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ERROR OF ANTICIPATION

Error of Anticipation in Psychology and Motor Control

The Core Definition of Error of Anticipation

The Error of Anticipation (EOA) is fundamentally defined as a systematic deviation in the timing
of a motor response that occurs because the performer executes the action based on an
expectation of when an external stimulus or event will occur, rather than waiting for the actual
sensory input. In simple terms, EOA results when the brain's prediction mechanism overrides or
significantly influences the sensory feedback loop, causing a person to initiate an action too early
(a negative error) or sometimes too late (a positive error) relative to the target event. This
phenomenon is central to the study of motor control and timing, highlighting the complex interplay
between cognitive prediction and physical execution, particularly in tasks requiring precise
temporal synchronization, such as striking a baseball or playing a musical rhythm. The magnitude
and direction of EOA are highly variable, dependent both on the predictability of the environment
and the internal state of the individual, making it a critical area of focus for understanding skilled
performance and human-machine interaction.

The underlying mechanism of EOA centers on the concept of internal models, which are neural
representations the brain uses to predict the sensory consequences of motor commands and the
dynamics of the external world. When performing a highly practiced or predictable task, the
cognitive system develops a strong expectation regarding the temporal structure of the events. If
this expectation is slightly misaligned with reality--either due to inherent biological variability in
timing perception or external factors like slight changes in the environment--the resulting motor
output will be timed according to the anticipated moment, leading to the error. This is not merely a
delayed or rushed reaction, but rather an active adjustment based on a calculated, albeit incorrect,
prediction. Therefore, understanding EOA requires examining how the central nervous system
manages temporal precision and how factors such as past experience, certainty, and sensory cues
are integrated to generate a predictive motor plan before the actual trigger signal is received.

Theoretical and Mechanistic Principles

Current research suggests that EOA is a complex, multifactorial phenomenon influenced by both
cognitive factors and motor factors. Cognitive elements, such as expectations, focused
attention, and working memory, play a paramount role in determining the magnitude and direction
of the error. If a performer is highly confident about when a stimulus will arrive, they are more likely
to commit an anticipatory error, as their cognitive system prioritizes the internal prediction over
waiting for external confirmation, aiming for a faster overall reaction time. This reliance on internal
temporal templates explains why highly skilled individuals, who have deeply ingrained
expectations, can sometimes suffer from large EOA when unexpected timing shifts occur.
Furthermore, the allocation of attention--whether focused broadly on the environment or narrowly
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on the expected cue--can modulate how quickly and accurately the internal model is updated, thus
affecting the resulting anticipatory error.

Conversely, motor factors contribute to EOA through biomechanical constraints and the temporal
features of the required response. For instance, the duration, complexity, and physical
requirements of the motor output itself influence the amount of lead time required, thereby affecting
when the movement initiation must occur relative to the anticipated stimulus. A movement requiring
significant preparatory muscle activation must begin earlier, inherently increasing the risk of an
anticipatory error if the timing calculation is even slightly off. Recent studies have also emphasized
that EOA is not a static error but can be dynamically modulated by the physiological and
psychological state of the individual. Factors such as physical fatigue, elevated anxiety, and
generalized arousal can disrupt the delicate balance between predictive timing and responsive
timing, typically leading to increased variability or a tendency toward premature initiation, as the
internal timing mechanisms become compromised under stress or energetic depletion.

Historical Development and Key Research

The study of anticipatory errors has roots in early experimental psychology, particularly in the
investigation of simple and choice reaction time experiments dating back to the late 19th and early
20th centuries. Researchers observed that participants often reacted before the stimulus in highly
predictable tasks, which was initially treated as noise or an experimental artifact rather than a
meaningful psychological phenomenon. However, the formal development and dedicated study of
EOA as a core element of skilled performance accelerated significantly in the late 20th century,
coinciding with the rise of cognitive psychology and the development of sophisticated models of
motor learning. Psychologists began to recognize that anticipation was not just a side effect of fast
responding but an adaptive, crucial component of skilled action, necessary for achieving
synchronization in dynamic environments.

Key research in the field often involves kinetic and kinematic analysis of athletes and musicians,
where precise timing is paramount. Works by researchers like Dickerhoof and Wulf (2017)
synthesized much of the contemporary understanding, framing EOA within the context of
optimizing movement efficiency. These reviews established EOA not as a failure of inhibition, but
often as a necessary consequence of the central nervous system attempting to minimize delays
and execute movements at the fastest possible speed. By studying how athletes adjust their start
times based on auditory cues, or how musicians maintain rhythm, researchers have developed
robust models that quantify the relationship between stimulus predictability, performer confidence,
and the resulting anticipatory error, solidifying EOA's importance in the field of human performance
science.
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Practical Application: EOA in High-Performance Contexts

To understand EOA in a real-world context, consider the scenario of a competitive swimmer
waiting for the start signal. The swimmer knows the starter will say "Take your marks," followed by
a pause, and then the auditory tone. A perfect start requires the swimmer to initiate their push-off
precisely when the tone sounds, minimizing their reaction time while avoiding a false start. The
swimmer's brain calculates the expected duration of the pause based on training and past
experience, generating an internal temporal template. The error occurs if the swimmer relies too
heavily on this internal model and initiates movement prematurely before the tone is actually heard,
resulting in a disqualifying false start--a clear and costly negative EOA. Alternatively, if the
swimmer is highly anxious or distracted, they might delay their initiation, waiting too long and
incurring a positive EOA, which costs them precious fractions of a second.

The step-by-step application of the EOA principle in this scenario demonstrates the tight
constraints on skilled performance:

The swimmer establishes a temporal expectation based on training and prior knowledge of the
starter's cadence.

The brain generates a predictive motor command, calculating when the movement must begin to
coincide perfectly with the anticipated stimulus (the start tone).

If the actual stimulus arrival time deviates slightly from the expectation (e.g., the starter pauses
longer or shorter than usual), the predictive command, already initiated, results in a temporal
mismatch.

A negative EOA (false start) occurs if the movement is initiated based on the predicted moment,
which happens to be earlier than the actual tone.

Training regimes often focus on improving the fidelity of the internal timing model and enhancing
the performer's ability to maintain focus and inhibit premature initiation, thereby reducing the
likelihood and magnitude of EOA under competitive pressure.

Significance and Therapeutic Implications

The study of Error of Anticipation holds profound significance for the field of psychology,
particularly in understanding the fundamental mechanisms of human timing and decision-making
under temporal constraint. By dissecting EOA, researchers gain crucial insight into the efficiency
and limitations of the brain's predictive coding systems. It highlights the fact that human behavior,
especially skilled behavior, is rarely purely reactive; rather, it is continuously predictive, relying on
internal models to bridge the gap between sensory input and motor output. This understanding is
vital for developing better training protocols in fields where milliseconds matter, such as
professional sports, aviation, and surgical procedures, ensuring that training focuses not just on
speed, but on temporal accuracy and robust predictive modeling.
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Beyond performance enhancement, EOA research has critical therapeutic applications.
Impairments in timing and anticipation are hallmark symptoms of various neurological conditions,
including Parkinson's disease and attention-deficit/hyperactivity disorder (ADHD). Understanding
how EOA manifests in these populations--for example, a greater variability in response timing or
increased difficulty in temporal synchronization--allows clinicians to develop targeted
neurorehabilitation strategies. For instance, therapies focused on improving the stability of internal
clocks or enhancing attentional control over timing mechanisms can directly address the deficits
underlying pathological EOA. Furthermore, in fields like industrial design and human factors
engineering, minimizing EOA is crucial for creating safer interfaces, ensuring that operators can
reliably predict and respond to system cues without committing costly timing errors.

Related Concepts and Subfields of Study

Error of Anticipation is primarily situated within the subfield of Experimental Psychology,
specifically overlapping significantly with Cognitive Psychology, Motor Behavior, and
Perceptual-Motor Control. It is intrinsically linked to the broader concept of feedforward control,
which describes how the nervous system prepares and initiates actions based on predictions
rather than relying solely on immediate sensory feedback (feedback control). EOA essentially
represents the measurable error of the feedforward system when its prediction fails to perfectly
align with reality.

Several related concepts illuminate the nature of EOA. One key relationship is with Expectancy
Theory, where the expectation of an event's timing or outcome directly influences the speed and
accuracy of the response. The phenomenon is also closely tied to temporal processing, which is
the general cognitive ability to perceive, estimate, and reproduce time intervals; EOA provides a
behavioral measure of the limitations of this internal timing capability. Finally, EOA is often studied
alongside sensorimotor synchronization, which is the ability to align movements with external
rhythmic events, such as tapping along to a beat. Errors in synchronization are frequently rooted in
anticipatory mechanisms, where the performer consistently leads or lags the external pace due to
a slight, systematic temporal miscalculation, confirming EOA's central role in understanding human
rhythmic performance and coordinated action.
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