
Encyclopedia of psychology encyclopedia.arabpsychology.com

MOTOR PROCESS THEORY OF
IMAGERY

Authored by

Mohammed looti

October 12, 2025

RECOMMENDED CITATION

Mohammed looti (2025). MOTOR PROCESS THEORY OF IMAGERY. Encyclopedia of

psychology. Retrieved from https://encyclopedia.arabpsychology.com/?p=13504

ARABPSYCHOLOGY.C
OM

https://encyclopedia.arabpsychology.com/?p=13504
https://encyclopedia.arabpsychology.com/?p=13504
https://encyclopedia.arabpsychology.com/?p=13504
https://encyclopedia.arabpsychology.com
https://encyclopedia.arabpsychology.com


MOTOR PROCESS THEORY OF IMAGERY 2

Encyclopedia of psychology encyclopedia.arabpsychology.com

Motor Process Theory of Imagery

Introduction and Core Definition of MPI

The Motor Process Theory of Imagery (MPI), often referred to simply as the Motor Imagery Theory,

provides a compelling neurocognitive framework for understanding how humans mentally simulate

actions without physically executing them. This theory posits that the mental rehearsal of a

movement utilizes the same neural pathways and motor representations that are engaged during

the actual, overt performance of that movement. In essence, imagining a physical task is

fundamentally a covert, internal simulation of the motor program. This concept revolutionized the

study of mental practice, shifting the focus from purely abstract cognitive visualization to the

specific, embodied processes rooted in the motor system itself.

The core principle underlying MPI is that of functional equivalence. This means that the brain state

achieved during motor imagery is functionally comparable to the brain state during physical

movement, differing primarily in the final stage where peripheral execution commands are either

attenuated or inhibited. If the internal representation of the action is robust and detailed, the

neurological activity mirrors the spatial and temporal characteristics of the real movement. This

detailed correspondence explains why mental practice can lead to measurable improvements in

motor skill acquisition and refinement, suggesting that the brain practices the motor plan, not just

the abstract goal of the action.

Expanding on this idea, MPI suggests that when a person engages in motor imagery, they are

accessing stored motor programs--sequences of commands that dictate the timing and

organization of muscular activity. This access involves the activation of premotor and

supplementary motor areas, crucial regions for planning and sequencing movements, alongside

the primary motor cortex itself. The vividness and accuracy of the imagery depend heavily on the

individual's previous motor experience related to the task being imagined. Therefore, the theory is

deeply rooted in the concept of embodied cognition, where mental processes are inextricably

linked to the physical body and its potential for action.

Historical Foundation and Development

The origins of the Motor Process Theory of Imagery are rooted in psychological research

conducted primarily during the mid-to-late 20th century, particularly within the fields of sports

psychology and motor learning. Early studies noted the surprising efficacy of mental practice--

where athletes or musicians improved performance simply by imagining the task--which

necessitated a theoretical explanation beyond simple motivation or placebo effect. While earlier

cognitive theories might have focused on symbolic representation, MPI emerged to address the

physiological reality of this improvement.
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Key figures integral to the formal development of MPI include French researchers like Marc

Jeannerod and Alain Decety. Jeannerod's work, starting in the 1990s, utilized sophisticated

physiological and neuroimaging techniques to demonstrate the overlap between imagined and

executed actions. He proposed the concept of "covert action," arguing that mental simulation is

merely an action stopped short of overt movement. This paradigm shift moved the discussion from

the abstract domain of "visualizing success" to the concrete reality of "practicing the motor plan."

Their research provided objective evidence, showing that parameters such as the duration of

imagined movements closely matched the duration of actual movements, a phenomenon known as

the temporal constraint of motor imagery.

The framework gained significant traction with the advent of advanced neuroimaging technologies,

such as fMRI (functional Magnetic Resonance Imaging) and EEG (Electroencephalography).

These tools provided irrefutable evidence that the brain regions responsible for generating

movement--including the primary motor cortex (M1), the supplementary motor area (SMA), and the

premotor cortex (PMC)--were systematically activated during motor imagery, mirroring activation

patterns seen during physical performance. This empirical support firmly established the idea that

mental simulation is a motor process, not just a passive visual or abstract cognitive exercise,

solidifying the MPI as a dominant theory in motor control research.

The Fundamental Mechanism: Simulation and Execution

The mechanism proposed by MPI is elegantly efficient, relying on the brain's established motor

control hierarchy. When an individual decides to engage in motor imagery, the motor command

system is activated. This process begins in the higher-level planning areas, such as the prefrontal

cortex and the parietal cortex, which formulate the overall goal and spatial parameters of the

movement. These areas then transmit instructions down to the supplementary motor area and the

premotor cortex, which are responsible for sequencing and coordinating the detailed steps of the

movement program.

Crucially, according to MPI, the generated motor program then proceeds to the primary motor

cortex (M1). During actual movement, M1 sends efferent commands down the spinal cord to the

peripheral muscles. However, during imagery, the theory posits that these efferent commands are

attenuated or actively inhibited at a subcortical or spinal level. This inhibition ensures that the brain

experiences the entire motor plan, including the expected proprioception and kinesthetic feedback

that would normally accompany the action, without the actual physical output. This internal loop

allows for error correction and refinement of the motor program without the physical energy

expenditure or risk of injury associated with overt practice.

The fidelity of the internal simulation is paramount. The better the imagery matches the real

movement, the more effectively the motor system learns. This fidelity includes both spatial and
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temporal components. For example, imagining a rapid movement should result in a rapid burst of

neural activity corresponding to that speed, and imagining a movement requiring precise balance

should activate areas related to postural control. Furthermore, the role of internal feedback is

critical; the brain anticipates the sensory consequences (the feeling of movement, known as

proprioception) of the imagined action, which is a key differentiator between MPI and purely visual

imagery theories. This anticipated feedback loop strengthens the neural representation of the skill.

Neuroscientific Evidence Supporting MPI

Modern neuroscience provides overwhelming empirical validation for the Motor Process Theory of

Imagery, primarily through non-invasive techniques that map brain activity. Functional Magnetic

Resonance Imaging (fMRI) studies consistently show significant overlap in activation patterns

between imagined movements and executed movements. Key areas routinely activated during

both processes include the aforementioned supplementary motor area (SMA), the premotor cortex

(PMC), the cerebellum (involved in coordination and timing), and the basal ganglia (involved in

action selection and initiation). While the primary motor cortex (M1) shows less robust activation

during imagery compared to execution, its involvement is generally acknowledged, particularly

when the imagery is highly vivid and kinesthetic.

Electroencephalography (EEG) research further supports MPI by observing event-related

desynchronization (ERD) in the sensorimotor rhythms (mu and beta rhythms) over the motor

cortex. ERD reflects cortical activation and has been observed reliably during both executed

movements and motor imagery. The magnitude and location of this desynchronization during

imagination correlate strongly with the specific muscles and limbs involved in the imagined task,

reinforcing the spatial specificity of the motor plan simulation. This provides strong temporal

evidence that the motor system is engaged moment-by-moment during mental rehearsal.

Further evidence comes from transcranial magnetic stimulation (TMS) studies. Researchers using

TMS have demonstrated that the excitability of the corticospinal pathway--the neural route from the

motor cortex to the muscles--increases during motor imagery, albeit to a lesser degree than during

actual movement. This increased motor excitability suggests that the motor system is primed and

ready for action, confirming that the central processes are running, even if the peripheral output is

blocked. The cumulative weight of these neuroscientific findings strongly supports the MPI's

assertion that motor imagery is a simulation of movement using the core motor circuits.

Practical Application: A Real-World Example

To illustrate the power and mechanism of MPI, consider the scenario of a concert pianist practicing

a particularly complex sequence of notes. Instead of physically sitting at the piano and risking

fatigue or developing bad habits through rushed practice, the pianist engages in mental rehearsal.
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This is not simply visualizing the sheet music; it is the deep, kinesthetic simulation of the finger

movements, the pressure on the keys, and the resulting sound, all while remaining stationary.

Goal Setting and Initiation: The pianist initiates the imagery sequence, recalling the specific

motor program for the difficult passage. The prefrontal and parietal cortices engage to define the

temporal structure and desired accuracy of the performance.

Motor Program Activation: The supplementary motor area and premotor cortex begin to

sequence the rapid finger movements. The internal representation of the action runs in real-time. If

the passage takes exactly 15 seconds to play physically, the mental simulation will also take

approximately 15 seconds, adhering to the temporal constraints predicted by MPI.

Kinesthetic Simulation: The pianist internally generates the expected proprioceptive feedback.

They feel the weight of the hand, the tension required in the forearm, and the subtle shifts in

balance needed to execute the passage flawlessly. The motor cortex is active, planning the precise

muscle contractions, but the signal is inhibited before reaching the hand muscles.

Error Correction and Refinement: If the pianist notices a hesitation or error during the mental

run-through, they can stop, mentally correct the sequence, and restart the simulation. This internal

practice allows for neural pathways to be strengthened and adjusted without the physical

limitations or consequences of overt execution.

This process exemplifies how mental practice, guided by the principles of MPI, allows for high-

quality, focused rehearsal. Because the same neural circuits are engaged, the mental rehearsal

effectively acts as "covert repetition," improving muscle memory and coordination pathways as

robustly as physical practice, making it an indispensable tool for elite performers in sports and the

arts.

Significance and Impact on Psychological Research

The Motor Process Theory of Imagery holds immense significance across various subfields of

psychology, fundamentally changing how researchers and clinicians view the relationship between

mind and body. Its primary impact lies in demonstrating that cognitive processes are not purely

abstract but are deeply integrated with the body's physical action systems. This alignment with the

broader paradigm of embodied cognition has provided a strong mechanistic explanation for

phenomena previously described only vaguely.

In clinical settings, MPI is the theoretical bedrock for therapeutic applications, particularly in

neurorehabilitation. For patients recovering from stroke or spinal cord injury, where physical

practice may be impossible or highly limited, motor imagery training offers a vital alternative. By

engaging in imagery, patients can activate dormant or damaged motor pathways, promoting
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neuroplasticity and functional recovery. This technique, often combined with biofeedback or virtual

reality, has become a standard intervention to help rebuild motor control and functional

independence.

Furthermore, MPI is crucial in understanding and optimizing human performance. In sports

psychology, the theory validates and refines the use of mental practice, providing structured

protocols based on the kinesthetic and temporal fidelity of the imagery. Coaches and athletes now

understand that effective mental rehearsal must activate the sensory-motor loops correctly, rather

than being a mere visual fantasy. The theory also informs educational strategies, suggesting that

learning complex physical procedures (like surgery or assembly tasks) can be significantly

enhanced through systematic mental simulation prior to hands-on training.

Connections to Related Theories and Subfields

The Motor Process Theory of Imagery is situated primarily within the intersection of Cognitive

Psychology, Motor Control, and Cognitive Neuroscience. While it focuses heavily on motor

function, it maintains strong theoretical connections to other key concepts in psychological science.

Simulation Theory: MPI is a specific application of broader simulation theories, which suggest

that understanding the actions or intentions of others involves internally simulating those actions

within our own motor systems. The discovery of mirror neurons further strengthens this connection,

as these neurons fire both when an individual performs an action and when they observe another

performing the same action, suggesting a shared neural substrate for action and perception.

Perceptual-Motor Integration: MPI highlights the inseparable link between perception and action.

The theory emphasizes that imagining an action requires anticipating the sensory consequences

(like the feeling of movement or the resulting visual scene). This integration demonstrates that the

motor system is constantly predicting the outcome of its commands, reinforcing the principle that

motor learning is inherently sensory-driven.

Internal Models of Control: The theory aligns closely with the concept of internal models (or

forward models) in motor control. These models are neural representations used by the brain to

predict the sensory outcomes of motor commands. MPI suggests that when we engage in motor

imagery, we are running these internal forward models offline, allowing us to predict movement

outcomes and refine the motor plan without external feedback.

Visual Imagery vs. Motor Imagery: While distinct, MPI relates to visual imagery theories. Pure

visual imagery focuses on the external, spatial appearance of the action (e.g., watching oneself

swing a golf club). MPI, however, stresses the internal, kinesthetic feeling (the muscle tension and

balance). Effective motor imagery often integrates both elements, but MPI provides the crucial link

showing that the motor system itself must be involved for performance benefits to accrue.
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Ultimately, MPI serves as a powerful unifying theory, bridging the classic psychological study of

mental representation with the contemporary neuroscientific understanding of action control. It

solidifies the idea that thinking about moving is, fundamentally, moving internally, thereby placing

action simulation at the heart of human cognition and learning.
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