedia)

Theories of Hearing (Wikipedia)

Basilar membrane (Wikipedia)

Cochlear implant (Wikipedia)
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