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ANTICIPATORY MOVEMENT

Primary Disciplinary Field(s): Cognitive Psychology, Motor Control, Neuroscience, Kinesiology

1. Core Definition

Anticipatory movement, often characterized as an instinctive or pre-emptive motor response, refers

to any movement executed not in reaction to immediate sensory input, but rather based on the

brain's prediction of upcoming changes either in the environment or within the planned sequence

of motor actions. This class of movement is fundamentally feedforward in nature, meaning it relies

on internal models and prior learned experience to generate an efferent signal that initiates the

movement before or concurrently with the anticipated stimulus or internal requirement. Unlike

reflexive movements, which are fast, involuntary responses to sudden stimuli, anticipatory

movements are sophisticated, goal-directed, and calculated to maximize efficiency and

smoothness of action.

The definition encompasses two primary operational contexts. First, it includes movements based

on the prediction of external environmental shifts, such as initiating a tracking movement (like

predictive smooth eye or hand movements) to maintain contact with a moving target or stimulus. In

this context, the brain calculates the future trajectory of the external object based on its current

velocity and past behavior, initiating movement to meet the object at a future point in time and

space. Second, anticipatory movement describes the preparation for a subsequent action within a

planned motor sequence, ensuring fluid transitions between individual movement components. A

classic example of this is the rounding of the lips (lip pre-shaping) milliseconds before the

utterance of a phoneme requiring such articulation in speech production, thereby streamlining the

overall communicative act.

The critical feature distinguishing anticipatory movement from mere reaction is the element of

temporal prediction. The nervous system employs complex algorithms to estimate when and where

a future event will occur, allowing the motor system to bypass the inherent delays associated with

processing sensory feedback. Without this predictive capability, most complex, high-speed actions-

-such as catching a baseball or navigating rough terrain--would be inaccurate, inefficient, or

entirely unsuccessful due to the temporal lag between sensory perception, central processing, and

motor output.

2. Theoretical Framework: Feedforward Control

Anticipatory movement is inextricably linked to the concept of feedforward control within motor

system theory. Motor control systems are typically viewed along a spectrum ranging from pure

feedback (reactive) mechanisms to pure feedforward (predictive) mechanisms. Feedback control

mechanisms rely on sensory information generated during or after a movement to detect and
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correct errors. While robust for slow movements or maintaining stability, feedback is too slow for

ballistic or rapid sequential actions. Anticipatory movements utilize the feedforward principle, where

the motor command is issued based purely on a predicted state, bypassing the need for immediate

peripheral feedback.

The core mechanism underlying this predictive control is the use of internal models, which are

neural representations of the body's mechanics (inverse models) and the environment's dynamics

(forward models). The inverse model calculates the necessary motor commands (torque, muscle

activation patterns) required to achieve a desired state. Crucially, the forward model takes a copy

of the outgoing motor command (the efference copy) and predicts the resulting sensory

consequences of that command--what the limb position or visual input should be a few

milliseconds later. This predicted state is then compared internally with the desired state. If the

predicted state aligns with the desired state, the movement is anticipatory, swift, and accurate.

This sophisticated reliance on internal models allows for proactive adjustments to be integrated

into the movement plan before execution even begins. For instance, when planning to lift an object,

the initial grip force applied is anticipatory, predicted based on the object's estimated weight and

surface texture, rather than waiting for initial slippage (which would be a feedback correction). This

predictive gripping minimizes energy expenditure and prevents the object from being dropped,

illustrating the profound efficiency gains provided by anticipatory motor planning.

3. Etymology and Historical Development

The study of anticipatory movement emerged distinctly within the broader fields of experimental

psychology and early cybernetics in the mid-20th century, particularly as researchers began to shift

focus from simple stimulus-response pairings to complex human-machine interactions and skilled

performance. Early studies on reaction time and pursuit tracking provided fundamental insights,

demonstrating that skilled operators did not merely react to visual targets but often moved ahead of

them, suggesting an internal mechanism for prediction. The development of control theory allowed

psychologists and physiologists to model the nervous system as a complex regulator, emphasizing

the importance of predictive loops.

Key theoretical advancements solidified the concept. In the 1960s and 70s, research into smooth

pursuit eye movements provided some of the clearest evidence of neural anticipation, showing that

the eyes must predict a target's path to keep the image stable on the fovea. Later, theoretical

models, notably Richard Schmidt's Schema Theory (1975), formalized how generalized motor

programs are established based on prior experience, allowing the system to select and execute

efficient motor commands rapidly--a necessary substrate for anticipation. Concurrently, the study

of co-articulation in speech production highlighted anticipation in internal motor sequencing, where

the motor plan for future phonemes significantly influences the articulation of current phonemes.
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By the late 20th century, technological advancements, particularly precise kinematic recording and

neuroimaging, allowed researchers to localize and measure the subtle timing differences that

define anticipation. The modern understanding integrates these behavioral observations with

neurophysiological evidence, positing that the cerebellum and related subcortical structures are

central computational hubs responsible for learning and executing the temporal prediction

necessary for all forms of anticipatory movement, thereby cementing its role as a fundamental

component of skilled human action.

4. Key Types and Characteristics

Anticipatory movements can be categorized based on their primary function and the source of the

prediction, though both types share the critical characteristics of reliance on learned models and

temporal precision.

A. Prediction of Environmental Dynamics (External Anticipation)

This type involves predicting changes in the external world to coordinate action with events outside

the body. A prominent characteristic is the integration of visual and vestibular information to

calculate trajectories. For example, when an individual tracks a ball, the smooth pursuit system

utilizes the perceived velocity and acceleration to predict the ball's location at a future moment,

initiating corrective eye movements ahead of time to keep the target centered. If the movement

were purely reactive, the image would constantly lag and appear blurred. This external anticipation

is essential in activities requiring precision timing, such as driving, interceptive sports (e.g.,

catching or hitting), and avoiding obstacles.

B. Preparation for Sequential Actions (Internal Anticipation)

This category involves movements generated solely to prepare the body for the most efficient

execution of the next step in a planned sequence. The preparation involves adjusting the current

movement parameters based on the demands of the upcoming action. A critical example is pre-

shaping the hand during a reaching-to-grasp movement; long before the fingers contact the

object, the grip aperture and orientation are already being adjusted according to the object's

predicted size and position. Similarly, in speech, the positioning of the articulators for a vowel

sound is initiated while the preceding consonant is still being executed, ensuring a seamless flow

of sound. The primary characteristic here is maximizing temporal and spatial efficiency within the

motor program itself, minimizing kinematic variability and motor 'jerk.'

5. Neurological Basis of Prediction

The execution of precise anticipatory movement requires a complex network of cerebral and

subcortical structures working in concert, particularly those regions associated with motor planning,

ARABPSYCHOLOGY.C
OM

https://scales.arabpsychology.com/?p=43093
https://scales.arabpsychology.com
https://scales.arabpsychology.com


ANTICIPATORY MOVEMENT 5

PSYCHOLOGICAL SCALES scales.arabpsychology.com

learning, and timing. The mechanism for prediction is not localized to a single area but involves a

dynamic interplay between cognitive planning centers and motor execution centers.

The cerebellum is often considered the principal locus for temporal prediction and the

implementation of forward models. It receives copies of motor commands (efference copies) and

compares the predicted sensory outcome with the actual sensory outcome, acting as an error-

correction mechanism. Through repeated practice, the cerebellum fine-tunes the internal models,

ensuring that anticipatory signals are precise and accurately timed. Damage to the cerebellum

often results in pronounced deficits in anticipation, leading to dysmetria (inaccurate timing and

scaling of movement) and a reliance on slower, corrective feedback loops.

The basal ganglia play a critical role in the selection, initiation, and scaling of movement

components. When an anticipatory movement is required (e.g., initiating the pre-shaping phase of

a grasp), the basal ganglia gate the correct motor program at the appropriate time. Furthermore,

the prefrontal cortex and the posterior parietal cortex are crucial for integrating high-level

cognitive information, such as attention, memory of past events, and abstract goal states, which

inform the predictive calculations made by the cerebellum and basal ganglia. The predictive signals

often originate from these cortical areas before being refined and executed subcortically,

highlighting the cognitive foundation of anticipation.

6. Applications in Skilled Performance and Pathology

The capacity for anticipatory movement is the hallmark of expertise across numerous domains. In

sports and athletics, elite performance is defined by the ability to anticipate opponents' actions or

the trajectory of fast-moving objects, allowing experts to initiate counter-movements significantly

earlier than novices who rely on reaction. For instance, a tennis player anticipating the spin and

direction of an opponent's serve can begin shifting weight before the ball even leaves the racquet.

In human-computer interaction and robotics, the principles of anticipatory movement are

applied to design more intuitive and efficient systems. Collaborative robots, for example, are

programmed with predictive models to anticipate human actions (e.g., reaching for a tool) and

adjust their own movements to avoid collision or optimize collaboration. Understanding how

humans anticipate is essential for developing assistive technologies and designing user interfaces

that respond intuitively to predictive input.

Conversely, deficits in anticipatory movement are characteristic features of various neurological

disorders. Patients suffering from Parkinson's disease, which primarily affects the basal ganglia,

often demonstrate impaired movement initiation and sequencing, relying heavily on reactive

feedback rather than proactive planning. Similarly, conditions resulting in cerebellar damage, such

as ataxia, severely compromise the ability to correctly time and scale predictive movements,

leading to coordination difficulties and kinematic instability, underscoring the necessity of a healthy
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motor planning system for accurate anticipation.

7. Debates and Criticisms

While the concept of anticipatory movement is widely accepted, several debates persist regarding

its measurement and underlying mechanisms. One key challenge lies in the difficulty of

experimentally separating true prediction (feedforward control) from very fast, low-latency feedback

mechanisms. Sophisticated experimental designs are required to ensure that a movement initiated

just milliseconds before a predicted event is truly based on an internal model rather than an

extremely rapid, subcortical reflex loop responding to minimal sensory change.

Another area of discussion revolves around the flexibility and adaptability of internal models.

While anticipation relies heavily on learned patterns, the human nervous system must also be

capable of generating anticipatory movements in novel or unexpected environments. Researchers

debate how quickly and efficiently the brain can recalibrate or switch between different internal

models when facing rapidly changing environmental dynamics, such as driving on ice or

encountering a novel tool with unusual weight distribution.

Finally, the cognitive depth of anticipation remains a theoretical challenge. While some anticipatory

actions, like the initial adjustment of grip force, appear entirely automatic and unconscious, others,

especially those involved in complex strategy (e.g., anticipating a chess opponent's move), involve

conscious, high-level planning. Determining the precise line where automatic motor prediction ends

and deliberate, conscious cognitive anticipation begins is a continuing focus of research in both

psychology and neuroscience.
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