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The study of human movement is an intricate tapestry woven from various scientific disciplines, primarily 

neuroscience, cognitive psychology, and biomechanics. Central to this exploration is the "multilevel approach,"

a framework that recognizes that motor control and learning cannot be understood through a single lens. Instead, a

comprehensive understanding requires an integration of the biological mechanisms of the brain, the information-

processing capabilities of the mind, and the observable behaviors of the body in action.

The Theoretical Framework: Defining the Multilevel Approach

A multilevel approach to motor control and learning posits that human movement is the result of a hierarchical yet 

interactive system. This approach, popularized by scholars like Debra J. Rose and Robert W. Christina, bridges

the gap between basic research and clinical or pedagogical application. By examining movement at different levels

of analysis, practitioners—including physical therapists, coaches, and kinesiologists—can develop more effective

interventions for skill acquisition and rehabilitation.

The Three Primary Levels of Analysis

To grasp the full scope of motor behavior, we must categorize the analysis into three distinct but overlapping levels:

•  The Neural Level: This focuses on the biological hardware. It involves the study of the Central Nervous 

System (CNS), the Peripheral Nervous System (PNS), motor units, and the neuroanatomical structures that 

facilitate movement.

•  The Cognitive Level: This level examines the "software" or the psychological processes. It involves how the 

brain identifies stimuli, selects a response, and programs a motor command. It deals with memory, attention, and 

perception.

•  The Behavioral Level: This is the observable outcome of the internal processes. It focuses on performance 

metrics such as accuracy, speed, consistency, and the kinetics/kinematics of movement.

Core Mechanics of Motor Control: The Biological Level

Motor control refers to the ability to regulate or direct the mechanisms essential to movement. At the neural level, 

this involves a complex interplay of feedback and feedforward loops. The primary motor cortex (M1), located in

the precentral gyrus, serves as the main executioner of voluntary movement, but it does not act in isolation.

The Role of Subcortical Structures

Two critical structures modulate the signals sent from the cortex: the Basal Ganglia and the Cerebellum. The

basal ganglia are responsible for the initiation and inhibition of movement, acting as a gatekeeper for motor

programs. In contrast, the cerebellum acts as a comparator, constantly monitoring the difference between the

intended movement and the actual movement performed, facilitating real-time corrections.

The Degrees of Freedom Problem

One of the most significant challenges in motor control, first articulated by Nikolai Bernstein, is the "degrees of 

freedom" problem. The human body has hundreds of muscles and joints, each capable of moving in multiple 



directions. How does the nervous system coordinate these vast possibilities into a single, fluid motion? The 

multilevel approach suggests that the CNS solves this by creating motor synergies—functional groupings of

muscles that act as a single unit, reducing the complexity of the control task.

Cognitive Processing and Information Theory

From a psychological perspective, motor control is treated as an information-processingtask. The human mind

acts as a processor that must handle input from the environment and transform it into physical output. This process

is generally divided into three stages:

1.  Stimulus Identification: Recognizing environmental cues (e.g., seeing a ball moving toward you).

2.  Response Selection: Deciding on an action (e.g., deciding to catch the ball rather than duck).

3.  Response Programming: Organizing the motor system for the specific movement (e.g., calculating the force 

and trajectory required to reach the ball).

Hick’s Law and Reaction Time

The efficiency of the cognitive level is often measured through reaction time (RT). Hick’s Lawprovides a

mathematical model for this, stating that the time it takes to make a decision increases as the number of choices

increases. The formula is expressed as:

RT = a + b log2(n)

Where RT is reaction time, n is the number of equally likely alternatives, and a and bare constants. This principle is

vital in sports and high-stakes environments where reducing the cognitive load can lead to faster motor responses.

Motor Learning: Acquisition, Retention, and Transfer

While motor control focuses on the *execution* of movement, motor learningfocuses on the *acquisition* of the

skill. Learning is defined as a relatively permanent change in the capability for responding, resulting from practice

or experience. It is distinguished from performance, which is a temporary fluctuation in behavior seen during

practice.

Stages of Learning

The Fitts and Posner model is the gold standard for understanding the progression of a learner through the

multilevel framework:



Stage Characteristics Primary Level Involved

Cognitive Stage High mental effort, frequent errors, 
inconsistent performance. The learner 
is trying to understand "what" to do.

Cognitive (Information Processing)

Associative Stage Refining the movement, fewer errors, 
better timing. The learner focuses on 
"how" to do it.

Integration of Cognitive &amp; Neural

Autonomous Stage Movement is automatic, requires little 
conscious thought, high consistency. 
The learner can focus on strategy.

Neural (Neural Efficiency)

Technical Comparison: Open-Loop vs. Closed-Loop Systems

A fundamental technical distinction in motor control theory is the difference between open-loop and closed-loop

control systems. These models explain how feedback is utilized during movement execution.

Closed-Loop Control

Closed-loop control relies on sensory feedbackto guide movement. This is typically used for slow, deliberate

actions or during the early stages of learning. If a gymnast is performing a balance beam routine, they use

continuous visual and proprioceptive feedback to make micro-adjustments.

Open-Loop Control

Open-loop control is used for rapid, discrete movements where there is no time for feedback to influence the 

current action. The movement is governed by a Generalized Motor Program (GMP)—a pre-structured set of

commands sent to the muscles. Examples include a golf swing or a professional boxer’s jab.



Feature Closed-Loop System Open-Loop System

Feedback Usage Continuous during movement None during movement

Movement Duration Longer (>200ms) Shorter (

Control Center Executive makes decisions based on 
error

Executive issues all instructions at 
once

Advantage High accuracy and flexibility Speed and efficiency

Implementation Guide: Optimizing Motor Skill Acquisition

To apply the multilevel approach in practical settings, such as coaching or therapy, one must manipulate the 

practice environment and instructional strategiesbased on the learner’s current stage and the nature of the

task.

1. Practice Variability

Traditional teaching often employs blocked practice (practicing one skill repeatedly). However, research suggests 

that random practice (interleaving different skills) leads to better long-term retention, even if performance during 

practice is lower. This phenomenon is known as the Contextual Interference Effect. It forces the learner to

engage more deeply at the cognitive level to reconstruct motor programs repeatedly.

2. Feedback Schedules

Feedback is essential but can be detrimental if overused. The Guidance Hypothesissuggests that providing

feedback after every trial makes the learner dependent on external cues, hindering the development of internal

error-detection mechanisms.

•  Faded Feedback: High frequency early on, tapering off as the learner improves.

•  Bandwidth Feedback: Only provided when errors exceed a certain threshold.

•  Summary Feedback: Provided after a set of trials rather than after each one.

3. Part vs. Whole Practice

For complex tasks, practitioners must decide whether to break the skill down. The decision should be based on 

task complexity (number of parts) and task organization(interdependence of parts). High-organization tasks

(like a backflip) are best practiced as a whole, while high-complexity, low-organization tasks (like a dance routine)

can be practiced in parts.

Case Studies and Troubleshooting Motor Deficits

Understanding the multilevel approach allows for precise troubleshooting when motor performance fails or plateaus.

Case Study A: The "Yips" in Elite Athletes

The "yips" is a sudden loss of fine motor skills in athletes (e.g., golfers or baseball pitchers). From a multilevel 

perspective, this is often a cognitive interferencewhere the athlete attempts to consciously control an

autonomous process. The solution involves shifting focus from internal mechanics (the neural/behavioral level) to

external results (the environmental level), effectively re-engaging the autonomous motor program.

Case Study B: Post-Stroke Rehabilitation



In patients with hemiparesis after a stroke, the neural level is damaged. Constraint-Induced Movement Therapy 

(CIMT)forces the brain to reorganize (neuroplasticity) by restricting the unaffected limb. This approach targets the

neural level through intensive behavioral practice, demonstrating the bidirectional relationship between levels.

Common Failures and Solutions

•  Plateaus in Skill Growth: Often caused by lack of practice variability. Solution: Introduce contextual 

interference.

•  Inability to Transfer Skill: Occurs when practice is too specific. Solution: Vary the environment to match the 

"Transfer-Appropriate Processing" requirements.

•  Performance Anxiety (Choking): High arousal narrows the attentional field. Solution: Implement psychological 

skills training (PST) to manage the cognitive level.

Synthesis and Future Implications

The multilevel approach to motor control and learning provides a robust framework for understanding the 

complexities of human movement. By integrating the neuroanatomical foundations of the brain with the cognitive 

processing of the mind and the behavioral output of the body, we gain a holistic view of how humans interact with 

their environment. This integrated perspective is not merely academic; it is the foundation for modern 

breakthroughs in robotic prosthetics, brain-computer interfaces (BCI), and virtual reality training.

As we move further into the 21st century, the synergy between these levels will become even more pronounced.

Advancements in neuroimaging (fMRI, EEG) allow us to see the neural level in real-time as the cognitive level

processes information and the behavioral level executes movement. For the student, practitioner, or researcher, the

multilevel approach remains the most effective map for navigating the intricate landscape of the moving human

being. Ultimately, mastering a motor skill is a journey that starts in the neurons, is shaped by thought, and is

perfected through the persistent, adaptive interaction between the individual and their world.
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