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Primary Disciplinary Field(s): Neuroscience, Sensorimotor Control, Cognitive Science

1. Core Definition

The Corollary Discharge (CD) is a fundamental neurophysiological mechanism essential for

maintaining perceptual stability during self-generated movement. Functionally, it represents an

internal prediction or "replica" of a forthcoming motor command. Unlike the primary efferent signal

that travels down motor pathways to execute movement, the corollary discharge is routed

concurrently to various sensory processing centers within the brain. This internal signaling

mechanism serves the crucial purpose of informing the sensory systems that a movement is about

to occur, thereby allowing the brain to distinguish between changes in sensory input caused by the

organism's own actions and those caused by external stimuli. This distinction is vital for accurate

and stable perception of the external world.

The core necessity of the corollary discharge arises from the inherent challenge faced by the

central nervous system (CNS) when interpreting the continuous flow of sensory information. When

an animal or human moves--for instance, rotating the eyes, turning the head, or moving a limb--the

resulting sensory input received (visual, auditory, tactile, proprioceptive) changes drastically.

Without an internal mechanism to predict these self-generated changes, the brain would perceive

the world as unstable or jiggling every time a movement occurred. The CD acts as an anticipatory

signal, instructing sensory pathways to prepare for the predicted sensory alterations resulting from

the impending movement, effectively allowing the brain to "cancel out" or attenuate the expected

self-generated sensory input, a process critical for perceptual constancy.

This signal pathway ensures that sensory processing areas possess a precise internal model of

the intended action before the action is executed and before the resulting afferent sensory

feedback, known as reafference, arrives. By comparing this internal prediction (the corollary

discharge) with the actual sensory feedback arriving from the moving body part, the brain can

rapidly and accurately calculate whether the actual movement matched the intended movement,

and crucially, whether any unexpected external events also contributed to the overall sensory

experience. This predictive filtering is what allows, for example, the visual world to remain stable

during rapid movements like saccadic eye movements.

2. Primary Functions and Significance

The significance of corollary discharge spans multiple aspects of cognitive and motor function,

extending far beyond simple perceptual stability. One of its primary and most demonstrable roles is

sensory attenuation, where the predicted sensory consequences of a self-generated action are
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suppressed or reduced in magnitude relative to an identical external stimulus. This attenuation is

critical for distinguishing self-touch from external touch, famously explaining why it is extremely

difficult, if not physiologically impossible, to tickle oneself; the sensory input resulting from the

self-touch is predictably attenuated by the corollary discharge mechanism. Conversely, the exact

same touch applied externally results in a powerful, unattenuated sensation.

Another critical function lies in localizing the source of sensory changes, fundamentally

differentiating self from non-self. This differentiation is paramount for accurate interaction with the

environment and maintaining a coherent sense of agency. If the actual sensory feedback received

(reafference) perfectly matches the internal prediction delivered by the corollary discharge, the

sensory change is attributed internally (e.g., "I moved my limb"). If, however, the reafference

contains unexpected elements or significant deviations, the discrepancy is interpreted as

originating externally (e.g., "An object impacted my limb"). This comparison process forms the

operational basis of the internal forward model utilized extensively by the cerebellum and other

motor control structures.

Furthermore, corollary discharge plays an integral role in motor learning and adaptation. When a

motor skill is being acquired or adjusted, the brain continuously monitors the error signal--defined

precisely as the difference between the expected sensory outcome (predicted by the CD) and the

actual sensory outcome (the reafference). This error signal is then used to refine future motor

commands, allowing the internal motor model to become increasingly accurate. This mechanism,

known as predictive coding, is fundamental to sophisticated voluntary movement control and the

calibration of sensory expectations, making the corollary discharge a central component of the

brain's ability to predict the future state of the body and the environment.

3. Historical Development and Discovery

The conceptual foundation of corollary discharge was developed independently in the mid-20th

century by two major researchers, working in parallel on different biological systems. German

ethologist Erich von Holst, while working on insect motor control in 1950, proposed the concept of

"Reafferenzprinzip" (Reafference Principle). Von Holst posited that whenever the CNS sends an

efferent motor command to the muscles, a simultaneous internal copy of this command, which he

termed the "efference copy," is transmitted to central nervous structures responsible for sensory

processing. This copy allows the organism to anticipate the sensory consequences of its actions.

Concurrently, American neurobiologist Roger Sperry introduced the term "corollary discharge" in

1950, focusing on the stability of the visual world, particularly in fish and amphibians with surgically

altered visual systems. Sperry's foundational experiments demonstrated that if the eyes of a fish

were surgically inverted, the fish would fundamentally misjudge movement because the expected

visual changes (encoded by the CD) no longer matched the actual sensory feedback (reafference).
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Sperry concluded that the brain must generate an internal prediction of the sensory changes that

accompany self-movement in order to maintain a stable, accurate perception of space.

Although the terminology initially differed, both von Holst's efference copy and Sperry's corollary

discharge described the same underlying necessity for internal prediction and sensory

compensation during active movement. The initial focus on visual stability rapidly expanded

throughout the latter half of the 20th century to encompass all sensory modalities affected by self-

movement, including auditory processing (e.g., filtering out self-generated sounds during speech)

and vestibular processing necessary for balance and orientation. Modern electrophysiological

research, including sophisticated recordings in primates, has provided definitive evidence

confirming the existence and pathways of these predictive signals, cementing the CD's importance

in sensorimotor neuroscience.

4. Neural Pathways and Mechanisms

The generation and routing of the corollary discharge involve a highly distributed and complex

network of cerebral and subcortical structures. The process begins with the formation of the

intended movement plan, typically originating within the motor cortex (M1), premotor cortex, or

frontal eye fields. As the primary efferent motor command is prepared, a collateral projection--the

efference copy--is simultaneously diverted. This signal does not proceed down the main motor

tracts but is instead routed via specialized pathways, often involving subcortical nuclei like the

thalamus, basal ganglia, and the cerebellum. The cerebellum is particularly implicated as a core

component of the internal forward model, receiving the efference copy and using it to predict

sensory outcomes.

The routing of the CD is specific to the sensory modality requiring compensation. For movements

of the eye, the CD is often channeled from the superior colliculus and frontal eye fields to the visual

processing system, including the lateral geniculate nucleus (LGN) and various visual cortical areas

(V1, V2). This specific projection mechanism facilitates saccadic suppression, which is the

necessary temporary reduction in visual sensitivity during the rapid eye movement, preventing the

perception of a blurry visual field streak. If this CD pathway were compromised, every saccade

would result in visual instability.

In non-visual systems, analogous pathways exist. For auditory control during vocalization, a

corollary discharge is transmitted to the auditory cortex to dampen the expected sound of one's

own voice, preventing self-vocalization from masking the perception of external sounds.

Neurophysiological studies have identified neurons in sensory areas that exhibit specific,

anticipatory responses to the incoming CD, responding maximally before the movement and

demonstrating attenuation when the actual sensory feedback arrives. This precise timing and

modulation, often mediated by inhibitory circuits, ensure that the sensory system effectively
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"mutes" the predictable input caused by self-action.

5. Distinguishing Corollary Discharge and Efference Copy

While the terms corollary discharge (CD) and efference copy (EC) are frequently used

interchangeably across various scientific disciplines--a legacy stemming from their intertwined

historical discovery--a clear functional distinction is necessary for accurate neuroscientific

description. The efference copy is defined as the direct, internal duplicate of the motor command

itself, containing the raw parameters of the intended action (e.g., muscle activation patterns,

intended trajectory, force magnitude). It originates directly from the motor preparation centers and

is utilized primarily within the motor control system to run simulations.

The corollary discharge, in contrast, is the functional signal derived from the efference copy that

is specifically channeled and often transformed for delivery to the sensory systems for the purpose

of perceptual compensation and adjustment. The CD is not the raw motor signal; rather, it is a

prediction of the sensory consequences of that motor signal, formatted to be understandable and

utilized by the receiving sensory structure. For example, the efference copy dictates muscle

contraction; the corollary discharge predicts the resulting visual or tactile displacement.

Therefore, the relationship is one of processing and delivery: the efference copy is the input to the

internal forward model, and the corollary discharge is the output of that model which informs the

sensory cortex. It is the CD that directly facilitates perceptual stability and sensory attenuation.

While the EC is often used by structures like the cerebellum to calculate movement errors, the CD

is the signal that bridges the gap between motor intent and sensory perception, enabling the

central nervous system to accurately filter out self-generated sensory noise.

6. Clinical Relevance and Pathologies

Dysfunction or corruption of the corollary discharge mechanism is implicated in several severe

neurological and psychiatric disorders, highlighting its essential role in maintaining a stable sense

of self-agency and environmental reality. One of the most studied connections is its relevance to

schizophrenia, particularly in explaining the core positive symptoms of auditory verbal

hallucinations and delusions of control.

In healthy individuals, the CD ensures that self-generated sensory feedback (e.g., the pressure

sensation from moving one's hand or the sound of one's voice) is attenuated and attributed

internally. A hypothesized breakdown in the CD system in schizophrenia patients leads to a failure

in this self-attribution process. Consequently, internally generated speech or thought processes

may lack the necessary sensory attenuation and be misattributed to an external source, resulting in

the experience of "hearing voices" or believing that one's actions or thoughts are being controlled

by an external force. This loss of self-monitoring capability is a hallmark of CD failure.
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Furthermore, CD deficits are relevant in diagnosing and treating conditions involving compromised

motor control and sensation, such as certain forms of cerebellar ataxia or post-stroke motor

impairments. When the predictive signal is inaccurate or delayed, the internal forward model

generates constant, large error signals. This forces the motor system into a perpetual state of

correction and miscalibration, preventing smooth adaptation and efficient movement execution.

Research focusing on restoring or providing artificial feedback loops that mimic the function of a

clean corollary discharge is a promising direction for therapeutic intervention in these areas.

7. Comparative Biology: Evolutionary Conservation

The presence of a mechanism functionally analogous to corollary discharge across widely

disparate species underscores its status as an evolutionarily ancient and conserved biological

imperative for active organisms. The need for sensory compensation during self-movement is

evident even in invertebrates. Early work by von Holst primarily focused on insects and

crustaceans, which must stabilize visual input and spatial orientation while performing complex

tasks like flying or swimming; they rely on internal predictions to differentiate between body

movement and movement in the environment.

A powerful comparative model is found in weakly electric fish, such as those of the genus

Eigenmannia. These fish generate a weak electric field around themselves for electrolocation,

detecting objects by sensing distortions in this field. When the fish executes a motor command,

such as a tail twitch, the resulting self-generated shift in the electric field could overwhelm the

sensory system. The electric fish possess specialized neural structures--a central counterpart--that

generates a CD-like signal simultaneous with the motor command, which actively cancels the

sensory perception of the self-generated electric noise. This allows them to maintain focus on the

detection of external objects, demonstrating the CD principle in a highly specialized non-visual

sensory system.

Across vertebrates, from amphibians utilizing optic righting reflexes to mammals executing

reaching tasks, the underlying functional principle is constant: the brain must internally predict and

compensate for the sensory consequences of its own motor actions. While the specific

neuroanatomical implementation varies--relying on different combinations of midbrain (superior

colliculus), cerebellar, and cortical structures--the universality of the mechanism confirms that

sophisticated sensorimotor integration requires dedicated pathways for distinguishing self-

generated sensory changes from external sensory input.

Further Reading

Corollary Discharge - Wikipedia, Comprehensive Overview

Motor control: From efference copy to corollary discharge in motor-sensory integration.
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The role of corollary discharge in perceptual stability.

Efference Copy and Corollary Discharge: Implications for Learning and Cognition.

Corollary Discharge and the Perception of Action.
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