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Objectives
• Identify skin receptors that provide tactile information to the CNS
• Explain how tactile feedback affects accuracy, consistency, timing, and force
• Identify proprioceptors and what they signal to the CNS
• Describe classic methods to study proprioception (e.g., deafferentation, tendon vibration)
• Summarize key eye anatomy and visual pathways for motor control
• Explain methods to study vision in action (eye tracking, occlusion)
• Discuss binocular vs. monocular, central vs. peripheral vision
• Describe perception–action coupling, online visual corrections, and tau

Objectives 1-4
• Identify skin receptors that provide tactile information to the CNS
• Explain how tactile feedback affects accuracy, consistency, timing, and force
• Identify proprioceptors and what they signal to the CNS
• Describe classic methods to study proprioception (e.g., deafferentation, tendon vibration)
• You can study for the objectives using our StudyApp.

🌐 Introduction
• Sensory information is fundamental in all major theories of motor control & learning
• Roles across the action timeline:

‣ Pre-movement → specify parameters of action
‣ Online (during movement) → provide feedback for adjustments
‣ Post-movement → evaluate goal achievement

• Focus in this section:
‣ ✋ Touch (tactile system)
‣ 🌀 Proprioception
‣ 👀 Vision (fully covered in objectives 5–8) - coming soon.

Welcome to our exploration of sensory components in motor control, one of the most fundamental
topics in understanding how we move. Think about the last time you picked up a coffee cup
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- you didn’t just rely on your brain sending commands to your muscles. Your entire sensory
system was working behind the scenes, providing crucial information before, during, and after
that movement. Today we’re diving into Chapter 6, where we’ll discover how sensory information
serves as the foundation for every major theory of motor control and learning. The beauty of this
topic lies in understanding that sensory information isn’t just a passive observer of movement
- it’s an active participant throughout the entire action timeline. Before you even begin to
move, your sensory systems are specifying the parameters needed for successful performance.
During the movement itself, they’re providing continuous feedback that allows for real-time
adjustments. And after the movement is complete, they’re evaluating whether you achieved your
goal. Throughout our discussion today, we’ll focus on three critical sensory systems that make
skilled movement possible: touch, proprioception, and vision. Each of these systems contributes
unique and essential information that enables us to perform everything from simple reaching
movements to complex athletic skills with remarkable precision and adaptability.

✋ Touch & Motor Control: Overview
• Touch provides essential feedback for achieving action goals in daily skills
• Skin receptors (mechanoreceptors):

‣ Located in the dermis
‣ Densest in fingertips → support precision
‣ Signal pressure, stretch, vibration, temperature, pain

• Critical for:
‣ Object manipulation (e.g., grasping, typing, playing piano)
‣ Interactions with people/environment (e.g., walking, sports)

Figure 1:  Fingertip Mechanoreceptors

Let’s begin our journey into the sensory world by exploring how touch supports our action goals
in everyday skills. When we think about touch, we often consider it simply as feeling objects,
but touch plays a much more sophisticated role in motor control than most people realize. Every
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time you interact with your environment - whether you’re typing on a keyboard, catching a ball,
or even walking - your sense of touch is providing critical information that helps you succeed.
The foundation of our touch system lies in specialized receptors called mechanoreceptors, which
are embedded in the dermis layer of your skin. These remarkable sensory detectors are not
distributed evenly across your body - they’re strategically concentrated where you need the most
precise tactile information. Think about your fingertips, which contain the densest concentration
of these mechanoreceptors. This explains why you can feel the smallest textures and detect the
most subtle changes in pressure with your fingertips compared to, say, your back or arm. These
mechanoreceptors are incredibly versatile, capable of signaling not just touch and pressure, but
also temperature, pain, and movement-related information. This multi-modal capability means
that through touch alone, you can gather a wealth of information about objects and environmental
conditions that directly influences how you plan and execute your movements.

Neural Basis of Touch (at a glance)
• Mechanoreceptors in the skin transduce deformation into neural signals
• Tactile information travels via ascending somatosensory pathways
• Signals reach the somatosensory cortex, integrating with motor areas
• This feedback enables action planning, adjustment, and control

Figure 2:  Sensory receptors in the skin

Now let’s look under the hood at how touch actually works from a neural perspective. The process
begins with those mechanoreceptors we just discussed, which function as biological transducers
- they convert mechanical energy from skin deformation into neural signals that your nervous
system can understand and use. When you touch something, the pressure or deformation of
your skin activates these mechanoreceptors, which then generate electrical signals that travel
along specific pathways to your brain. These ascending pathways, which we learned about in our
previous chapter on neuromotor foundations, carry tactile information through the spinal cord
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and brainstem, ultimately delivering it to the somatosensory cortex. But here’s where it gets really
interesting for motor control - the tactile information doesn’t just stop at the sensory areas of
your brain. Instead, there’s extensive integration between the somatosensory areas and the motor
areas of your cortex. This intimate connection between sensory and motor regions means that
tactile information directly supports both action planning and correction. When you’re planning
a movement, your brain uses tactile memories and expectations to help specify how much force to
apply or how to shape your hand. During movement execution, real-time tactile feedback allows
for immediate adjustments to ensure successful task completion.

🖐 Roles of Tactile Information in Motor Control
• Experimental approach: Compare motor performance before and after anesthetizing finger-

tips
• Tactile (cutaneous) feedback affects:

‣ ✅ Movement accuracy — especially in pointing, grasping, and fine motor skills
‣ 🔁 Consistency — reduces variability in repeated movements
‣ ⏱ Timing — crucial for rhythmic actions and phase transitions (e.g., tapping, circle drawing)
‣ 🧠 Force regulation — helps scale grip force and adjust mid-movement (e.g., lifting a cup)

Tactile input supports precision, rhythm, and adaptability in everyday and skilled movements.

Figure 3:  Tactile Feedback in Action

To truly understand how important tactile information is for motor control, researchers have
developed some clever experimental approaches. The most common method involves comparing
people’s performance on motor tasks before and after temporarily eliminating tactile feedback,
typically by anesthetizing the fingers or relevant body parts. What these studies reveal is
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absolutely fascinating and demonstrates just how much we rely on touch for skilled movement.
Tactile feedback influences four critical aspects of motor control that directly impact your daily
performance. First, it affects the accuracy of both aiming movements and grasping actions -
without tactile feedback, people tend to be less precise in reaching for targets and less effective
in forming appropriate grips on objects. Second, tactile information contributes to consistency,
meaning your ability to perform the same movement reliably from trial to trial. When tactile
feedback is removed, performance becomes much more variable. Third, touch plays a crucial
role in timing, particularly in detecting contact with objects and managing phase transitions
during complex movements. Finally, tactile feedback is essential for appropriate force scaling and
adjustments - it helps you apply just the right amount of pressure when writing, gripping objects,
or performing delicate manipulations. These findings highlight that tactile information isn’t just
helpful for motor control - it’s absolutely essential for the kind of skilled, adaptive movement we
perform every day.

Proprioception: Definition
Proprioception is the body’s ability to sense the position, movement, and force of limbs, trunk,
and head — even without visual input.

• Sometimes used interchangeably with kinesthesis
• Involves feedback from muscle spindles, Golgi tendon organs, and joint receptors
• Critical for:

‣ Balance and postural control
‣ Coordinated movement
‣ Motor learning and corrections

📌 Essential for executing movements like walking, reaching, and grasping — even in the dark!

Figure 4:  Proprioception in Action
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Moving from touch to our next critical sensory system, let’s explore proprioception - a term that
literally means “one’s own perception.” Proprioception refers to your perception of limb, body, and
head movement and position in space, and it’s often used interchangeably with the term kines-
thesis. Think of proprioception as your body’s internal GPS system - it constantly tells you where
your body parts are located relative to each other and to your environment, even when you can’t
see them. This remarkable sense allows you to touch your nose with your eyes closed, know the
position of your legs when you’re walking in the dark, or coordinate complex movements without
having to visually monitor every body part involved. Proprioception is what enables a pianist to
find the right keys without looking at their hands, or allows a basketball player to know exactly
where their shooting arm is positioned during a free throw. Without proprioception, even simple
movements would become incredibly difficult and would require constant visual monitoring. The
system works continuously and largely unconsciously, providing a constant stream of information
about joint angles, muscle lengths, and the relative positions of body segments. This internal
awareness of body position and movement is absolutely fundamental to motor control, serving
as the foundation upon which all coordinated movement is built.

🧩 Neural Basis of Proprioception
• Proprioceptors are sensory neurons located in:

‣ Muscles, tendons, ligaments, and joints
• They provide continuous feedback about limb position, movement, and force
• Three primary classes:

‣ Muscle spindles → detect changes in muscle length & velocity
‣ Golgi tendon organs (GTOs) → detect muscle tension/force
‣ Joint receptors → detect joint angle & movement at extremes of motion

• Proprioceptive signals travel via the dorsal column-medial lemniscal pathway to the
somatosensory cortex

The neural foundation of proprioception involves a sophisticated network of specialized receptors
strategically located throughout your musculoskeletal system. These proprioceptors reside in
your muscles, tendons, ligaments, and joints, creating a comprehensive sensing network that
monitors every aspect of your body’s mechanical state. There are three primary classes of
proprioceptors, each with its own specialized function. First are the muscle spindles, which are
remarkable stretch receptors embedded within your skeletal muscles. Second are the Golgi tendon
organs, commonly abbreviated as GTOs, which are located near the points where muscles attach
to bones. Third are joint receptors, found in the capsules and ligaments surrounding your joints.
Each type of proprioceptor contributes unique information to your overall sense of body position
and movement. What makes this system so effective is that these different receptor types work
together, providing overlapping and complementary information about your body’s state. The
muscle spindles primarily detect changes in muscle length and the rate of that change, the Golgi
tendon organs monitor the tension or force being generated by muscles, and the joint receptors
provide information about joint position and movement, particularly near the extremes of range
of motion. This redundancy ensures that your nervous system always has reliable information
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about your body’s position and movement, even if one component of the system is temporarily
compromised.

💪 Muscle Spindles (1)
• Encapsulated intrafusal fibers located within most skeletal muscles
• Arranged in parallel with force-generating extrafusal fibers
• Sensory endings (type Ia afferents) wrap around the central region → detect muscle length

& velocity
• Innervated by gamma motor neurons (fusimotor system) → maintain spindle sensitivity

during contraction

Figure 5:  Muscle Spindle Diagram

Let’s take a closer look at muscle spindles, which are among the most sophisticated sensory
receptors in your body. These remarkable structures consist of specialized muscle fibers called
intrafusal fibers that are literally encapsulated within a connective tissue capsule, giving them
their spindle-like appearance. What makes muscle spindles particularly interesting from a motor
control perspective is their unique anatomical arrangement - they’re positioned in parallel with
the regular muscle fibers, called extrafusal fibers, that actually generate force for movement. This
parallel arrangement is crucial because it allows muscle spindles to detect changes in muscle
length regardless of whether the muscle is actively contracting or being passively stretched. Think
of muscle spindles as biological length detectors that are constantly monitoring how much your
muscles are being stretched or shortened. When a muscle lengthens, the spindles within that
muscle are also stretched, causing them to increase their firing rate and send more signals to
the central nervous system. Conversely, when a muscle shortens, the spindles reduce their firing
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rate. This continuous monitoring provides your nervous system with real-time information about
the length and rate of change of length in every muscle throughout your body. This information
is essential for maintaining proper posture, coordinating movement between different body
segments, and making the fine adjustments necessary for skilled performance.

🌀 Muscle Spindles (2)
• Detect muscle length and velocity of stretch
• Provide sensory basis for joint angle changes
• Continuous feedback to CNS supports control of:

‣ Position (limb placement in space)
‣ Direction (movement trajectory)
‣ Velocity (speed of movement)

• Critical for both movement correction and planning

Figure 6:  Muscle Spindle Function

Muscle spindles serve as incredibly sophisticated sensors that detect both muscle length and the
velocity of stretch, making them essential for detecting changes in joint angle. When you move
your arm, for example, some muscles lengthen while others shorten, and the muscle spindles
in both the lengthening and shortening muscles provide information about these changes. This
allows your nervous system to continuously monitor joint position and movement velocity. The
functional significance of muscle spindles extends far beyond simple position sensing - they
provide feedback that helps you maintain your intended position, direction, and velocity of
movement. Consider what happens when you’re holding a cup of coffee and someone unexpect-
edly adds more coffee to it. The additional weight causes your arm muscles to lengthen slightly,
which immediately activates the muscle spindles in those muscles. This spindle activation triggers
reflexive muscle contractions that help compensate for the added weight, allowing you to main-
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tain the cup’s position without consciously thinking about it. This type of automatic adjustment
happens constantly during movement and is essential for smooth, coordinated performance. The
velocity sensitivity of muscle spindles is particularly important for detecting rapid changes in
movement, allowing for quick corrective responses when movements deviate from their intended
path or when unexpected perturbations occur.

⚖ Golgi Tendon Organs & Joint Receptors
• Golgi Tendon Organs (GTOs):

‣ Located near tendon insertions in skeletal muscle
‣ Detect muscle tension / force (not length)
‣ Provide inhibitory feedback to prevent excessive force

• Joint Receptors:
‣ Found in joint capsules and ligaments
‣ Detect force, rotation, and movement angle
‣ Especially sensitive at end ranges of motion
‣ Include Ruffini endings, Pacinian corpuscles, and Golgi-like receptors

Figure 7:  Golgi Tendon Organs and Joint Receptors

Now let’s examine the other two major types of proprioceptors: Golgi tendon organs and joint
receptors, each contributing unique information to your proprioceptive system. Golgi tendon
organs, or GTOs, are strategically located near tendon insertions where muscles attach to bones.
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Unlike muscle spindles, which are primarily length detectors, GTOs are specialized force detectors
that monitor muscle tension. When a muscle contracts and generates force, the GTOs in that
muscle’s tendon detect the resulting tension and signal this information to the central nervous
system. Interestingly, GTOs are relatively poor detectors of muscle length changes, making them
complementary to rather than redundant with muscle spindles. This division of labor ensures
that your nervous system receives comprehensive information about both the mechanical length
and force characteristics of your muscles. Joint receptors represent the third component of the
proprioceptive system and are found in joint capsules and ligaments. These receptors are partic-
ularly sensitive to joint position and movement, especially when joints are near their end ranges
of motion. They detect both the force and rotation applied to joints, providing information about
joint angle and the direction of movement. While joint receptors contribute to proprioceptive
awareness throughout the range of motion, they become especially active when joints approach
their limits, serving as important safety mechanisms that help prevent injury from excessive joint
movement.

🧪 Investigating Proprioception: Deafferentation
• Surgical deafferentation

‣ Afferent pathways severed or removed (animal studies, rare clinical cases)
‣ Used to study how loss of proprioceptive input alters movement control

• Sensory neuropathy (peripheral neuropathy)
‣ Loss of large myelinated afferents → profound proprioceptive deficits
‣ Pain & temperature sensation often preserved
‣ Movements show spatial errors, poor smoothness, and lack of coordination

• Research example: Blouin et al. (1993) cited in Magill & Anderson (2017)
‣ Compared deafferented patient vs. healthy controls in a pointing task
‣ With vision: performance nearly normal
‣ Without vision: patient consistently undershot targets

Figure 8:  Deafferentation Study

To understand the true importance of proprioception in motor control, researchers have devel-
oped several ingenious methods to study what happens when this sensory information is reduced
or eliminated. One of the most dramatic approaches involves surgical deafferentation, where
afferent pathways carrying proprioceptive information from specific body regions are removed
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or altered. While this might sound extreme, these studies have provided invaluable insights into
how much we rely on proprioceptive feedback for normal movement. In humans, researchers
also study individuals with sensory neuropathy or peripheral neuropathy, conditions that result
in the loss of large myelinated nerve fibers that carry proprioceptive information. People with
these conditions experience severe loss of position and movement sensation, though they typi-
cally retain their ability to feel pain and temperature. Studying these individuals has revealed
that without proprioceptive information, even simple movements become extremely difficult and
require constant visual monitoring. These research approaches have demonstrated that proprio-
ception is not just helpful for motor control - it’s absolutely essential. Without it, movements
become uncoordinated, timing becomes impaired, and people lose the ability to make the subtle
adjustments that characterize skilled performance. The insights gained from deafferentation
studies have been crucial in understanding how sensory information integrates with motor
commands to produce coordinated movement.

🎵 Investigating Proprioception: Tendon Vibration
• Method: Apply high-frequency vibration to the tendon of an agonist muscle

• Effect: Distorts proprioceptive feedback → creates illusory lengthening of the muscle

• Unlike deafferentation, feedback is altered (not removed)

• Used to study proprioceptive contribution to movement control & coordination

• Research example: Verschueren et al. (1999) cited in Magill & Anderson (2017)

‣ Vibrating biceps/anterior deltoid altered arm trajectory in circle drawing
‣ Showed disrupted spatial accuracy and inter-limb coordination

Figure 9:  Tendon Vibration Study
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Another fascinating research technique for studying proprioception involves tendon vibration,
which provides a more subtle way to investigate the role of proprioceptive feedback without
completely eliminating it. In this method, researchers apply high-frequency vibration directly
to the tendon of an agonist muscle - the primary muscle responsible for producing a particular
movement. This vibration creates a remarkable illusion by preferentially activating the muscle
spindles in the vibrated muscle, causing them to send signals that indicate the muscle is being
lengthened even when it’s not. The result is an illusory perception of movement in the direction
opposite to what the vibrated muscle would normally produce. For example, if researchers vibrate
the biceps tendon while a person’s arm is stationary, the person will perceive that their arm
is extending, even though it’s actually remaining still. This technique is particularly valuable
because it distorts proprioceptive feedback without completely removing it, allowing researchers
to study how altered rather than absent proprioceptive information affects motor performance.
Tendon vibration studies have revealed important insights about how the nervous system inte-
grates proprioceptive information with other sensory inputs and how it uses this information
for movement planning and control. These experiments have also helped researchers understand
the relative contributions of different proprioceptors to our overall sense of body position and
movement.

⚙ Proprioception: What It Influences
• Movement accuracy

‣ Critical for spatial & temporal precision
‣ Errors increase without proprioceptive feedback

• Timing
‣ Influences onset of motor commands
‣ Coordinates sequencing of limb actions

• Coordination
‣ Supports segmental coupling within and across limbs
‣ Ensures smooth multi-joint movement patterns

• Postural control
‣ Provides essential feedback for stabilization and balance
‣ Works together with vision & vestibular input

• Spatial–temporal coupling
‣ Links timing & positioning of limb segments
‣ Especially important in complex or bimanual tasks

Figure 10:  Proprioception Influences
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The influence of proprioception on motor control is both broad and profound, affecting virtually
every aspect of how we move. Let’s explore the key areas where proprioceptive information
proves essential for skilled performance. First, proprioception directly affects movement accuracy,
both in terms of reaching targets and maintaining spatial and temporal precision during ongoing
movements. Without accurate proprioceptive feedback, people struggle to reach intended targets
and have difficulty maintaining consistent movement patterns. Second, proprioception plays a
crucial role in timing, particularly in determining when to initiate motor commands and when to
transition between different phases of complex movements. The precise timing that characterizes
skilled performance depends heavily on proprioceptive information about current body position
and movement velocity. Third, proprioception is essential for coordination, enabling the precise
coupling of movements across different limbs and body segments. This is what allows you to
coordinate your arms and legs during walking or to coordinate your two hands during complex
manipulative tasks. Fourth, proprioceptive information is fundamental to postural control, pro-
viding the sensory foundation for the stabilization and balance responses that keep you upright
and stable. Finally, proprioception enables the spatial-temporal coupling among limb segments
that characterizes coordinated movement patterns. All of these influences demonstrate that
proprioception isn’t just one sensory input among many - it’s a foundational system that makes
skilled, coordinated movement possible.

Major takeaways: Objectives 1-4
• Both provide critical feedback for motor control
• Touch: important for object manipulation and fine motor skills
• Proprioception: essential for movement accuracy, timing, coordination, postural control
• Loss or distortion of either impairs motor performance
• CNS integrates tactile and proprioceptive info for smooth, coordinated actions
• Both are vital for skilled movement execution
• Understanding their roles aids in rehabilitation and skill training
• Next: Vision & Motor Control

Slides for objectives 5-8 are coming soon!

Let’s take a moment to consolidate what we’ve learned about the first four objectives regarding
touch and proprioception in motor control. These two sensory systems work together as a
dynamic duo, providing the central nervous system with critical feedback that makes skilled
movement possible.

When we think about touch, we’re really talking about its vital role in object manipulation and
fine motor skills. Every time you pick up your phone, type on a keyboard, or thread a needle,
your tactile system is working overtime. The mechanoreceptors in your fingertips are providing
continuous feedback about texture, pressure, and contact that allows you to adjust your grip force
and finger positioning with remarkable precision.

Proprioception, on the other hand, serves as your body’s internal GPS system. It’s absolutely
essential for movement accuracy, timing, coordination, and postural control. Without proprio-
ceptive feedback, you’d lose the ability to know where your limbs are in space or how fast they’re
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moving. Think about trying to touch your nose with your eyes closed - that’s proprioception in
action.

Here’s what’s really fascinating: when either of these systems is compromised - whether through
injury, disease, or experimental manipulation - motor performance suffers dramatically. We’ve
seen this in deafferentation studies where removing proprioceptive feedback makes even simple
movements incredibly difficult and uncoordinated.

But here’s the key insight: these systems don’t work in isolation. The central nervous system
is constantly integrating tactile and proprioceptive information to produce smooth, coordinated
actions. It’s this integration that allows us to perform complex motor skills with such apparent
ease.

Both touch and proprioception are absolutely vital for skilled movement execution. Understand-
ing their roles isn’t just academic exercise - it has real practical applications in rehabilitation
settings and skill training programs. When therapists work with stroke patients or when coaches
help athletes refine their technique, they’re often working to restore or optimize these sensory
feedback systems.

Next, we’ll shift our focus to the third major sensory system in motor control: vision. As we’ll
see, vision brings its own unique contributions to the sensory landscape of movement, working
alongside touch and proprioception to create the rich sensory environment that makes skilled
movement possible.

Objectives 5-8
• Summarize key eye anatomy and visual pathways for motor control
• Explain methods to study vision in action (eye tracking, occlusion)
• Discuss binocular vs. monocular, central vs. peripheral vision
• Describe perception–action coupling, online visual corrections, and tau

👁 Vision: Neurophysiology (Overview)
• Eye → Retina → Optic nerve → Subcortical & Cortical pathways
• Retina: photoreceptors (rods & cones) transduce light → neural signals
• Parallel processing streams:

‣ Ventral (“vision-for-perception”) → object identification (form, color, detail)
‣ Dorsal (“vision-for-action”) → spatial guidance & movement control

• Integration with motor areas enables targeting, tracking, and corrections
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Figure 11:  Visual Pathways

Now we turn to vision, the most information-rich sensory system in motor control. From a
neurophysiological perspective, light enters the eye and is converted into neural signals by pho-
toreceptors in the retina. These signals travel along the optic nerve into subcortical and cortical
structures. Once in the cortex, information is processed in two parallel streams. The ventral
stream, often called vision-for-perception, identifies objects such as form, color, and detail. The
dorsal stream, often called vision-for-action, provides spatial guidance such as where things are
and how to move toward them. What is powerful here is that vision does not simply record the
environment, it actively analyzes it. At the same time, your brain is recognizing what an object is
and calculating where it is and how to act on it. Think of catching a ball. The ventral stream lets
you recognize it is a ball, its size, and texture. The dorsal stream computes its speed, trajectory,
and where your hand needs to be to intercept it. This parallel processing makes vision unique.
It supports perception and action at once, giving us a continuous flow of information to plan
movements, adjust them online, and evaluate outcomes.

👁 Neural Pathways for Vision (Overview)
• Light enters the retina, photoreceptors transduce light into neural signals
• Signals travel via the optic nerve and cross at the optic chiasm
• Relayed to the lateral geniculate nucleus (LGN) of the thalamus
• Projected to the primary visual cortex in the occipital lobe
• From the cortex, information diverges into two parallel streams:

‣ Ventral stream (vision-for-perception): object recognition and identification
‣ Dorsal stream (vision-for-action): spatial guidance and movement control
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Figure 12:  Neural Pathways for Vision

The neural pathways for vision follow a carefully organized route that supports both perception
and action. Processing begins in the retina, where light is converted into neural signals. These
signals travel along the optic nerve to the lateral geniculate nucleus, or LGN, which acts as a
relay station in the thalamus. From the LGN, the information is sent to the primary visual cortex
in the occipital lobe. Once visual input reaches the cortex, it divides into two main pathways
with distinct functions. One pathway, often called the ventral stream, supports perception by
recognizing and identifying objects and environmental features. The other, known as the dorsal
stream, specializes in action by providing the spatial and temporal information required to guide
movement. This arrangement allows the visual system to answer two complementary questions at
the same time: what is the object and how should I interact with it. Because these pathways work
in parallel, vision not only helps us understand our surroundings but also provides information
formatted to guide effective motor control.

👀 Vision & Motor Control: Everyday Evidence
• Novices rely on vision to monitor effectors

‣ Typists looking at their fingers
‣ Dancers watching their feet
‣ New drivers visually scanning every control

• With skill development, reliance on vision decreases as tactile and proprioceptive feedback
increase

• Classic “moving room” paradigm (Lee & Aronson)
‣ Visual cues can override proprioceptive and vestibular information
‣ Demonstrates visual dominance in postural control

• Everyday life: vision provides continuous reference for balance, posture, and spatial orien-
tation
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Figure 13:  Vision & Motor Control

The importance of vision in motor control is easy to see in everyday behavior. Novices often rely
heavily on their eyes because they have not yet developed confidence in tactile or proprioceptive
feedback. Beginning typists watch their fingers, novice dancers glance at their feet, and new
drivers visually monitor almost every action. With practice this dependence decreases as other
sensory systems are integrated, but vision remains a strong influence. A striking demonstration
of visual dominance comes from the classic moving room experiment by Lee and Aronson. In this
study, shifting the walls of a room caused participants to sway or lose balance even though the
floor did not move. This shows how visual information can override signals from other senses.
In daily life vision constantly supports postural control by providing cues about body position
relative to the environment and by detecting movement of the self or surroundings. The ability
of vision to dominate or even mislead highlights how central it is for guiding motor control.

🏠 The Moving Room Experiment (Lee & Aronson, 1974 cited in Magill &
Anderson (2017))
• Setup:

‣ Walls and ceiling of the room move back and forth
‣ Floor remains completely stationary

• Conflict of sensory information:
‣ Visual system: signals self-motion
‣ Vestibular & somatosensory systems: signal no movement

• Findings:
‣ Infants and adults sway, stumble, or lose balance
‣ Demonstrates visual dominance—vision can override other senses in postural control
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Figure 14:  Moving Room Experiment

The moving room experiment by Lee and Aronson is one of the clearest demonstrations of visual
dominance in motor control. The setup is simple but powerful. The room is designed so the walls
and ceiling can move while the floor stays still. When the walls shift toward or away from a person,
the visual system interprets this as self-motion. At the same time, the vestibular system, which
detects actual body movement, and the somatosensory system, which monitors contact with the
ground, signal that no movement is happening. This conflict produces a striking result. Infants
and adults sway, lose balance, or make postural adjustments even though the floor is stable. The
experiment shows that vision can override other sensory systems when they disagree. For motor
control, the implications are important. Vision does not just support posture, it can dominate
sensory integration when the brain decides what information to trust. This explains why vision
is so critical for motor skills and why the loss of vision has such a large impact on movement.

🎥 Studying Vision in Action (1): Methods
• Eye-movement recording

‣ Tracks where the eyes are looking and for how long
‣ Identifies point of gaze (foveal vision) during skill performance

• Temporal occlusion techniques
‣ Stop video at different time points to test when critical information is detected
‣ Use of liquid-crystal spectacles (PLATO glasses) to control viewing windows in real time

• Provide insights into how vision is used for anticipation, decision-making, and movement
control
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Figure 15:  Studying Vision in Action

To understand how vision supports motor control, researchers use several experimental methods.
Eye-movement recording is one of the most direct approaches. It tracks where a performer is
looking during a task and reveals the point of gaze, which corresponds to foveal vision, the small
area of sharpest detail. Studies using this method show clear differences between experts and
novices, with skilled performers directing their gaze to different locations and using more efficient
visual strategies. Another key method is temporal occlusion. In this approach, video sequences
are stopped at different points so researchers can see when specific visual information becomes
necessary for successful performance. This has been especially useful in interceptive skills like
hitting or catching, where timing of visual information is critical. More advanced versions use
liquid crystal spectacles that can be electronically controlled to create precise viewing windows.
These allow researchers to manipulate when visual information is available during a movement.
Findings from temporal occlusion research show that different visual cues become important at
different times, providing insight into the dynamic way vision and motor control interact during
skilled action.

🎥 Studying Vision in Action (2): Methods
• Event occlusion techniques

‣ Mask selected features of the performer (e.g., arm, racquet) or the environment in video or
film sequences

‣ Prevents the observer from seeing certain critical cues
• Purpose

‣ Identifies which specific visual information performers rely on
‣ Determines when this information is used during performance

• Provides insight into visual strategies for anticipation, decision-making, and motor skill
execution

Refer to figure 6.8 in the textbook Magill & Anderson (2017) for an example of event occlusion in
a tennis serve.
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Event occlusion methods complement temporal occlusion by focusing on what specific visual
information is critical for motor performance. Instead of manipulating when information is
available, event occlusion masks or removes parts of the visual scene. For example, researchers
may hide an opponent’s arm, racquet, or other body parts in sport settings, or mask environmental
features in a video. By observing how performance changes when different cues are removed,
researchers can identify which visual elements are most important for anticipating and executing
movements. This approach has been especially useful in sports, where anticipation often depends
on reading subtle body movements. Studies show that skilled performers can succeed even with
limited information, as long as the key cues are still visible. Event occlusion research therefore
highlights the minimal but essential information needed for accurate performance. When com-
bined with temporal occlusion methods, these studies provide a detailed picture of both when and
what visual information supports skilled motor control.

👁 Role of Vision in Motor Control: Key Aspects
• Monocular vs. Binocular vision

‣ Binocular vision improves depth perception and movement accuracy
‣ Monocular vision reduces efficiency, especially at greater distances

• Central vs. Peripheral vision
‣ Central (foveal) vision detects fine detail and object features
‣ Peripheral vision provides spatial context, guiding locomotion and posture

• Two visual systems
‣ Ventral stream (vision-for-perception): recognition, description
‣ Dorsal stream (vision-for-action): spatial guidance, movement control

• Perception–action coupling
‣ Visual information is tightly linked with motor execution

• Time course of corrections
‣ Vision-based adjustments typically require ~100–160 ms

• Time-to-contact (tau)
‣ Optical variable tau specifies when to initiate or adjust action

The role of vision in motor control is broad and involves several distinct aspects that together
create a powerful system for guiding skilled action. One key area is the difference between
monocular and binocular vision, which highlights how depth perception supports accuracy in
movement. Another is the distinction between central and peripheral vision, with central vision
responsible for fine detail and peripheral vision providing spatial awareness for posture and
locomotion. Vision also operates through two different processing streams. The ventral stream, or
vision for perception, identifies and describes objects, while the dorsal stream, or vision for action,
provides spatial guidance for movement. Perception action coupling is another critical feature,
showing how visual information and motor execution are linked in time and space. The time
course of visual corrections also matters, with adjustments typically taking around one tenth of a
second, shaping how movements can be adapted online. Finally, the optical variable tau explains
how the visual system estimates time to contact and allows performers to time interceptive actions
precisely. Each of these components illustrates a different way vision contributes to motor control,
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and together they demonstrate why vision is such a versatile and essential system for supporting
skilled performance in varied contexts.

👀 Monocular vs. Binocular Vision
• Binocular vision

‣ Provides depth perception and 3D spatial accuracy
‣ Critical for:

– Reaching and grasping objects
– Walking through cluttered or uneven environments
– Intercepting moving objects (e.g., catching, hitting)

• Monocular vision
‣ Can support performance but with reduced accuracy and efficiency
‣ Leads to underestimation of distance and object size
‣ Errors more pronounced as distance to target increases

Figure 16:  Monocular vs. Binocular Vision

The difference between monocular and binocular vision is key for understanding how we perform
three dimensional motor tasks. Monocular vision, which uses only one eye, provides useful visual
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information but does not include the depth cues that come from binocular vision. Binocular vision
uses both eyes together and creates stereoscopic vision, where depth is perceived from the slightly
different images each eye receives. This stereoscopic input is essential for accurate performance
in several kinds of tasks. In reaching and grasping, binocular vision helps judge distance to objects
and scale the reach while guiding the formation of an accurate grasp. In walking through cluttered
or uneven environments, binocular vision allows accurate navigation around obstacles and helps
judge elevation changes such as steps and curbs. In interceptive tasks like catching or hitting,
binocular vision provides trajectory information that supports precise timing and positioning.
When binocular vision is removed and a person relies on monocular vision alone, performance
in these tasks usually declines, showing the critical role of binocular depth perception in motor
control.

🎯 Central (Foveal) Vision
• Covers the central ~2–5° of the visual field (foveal vision)
• Responsible for detecting fine detail and specific features
• Provides critical information to support action goals:

‣ Reaching & grasping
– Detects object regulatory conditions (size, shape, orientation)
– Guides grip formation and movement trajectory

‣ Locomotion
– Supplies precise path and obstacle details
– Supports accurate foot placement and navigation

Figure 17:  Central (Foveal) Vision

Central vision, or foveal vision, covers only about two to five degrees of the visual field but
provides the highest visual acuity. This small but powerful region supplies the detailed informa-
tion needed for precise action goals. In reaching and grasping tasks, central vision detects the
regulatory conditions of an object such as size, shape, orientation, and surface properties. This
information directly determines how the grip should be shaped and how the reach trajectory
should be planned. For example, reaching for a thin pencil versus a large mug requires different
grip apertures and finger positioning, and central vision provides the fine detail that supports
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this adjustment. In locomotion, central vision supplies exact details about paths and obstacles.
Walking through a crowded hallway or hiking on rocky terrain relies on central vision to pick
up openings, obstacles, and surface irregularities that guide precise foot placement and direction
changes. The strength of central vision lies in its ability to extract fine detail, but because it covers
such a small area, gaze must be actively directed to the most important sources of information.
This is why eye movement patterns reveal so much about what skilled performers prioritize in
their environment.

👁 Peripheral Vision
• Extends across ~200° of the visual field
• Provides contextual information beyond the central 2–5°
• Contributes to perception of own limb movement during actions
• Essential for optical flow:

‣ Pattern of motion across the retina created by self-movement
‣ Guides posture, locomotion, and orientation in space

• Supports navigation through the environment and coordination with moving objects or people

Figure 18:  Peripheral Vision

While central vision provides specific detail, peripheral vision has a different but equally impor-
tant role in motor control. Peripheral vision spans nearly two hundred degrees, giving a wide view
of the environment beyond the central focus. It does not deliver fine detail but instead provides
contextual information about the surroundings and feedback about the motion of the limbs. One
of its most important contributions is the detection of optical flow, the global movement pattern
across the retina that results from self motion. When walking, running, or driving, optical flow
signals speed, direction, and the layout of the environment. Peripheral vision is also essential for
detecting unexpected events or changes in the environment, such as another player entering from
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the side while you focus on a ball. This allows rapid adjustments to movement. In locomotion,
peripheral vision supports orientation, balance, and navigation by giving context about the path
and environment while monitoring limb movements. By combining this broad environmental
awareness with the detail of central vision, the visual system provides both precision and context
for skilled motor behavior.

👓 Two Visual Systems
• Vision-for-Perception (Ventral stream)

‣ Pathway: visual cortex → temporal lobe
‣ Fine analysis of visual scene: form, color, features
‣ Supports object recognition and description
‣ Information is typically conscious

• Vision-for-Action (Dorsal stream)
‣ Pathway: visual cortex → posterior parietal lobe
‣ Provides spatial characteristics of objects and environment
‣ Guides movement planning and online control
‣ Processing often occurs non-consciously

• Streams operate in parallel → perception and action are supported simultaneously

Figure 19:  Two Visual Systems

One of the most important findings in vision research is that the brain uses two distinct systems
to process visual information. These are known as the ventral and dorsal streams. The ventral
stream, often called vision for perception, runs from the visual cortex to the temporal lobe. It
specializes in analyzing fine visual features such as form, color, and object identity. This system
answers the question of what an object is and operates mainly at a conscious level, so you are
aware of the information it provides. The dorsal stream, called vision for action, runs from the
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visual cortex to the posterior parietal lobe. It specializes in spatial guidance of movement and
usually works at a non conscious level. This system calculates spatial relationships, trajectories,
and motor parameters continuously to guide action in real time. The division between the two
is striking because sometimes they can provide conflicting results, such as in visual illusions
where conscious perception differs from motor responses. The existence of both systems helps
explain why vision is so powerful for motor control, since one system is designed to recognize
and describe the world while the other is dedicated to guiding movement within it.

🔗 Perception–Action Coupling
• Perceptual information and motor actions are tightly connected
• Visual perception continuously informs movement parameters
• Eye–hand coordination as a classic example:

‣ Spatial and temporal features of gaze align with limb kinematics
‣ Point of gaze typically arrives at the target before the hand

• Coupling ensures movements are adjusted online to match environmental demands

Figure 20:  Perception-Action Coupling

Perception action coupling is one of the most important concepts for understanding how
vision supports motor control. It refers to the idea that perceptual information and movement
parameters are not separate but fundamentally linked, forming an integrated system where each
influences the other. This coupling allows performance to be optimized for specific task goals. A
clear example is eye hand coordination. When reaching for an object, the eyes typically move to
the target before the hand arrives. This early fixation provides visual information that guides the
final phases of the reach and grasp. The timing and location of gaze shifts are precisely coordinated
with hand movements to ensure visual information is available when it is most useful. Perception
action coupling also appears in how movements scale to match perceived environmental proper-
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ties. Approaching a staircase, people naturally adjust their gait to the perceived height and depth
of the steps. When reaching for an object, grip aperture scales with perceived object size even
before contact. This integration of perception with action ensures that motor behavior is efficient,
accurate, and matched to the constraints and opportunities of the environment.

⏱ Online Visual Corrections: Time Required
• Experimental approach

‣ Compare rapid aiming when target is visible vs. occluded after movement onset
‣ If vision is available, corrections can be made mid-flight
‣ If vision is removed, errors increase

• Time window for corrections
‣ Visual feedback requires ~100–160 ms to process
‣ Corrections possible only if movement duration allows this window

• Implications
‣ Fast, ballistic movements often too brief for corrections
‣ Slower or sustained movements benefit from visual feedback adjustments

Figure 21:  Online Visual Corrections

Understanding how quickly vision can affect ongoing movements has been a major focus in motor
control research because it reveals how real time adjustments are possible. A common way to
study this is to compare rapid aiming movements when the target remains visible throughout
the movement with conditions where the target is removed immediately after the movement
begins. The results show that vision can be used to correct movements, but there is a measurable
delay between when visual input is detected and when it can influence muscle activity. Current
estimates suggest that visual feedback based corrections take about one hundred to one hundred
sixty milliseconds to appear. While this delay may seem small, in movements that last only two
or three hundred milliseconds it represents a large proportion of the total time. This explains why
very rapid movements cannot usually be corrected with visual feedback and rely more heavily on
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feedforward planning. In slower or more deliberate movements, there is enough time for visual
corrections to guide and adjust performance. Recognizing this temporal limitation helps explain
why vision is used differently across various motor skills and why task speed strongly affects the
role of visual feedback.

⏳ Time-to-Contact (τ)
• In interception and avoidance tasks, vision specifies when to initiate action
• Optical variable tau (τ):

‣ Derived from the rate of expansion of an object’s image on the retina
‣ Provides a direct estimate of time remaining until contact

• At a critical expansion rate, action is automatically triggered (non-conscious)
• Allows precise movement initiation in dynamic contexts:

‣ Catching or hitting moving objects
‣ Avoiding oncoming obstacles
‣ Timing steps or braking when approaching surfaces or vehicles

Figure 22:  Time-to-Contact (τ)

Our final concept is the optical variable tau, which represents time to contact information. In
interception and avoidance tasks, vision must supply precise information about when to initiate
action, and tau is the visual system’s way of solving this timing problem. Tau is derived from the
rate at which an object’s image expands on the retina as it approaches or as you move toward it.
As the object gets closer, its retinal image expands at a faster rate, and this rate directly specifies
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how much time remains until contact. What makes tau remarkable is that this timing information
is generated automatically and non consciously. There is no need to calculate speed or distance
in a deliberate way. When the rate of image expansion reaches a critical value, the appropriate
action is triggered without conscious decision making. This allows for highly accurate timing in
dynamic situations. A baseball batter, for example, relies on the expansion of the ball’s image
to time the swing so that contact occurs at the optimal location. Walking toward a doorway,
tau helps determine exactly when to extend the hand to push it open. In both cases the system
provides temporal information needed to start the action at the right moment. Tau demonstrates
how vision supports not only spatial guidance but also precise timing of movement initiation
across a wide range of skilled motor behaviors.

✅ Major Takeaways (Ch. 06)
Touch & Proprioception (Obj. 1–4)

• ✋ Tactile feedback supports accuracy, timing, consistency, and force regulation; anesthetizing
fingertips degrades performance

• 🧩 Proprioceptors (muscle spindles, GTOs, joint receptors) signal length/velocity, tension, and
joint position → essential for posture, coordination, and movement correction

• 🧪 Classic methods: deafferentation (loss of afferents) and tendon vibration (illusory length-
ening) reveal proprioception’s role

• 🏥 Training & rehab: task-specific practice that enriches cutaneous + proprioceptive feedback
improves skill and recovery

• ‣ 🧠 Pathways: Retina → LGN → V1 → ventral (perception) and dorsal (action) streams
running in parallel

Vision & Motor Control (Obj. 5–8)

• 🔭 Monocular vs. binocular: binocular depth boosts 3D tasks (reach–grasp, navigation, inter-
ception)

• 🎯 Central vs. peripheral: central = fine detail/regulatory conditions; peripheral = context,
limb motion, optical flow for posture/locomotion

• 🔗 Perception–action coupling: gaze timing aligns with limb kinematics; eyes arrive before
the hand

• ⏱ Online corrections: vision-driven adjustments emerge in ~100–160 ms—fast moves rely
more on feedforward

• ⌛ Time-to-contact (τ): retinal image expansion rate specifies when to initiate action, often
non-consciously

So what?

• The CNS integrates touch, proprioception, and vision to plan, guide, and evaluate move-
ment
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• Effective instruction/rehab leverages the right sensory cues for the task (detail vs. context;
depth; feedback timing)

• Designing practice that matches sensory demands (visibility, textures, loads, speeds) accel-
erates learning and recovery

This slide summarizes the core ideas from Chapter 6. Touch and proprioception provide contin-
uous state information about the body and the points of contact with objects. Cutaneous input
supports accurate, consistent, and well-timed actions and helps scale force; when fingertip
sensation is reduced, performance declines. Proprioceptors in muscles, tendons, and joints report
length and velocity, tension, and joint position, which underpins postural stability, multi-joint
coordination, and online correction. Classic methods such as surgical deafferentation and tendon
vibration demonstrate how removing or distorting afferent input alters movement planning
and execution, highlighting the necessity of somatosensory feedback for skilled behavior and
informing rehabilitation strategies.

Vision contributes along parallel routes. Signals travel retina to LGN to primary visual cortex,
then diverge into the ventral stream for object identification and the dorsal stream for spatial
guidance of action. Binocular vision enhances depth for reaching, locomotion in clutter, and
intercepting objects, while central vision supplies detailed regulatory conditions and peripheral
vision delivers context and optical flow for orientation and navigation. Perception and action
are coupled in time: gaze typically arrives at the target before the hand, enabling guidance of
the final approach. Visual corrections have a latency of roughly one to two tenths of a second,
so very fast movements rely more on feedforward control. Finally, time-to-contact, captured by
the optical variable tau, specifies when to initiate action without conscious calculation, allowing
precise timing in dynamic tasks.

💡 Points to the Practitioner
🔍 Assess Sensory Deficits - Movement problems may stem from touch, proprioception, or
vision deficits - Examples: - Poor balance post-stroke may indicate proprioceptive loss, not just
weakness - Gait instability could reflect somatosensory rather than motor deficits

👁 Use Vision as Compensatory Strategy - Clients rely on vision to substitute for compro-
mised sensory systems - PT Applications: - Mirror feedback for posture training - Visual targets
for reaching exercises - Gait training with floor markers/visual cues

🎯 Optimize Visual Attention - Direct central vision appropriately for motor tasks - Clinical
Examples: - “Look at the target” during functional reaching - Eye-hand coordination in ADL
retraining - Visual tracking exercises for sports return

⏰ Consider Processing Time - Corrections require sufficient time for sensory-motor inte-
gration - Rehabilitation Applications: - Slow movement speeds for neurological clients - Adequate
reaction time in fall prevention training - Progressive speed increases in sports rehab

Welcome to our practical application of sensory motor control principles. As future physical
therapists and kinesiologists, you’ll need to translate the theoretical concepts we’ve discussed into
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effective clinical practice. These points to the practitioner represent evidence-based guidelines
that will help you develop sophisticated clinical reasoning skills.

The first critical principle is to systematically assess whether movement problems stem from
sensory deficits rather than assuming they’re purely motor issues. This represents a fundamental
shift in clinical thinking. When you see a post-stroke client struggling with balance, your
immediate assessment should include proprioceptive testing - not just strength measurements.
The somatosensory system, particularly proprioception, provides crucial information about body
position and movement that enables postural control. When this system is compromised, clients
may demonstrate what appears to be motor weakness but is actually sensory-driven dysfunction.

Consider gait instability in elderly clients. While we often focus on strength training, research
shows that age-related declines in somatosensory function significantly contribute to balance
problems. The mechanoreceptors in muscles, joints, and skin become less sensitive with aging,
reducing the quality of proprioceptive input to the central nervous system. This means that
strengthening exercises alone may be insufficient - you need to address the sensory component
through specific proprioceptive training protocols.

The second principle involves understanding vision as a powerful compensatory strategy. When
clients have compromised touch or proprioceptive systems, they naturally increase their reliance
on visual input. This compensation is neuroplasticity in action - the brain adapts by up-regulating
intact sensory systems to maintain motor function. In clinical practice, you can leverage this by
strategically using visual feedback during rehabilitation.

Mirror feedback during posture training works because it provides real-time visual information
about body alignment that the compromised proprioceptive system can’t deliver. Visual targets
for reaching exercises help clients recalibrate their spatial awareness and movement planning.
Gait training with floor markers provides external visual cues that substitute for internal propri-
oceptive feedback about foot placement and stride length.

However, there’s a crucial clinical decision point here. While visual compensation is valuable
initially, the ultimate goal is often to reduce visual dependence as other systems recover or adapt.
This is where evidence-based progression becomes critical. You need to systematically challenge
clients to perform tasks with reduced visual input, forcing the recovering or adapting sensory
systems to take on greater responsibility.

The third principle focuses on optimizing visual attention for motor tasks. This connects to the
extensive research on vision for action versus vision for perception that we discussed earlier.
When clients direct their central vision appropriately, they activate the dorsal visual stream - the
pathway specifically designed for visually guided movement. The simple instruction “look at the
target” during functional reaching exercises isn’t just good coaching - it’s neuroscience-based
intervention that optimizes the visual-motor integration systems.

Eye-hand coordination training in activities of daily living retraining leverages this same princi-
ple. When clients practice buttoning shirts or manipulating utensils, directing visual attention to
the objects being manipulated improves performance through enhanced visual-motor coupling.
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Visual tracking exercises for sports return work by re-establishing the precise timing relationships
between eye movements and limb movements that characterize skilled performance.

The fourth principle addresses the temporal constraints of sensory-motor integration. This is
where your understanding of reaction time, movement time, and processing delays becomes clin-
ically relevant. The central nervous system requires approximately one hundred to one hundred
fifty milliseconds to process sensory information and initiate corrective responses. If movement
demands exceed this processing capacity, corrections become impossible regardless of the client’s
intent or effort.

For neurological clients, this means starting with movement speeds that allow adequate time
for sensory processing and motor response. As clients improve, you can progressively increase
speed demands, but always within the constraints of their processing capabilities. Fall prevention
training must consider reaction time limitations - if environmental hazards appear too quickly
for corrective responses, falls become inevitable despite good balance training.

In sports rehabilitation, this principle guides the progression from controlled to reactive training
environments. You systematically increase the speed and unpredictability of challenges as clients
demonstrate improved sensory-motor processing capabilities.

These four principles form the foundation of evidence-based sensory-motor intervention. They
connect directly to the neurophysiology and motor control theories we’ve studied, providing you
with practical frameworks for clinical decision-making. Remember that effective physical therapy
isn’t just about applying techniques - it’s about understanding the underlying mechanisms and
applying that knowledge systematically to optimize outcomes.

As you develop your clinical skills, these principles should guide your assessment strategies,
treatment planning, and progression decisions across diverse patient populations and rehabilita-
tion contexts.

🏥 Additional Clinical Considerations
🩺 Special Populations - Diabetic neuropathy → tactile feedback loss affecting balance/gait
- Joint replacement → altered proprioception requiring retraining - Parkinson’s disease →
reduced proprioceptive processing - Multiple sclerosis → variable sensory deficits affecting
motor control

🎯 Advanced Training Techniques - Closed-eye balance training → force proprioceptive
reliance - Dual-task training → divided attention challenges - Sensory integration exercises
→ combine multiple sensory inputs - Perturbation training → unexpected challenges to
reactive systems

🧠 Cognitive & Environmental Factors - Age-related changes → slower processing, reduced
acuity - Medication effects → sedation, dizziness impacting integration - Cognitive load →
reduce complexity for motor learning - Attention deficits → impact sensory-motor coupling
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🌍 Environmental Modifications - Lighting optimization → improve visual input quality
- Surface texture → enhance tactile/proprioceptive feedback - Visual contrast → aid object
detection and depth perception - Noise reduction → minimize sensory distractions

Building on the foundational principles we just discussed, let’s examine specific populations and
advanced considerations that will challenge your clinical reasoning and intervention design skills.
These additional considerations represent the complexity of real-world practice where multiple
factors interact to influence sensory-motor function.

Let’s begin with special populations that present unique sensory-motor challenges. Diabetic
neuropathy represents one of the most common sensory disorders you’ll encounter in clinical
practice. The progressive damage to peripheral nerves, particularly in the feet and lower legs,
creates profound tactile and proprioceptive deficits. These clients often describe feeling like
they’re walking on pillows or cotton, indicating significant loss of cutaneous mechanoreceptor
function. The clinical implications are substantial - without adequate tactile feedback from the
foot-ground interface, these clients lose critical information about surface characteristics, weight
distribution, and foot placement. This sensory loss, combined with reduced proprioceptive input
from ankle and knee mechanoreceptors, creates a perfect storm for balance dysfunction and
increased fall risk. Your treatment approach must address these specific sensory deficits through
targeted interventions like textured surface training, vibrotactile stimulation, and systematic
proprioceptive challenges.

Post-joint replacement clients present a different but equally important sensory challenge. The
surgical procedure disrupts joint mechanoreceptors that normally provide precise information
about joint position and movement. Research shows that total knee replacement clients demon-
strate significant proprioceptive deficits that can persist for months or even years post-surgery.
These deficits aren’t immediately obvious because strength and range of motion may appear
normal, but the subtle loss of joint position sense affects movement quality, confidence, and long-
term function. Your rehabilitation protocols must specifically target proprioceptive retraining
through joint position sense exercises, perturbation training, and progressive challenges to the
reconstructed joint’s sensory systems.

Parkinson’s disease clients demonstrate reduced proprioceptive processing that fundamentally
alters movement control. The basal ganglia dysfunction that characterizes Parkinson’s disease
affects not only motor output but also the processing of proprioceptive input. These clients
often have difficulty with movement initiation, spatial scaling, and sequence control - problems
that reflect both motor and sensory processing deficits. Understanding this dual impairment
helps explain why simple verbal cues or visual targets can dramatically improve movement in
Parkinson’s clients - you’re providing external sensory information to compensate for internal
processing deficits.

Multiple sclerosis presents perhaps the most complex sensory-motor challenges because the
demyelination can affect any part of the nervous system unpredictably. Clients may have visual
deficits from optic neuritis, proprioceptive loss from spinal cord lesions, or central processing
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problems from brain lesions. The variability and unpredictability of symptoms require highly
adaptable treatment approaches that can accommodate changing sensory-motor capabilities.

Moving to advanced training techniques, closed-eye balance training represents a fundamental
tool for challenging proprioceptive systems. When you remove vision, clients must rely more
heavily on somatosensory and vestibular input for balance control. This training technique
specifically targets the proprioceptive system while also challenging the central nervous system’s
ability to reweight sensory inputs. The progression from eyes open to eyes closed represents a
systematic manipulation of sensory availability that forces adaptation and improvement in the
remaining systems.

Dual-task training addresses the reality that most functional activities occur in complex environ-
ments requiring divided attention. When clients must simultaneously maintain balance while
performing cognitive tasks, the demands on central processing resources increase dramatically.
This training approach prepares clients for real-world demands where they must walk while
talking, navigate obstacles while carrying objects, or maintain postural control while performing
work-related activities. The research clearly shows that dual-task training improves not just dual-
task performance but also single-task performance, suggesting fundamental improvements in
sensory-motor processing efficiency.

Sensory integration exercises systematically combine multiple sensory inputs to improve pro-
cessing efficiency and adaptation. These exercises might combine visual tracking with reaching
movements, balance challenges with proprioceptive inputs, or tactile discrimination with motor
responses. The goal is to enhance the central nervous system’s ability to efficiently process and
integrate multiple sensory streams simultaneously.

Perturbation training introduces unexpected challenges that specifically target reactive balance
systems. Unlike predictive postural control that relies on feedforward mechanisms, reactive
responses depend on rapid sensory processing and corrective motor output. By systematically
applying perturbations of varying magnitude, direction, and timing, you can improve clients’
ability to detect postural threats and generate appropriate corrective responses.

Cognitive and environmental factors add another layer of complexity to sensory-motor function.
Age-related changes affect every component of the sensory-motor system. Sensory receptor
sensitivity decreases, nerve conduction velocity slows, central processing speed reduces, and
motor response times increase. These changes are gradual and often compensated by experience
and strategic adaptations, but they represent fundamental constraints that must be considered in
treatment planning. Older adults require more time for sensory processing and motor responses,
and they benefit from interventions that optimize the remaining sensory capabilities rather than
trying to restore youthful function.

Medication effects represent a critical but often overlooked factor in sensory-motor function.
Sedating medications affect central processing speed and attention. Antihypertensive medications
can cause dizziness that impairs balance. Pain medications may improve movement tolerance but
reduce sensory awareness. Polypharmacy - the use of multiple medications common in elderly
populations - creates complex interactions that can significantly impact sensory-motor perfor-
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mance. Your role includes understanding these effects and collaborating with medical teams to
optimize medication regimens for functional outcomes.

Cognitive load effects highlight the interaction between cognitive and motor systems. When
cognitive demands are high, motor performance typically suffers. This occurs because both
cognitive and motor tasks compete for limited central processing resources. In rehabilitation, this
means starting with simple motor tasks and gradually adding cognitive challenges as motor skills
become more automatic and require fewer processing resources.

Attention deficits specifically impact sensory-motor coupling by disrupting the selective atten-
tion mechanisms that filter relevant from irrelevant sensory information. Clients with attention
disorders may have difficulty focusing on task-relevant sensory cues while ignoring distracting
environmental stimuli. This affects their ability to use sensory information effectively for motor
control.

Environmental modifications represent some of the most practical and immediately effective
interventions available. Lighting optimization improves visual input quality by reducing shadows,
glare, and contrast problems that interfere with depth perception and object recognition. Research
shows that improved lighting can reduce fall rates in elderly populations by twenty to thirty
percent - a dramatic effect from a simple environmental change.

Surface texture modifications can enhance tactile and proprioceptive feedback. Textured surfaces
on stairs, walkways, or exercise equipment provide additional sensory information that helps
with foot placement and balance control. These modifications are particularly valuable for clients
with sensory deficits who need enhanced feedback to maintain safety and function.

Visual contrast improvements aid object detection and depth perception by making environmen-
tal features more visually distinct. High contrast tape on step edges, contrasting colors for grab
bars and handrails, and enhanced contrast in exercise environments all provide better visual
information for movement planning and execution.

Noise reduction minimizes sensory distractions that can interfere with attention and sensory
processing. Excessive background noise forces the nervous system to work harder to filter relevant
from irrelevant sensory information, leaving fewer resources available for motor control and
learning.

These comprehensive considerations demonstrate the complexity of sensory-motor function in
real-world clinical practice. Effective intervention requires understanding not just the basic prin-
ciples of sensory-motor control, but also how these principles apply across diverse populations,
complex environments, and challenging clinical conditions. Your success as a clinician will depend
on your ability to systematically analyze these multiple factors and design interventions that
address the specific sensory-motor challenges facing each individual client.

These practical guidelines help instructors and therapists understand that movement difficulties
may have sensory origins. Vision often compensates for touch and proprioception deficits during
learning, but this substitution should be gradually reduced as skills develop. Successful perfor-
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mance requires matching task demands to available processing time - errors aren’t always due to
poor technique but may reflect insufficient time for sensory-motor corrections.
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