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Objectives
• Describe Fitts’ law and explain the speed–accuracy trade-off
• Define prehension; describe components and vision’s role
• Explain handwriting as motor equivalence and the influence of vision
• Distinguish symmetric vs.  asymmetric bimanual coordination and difficulty learning

asymmetric patterns
• Describe rhythmic relations in gait, head stability, and gait transitions
• Describe the three movement phases in catching and the role of vision (incl. whether you

must see your hands)
• Discuss how vision influences striking a moving object and control implications
• Describe how vision guides locomotion for contacting vs. avoiding objects

Welcome to Chapter 7, where we dive into how our motor control system handles the real skills
we use every day. Today we’re moving beyond theory to explore the fascinating ways our bodies
coordinate complex movements. Think about the last time you reached for your coffee cup, wrote
notes in class, or caught a ball thrown your way. Each of these actions reveals sophisticated control
processes that we’ll unpack together.

Our first objective focuses on Fitts’ law and the speed-accuracy trade-off. You’ve probably experi-
enced this without realizing it. When you’re trying to thread a needle, you naturally slow down to
be more accurate. But when you’re quickly tapping on your phone, you might make more errors.
This fundamental relationship between speed and accuracy appears everywhere in motor skills,
and Fitts’ law gives us a mathematical way to predict exactly how movement time changes based
on target size and distance.

Next, we’ll explore prehension, which is simply the scientific term for reaching and grasping
objects. This isn’t just about moving your hand to something. Your brain coordinates three
separate components: transporting your hand to the object, shaping your grip as you approach,
and then manipulating the object based on what you intend to do with it. What’s remarkable is
how these components work together as a team, not as separate actions.

1



Our third objective examines handwriting as a perfect example of motor equivalence. This means
you can write your name with your dominant hand, your non-dominant hand, or even with a pen
held between your toes, and people can still recognize your handwriting style. Your brain stores
an abstract pattern that can be expressed through different body parts, which tells us something
profound about how motor programs work.

Moving to bimanual coordination, we’ll discover why some two-handed skills are easier to learn
than others. When both hands do similar movements, like rowing a boat, it’s much simpler than
when they do different things, like playing guitar where one hand frets while the other strums.
Your nervous system has a natural preference for symmetry that we have to overcome through
practice.

For locomotion, we’ll examine the rhythmic patterns that emerge when we walk and run. Your
body maintains specific timing relationships between your arms and legs, and it works hard to
keep your head stable so your vision stays clear. We’ll also explore why you naturally switch
from walking to running at certain speeds, which happens due to changing energy demands and
biomechanical constraints.

Catching a moving object involves three distinct phases that require precise timing. First, you
position your hand in the general area where you predict the ball will arrive. Then you shape your
hand and fingers for the catch. Finally, you grasp and control the object. The question of whether
you need to see your hands throughout this process has a surprising answer that depends on your
skill level.

When striking a moving object, like hitting a baseball or tennis ball, vision plays a critical role in
predicting where and when contact will occur. However, the movements happen so fast that you
can’t rely on visual feedback during the swing itself. Instead, you must use visual information
from earlier in the ball’s flight to plan your movement in advance.

Finally, we’ll examine how vision guides locomotion when your goal is either to contact some-
thing, like stepping precisely on a stone while crossing a stream, or to avoid obstacles, like walking
through a crowded hallway. Your visual system provides time-to-contact information that helps
you adjust your steps and timing.

Each of these topics reveals fundamental principles about how your motor control system adapts
to different task demands. As we progress through today’s material, you’ll start recognizing these
patterns in your own daily movements and sports activities.

Objective 1 — What we’ll cover
Fitts’ Law & the Speed–Accuracy Trade-off

• Lawful relation: movement time (MT) increases with Index of Difficulty (ID)

𝑀𝑇 = 𝑎 + 𝑏 log2(
2𝐷
𝑊

)
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• Where it shows up beyond lab: dart throwing, pegboard tasks, cursor movement, reaching
& grasping

• Control processes across phases of manual aiming: preparation, initial flight, termination
• How vision contributes differently across phases
• Implications for practice and HCI (e.g., button size, target distance)

Let’s dive into our first major topic: Fitts’ law and the speed-accuracy trade-off. This might be
one of the most practical and widely applicable principles you’ll learn in motor control. Paul Fitts
discovered something remarkable back in 1954 that still influences everything from smartphone
design to athletic training today.

We’re going to explore a mathematical relationship that can actually predict how long it will take
you to complete precise movements. The equation you see here, MT equals a plus b log base 2
of 2D over W, might look intimidating, but it’s capturing something you experience every day.
Movement time increases in a predictable way based on two simple factors: how far you need to
move and how small your target is.

What makes this law so powerful is how it applies far beyond the laboratory tasks where it was
first discovered. When you’re throwing darts at a dartboard, the same principles apply. When
you’re working on a pegboard task in physical therapy, Fitts’ law is operating. When you’re
moving your cursor to click on a tiny button on your computer screen, or when you’re reaching
to grasp different sized objects, this fundamental relationship governs your movement time.

The control processes involved are fascinating because they reveal how your nervous system
manages the trade-off between speed and accuracy. Your brain essentially operates in three
distinct phases during these aiming movements. First, there’s a preparation phase where your
visual system gathers information about the target and plans the initial trajectory. Then comes
the initial flight phase, where your limb moves rapidly toward the target using primarily open-
loop control. Finally, there’s a termination phase where closed-loop processes use visual feedback
to make precise corrections and ensure you hit the target accurately.

Understanding how vision contributes differently across these phases is crucial for both under-
standing motor control and for practical applications. During preparation, vision assesses the
regulatory conditions like target size, location, and orientation. During the initial flight, vision
monitors limb displacement and velocity while your gaze often shifts to the target around the
midpoint of the movement. In the termination phase, vision provides the critical feedback needed
for those final adjustments that ensure accuracy.

This has enormous implications for practice and instruction, as well as for human-computer
interaction design. If you want people to move faster and more accurately, you can manipulate
either the distance they need to move or the size of the target they’re aiming for. Larger targets
and shorter distances allow for faster accurate actions, which is why effective interface design
and smart practice progressions both rely on understanding Fitts’ law.

Breaking the Ice
Video Overview
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Audio Overview

Study these questions before coming to class:
1. Have you ever tried clicking a really small button on your phone when you’re in a

hurry? What happens to your accuracy?

2. Why do computer mouse cursors feel "sluggish" when you’re trying to hit a tiny target
vs. a big button?

3. When you’re reaching for something far away, do you slow down as you get closer
to it?

4. What happens to your dart throwing when the dartboard is moved farther away?

5. Why does typing on a small smartphone keyboard feel different from a full-size
keyboard?

Speed–Accuracy Skills: Core Idea
• Tasks requiring both speed and accuracy create inevitable trade-offs; emphasizing one

dimension sacrifices the other due to motor control processing constraints.
• Fitts’ law: increasing movement distance (D) or reducing target width (W) raises Index of

Difficulty (ID) → longer movement time (MT) because the motor system needs more
processing time.

• Practical application: larger targets and shorter distances reduce processing demands and
enable faster accurate actions; fundamental principle for interfaces, rehabilitation, and training.
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Here’s the core idea that underlies speed-accuracy skills, and it’s something you can test right
now with your own movements. When any task requires both speed and accuracy, you face an
inevitable trade-off. If you emphasize one, you naturally sacrifice the other. This isn’t a flaw in
your motor system; it’s a fundamental characteristic of how movement control works.

Let’s think about this with a simple example. Try pointing quickly to different objects around the
room. When you move fast, you’ll notice that your accuracy decreases. But when you slow down
to be more precise, your speed obviously suffers. This trade-off has been documented in research
for over a century, starting with R.S. Woodworth’s work in 1899, and it’s so consistent that we
can actually predict it mathematically.

Fitts’ law captures this empirical regularity beautifully. The index of difficulty, or ID, increases
when you have to move a longer distance or aim for a smaller target. As the ID goes up, your
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movement time automatically increases. This happens because your nervous system is managing
the competing demands of speed and accuracy.

The practical implications are everywhere once you start looking for them. Larger targets and
shorter distances allow for faster accurate actions. This is why smartphone keyboards have
gotten larger over time, why important buttons on interfaces are made bigger, and why coaches
often start athletes with larger targets before progressing to smaller ones. Understanding this
relationship gives you a powerful tool for designing practice progressions and optimizing human
performance in any skill that requires precise aiming.

Fitts’ Law in and beyond the lab
• Mathematical equation: relationship between movement time (MT) and task difficulty
• Index of Difficulty (ID) increases with longer distance (D) or smaller target width (W) →

slower movement times.
• Broad generalizability: applies to dart throwing, piano performance, pegboard tasks, cursor

movement, and reaching/grasping.
• Applied design principle: make targets bigger or closer to speed up accurate selection.

𝑀𝑇 = 𝑎 + 𝑏 log2(
2𝐷
𝑊

)

Where:
𝑀𝑇 = Movement Time

𝐷 = Distance to target
𝑊 = Target width

𝑎, 𝑏 = Constants

Now let’s look at the mathematics behind Fitts’ law and how it applies to real-world situations.
The equation MT equals a plus b log base 2 of 2D over W might seem abstract, but it’s incredibly
practical. Movement time is predicted by the logarithm of two times the distance divided by the
width of the target. The constants a and b are determined experimentally, but the relationship
itself is remarkably consistent across different people and situations.

What this equation tells us is that the index of difficulty, calculated as log base 2 of 2D over W,
directly predicts how long a movement will take. When ID rises because you need to move a longer
distance or aim for a smaller target, your movement time gets slower to maintain accuracy. This
mathematical relationship has held up across decades of research and countless different tasks.

The beauty of Fitts’ law is how it generalizes beyond the original reciprocal tapping tasks that
Fitts used in his laboratory. Research has confirmed that the same principles apply when you’re
throwing darts at a dartboard, playing piano keys in rapid succession, inserting pegs into holes
of different sizes, or moving a computer cursor to click on various targets. The law even applies
to more complex skills like reaching and grasping objects of different sizes.

From a coaching and user experience perspective, this gives us tremendous insight. If you want
people to perform faster while maintaining accuracy, you have two clear options: make the targets
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bigger or make the distances shorter. This is why effective interface design places frequently used
buttons close to where users typically position their cursor, and why successful coaches often
begin skill instruction with large targets that gradually decrease in size as students improve their
control.

How control shifts across phases
• Preparation: vision samples regulatory conditions (size, orientation, location) to set initial

trajectory.
• Initial flight: chiefly open-loop; coarse transport; gaze often shifts to target ~mid-flight.
• Termination: closed-loop corrections use foveal info to “home in” accurately.

 Note

In the case of grabbing the mug, preparation involves assessing its size, shape, and orientation
to plan the reach and grasp. Initial flight is rapid and pre-planned, while termination allows
for precise adjustments based on visual feedback.

Understanding how motor control shifts across the different phases of aiming movements gives
us deep insight into how your nervous system manages complex skills. Your brain doesn’t use the
same control strategy throughout an entire movement. Instead, it seamlessly transitions between
different types of control processes as the movement unfolds, each optimized for what needs to
happen at that particular moment.

During the preparation phase, vision plays a crucial information-gathering role. Your visual
system samples what researchers call the regulatory conditions of the environment. This includes
assessing the target’s size, spatial orientation, and location relative to your starting position. Think
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about reaching for a coffee cup on your desk. Before you even start moving, your visual system
has already measured the cup’s handle size, determined its distance from your hand, and noted
whether it’s oriented toward you or away. This visual information gets transmitted to your central
nervous system, which uses it to set up the initial trajectory and velocity for the movement.

The initial flight phase represents a fascinating shift to primarily open-loop control. This means
your limb moves rapidly toward the target based on the motor program established during
preparation, but without much influence from sensory feedback during this phase. The movement
is ballistic, meaning it’s launched and continues under its own momentum. Interestingly, research
shows that your gaze often shifts to the target around the midpoint of this phase, roughly when
your hand reaches peak acceleration. This coupling between eye movements and hand move-
ments isn’t coincidental; it reflects the integrated planning happening in your nervous system.

The termination phase brings another crucial shift, this time to closed-loop control processes.
As your hand approaches the target, visual feedback becomes essential for making those final
corrections that ensure accuracy. Your foveal vision provides precise information about the
relative positions of your hand and the target, allowing your motor system to generate small
adjustments in real time. This is why movements typically slow down as they near the target;
your nervous system needs time to process visual feedback and implement corrections.

What makes this three-phase process so elegant is how each phase is optimized for its specific
function. The preparation phase maximizes information gathering, the initial flight phase maxi-
mizes speed and efficiency, and the termination phase maximizes accuracy through feedback
control. This division of labor allows your motor system to achieve both speed and precision in
ways that wouldn’t be possible if you relied on just one type of control throughout the entire
movement.

Objective 1 — Key takeaways
• ID is the primary control variable that predicts MT; practitioners can systematically manipulate

target distance (D) and width (W) to optimize skill acquisition and performance outcomes.
• Vision’s role is phase-specific and strategic: initial information gathering about environmental

constraints → continuous monitoring of limb displacement and velocity → precise error
correction for accurate target contact.

• Open-loop ballistic control enables rapid initial movement, then seamlessly transitions to
closed-loop feedback control for terminal accuracy; this dual-process system optimizes both
speed and precision.

Let’s consolidate the key insights about Fitts’ law and speed-accuracy skills that will serve you
well in understanding motor control more broadly. The index of difficulty is your primary tool for
predicting and manipulating movement performance. By understanding how distance and target
width combine to create ID, you gain powerful leverage over skill development and performance
optimization.

Remember that ID operates as a fundamental constraint on movement time. When you increase
the distance to a target or decrease its size, you’re not just making the task arbitrarily harder;
you’re systematically increasing the information processing and motor control demands placed
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on the nervous system. This is why Fitts’ law has such broad applicability. Whether you’re
designing a computer interface, planning a rehabilitation progression, or structuring athletic
practice, manipulating distance and target width gives you precise control over task difficulty.

The phase-specific nature of vision’s role reveals something profound about motor control. Your
nervous system doesn’t treat vision as a single, uniform input. Instead, it strategically uses
different aspects of visual information at different times during movement execution. During
preparation, vision gathers environmental information to establish motor programs. During
initial flight, vision monitors global movement parameters like displacement and velocity. During
termination, vision provides the precise feedback needed for accuracy. This specialization allows
your motor system to be both fast and accurate.

The interplay between open-loop and closed-loop processes represents one of the most elegant
solutions in human movement. Open-loop control allows for rapid, efficient movement initiation
and execution. Closed-loop control provides the precision needed for accurate task completion.
By seamlessly combining these two control modes, your nervous system achieves performance
that neither could accomplish alone. This principle extends far beyond simple aiming tasks to
virtually all skilled movements.

Understanding these fundamentals will help you recognize similar patterns in the more complex
skills we’ll explore next. Whether we’re talking about prehension, handwriting, or interceptive
actions, you’ll see how the nervous system consistently organizes control processes around the
competing demands of speed and accuracy, always seeking optimal solutions through the strategic
use of different types of sensory information and motor control strategies.

🏋️‍♂ Practical Applications
Refer to slides and 9.2 and 9.3 for detailed examples.

Objective 2 — What we’ll cover
Prehension (reach–grasp–manipulate)

• Transport: arm movement.
• Grasp: hand aperture adjustment.
• Object manipulation: achieving goals.
• Temporal coupling: transport and grasp coordination.
• Vision: assessing environment, guiding movement, and aiding tactile feedback.
• Prehension: speed–accuracy trade-off depending on object size and precision needs.

Welcome to our exploration of prehension - one of the most fundamental and complex motor
skills we use every day!

When we talk about prehension, we’re discussing the sophisticated coordination required for
reaching, grasping, and manipulating objects. Think about something as simple as picking up
your coffee cup this morning - your nervous system had to coordinate transport of your arm
through space, aperture of your hand to the right size, and then the precise manipulation needed
to bring the cup to your lips without spilling.
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What makes this fascinating from a motor control perspective is that prehension involves three
distinct but beautifully integrated components. First, we have transport - that’s your arm carrying
your hand through space to get near the target object. Second, there’s grasp - your hand opening
to the appropriate size and then closing to establish contact. And third, manipulation - actually
achieving the functional goal that motivated the reach in the first place.

Here’s what’s really remarkable: these components don’t operate independently. They’re coupled
temporally - meaning their timing is coordinated from the very beginning of the movement. Your
manipulation goal - whether you’re planning to drink, throw, or relocate an object - actually
shapes how your transport and grasp unfold from the very start.

Vision plays a crucial role throughout this process, but it’s not just about “seeing the object.”
Vision assesses the environment during preparation, guides the movement during transport, and
then integrates with tactile feedback during actual manipulation.

And here’s a connection to our previous topic: prehension follows speed-accuracy trade-offs just
like Fitts’ law! The precision demands of the object and task will systematically influence how
quickly and carefully you move.

This is why prehension research is so valuable for rehabilitation, skill training, and understanding
how we interact with our environment. Let’s dive into the details of how this remarkable coordi-
nation works.

Breaking the Ice
Video Overview

Audio Overview

Study these questions before coming to class:
1. When you reach for a coffee mug, how does your hand "know" how wide to open

before you even touch it?

2. Ever notice that when you’re carrying a full glass of water, your whole movement
style changes?

3. Why can you successfully reach for objects even when your hand is out of your line
of sight?

4. What’s the difference between how you pick up a raw egg versus a tennis ball?

5. When reaching around an obstacle to grab something, how does your arm "know" to
curve its path?

✋ Prehension fundamentals
• Transport: arm carries hand through space to position it near the target object; involves

trajectory planning, velocity control, and spatial coordination
• Grasp: hand opens to appropriate aperture size based on object dimensions, then closes to

establish secure contact with proper grip force
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• Manipulation: perform the functional goal that motivated the reach (e.g., drinking requires
different grip than relocating; precision vs. power grips)

• Task goal (manipulation) shapes transport and grasp kinematics from the very beginning of
the movement sequence

Let’s break down the three fundamental components of prehension, because understanding each
one helps us appreciate how sophisticated this everyday action really is.

Transport is all about getting your hand to the neighborhood of the target. Your arm carries your
hand through space, but this isn’t just a simple point-A-to-point-B movement. Transport involves
trajectory planning - your nervous system has to figure out the most efficient path while avoiding
obstacles. It involves velocity control - speeding up initially, then slowing down as you approach.
And it requires spatial coordination across multiple joints - your shoulder, elbow, and wrist all
have to work together.

Now, grasp is equally fascinating. Your hand must open to an appropriate aperture - not too little,
or you’ll hit the object; not too much, or you’ll waste time and energy. The aperture has to be
based on the object’s dimensions, but here’s the key - your hand starts shaping for grasp while
your arm is still transporting. Then you have to close to establish secure contact with proper grip
force. Too little force and you’ll drop it, too much and you might crush it or waste energy.

But here’s what makes prehension truly functional - it’s the manipulation component. This is
performing the actual goal that motivated the reach in the first place. Are you planning to drink
from that cup? That requires a different grip than if you’re planning to wash it or relocate it.
Precision grips use your fingertips for delicate control. Power grips use your whole hand for
strength.
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And here’s the really elegant part - the task goal, that manipulation component, actually shapes
both transport and grasp from the very beginning. Your nervous system isn’t just moving toward
an object generically - it’s preparing for the specific functional action you intend to perform.
That’s why the same coffee cup gets approached differently if you’re planning to drink versus
clean.

This integration is what makes prehension such a beautiful example of coordinative structures in
motor control.

🔁 Coupling of reach & grasp
• Temporal coupling: maximum grip aperture occurs at ⅔ of total movement time regardless

of object size or distance.
• Object size and distance modulate transport velocity and grip timing, but the coupling rela-

tionship is preserved.
• Functions as integrated coordinative structure where multiple joints work synergistically and

adapt to object constraints.

One of the most remarkable findings in prehension research is the robust temporal coupling
between reaching and grasping. This isn’t just coordination - it’s precision timing that’s consistent
across people, objects, and situations.

Here’s the key finding: maximum grip aperture consistently occurs at approximately two-thirds
of the total movement time. Think about that - whether you’re reaching for a tennis ball or a
marble, whether it’s close or far away, your hand reaches its maximum opening at about the same
relative point in the movement. This reveals a fundamental coordinative principle that enables
predictable timing relationships between transport and grasp components.

But the system is also beautifully adaptive. Object size and distance systematically modulate both
your hand transport velocity and your grip aperture timing. Larger objects require wider apertures
- that makes intuitive sense. Distant objects necessitate longer transport phases - also logical. But
here’s the elegant part - the temporal coupling relationship remains preserved across all these
variations. The two-thirds rule holds whether you’re reaching for something big or small, near
or far.

This demonstrates what we call a coordinative structure - multiple degrees of freedom organized
synergistically. Your shoulder, elbow, wrist, and fingers don’t operate independently. They’re
automatically tuned to object constraints and work together as an integrated system.

What’s even more impressive is the adaptability. This coupling can adjust when objects unex-
pectedly move during your reach. It can adapt when obstacles appear that you need to avoid.
The coordinative structure is both stable enough to be reliable and flexible enough to handle the
unexpected.

This temporal coupling is why practicing reaching and grasping as separate components often
doesn’t transfer well to functional performance. The magic is in the integration, in the coordinated
timing that makes prehension so efficient and reliable in daily life.
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👀 Vision in prehension
• Preparation phase: vision samples regulatory conditions (object size, orientation, location)

and combines with intended use to set initial movement parameters.
• Transport phase: central vision guides hand trajectory while peripheral vision provides

online corrections; blocking object vision during transport significantly impairs grasp forma-
tion.

• Grasp and manipulation phases: vision works with tactile/proprioceptive feedback to
monitor grip formation and guide object manipulation throughout the action sequence.

Vision’s role in prehension is sophisticated and phase-specific - it’s not just about “seeing the
object,” but about gathering and using different types of visual information at precisely the right
times.

During the preparation phase, vision is like a comprehensive assessment team. It’s evaluating
object size, spatial orientation, location, and surface properties. But it’s not just passively observ-
ing - it’s establishing ballpark estimates of the spatial and temporal characteristics your movement
will need. This visual information gets combined with your intended object use to prepare initial
trajectory parameters and time-to-contact calculations. Your nervous system is already preparing
both transport and grasp components before you even start moving.

During the transport phase, vision takes on a guidance role. Central vision provides primary
guidance for your hand approach trajectory - it’s like having a GPS system guiding your hand
through space. Meanwhile, peripheral visual feedback continuously calibrates path corrections.
Research shows something really important here: when vision of the object is blocked during
initial transport, grasp characteristics suffer significantly. This demonstrates that vision plays an
essential role in online movement adjustments, not just initial planning.

But here’s where prehension gets uniquely complex compared to simple aiming tasks. During
grasp and manipulation phases, vision has to supplement and integrate with tactile and proprio-
ceptive feedback. It’s monitoring grasp formation, ensuring appropriate grip force, and guiding
object manipulation according to your intended use. Unlike reaching toward a target where
vision’s job ends at contact, prehension requires sustained visual monitoring throughout object
contact and manipulation to achieve functional goals.

This multi-phase visual support explains why good lighting and clear sight lines are so important
for manual tasks, and why visual impairments can significantly impact functional independence
in daily living activities.

🧪 Prehension & Fitts-like constraints
• Speed-accuracy trade-off: smaller objects → longer deceleration phase → slower movement

times. Fitts’ law applies to prehension tasks.
• Container ID: Latash & Jaric developed container diameter/liquid distance from rim;

fuller containers require slower, more careful transport.
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Here’s where prehension connects beautifully back to our Fitts’ law principles - prehension
follows speed-accuracy trade-offs, but with some fascinating twists that reveal the sophistication
of this skill.

The basic speed-accuracy trade-off mechanism works like this: as target or object width system-
atically decreases, the deceleration phase of your movement significantly increases in duration,
leading to longer overall movement time. When you’re reaching for something small and delicate,
kinematic analysis shows that you reduce your limb speed as you approach to meet those
increased precision demands. This demonstrates that Fitts’ law principles consistently apply to
both laboratory prehension tasks and real-world activities of daily living.

But here’s where it gets really interesting - researchers Latash and Jaric developed a novel Index
of Difficulty specifically for container tasks. Instead of just distance over width, they created
a functional ID calculation that reflects container diameter divided by the distance from liquid
surface to rim. Think about carrying a full mug of coffee versus an empty one. The fuller container
creates higher accuracy demands because transporting liquid without spilling requires much more
precise movement control.

This leads to systematically slower and more careful transport movements that follow Fitts’ law
predictions. You’ve probably experienced this yourself - you automatically slow down and become
more careful when carrying a full glass of water compared to an empty one. This isn’t just being
cautious - it’s your motor system automatically adjusting to the functional Index of Difficulty.

What’s elegant about this is how it shows that Fitts’ law principles extend beyond simple labora-
tory tasks to capture the real-world constraints that govern how we interact with objects in our
environment. The speed-accuracy trade-off isn’t just academic - it’s a fundamental principle that
explains how we adapt our movements to meet the precision demands of daily tasks.

Objective 2 — Key takeaways
• Transport and grasp are interdependent: they function as a unified coordinative structure

with temporal coupling (max grip aperture at ⅔ movement time).
• Vision provides multi-phase support: movement planning → trajectory guidance → tactile

integration during manipulation.
• Practice should use whole-action integration: train with diverse objects and complete

sequences; avoid isolating components.
• Refer to slide 9.4 for detailed practical application examples

Let me summarize the key insights about prehension that have important implications for how
we understand motor control and how we design training and rehabilitation programs.

First, transport and grasp components are functionally interdependent. They’re not separate skills
that happen to occur together - they’re synergistically tuned to object features through precise
temporal coupling mechanisms. They operate as a unified coordinative structure where object
size, distance, and intended manipulation goals systematically modulate both hand transport
velocity profiles and grip aperture timing. Remember that two-thirds rule - maximum grip
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aperture consistently occurring at two-thirds of total movement time. This isn’t coincidence - it’s
evidence of sophisticated neural organization.

Second, vision provides comprehensive multi-phase support. It’s not just about seeing the
target - vision provides initial assessment of regulatory conditions for movement planning, then
continuous trajectory guidance and path calibration during transport, then sustained monitoring
and tactile integration during grasp formation and object manipulation. Each phase uses visual
information differently, which explains why lighting conditions, visual clarity, and sight lines all
matter for skilled prehension.

Third, and this is crucial for anyone designing practice protocols - effective training must
incorporate object variety and whole-action integration. Because reach, grasp, and manipulation
components interact cooperatively according to task demands, training should involve functional
activities with diverse object characteristics while maintaining complete action sequences.

Here’s the key insight: separating components for isolated practice misses the essential synergistic
relationships that enable skilled prehension performance. You can’t effectively train reaching
separate from grasping separate from manipulation and expect it to transfer to functional perfor-
mance. The magic is in the integration - in the coordinated timing and adaptive coupling that
makes prehension such an elegant and efficient solution to the challenge of interacting with
objects in our environment.

This understanding should fundamentally shape how we approach prehension training in reha-
bilitation, skill development, and motor learning contexts.

Objective 3 — What we’ll cover
Handwriting, Motor Equivalence, and Vision

• Motor equivalence: same pattern via different effectors/contexts
• Multiple control processes operate simultaneously (linguistic + motor)
• Vision supports spatial layout and stroke accuracy
• Classic demo & findings (e.g., Smyth & Silvers)

Now let’s turn our attention to handwriting - a skill that beautifully demonstrates some of the
most fundamental principles of motor control. Handwriting might seem like a simple, everyday
task, but from a motor control perspective, it’s absolutely fascinating because it reveals how
sophisticated our movement system really is.

What makes handwriting so special in motor control research? First, it’s a perfect example
of motor equivalence - that remarkable ability to produce the same movement pattern using
completely different muscle groups. Think about this: you can write your signature with your
dominant hand, your non-dominant hand, your foot, or even holding a pen in your mouth, and
amazingly, the essential characteristics of your signature remain recognizable.

This tells us something profound about how the nervous system stores movement patterns. Rather
than storing specific muscle commands, your brain stores an abstract spatial representation of
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the movement. This is why Bernstein called it motor equivalence - the same motor pattern can
be achieved through equivalent but different muscular arrangements.

But handwriting also demonstrates something else crucial - the simultaneous operation of
multiple control processes. When you write a sentence, you’re not just moving your hand.
You’re retrieving words from memory, constructing grammar, recalling spelling, controlling letter
formation, managing pen grip force, and coordinating multiple joints - all at the same time! It’s a
beautiful example of how cognitive and motor processes integrate seamlessly.

And then there’s vision’s role. Vision isn’t just passively watching what you write - it’s actively
controlling both the big picture spatial layout and the fine details of stroke accuracy. When you
lose visual feedback, systematic problems emerge in both areas.

This is why handwriting research provides such valuable insights for rehabilitation, education,
and understanding the flexibility of human motor control. Let’s explore how this remarkable
skill works.

Breaking the Ice
Video Overview

Audio Overview

Study these questions before coming to class:
1. Could you recognize your friend’s handwriting even if they wrote with their non-

dominant hand?

2. Why does your handwriting get messy when you write with your eyes closed?

3. What happens when you try to write your name really tiny versus really large?

4. Why can some people write backwards (mirror writing) so easily while others strug-
gle?

5. Could you write your signature with a pen held in your mouth or between your toes?

✍ Handwriting as motor equivalence
• Cross-effector consistency: people reproduce characteristic handwriting with different

hands, sizes, surfaces, or even mouth/foot; individual writing style remains recognizable
despite different muscle groups.

• Abstract motor programs: nervous system stores handwriting as abstract spatial repre-
sentation, not specific muscle commands; enables flexible coordinative structures across
different effector systems.

The concept of motor equivalence in handwriting is truly remarkable, and it tells us something
fundamental about how movement patterns are stored and controlled in the nervous system.

Here’s what’s so amazing: when researchers have people write their signature or familiar phrases
using different effectors - different hands, different surfaces, different scales, even unconventional
effectors like the mouth or foot - the essential characteristics of that person’s writing style
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remain recognizable. Despite dramatic changes in the muscle groups involved, despite completely
different biomechanical constraints, the spatial and temporal features that define individual
handwriting style are preserved.

This was demonstrated beautifully in classic experiments that researchers have been conducting
since the 1940s. Try this yourself right now - write your name with your dominant hand, then with
your non-dominant hand, then imagine writing it much larger on a chalkboard, or even holding
a pen in your mouth. You’ll find that while the movements feel completely different, the basic
spatial relationships, the letter proportions, the relative timing between strokes - these invariant
characteristics remain remarkably consistent.

What does this tell us about motor control? It provides compelling evidence for abstract motor
programs. Your nervous system isn’t storing handwriting as specific muscle commands - “contract
this muscle at this time with this force.” Instead, it’s storing handwriting as an abstract spatial
representation that can be flexibly implemented through different coordinative structures.

This flexibility is what Bernstein meant by motor equivalence - the capability of the motor control
system to achieve the same action goal through a variety of muscle combinations and joint
configurations. It demonstrates that the nervous system organizes movement at a higher, more
abstract level than individual muscles, allowing the same movement pattern to be scaled, rotated,
and implemented through completely different effector systems while preserving the essential
characteristics that make that movement recognizable and functional.

👁 Vision’s dual role in handwriting
• Spatial layout control: vision maintains overall spatial arrangement through continuous

feedback about pen position relative to lines, margins, and text; enables line alignment and
consistent spacing.

• Fine motor precision monitoring: vision ensures stroke and letter accuracy by detecting
formation errors (omissions, reversals, duplications); allows real-time corrections.

• Performance degradation without vision: elimination of visual guidance causes drift from
alignment, extra/missing strokes, and elevated formation errors.

Vision plays a sophisticated dual role in handwriting control, and research by Smyth and Silvers
provides some of the clearest evidence for how critical visual feedback is to skilled handwriting
performance.

The first function of vision is spatial layout control - maintaining the overall spatial arrangement
of your writing. Vision continuously monitors pen position relative to writing lines, margins, and
previously written text. This enables proper line alignment, consistent spacing between words and
letters, and appropriate positioning within the designated writing area. When you write without
vision, you can see dramatic evidence of this function - people’s writing drifts significantly from
horizontal baselines, spacing becomes irregular, and overall spatial organization deteriorates
markedly.

The second function is fine motor precision monitoring - ensuring accurate stroke and letter
formation. Vision detects and prevents formation errors such as omissions, where you might
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miss parts of letters, reversals where letters get written backward, and duplications where strokes
get repeated. Visual feedback allows real-time corrections during letter formation to maintain
legibility and proper character structure.

The research evidence for these dual functions comes from elegant experiments where people
write with and without visual feedback. When vision is eliminated during handwriting, systematic
deterioration occurs in both areas. People add extra strokes to letters, omit necessary strokes,
duplicate letters, and show significant drift from baseline alignment. When visual feedback is
delayed, people make numerous errors including repeating and adding letters.

What’s particularly interesting is that these aren’t just random errors - they’re systematic break-
downs that reveal how vision normally functions to integrate global spatial arrangement with
precise local motor control. The spatial layout function operates at a macro level, keeping track
of where you are on the page and maintaining overall organization. The precision monitoring
function operates at a micro level, ensuring that each individual letter is formed correctly.

This dual-level visual control explains why good lighting, clear writing surfaces, and unobstructed
sight lines are so important for handwriting quality, and why visual impairments can significantly
impact writing performance in both spatial organization and letter formation accuracy.

Objective 3 — Key takeaways
• Motor equivalence in handwriting: characteristic writing patterns transfer across different

effector systems (hands, surfaces, scales) because the nervous system stores abstract spatial
representations rather than specific muscle commands.

• Vision’s dual role: visual feedback supports both macro-level spatial layout (line align-
ment, spacing) and micro-level stroke accuracy (preventing formation errors); performance
degrades at both levels without vision.

Let me summarize the key insights about handwriting that have profound implications for
understanding motor control and for practical applications in education, rehabilitation, and skill
development.

First, handwriting exemplifies motor equivalence and reveals hierarchical motor control. The
remarkable ability to reproduce characteristic writing patterns across different effector systems -
different hands, different surfaces, different scales, even using the mouth or foot - demonstrates
that the nervous system stores abstract spatial representations rather than specific muscle com-
mands. This reveals multi-level control processes where linguistic planning, spatial patterning,
and motor execution operate simultaneously through flexible coordinative structures. The fact
that individual writing style is preserved regardless of biomechanical constraints shows us that
motor programs exist at a higher, more abstract level than we might initially think.

Second, vision provides dual-level stabilization for handwriting performance. Visual feedback
operates simultaneously at macro-level spatial layout - maintaining line alignment, spacing, and
overall spatial organization - and micro-level stroke accuracy - preventing formation errors,
omissions, and duplications. The research by Smyth and Silvers clearly shows that without visual
guidance, systematic deterioration occurs at both levels. This demonstrates that vision is essential

18



for integrating global spatial arrangement with precise local motor control throughout the writing
process.

These insights have important practical implications. For educators, it means that handwriting
instruction should emphasize both the development of abstract spatial representations and the use
of visual feedback for monitoring. For therapists working with individuals who have handwriting
difficulties, it suggests that interventions should address both spatial organization skills and stroke
formation accuracy, while ensuring adequate visual feedback is available.

The motor equivalence demonstrated in handwriting also suggests that practice with varied
effectors and scales might actually enhance the development of abstract motor programs, making
handwriting more flexible and adaptable. This challenges traditional approaches that focus solely
on developing specific muscle memory patterns.

Understanding handwriting as both motor equivalence and visually-guided control helps us
appreciate the sophisticated integration of cognitive, visual, and motor processes that make this
everyday skill possible.

🏋️‍♂ Practical Applications
Refer to slide 9.5 for detailed examples.

Objective 4 — What we’ll cover
Bimanual Coordination

• Symmetric vs asymmetric patterns
• Why asymmetric is harder: system prefers symmetry (temporal & spatial coupling)
• With practice, limbs can be decoupled
• Classic findings: the more difficult limb/task slows the easier one

Now we’re moving into one of the most intriguing areas of motor control research - bimanual
coordination. This is where we explore how the nervous system coordinates the simultaneous use
of both arms and hands, and it reveals some fascinating insights about the inherent preferences
and constraints of our motor control system.

Think about the range of bimanual skills you perform every day. Some are symmetric - like rowing
a boat, where both arms do essentially the same thing at the same time. Others are asymmetric -
like playing guitar, where one hand frets while the other strums completely different patterns, or
serving in tennis, where you toss the ball with one hand while preparing a very different racquet
movement with the other.

Here’s what makes this so interesting from a motor control perspective: the motor system has
a strong inherent preference for symmetry. It wants both limbs to do the same thing at the
same time. This preference helps tremendously with symmetric skills, but it creates significant
challenges when we need to perform asymmetric coordination.

The research evidence for this is compelling. In classic experiments by Kelso, Southard, and
Goodman, people performed rapid aiming movements simultaneously with each arm to targets
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with different difficulty levels. What they found was remarkable - the arm performing the easier
task slowed down to match the timing of the arm performing the more difficult task. The motor
system was trying to maintain temporal coupling even when the task demands were different.

This has profound implications for skill learning and rehabilitation. Why is it so hard to learn
to play drums with different rhythms in each hand? Why is the tennis serve so challenging for
beginners? Why do people with stroke have difficulty relearning to use both arms independently?
The answer lies in understanding these fundamental bimanual coordination preferences and how,
with practice, people can learn to overcome them.

Let’s explore how this remarkable coordination system works and how we can help people
develop the ability to “uncouple” their limbs when asymmetric skills demand it.

Breaking the Ice
Video Overview

Audio Overview

Study these questions before coming to class:
1. Try rubbing your stomach with one hand while patting your head with the other.

Why is this so difficult?

2. Why do pianists make it look so easy to play different melodies with each hand
simultaneously?

3. When you’re walking and texting, which task suffers more - your walking or your
texting?

4. Why do drum players seem to have superpowers - using all four limbs doing different
things?

5. What happens when you try to draw a circle with one hand and a square with the
other simultaneously?

🤲 Symmetric vs. asymmetric control
• Symmetric bimanual coordination: both limbs perform similar actions with matched timing

and spatial patterns (rowing, clapping, wheelchair propulsion); capitalizes on the nervous
system’s natural preference for symmetry, making these patterns relatively easy to learn.

• Asymmetric bimanual coordination: limbs execute different actions, timing, or trajectories
simultaneously (guitar playing, tennis serve, typing); requires overcoming intrinsic coupling
tendencies and demands extensive practice for limb independence.

Let’s clearly distinguish between these two types of bimanual coordination, because understand-
ing this difference is crucial for appreciating why some skills are easier to learn than others.

Symmetric bimanual coordination occurs when both limbs perform similar or identical actions
with matched timing and spatial patterns. Think about rowing a boat - both arms pull simultane-
ously with the same movement pattern. Or pushing the wheels of a wheelchair to go straight -
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both hands push forward with synchronized timing. Even clapping hands involves mirror-image
movements with perfectly synchronized timing. These patterns capitalize on the nervous system’s
natural preference for temporal and spatial symmetry, which makes them relatively easy to learn
and maintain.

What’s fascinating is that this preference for symmetry appears to be deeply wired into our
motor control system. It’s not just a matter of convenience - it reflects fundamental organizational
principles of how the nervous system coordinates movement across the body.

Asymmetric bimanual coordination, on the other hand, requires each limb to execute different
actions, timing patterns, or spatial trajectories simultaneously. Guitar playing is a perfect example
- one hand frets strings with precise finger positioning while the other hand strums or picks with
completely different rhythmic patterns. Tennis serving requires tossing the ball with the non-
dominant hand in a smooth, vertical pattern while the dominant hand prepares a complex racquet
swing with very different timing. Even something as simple as unscrewing a jar lid requires
different movements - one hand holds and stabilizes while the other rotates with different force
and timing patterns.

These asymmetric patterns require overcoming the motor system’s intrinsic coupling tendencies.
The nervous system wants both hands to do the same thing at the same time, so when you ask
them to do different things, you’re working against a fundamental bias. This is why asymmetric
skills typically demand extensive practice to achieve true limb independence.

The motor control research shows us that this isn’t just a matter of complexity - it’s about working
with or against the inherent organizational preferences of the nervous system. Understanding this
helps explain why some skills feel “natural” from the beginning while others require persistent
practice to overcome the system’s tendency toward symmetrical coordination.

🧩 Intrinsic tendency & learning
• Natural synchronization bias: motor system prefers temporal and spatial coupling

between limbs, creating automatic tendencies toward synchronized timing; homologous muscle
groups receive similar neural inputs, making symmetric coordination the “default” pattern.

• Task interference: in dual-task situations, the limb performing the higher ID task slows
down the easier task to align movement times; demonstrates the nervous system’s attempt
to maintain temporal coupling despite different task demands.

• Learning-induced decoupling: systematic practice progressively reduces limb coupling
and enables asymmetric coordination; training develops capacity for independent control of
timing, force, and spatial patterns though extensive repetition is required.

The motor system’s intrinsic preference for synchronization creates fascinating challenges and
learning opportunities that have been extensively documented in research.

This natural synchronization bias reflects fundamental neural organization principles. The motor
system’s preference for temporal and spatial coupling between limbs creates automatic tendencies
toward synchronized timing and matched trajectory patterns. This isn’t arbitrary - it reflects how
homologous muscle groups across limbs receive similar neural inputs from the central nervous

21



system. Symmetric coordination becomes the “default” pattern that emerges without conscious
effort or extensive practice because it aligns with the nervous system’s inherent organizational
structure.

The evidence for this bias is compelling. In the classic experiments by Kelso, Southard, and Good-
man, when people performed dual-task aiming movements, something remarkable happened. The
limb performing the higher Index of Difficulty task - the more challenging movement - system-
atically slowed down the limb performing the easier task to align their movement times. This
demonstrates that the nervous system attempts to maintain temporal coupling even when task
demands differ, resulting in performance compromises where the more difficult task constrains
the easier one rather than allowing independent optimization.

Think about what this means practically. When you’re learning to play drums and trying to keep
different rhythms with each hand, your nervous system is actively working against you, trying to
synchronize the movements. When a tennis player is learning to coordinate the ball toss with the
racquet preparation, the system wants both arms to move together rather than independently.

But here’s the encouraging part - learning-induced decoupling is possible through systematic
practice. Research shows that practice progressively reduces limb coupling and enables improved
asymmetric coordination performance. Through training, people can develop the capacity to
independently control timing, force, and spatial patterns across limbs. However, this requires
overcoming strong intrinsic coupling tendencies and typically demands extensive repetition to
establish stable asymmetric coordinative structures.

What’s particularly interesting is that these newly learned asymmetric patterns can resist regres-
sion to symmetric patterns, but they require more maintenance than symmetric skills. The motor
system never completely loses its preference for symmetry - it’s always there as the default pattern
the system will fall back to under stress or fatigue.

Objective 4 — Key takeaways
• Symmetry bias as fundamental constraint: nervous system’s intrinsic preference for

temporal and spatial coupling creates learning difficulties for asymmetric skills; symmetric
coordination is the default pattern while asymmetric patterns require extensive training to
overcome coupling tendencies.

• Systematic decoupling through targeted practice: coordination training progressively
reduces limb coupling and develops independent control of timing, force, and spatial patterns;
requires extensive repetition of asymmetric patterns with gradual increases in complexity.

Let me summarize the key insights about bimanual coordination that have important implications
for skill learning, rehabilitation, and understanding how we can work with or overcome the motor
system’s inherent biases.

First, symmetry bias represents a fundamental constraint of the nervous system. The motor
system’s intrinsic preference for temporal and spatial coupling between limbs creates systematic
learning difficulties for asymmetric bimanual skills. This bias reflects deep neural organization
principles where homologous muscle groups receive correlated inputs, making symmetric coordi-
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nation the default pattern that emerges automatically without practice. Understanding this helps
explain why asymmetric patterns require overcoming strong coupling tendencies and why they
demand extensive training to establish stable independent limb control that resists regression to
symmetric coordination.

The research by Kelso, Southard, and Goodman beautifully demonstrates this - when one arm has
to perform a more difficult task, it doesn’t just take longer; it actually slows down the other arm
to maintain temporal coupling. This isn’t a failure of the motor system - it’s evidence of a funda-
mental organizational principle that prioritizes coordination stability over task optimization.

Second, systematic decoupling through targeted practice is the pathway to asymmetric skill
mastery. Coordination training progressively reduces limb coupling by enabling individuals to
develop independent control of timing, force, and spatial patterns across limbs. But effective
training protocols must provide extensive repetition of asymmetric patterns while gradually
increasing complexity and speed. This allows the motor system to establish new coordinative
structures that can maintain limb independence even under challenging task demands and time
pressure.

The practical implications are significant. For coaches working with tennis serves, guitar instruc-
tion, or drumming, recognizing that students are working against a fundamental neural bias helps
set appropriate expectations and practice progressions. For therapists helping stroke patients
regain bimanual function, understanding that the system naturally wants to couple the limbs
explains why independent arm use is challenging to restore and why intensive, specific practice
is needed.

This research also tells us that we should expect asymmetric skills to take longer to learn,
require more maintenance practice, and be more vulnerable to breakdown under stress or fatigue.
But with appropriate instruction and sufficient practice, people can successfully overcome these
inherent coupling tendencies and achieve skilled asymmetric coordination.

🏋️‍♂ Practical Applications
Refer to slide 9.6 for detailed examples.

Objective 5 — What we’ll cover
Locomotion: Rhythms, Head Stability, and Transitions

• Rhythmic structure of gait; inter-segment coordination
• Head stability as a control priority (stabilize gaze & perception)
• Walk↔Run transitions: when and how they happen

Welcome to Objective 5, where we explore the fascinating world of locomotion and how the
nervous system coordinates complex rhythmic movements. In this section, we’ll discover how
walking and running emerge from intricate patterns of neural oscillators working together across
multiple body segments.

We’ll examine three key aspects of locomotor control. First, the rhythmic structure of gait and
how different body segments coordinate with each other to produce smooth, efficient movement.
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Think about how your arms naturally swing opposite to your legs, or how your pelvis and thorax
rotate in counter-directions - these aren’t conscious decisions, but emerge from the underlying
neural architecture.

Second, we’ll explore why head stability is such a crucial priority for the motor system. Your
head serves as a perceptual platform, and keeping it stable during locomotion is essential for
maintaining clear vision and spatial orientation. We’ll see how the entire kinetic chain adjusts to
minimize head perturbations.

Finally, we’ll investigate the spontaneous transitions between walking and running. These transi-
tions aren’t just arbitrary choices - they occur at specific speed ranges where the biomechanical
and metabolic demands shift, revealing locomotion as a self-organizing system that adapts to
changing constraints.

Breaking the Ice
Video Overview

Audio Overview

Study these questions before coming to class:
1. Why do your arms naturally swing when you walk? Think about what would happen if

you kept them still…

2. Ever notice you start jogging at a higher speed than when you slow back down to
walking? What’s that about?

3. Why does your head stay relatively steady when you walk, even on uneven ground?

4. What happens to the rhythm between your arms and legs when you walk really
slowly vs. normal speed?

5. If you had to walk while balancing a book on your head, what would your body
automatically do?

👣 Rhythms & segment coordination
• Gait as emergent rhythmic system: locomotion arises from interacting neural oscillators

that generate robust phase relationships between limbs and trunk segments; maintains stable
timing despite speed, terrain, or perturbation variations as a self-organizing dynamic system.

• Multi-level coordinative structures: arm-leg coupling (contralateral pattern) and pelvis-
thorax counter-rotation function as integrated systems supporting balance and efficiency;
arms counteract rotational torques while pelvis-thorax patterns optimize stride length and
energy expenditure.

Gait represents one of the most elegant examples of emergent rhythmic coordination in human
movement. Rather than being controlled by a central command system, locomotion arises from
the interaction of multiple neural oscillators - think of them as biological rhythm generators -
that synchronize to produce coherent whole-body movement patterns.
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These oscillators create robust phase relationships between different body segments. For example,
the relationship between your left and right legs maintains a specific timing pattern, as does the
coordination between your arms and legs. What’s remarkable is that these relationships remain
stable even when you change speed, encounter uneven terrain, or face external perturbations.

The multi-level coordinative structures in gait serve both efficiency and stability. Arm-leg cou-
pling follows a contralateral pattern - your right arm swings forward when your left leg steps
forward. This isn’t coincidental; it counteracts the rotational torques generated by leg propulsion,
helping maintain balance while optimizing energy expenditure.

Similarly, pelvis-thorax counter-rotation works like a sophisticated mechanical system. As your
pelvis rotates one way during each step, your thorax rotates in the opposite direction. This
counter-rotation optimizes stride length and reduces energy expenditure by facilitating efficient
transfer of forces through the kinetic chain during each gait cycle. It’s a beautiful example of how
biomechanical efficiency emerges from neural coordination patterns.

🧑‍🦰 Keep the camera steady: head stability
• Head stabilization as perceptual priority: locomotor control systems prioritize head

stability to preserve high-quality visual input (gaze fixation, optic flow); the head functions
as a “perceptual platform” that enables effective visual processing for navigation and spatial
orientation.

• Adaptive segment coordination for head stability: body segments systematically adjust to
minimize head perturbations during locomotion; involves coordinated adjustments across
ankle, knee, hip, pelvis, and trunk that counteract forces that would destabilize the head.

Head stability during locomotion represents one of the most fundamental priorities of the motor
control system. Think about this - your head serves as the primary perceptual platform for
navigation and spatial orientation. During walking or running, if your head bounces around
uncontrollably, your visual system cannot provide the stable, high-quality information needed for
effective movement control.

The motor control system has evolved sophisticated mechanisms to prioritize head stabilization.
This isn’t just about comfort - it’s about survival and performance. When your head remains stable
relative to the environment, your visual system can effectively process optic flow information,
maintain gaze fixation on targets, and detect obstacles or changes in terrain.

What’s remarkable is how the entire kinetic chain - from your ankles all the way up through your
trunk - systematically adjusts and compensates to minimize head perturbations. This involves
coordinated adjustments across multiple joints that actively counteract ground reaction forces
and momentum changes that would otherwise destabilize the head.

Research shows that this head stability constraint actually drives the organization of multi-joint
coordination patterns throughout the body. Rather than each segment optimizing its own motion
independently, the motor system organizes movement around the functional goal of maintaining
stable visual input. This demonstrates that locomotor control operates hierarchically, with head
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stability as a primary constraint that influences coordination patterns throughout the entire
system.

🔁 Spontaneous gait transitions
• Speed-dependent transition zones: gait transitions occur around characteristic speed

ranges (2.0-2.5 m/s walk-to-run, 1.5-2.0 m/s run-to-walk) where continuing the current pattern
becomes less efficient than switching to the alternative.

• Multi-constraint self-organization: transitions arise from multi-constraint interactions
involving metabolic efficiency, mechanical stability, and biomechanical factors; the motor
system spontaneously adopts the gait pattern that best satisfies combined demands.

Now let’s talk about one of the most fascinating aspects of locomotion - the spontaneous
transitions between walking and running. You might think that when you switch from walking
to running, it’s just a conscious decision you make. But here’s what’s really interesting - these
transitions actually occur at very specific speed ranges, and they’re driven by the laws of physics
and energy efficiency rather than just your conscious choice.

Research has shown that gait transitions happen around characteristic speed ranges. Typically,
the transition from walking to running occurs around 2.0 to 2.5 meters per second, while the
switch back from running to walking happens at slightly lower speeds, around 1.5 to 2.0 meters
per second. This slight difference creates what we call hysteresis - meaning the transition speeds
are different depending on which direction you’re going.

But why do these transitions occur at these specific speeds? The answer lies in what researchers
call multi-constraint self-organization. Your motor system is constantly balancing three major
factors: metabolic efficiency, mechanical stability, and biomechanical demands. As you increase
your walking speed, continuing to walk eventually becomes less efficient than switching to a run.
Your muscles have to work harder, your joints experience different loading patterns, and your
balance control systems face new challenges.

Think about it this way - at slow speeds, walking is like a smooth, pendulum-like motion that’s
very energy efficient. But as you try to walk faster and faster, you eventually reach a point
where this walking pattern becomes awkward and inefficient. That’s when your motor system
spontaneously adopts running, which is a more efficient pattern for higher speeds. This reveals
locomotion as a self-organizing system that continuously adapts to satisfy competing constraints
without you having to consciously think about it.

Objective 5 — Key takeaways
• Gait demonstrates emergent rhythmic coordination: locomotion exhibits stable rhyth-

mic relationships (arm-leg coupling, pelvis-thorax counter-rotation) that maintain temporal
stability across varying speeds and terrains while enabling adaptive flexibility.

• Head stability as primary perceptual constraint: the motor system prioritizes head
stability for effective visual perception; segment motions systematically adjust to minimize
head perturbations and preserve visual input quality.
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• Gait transitions reflect constraint optimization: transitions emerge from changing
multi-constraint interactions as speed increases; occur at characteristic ranges where cur-
rent gait becomes less optimal than the alternative.

Let’s pull together the key insights about locomotion and what they tell us about motor control.
First, remember that gait demonstrates emergent rhythmic coordination. When you walk or run,
you’re witnessing the result of multiple neural oscillators working together. These aren’t just
in your brain - they’re located throughout your nervous system, including in your spinal cord.
What’s remarkable is how these oscillators create stable rhythmic relationships among all your
body segments.

Think about the arm-leg coupling we discussed. Your arms don’t swing randomly - they follow
a very specific pattern that counteracts the rotational forces created by your legs. Similarly, your
pelvis and thorax rotate in opposite directions during each step. These patterns emerge naturally
from the interaction between your neural control systems and the physical properties of your
body. They maintain temporal stability across different speeds and terrains, yet they’re flexible
enough to adapt when environmental demands change.

The second major takeaway is that head stability serves as a primary perceptual constraint. Your
motor system treats keeping your head stable as job number one during locomotion. This makes
perfect sense when you consider that your head houses your primary navigation systems - your
visual and vestibular systems. If your head is bouncing around, you can’t effectively process the
visual information you need to navigate safely.

Finally, gait transitions teach us that locomotion is a self-organizing system. These transitions
aren’t arbitrary - they occur at characteristic speed ranges where the current gait pattern becomes
less optimal than the alternative. Your motor system is constantly optimizing across multiple
constraints including energy cost, mechanical stability, and control demands. This reveals how
beautifully adapted human locomotion is to the physical world we move through.

🏋️‍♂ Practical Applications
Refer to slides 9.8 and 9.9 for detailed examples.

Objective 6 — What we’ll cover
Catching a Moving Object

• Three phases: position → shape → grasp
• Critical visual windows: early flight and just before contact
• Do you need to see your hands? → depends on experience

Welcome to Objective 6, where we explore the fascinating skill of catching a moving object. Now,
you might think catching a ball is simple - after all, most of us learned to do it as children. But from
a motor control perspective, catching represents an incredibly complex coordination challenge
that reveals some remarkable capabilities of the human nervous system.

We’re going to examine three key aspects of catching. First, we’ll break down the three distinct
movement phases that occur during a catch. Each phase has specific timing requirements and
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involves different control strategies. Understanding these phases helps us appreciate why catch-
ing can be so challenging for beginners and why practice is so important.

Second, we’ll investigate the critical visual windows during ball flight. Here’s something that
might surprise you - you don’t actually need to watch the ball continuously throughout its
entire flight to catch it successfully. Research has identified specific time periods when visual
information is most crucial for successful catching. This has important implications for how we
teach and practice catching skills.

Finally, we’ll tackle an interesting question that coaches and players often debate: Do you need
to see your hands throughout the ball’s flight to catch it successfully? The answer, as we’ll
discover, depends largely on your experience level. This relationship between expertise and visual
requirements tells us something important about how motor skills develop over time and how
the nervous system adapts with practice.

Breaking the Ice
Video Overview

Audio Overview

Study these questions before coming to class:
1. Have you ever tried to catch something in the dark or with your eyes closed? What

made it so difficult?

2. When catching a ball, do you really need to watch it all the way into your hands?

3. Why do experienced catchers seem to get their hands ready for the catch earlier than
beginners?

4. Can you catch a ball without seeing your hands during the catch?

5. What’s the difference between positioning your hand and shaping your hand when
catching?

🧤 The three phases of catching
1) Initial positioning phase: rapid arm and hand positioning based on trajectory predictions

from visual information about ball flight path, speed, and interception location; involves
ballistic transport to position hand where contact is expected.

2) Hand shaping phase: progressive finger and hand configuration that adapts to ball size,
approach angle, and speed; hand aperture adjusts based on ball dimensions while fingers
prepare for optimal contact.

3) Grasping phase: coordinated finger closure and grip stabilization timed with ball contact;
involves precise coordination between finger flexion and ball arrival with appropriate grip
force.

• Expertise differences: skilled catchers show earlier hand shaping initiation compared to
novices, allowing more time for positioning and reducing reliance on last-moment corrections.
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Let’s break down the catching action into its three distinct phases, each with unique motor control
characteristics. The research by Williams and McCririe provides us with detailed insights into
exactly what happens during a successful catch.

The initial positioning phase happens first and involves rapid arm and hand positioning based
on your initial predictions about where the ball is going. This phase relies heavily on the visual
information you gather during the first part of the ball’s flight. Your nervous system has to quickly
calculate the ball’s speed, trajectory, and where it’s likely to be when it reaches you. This involves
ballistic limb transport - meaning you’re moving your hand to approximately where you think
the ball will be. The timing here is based on time-to-contact calculations that your visual system
derives from optic flow information and your previous experience with similar catches.

Next comes the hand shaping phase, which involves progressive finger and hand configuration
that adapts to the specific characteristics of this particular ball. Your hand aperture adjusts system-
atically based on visual information about the ball’s size, while your fingers position themselves
to create optimal contact surfaces. The timing here is crucial - you need to complete this shaping
before the ball arrives to avoid last-moment adjustments that could compromise your catch.

Finally, there’s the grasping phase, which requires coordinated finger closure and grip stabiliza-
tion timed precisely to coincide with ball contact. This involves exact temporal coordination
between when your fingers start to flex and when the ball actually arrives. Your grip force must
also modulate based on the ball’s momentum and your need to absorb the impact energy while
maintaining secure control.

What’s particularly interesting is that skilled catchers demonstrate earlier initiation of final hand
shaping compared to novices. This temporal advantage reflects superior predictive capabilities
and more efficient visual information processing. Expert performers can commit to final hand
configurations with greater temporal margins, giving them more time for error correction if
needed.

👀 How much vision, and when?
• Critical visual sampling windows: performance depends on two essential periods - initial

ball flight (first 200-300ms) for trajectory prediction and pre-contact phase (final 100-150ms)
for positioning adjustments.

• Intermittent visual sampling: between critical windows, brief visual snapshots provide
adequate information; continuous fixation throughout entire flight isn’t always necessary as
the visual system can interpolate position and velocity.

• Expertise differences: experienced catchers rely on object kinematics (time-to-contact,
velocity, trajectory) from early sampling; novice catchers need continuous hand vision to
monitor position and make corrections.

Here’s where catching gets really interesting from a motor control perspective. You might
assume you need to watch the ball continuously throughout its entire flight, but research tells
us a different story. There are actually two critical visual sampling windows that are much more
important than continuous tracking.
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The first critical window occurs during the initial ball flight - specifically the first 200 to 300
milliseconds after the ball is released. This is when you’re gathering essential information for
trajectory prediction. Your visual system is analyzing the ball’s initial speed, direction, and spin
characteristics to make predictions about where it will be when it reaches you. Some researchers
suggest you need to track the ball until it reaches its highest point, while others indicate that just
the first 300 milliseconds are sufficient.

The second critical window happens during the pre-contact phase - the final 100 to 150 millisec-
onds before you intercept the ball. This is when you’re making final positioning adjustments
based on more precise information about exactly where the ball will be. These windows provide
crucial information that enables predictive control of hand positioning.

But here’s the surprising part - between these critical windows, you can actually use intermittent
visual sampling rather than continuous tracking. Research by Elliott and colleagues showed that
people can successfully catch a ball by seeing brief snapshots of about 20 milliseconds every 80
milliseconds during the middle portion of flight. Your visual system can effectively interpolate
the ball’s position and velocity during these brief gaps.

This capability explains how ice hockey goalies can track a puck through multiple players’ legs,
or how soccer goalkeepers can follow a ball through a crowded penalty area. They’re not tracking
continuously - they’re using strategic visual sampling during the most informative moments.

The expertise factor is crucial here. Experienced catchers rely primarily on object kinematics
like time-to-contact information, ball velocity, and trajectory characteristics derived from early
visual sampling. This enables them to catch successfully even when their hand vision is restricted.
Novice catchers, however, benefit significantly from continuous hand vision that allows them to
monitor hand position relative to the approaching ball throughout the entire sequence.

Objective 6 — Key takeaways
• Strategic visual sampling: effective performance requires planning optimal visual mo-

ments rather than constant fixation; focus on critical windows (initial flight, pre-contact) while
using intermittent sampling during intermediate phases.

• Expertise markers: advanced skill shows earlier hand shaping and superior reliance on
object flight information; experts use predictive capabilities based on trajectory analysis
rather than continuous feedback control.

Let’s synthesize what we’ve learned about catching and what it tells us about motor control and
skill development. The first key takeaway is the importance of strategic visual sampling over
continuous monitoring. Effective catching isn’t about staring at the ball every millisecond of its
flight. Instead, it’s about planning for optimal visual moments - those critical time windows that
provide essential information for trajectory prediction and final positioning.

This has practical implications for how we teach and practice catching. Rather than telling
someone to “keep your eyes on the ball,” we should help them understand when visual attention is
most crucial. During intermediate phases of ball flight, intermittent visual sampling can maintain
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adequate performance while reducing attentional demands. This enables more efficient allocation
of visual resources and can actually improve performance.

The second major insight concerns how expertise changes visual strategy and information uti-
lization. Advanced catching skill is characterized by earlier hand shaping initiation and superior
reliance on object flight information derived from early visual sampling. Expert catchers demon-
strate enhanced predictive capabilities that enable them to commit to hand configurations based
on trajectory analysis rather than depending on continuous feedback control.

This reflects more sophisticated visual information processing and improved understanding of
projectile motion principles. Think about what this means for skill development - beginners
need different types of practice than experts. Novices benefit from situations where they can
see their hands continuously and receive lots of visual feedback. Experts can practice with more
challenging visual conditions because they’ve developed superior predictive capabilities.

The research by Smyth and Marriott, and later by Fischman and Schneider, clearly demonstrates
this experience effect. When experienced ball players couldn’t see their hands, they still main-
tained relatively good catching performance. When inexperienced catchers couldn’t see their
hands, their performance dropped dramatically, particularly in terms of positioning errors. This
tells us that the motor system develops increasing independence from visual feedback as expertise
grows.

🏋️‍♂ Practical Applications
Refer to slide 9.7 for detailed examples.

Objective 7 — What we’ll cover
Striking a Moving Object

• What vision contributes: predictive timing, ball–bat contact control
• Use of advance cues and online updates at elite speeds
• Temporal constraints: critical time windows and visual occlusion effects
• Practice applications: occlusion training, cue enhancement, anticipation drills

Welcome to Objective 7, where we examine the motor control challenges involved in striking
a moving object. If you thought catching was complex, striking adds even more demanding
constraints because now you’re not just intercepting an object - you’re trying to make contact
with it using an implement while it’s moving at high speed.

We’ll explore several key aspects of striking skills. First, we’ll examine what vision contributes
to successful striking, including both predictive timing and ball-bat contact control. The visual
system has to solve some incredible computational challenges when the ball is approaching at 90
miles per hour and you have less than half a second to react.

Second, we’ll investigate how skilled performers use advance cues and online updates, especially
at elite performance levels. Professional baseball players, for example, have developed visual
strategies that are quite different from what novice players do. Understanding these differences
helps us appreciate what changes as expertise develops.
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Third, we’ll examine the temporal constraints that make striking so challenging. There are critical
time windows when visual information has maximum impact on performance, and we’ll see how
visual occlusion research has revealed exactly when vision is most important.

Finally, we’ll discuss practical applications including occlusion training, cue enhancement, and
anticipation drills. These training methods have been developed based on our understanding
of how vision and striking interact, and they offer evidence-based approaches for improving
performance.

Breaking the Ice
Video Overview

Audio Overview

Study these questions before coming to class:
1. Why can’t you “just watch the ball” all the way to the bat in baseball?

2. If you blink during a pitch, when would be the worst time to do it?

3. Why do experienced batters seem to "know" what pitch is coming before it arrives?

4. What happens to your batting strategy when facing faster pitches?

5. How do table tennis players manage to return serves that are even faster than baseball
pitches?

🏓/🏏 Vision for striking
• Multi-source visual integration: skilled hitters integrate pre-contact cues (ball spin,

trajectory, pitcher kinematics) with late-phase updates when time permits; combines early
predictive information with final visual refinements.

• Predictive control under temporal constraints: extremely short contact windows
(400-500ms in baseball) require predominantly predictive control; swing initiation based on
early visual information with limited last-moment corrections.

• Training implications: development should emphasize anticipation training, pitch
recognition, and ball-flight pickup strategies; focus on trajectory prediction from minimal
cues and opponent movement patterns.

Let’s examine how vision enables successful striking by looking at the complex integration
processes that skilled hitters use. The first key aspect is multi-source visual integration. Skilled
hitters don’t just watch the ball - they systematically integrate multiple types of visual informa-
tion. This includes pre-contact visual cues like ball spin characteristics, trajectory patterns, and
opponent kinematics such as the pitcher’s arm angle, release point, and body positioning.

But here’s where it gets interesting - they also use late-phase visual updates when temporal con-
straints permit. The integration process combines early predictive information that enables swing
initiation with final visual refinements that can guide minor trajectory adjustments. However,
the relative weight given to early versus late information depends heavily on ball speed and the
performer’s skill level.
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The temporal constraints are severe. In baseball, you typically have only 400 to 500 milliseconds
from ball release to contact. This creates a situation where motor control is predominantly
predictive with severely limited opportunities for last-moment corrections. Swing initiation must
occur based on early visual information and trajectory predictions, with only minor adjustments
possible during the final phases of ball approach.

This means performers must commit to swing decisions before complete trajectory information
is available. Think about how challenging this is - you’re making a commitment to swing based
on incomplete information, then hoping you can make small adjustments as more information
becomes available.

The training implications are significant. Effective striking skill development should emphasize
anticipation training, pitch recognition abilities, and ball-flight pickup strategies that enhance
early visual information processing. Practice protocols should focus on improving the speed and
accuracy of trajectory prediction from minimal visual cues. Players need to develop sensitivity to
opponent movement patterns that provide advance information, and they must train their ability
to extract maximum information from brief visual sampling opportunities during high-speed ball
delivery.

⏱ Temporal constraints in striking
• Critical visual information windows: striking depends on specific temporal windows -

initial ball release phase (~200-300ms) for trajectory establishment and final approach phase
(~150ms) for timing refinement; these represent periods when visual information has maximum
impact on swing success.

• Visual occlusion research findings: performance drops significantly when vision is
eliminated during critical windows; occlusion during ball release disrupts timing and accuracy,
while final approach occlusion prevents last-moment adjustments.

• Elite performance under time pressure: elite performers show earlier swing commit-
ment based on superior early processing, yet maintain capacity for late adjustments when
time permits; reflects enhanced predictive capabilities with flexibility for corrections.

• Speed-accuracy relationships: faster ball speeds force stronger reliance on predictive
control with reduced time for visual corrections; performers shift from feedback to feed-
forward prediction, accepting reduced accuracy for appropriate timing.

Now let’s dive into the temporal constraints that make striking so challenging and examine what
research has revealed about critical visual information windows. Striking performance depends
heavily on visual information gathered during specific temporal windows rather than continuous
tracking throughout the entire ball flight.

The first critical window occurs during the initial ball release phase - approximately 200 to 300
milliseconds after release. This is when you’re establishing trajectory information and detecting
spin characteristics. The second critical window happens during the final approach phase -
roughly 150 milliseconds before contact. This is when you’re confirming terminal trajectory and
making timing refinements. These windows represent the periods when visual information has
maximum impact on swing success.
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What happens between these windows? During intermediate phases, visual information provides
progressively less actionable information due to temporal constraints on motor system respon-
siveness. Your nervous system simply can’t process and respond to new information quickly
enough during the middle portion of ball flight to make meaningful swing adjustments.

Visual occlusion research has provided compelling evidence for these temporal constraints.
Experimental studies using visual occlusion techniques demonstrate that performance drops sig-
nificantly when vision is eliminated during critical time windows. When vision is blocked during
ball release, you see major disruptions in swing timing and accuracy. When vision is blocked
during final approach phases, it prevents last-moment trajectory adjustments. These findings
confirm the essential role of visual information during specific temporal phases and highlight the
limited ability to compensate for missing visual input through other sensory modalities.

Elite performers show some interesting characteristics under time pressure. They demonstrate
earlier commitment to swing decisions based on superior early visual information processing, yet
they simultaneously maintain capacity for late trajectory adjustments when temporal constraints
permit. This combination reflects enhanced predictive capabilities that enable confident early
decision-making while preserving flexibility for final corrections.

As ball speeds increase, there’s a systematic shift toward greater reliance on predictive control
with correspondingly reduced time available for visual corrections. Performers must shift from
feedback-based control strategies toward feed-forward prediction, accepting reduced accuracy in
exchange for appropriate timing while developing enhanced sensitivity to early visual cues.

Objective 7 — Key takeaways
• Hybrid predictive-corrective control: successful striking combines early visual prediction

with brief online refinements within critical temporal windows; integrates feed-forward and
feedback control under severe time constraints.

• Speed-dependent strategy adaptation: higher ball speeds force greater reliance on ad-
vance visual cues; performers shift from feedback-dependent to predictive control as response
time decreases.

• Training focus: prioritize anticipation skills, early visual pickup, and timing flexibility;
emphasize trajectory prediction and swing decisions based on incomplete visual information.

• Specialized training methods: occlusion training and cue enhancement techniques
accelerate skill development by forcing reliance on essential visual cues while eliminating less
critical information.

Let’s synthesize our understanding of striking and examine what this tells us about motor
control and training. The first key insight is that successful striking performance depends on a
hybrid predictive-corrective control system. This system combines sophisticated prediction based
on early visual information with brief online refinement opportunities within critical temporal
windows.

This dual-process system enables performers to initiate movements based on trajectory predic-
tions while maintaining limited capacity for terminal adjustments. It requires the integration
of feed-forward and feedback control mechanisms that operate under severe time constraints.
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The temporal coordination between visual information processing and motor execution must be
precise, which explains why striking skills take so long to develop and why they’re so sensitive
to timing disruptions.

The second major takeaway concerns speed-dependent strategy adaptation. As temporal con-
straints increase at higher ball speeds, performers are systematically forced to rely more heavily
on advance visual cues and predictive control strategies. As available response time decreases, you
must shift from feedback-dependent control toward enhanced sensitivity to early trajectory infor-
mation, opponent movement patterns, and environmental cues that provide advance warning
about upcoming ball characteristics. This requires adaptive flexibility in control strategies based
on task speed demands.

For training and skill development, this research points toward several key focus areas. Effective
practice protocols should prioritize anticipation skill development, early visual information
pickup capabilities, and timing flexibility that enable performers to extract maximum information
from brief visual sampling opportunities. Training should emphasize rapid trajectory prediction,
sensitivity to opponent cues, and the ability to make accurate swing decisions based on incomplete
visual information, while maintaining capacity for minor trajectory adjustments when temporal
constraints permit.

Finally, specialized training methodologies offer evidence-based approaches for accelerating skill
development. Occlusion training protocols that systematically manipulate visual information
availability can force performers to rely on essential visual cues while eliminating less critical
information sources. Cue enhancement techniques that highlight critical visual information
sources can significantly accelerate skill development by developing enhanced visual information
processing efficiency and improved predictive capabilities that transfer to full-vision performance
situations.

🏋️‍♂ Practical Applications
Refer to slide 9.7 for detailed examples.

Objective 8 — What we’ll cover
Vision & Locomotion toward/around Objects

• Using vision to contact objects (e.g., precise foot placement)
• Using vision to avoid obstacles (doorways, stairs, stepping over)
• Time-to-contact guidance and look-ahead strategies

Welcome to Objective 8, where we explore how vision guides locomotion when your goal is either
to contact objects or avoid them. This might seem straightforward at first, but the visual control
of locomotion involves some sophisticated perceptual-motor processes that reveal fascinating
aspects of human movement control.

We’ll examine three main areas in this objective. First, we’ll contrast the different visual strategies
used when your goal is to make precise contact with objects versus when you need to avoid
obstacles. Each type of goal requires different visual information and different timing of that
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information. Understanding these differences helps explain why some locomotor tasks are more
challenging than others.

Second, we’ll investigate the visual sampling strategies that skilled performers use during
locomotion. These strategies include systematic gaze patterns, optimal look-ahead distances,
and the coordination between central and peripheral vision. Research has revealed that there
are specific patterns of visual attention that characterize successful navigation through complex
environments.

Finally, we’ll examine how the visual system uses optic flow patterns and time-to-contact infor-
mation to guide foot placement and path selection. The mathematical relationship between what
you see and how you move reveals some elegant solutions that the nervous system has evolved
for navigating through the world. This includes the concept of tau, which provides crucial timing
information for coordinated movement.

Breaking the Ice
Video Overview

Audio Overview

Study these questions before coming to class:
1. Why do you naturally look at the ground a few steps ahead when walking on uneven

terrain?

2. When climbing stairs, do you look at every single step or just a few ahead?

3. How do long jumpers know exactly when to take off without measuring their steps
every time?

4. Why do you slow down when walking through a narrow doorway even though you
could fit at normal speed?

5. What’s the difference between how you use vision to step ON something versus step
OVER something?

Contacting vs. avoiding objects
• Precision contact locomotion: contact-oriented goals (long-jump takeoff, stair climbing,

precise foot placement) require highly precise visual sampling to coordinate timing between
foot placement and target location; demand accurate time-to-contact calculations and spatial
positioning.

• Obstacle avoidance navigation: avoidance-oriented goals (doorway navigation, obstacle
circumvention) use prospective visual information and optic flow to adjust step length,
path trajectory, and gait timing; rely on look-ahead strategies for gradual adjustments.

• Strategic gaze allocation: performers shift visual attention to task-relevant zones at
appropriate intervals to prepare postural and stepping adjustments; involves predictive
gaze patterns that sample environmental features in advance.
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Let’s explore the fundamental difference between using vision to contact objects versus avoiding
them during locomotion. These two scenarios require distinctly different visual strategies and
motor control approaches.

When your goal involves precision contact locomotion - such as long-jump takeoff, stair climbing,
or precise foot placement on targets - you need highly precise visual sampling to coordinate
timing between foot placement and target location. These tasks demand accurate time-to-
contact calculations, precise spatial positioning, and coordinated deceleration or acceleration to
achieve optimal contact conditions. Visual information must guide both the temporal and spatial
aspects of foot placement to ensure successful target contact while maintaining dynamic balance
throughout the approach sequence.

Think about stepping onto a curb or placing your foot on a specific stepping stone. Your visual
system has to provide exact information about where that surface is in three-dimensional space,
when your foot will arrive there, and how to adjust your stride to make contact at just the right
moment. Any miscalculation could result in a trip or fall.

In contrast, obstacle avoidance navigation involves using prospective visual information and
optic flow patterns to scale step length, adjust path trajectory, and modify gait timing. Tasks
like doorway navigation, obstacle circumvention, or terrain negotiation rely on look-ahead visual
strategies that sample environmental information at appropriate distances to enable gradual path
adjustments. The key here is maintaining safe clearance margins while preserving locomotor
efficiency and dynamic stability.

For avoidance tasks, you don’t need the same level of precision - you just need to ensure adequate
clearance. When walking around a chair or through a doorway, your visual system is calculating
safety margins rather than exact contact points.

Both scenarios involve strategic gaze allocation and preparation. Performers systematically shift
visual attention to task-relevant environmental zones at appropriate temporal intervals to prepare
necessary postural and stepping adjustments. This involves predictive gaze patterns that sample
critical environmental features sufficiently in advance of physical interaction to enable motor
system preparation. The timing and location of these gaze shifts vary based on task demands,
environmental complexity, and the performer’s skill level and familiarity with the specific loco-
motor context.

👁 Visual sampling strategies in locomotion
• Gaze patterns: skilled performers show systematic visual search with longer fixations on

critical areas.
• Look-ahead distance: varies with speed and terrain complexity; faster speeds → greater look-

ahead.
• Visual pivot points: gaze anchors on key environmental features that guide path planning.
• Peripheral-central coordination: peripheral vision detects obstacles while central vision

guides precise foot placement.
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Now let’s examine the specific visual sampling strategies that characterize skilled locomotion
through complex environments. Research has revealed several key patterns that distinguish
expert performers from novices in how they use their visual system during navigation.

First, skilled performers show systematic visual search patterns with longer fixations on critical
areas. Rather than scanning randomly around the environment, experts have learned to focus
their visual attention on the most informative features. These might include the edges of steps,
potential obstacles, or the optimal path through a crowded space. The longer fixations allow for
more thorough processing of essential spatial and temporal information.

Look-ahead distance varies systematically with speed and terrain complexity. At faster speeds,
performers need greater look-ahead distances to have sufficient time to process visual information
and plan appropriate responses. On more complex terrain, the look-ahead distance also increases
to allow for more extensive path planning. This relationship between speed, complexity, and
visual sampling reveals how the nervous system adapts its information gathering strategies to
match task demands.

Visual pivot points serve as important gaze anchors on key environmental features that guide
path planning. These are specific locations in the environment that provide particularly useful
information for navigation decisions. For example, when navigating stairs, expert performers
often fixate on the edge of each step rather than looking at the center of the step surface. When
walking through crowds, they identify gaps between people that represent potential paths.

The coordination between peripheral and central vision is particularly sophisticated during loco-
motion. Peripheral vision detects obstacles and potential hazards, alerting the system to areas that
might require attention. Central vision then guides precise foot placement and path adjustments.
This division of labor allows the visual system to simultaneously monitor the broad environment
for potential problems while maintaining precise control over immediate stepping actions.

This coordination explains how you can walk through a busy hallway while talking to someone -
your peripheral vision is monitoring for obstacles and other people while your central vision can
be directed elsewhere for brief periods.

🌊 Optic flow and time-to-contact information
• Optic flow patterns: expanding flow indicates approach; lateral flow guides steering and path

adjustments.
• Tau (τ) information: time-to-contact derived from rate of visual expansion; critical for timing

foot placement.
• Flow field structure: different regions provide different types of guidance information (focus

of expansion vs. flow boundaries).
• Speed regulation: visual flow rate influences walking/running speed adjustments and gait

transitions.

Let’s explore how optic flow patterns and time-to-contact information provide the mathematical
foundation for visually guided locomotion. The visual system uses these sophisticated computa-
tional processes to solve the complex problems of navigation and foot placement.
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Optic flow patterns provide fundamental guidance information for locomotion. When you’re
approaching an object or surface, expanding flow indicates that you’re getting closer. The rate
of this expansion gives you precise time-to-contact information. Lateral flow, on the other hand,
guides steering and path adjustments. If you see objects flowing faster on your right side than
your left, it tells you that you’re moving closer to obstacles on the right and need to adjust your
path leftward.

Tau - represented by the Greek letter τ - is the mathematical relationship that describes time-
to-contact derived from the rate of visual expansion. This information is critical for timing foot
placement, especially when you need to make contact with specific targets like steps or stepping
stones. Your visual system continuously calculates tau for relevant surfaces in your environment,
providing the temporal information needed for precise movement coordination.

The structure of the flow field provides different types of guidance information depending on
which region you focus on. The focus of expansion - the point toward which you’re moving -
appears stationary while everything else flows outward from it. This tells you about your direction
of travel. Flow boundaries, on the other hand, provide information about obstacles and the edges
of navigable paths. Objects that are closer create faster flow patterns, while distant objects create
slower flow.

Speed regulation through visual flow demonstrates another elegant aspect of this system. The
rate of visual flow directly influences walking and running speed adjustments and can trigger gait
transitions. When the flow rate becomes too fast, indicating that you’re moving too quickly for
safe navigation, the motor system automatically slows down. Conversely, when flow rate is slow,
indicating safe conditions, the system may increase speed for more efficient locomotion.

This relationship between visual flow and speed control operates largely below the level of
conscious awareness, yet it’s essential for safe and efficient movement through the environment.

Objective 8 — Key takeaways
• Vision as primary coordinator: visual information structures spatial and temporal

aspects of foot placement and path selection; provides guidance for optimal placement, timing
contact, and executing path modifications with strategies adapting to task demands.

• Integrated prospective-reactive control: effective locomotion requires integration of
prospective mechanisms (tau information, optic flow, look-ahead sampling) with online ad-
justments; combines predictive planning with reactive flexibility for environmental changes.

Let’s synthesize what we’ve learned about vision and locomotion and examine the key principles
that emerge from this research. The first major insight is that vision serves as the primary
spatial-temporal coordinator for locomotion. Visual information fundamentally structures both
the spatial aspects - where you place your feet and select your path - and the temporal aspects -
when you initiate movements and make contact with environmental features.

Vision provides essential guidance for determining optimal foot placement locations, timing
contact with environmental features, and executing path modifications to achieve locomotor
goals. The visual sampling strategies we’ve discussed adapt systematically to task demands such

39



as precision contact versus obstacle avoidance, terrain complexity, and speed requirements. These
adaptations influence the spatial and temporal precision needed for successful locomotor perfor-
mance, revealing how flexible and responsive the visual-motor system can be.

The second key principle involves the integration of prospective and reactive control strategies.
Effective locomotion requires sophisticated integration of prospective control mechanisms - in-
cluding tau and time-to-contact information, optic flow analysis, and look-ahead visual sampling
- with online adjustment capabilities that enable real-time corrections based on environmental
changes or movement errors.

This dual-process system combines predictive planning based on advance visual information with
reactive flexibility that can accommodate unexpected environmental features, terrain variations,
or perturbations. Think about walking down a crowded sidewalk - you’re constantly making
predictions about where people will be and planning your path accordingly, but you’re also
ready to make quick adjustments when someone unexpectedly changes direction or when you
encounter an unforeseen obstacle.

This demonstrates that skilled locomotion emerges from the coordinated operation of both feed-
forward and feedback control mechanisms operating across multiple temporal scales. The feed-
forward system handles the predictive aspects based on advance visual information, while the
feedback system handles the corrective aspects based on immediate sensory input. The seamless
integration of these two systems enables the remarkably adaptive locomotor capabilities that
humans display in complex, dynamic environments.

🏋️‍♂ Practical Applications
Refer to slide 9.10 for detailed examples.

Major Takeaways & Applications
Welcome to our major takeaways and applications section, where we pull together everything
we’ve learned and see how it applies to real-world situations. Throughout this chapter, we’ve
examined several distinct types of motor skills, each revealing important principles about how
the nervous system controls movement. Now it’s time to connect these insights and explore their
practical implications for teaching, coaching, and rehabilitation.

We’ve seen how Fitts’ law applies across a wide range of skills, from laboratory tapping tasks to
complex sports movements. We’ve explored how prehension involves the elegant coordination
of reach, grasp, and manipulation components. We’ve examined how handwriting demonstrates
motor equivalence and the crucial role of vision in motor control. We’ve investigated the chal-
lenges of bimanual coordination and why asymmetric patterns are so difficult to learn.

We’ve also delved into the complexities of interceptive skills like catching and striking, where
timing and vision interact in sophisticated ways. Finally, we’ve explored how vision guides
locomotion through dynamic environments. Each of these areas contributes to our understanding
of motor control principles, but more importantly, each offers practical insights for helping people
improve their movement skills.
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In this section, we’ll organize these insights into practical applications that you can use whether
you’re working with athletes, patients in rehabilitation, or students in physical education classes.
The goal is to bridge the gap between research findings and real-world practice, showing how
understanding motor control principles can make you more effective in helping others develop
movement skills.

🎯 Takeways
• Speed-accuracy trade-offs are universal: Fitts’ law applies from lab tasks to real-world skills

(aiming, prehension, locomotion).
• Vision’s role is context-specific: preparation → monitoring → error correction, with timing

critical for success.
• Coordination emerges from constraints: coupling between limbs/components reflects both

intrinsic biases and task demands.
• Practice should mirror function: isolated components miss the synergistic relationships

essential for skilled performance.
• Expertise involves predictive control: skilled performers rely more on advance information

and less on online corrections.
• Motor equivalence allows flexibility: the same motor pattern can be achieved through

different effector combinations and contexts.

Let’s pull together the major takeaways from our exploration of motor control characteristics
across different functional skills. The first universal principle is that speed-accuracy trade-
offs apply across virtually all motor skills. Whether you’re looking at Fitts’ law in laboratory
tasks or observing real-world skills like aiming, prehension, and locomotion, this fundamental
relationship consistently emerges. Understanding this trade-off helps explain why certain skills
are challenging and provides guidance for structuring practice progressions.

The second major insight concerns vision’s context-specific role in motor control. Vision doesn’t
function the same way across all skills or even across all phases of the same skill. Instead, it
follows a general pattern of preparation, monitoring, and error correction, with the timing being
critical for success. During preparation phases, vision assesses regulatory conditions and estab-
lishes initial movement parameters. During monitoring phases, it tracks progress and detects the
need for adjustments. During error correction phases, it guides precise modifications to achieve
action goals.

Our third takeaway is that coordination emerges from constraints rather than being imposed by
central commands. The coupling we see between limbs and components reflects both intrinsic
biases in the nervous system and the specific demands of tasks. This principle helps explain why
some coordination patterns are easier to learn than others and why practice conditions need to
match the constraint structure of the target skill.

The fourth principle emphasizes that practice should mirror function. Many traditional training
approaches separate skills into components for isolated practice, but our research shows that this
misses the synergistic relationships that are essential for skilled performance. The transport and
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grasp components of prehension, for example, function as an integrated system, not as separate
elements that can be trained independently.

We’ve also learned that expertise involves a shift toward predictive control. Skilled performers
rely more on advance information and less on online corrections compared to novices. This shift
reflects improved pattern recognition, better anticipation skills, and more efficient information
processing capabilities.

Finally, motor equivalence allows flexibility in skill expression. The same motor pattern can be
achieved through different effector combinations and contexts, which reveals that the nervous
system stores movement patterns as abstract representations rather than specific muscle com-
mands.

🏋️‍♂ Practical Applications
Speed–Accuracy Skills: Emphasize accuracy first, then build speed

• Coaches: Soccer penalty practice → start with large goal areas, gradually reduce target size
• Physical Therapists: Reaching tasks → begin with large objects nearby, progress to smaller/

distant targets
• PE/Dance Instructors: Basketball shooting → begin close to basket with accuracy focus

before adding speed and distance

Now let’s examine some practical applications of speed-accuracy principles that you can imple-
ment immediately in your professional practice. The fundamental guideline here is to emphasize
accuracy first, then build speed gradually. This approach respects the intrinsic speed-accuracy
trade-off while providing a systematic progression toward skilled performance.

For coaches working on soccer penalty kicks, this means starting practice sessions with large goal
areas and gradually reducing target size as accuracy improves. Rather than immediately asking
players to hit the corners of the goal at full power, begin with accuracy-focused shots to larger
target areas. This allows players to establish proper movement patterns and timing relationships
before adding the complexity of speed and precision demands.

Physical therapists working on reaching tasks should follow similar principles. Begin rehabili-
tation with large objects positioned nearby, then progress systematically to smaller and more
distant targets. This progression respects the Index of Difficulty progression inherent in Fitts’ law
while providing achievable challenges that build confidence and motor capabilities. The key is
ensuring that accuracy requirements don’t overwhelm the patient’s current capabilities while still
providing appropriate challenge for continued improvement.

PE and dance instructors can apply these principles to basketball shooting by beginning practice
sessions close to the basket with accuracy focus before adding speed and distance. This approach
allows students to develop proper shooting mechanics and timing without the added complexity
of long-distance accuracy demands. As accuracy stabilizes at shorter distances, gradually increase
the challenge by moving further from the basket or introducing time pressure.
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The underlying principle across all these applications is systematic manipulation of task difficulty
through controlled changes in accuracy and speed demands. This evidence-based approach
ensures optimal challenge progression that maintains high success rates while building the
foundation for more complex skill performance.

🎯 Fitts’ Law Applications
Systematically manipulate Index of Difficulty (distance and target size) for evidence-based
progressive skill development

• Coaches: Basketball free throws → begin closer to basket with larger targets to reduce ID;
gradually progress to regulation distance and size as accuracy improves.

• Physical Therapists: Fine motor rehabilitation → use pegboard tasks with varied hole
sizes and distances; start with large holes at close distances, then systematically reduce
size or increase distance based on progress.

• PE/Dance Instructors: Target-based activities → begin with large, close targets (low ID)
to build confidence, then progress to smaller, distant targets (higher ID) while monitoring
performance.

Let’s examine how to systematically manipulate Index of Difficulty for evidence-based progressive
skill development. This approach provides a scientific foundation for creating practice progres-
sions that optimize learning while maintaining appropriate challenge levels.

For coaches working on basketball free throws, begin practice sessions closer to the basket with
modified larger rim targets to reduce ID and enable accuracy focus. You might use larger hoops or
move players to three-quarter court distance initially. As movement time decreases and accuracy
stabilizes, gradually progress to regulation distance and rim size. This application of Fitts’ law
principles ensures optimal challenge progression that maintains high success rates while system-
atically increasing task difficulty through controlled manipulation of spatial constraints.

Physical therapists can apply these principles to fine motor rehabilitation by implementing
pegboard tasks with systematically varied hole sizes and reaching distances to create progressive
ID challenges. Start with large holes at close distances for severely impaired clients, then system-
atically reduce hole size or increase reaching distance based on individual progress. Use Fitts’ law
predictions to establish appropriate challenge levels that promote motor recovery while avoiding
frustration from excessive task difficulty. This scientific approach provides objective criteria for
progression decisions.

PE and dance instructors should design progressions using large, close targets initially to establish
movement patterns and build confidence, then systematically progress toward smaller targets at
greater distances while monitoring movement time and accuracy changes. Use Fitts’ law princi-
ples to create developmentally appropriate challenges that maintain engagement while building
precision skills across diverse motor activities. This approach ensures that practice difficulties
match students’ current capabilities while providing clear progression pathways.
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The key insight is that Fitts’ law provides a mathematical framework for optimizing practice
difficulty, making progression decisions based on objective performance measures rather than
subjective impressions.

✋ Prehension Practice Principles
Implement functional whole-action training with systematically varied object characteris-
tics and manipulation goals

• Coaches: Sport-specific grip development → practice with diverse ball sizes, weights,
and textures in game contexts; maintain complete reach-grasp-manipulate sequences;
progress from predictable to unpredictable object presentations.

• Physical Therapists: ADL restoration → provide variety in container types, utensil
weights, and manipulation tasks (opening, pouring, carrying); ensure complete func-
tional sequences from reach to completion; systematically progress object challenges.

• PE/Dance Instructors: Equipment manipulation → teach proper grip formation using
varied implements; emphasize whole-body coordination integrating prehension with
movement patterns; progress from simple to complex sequences.

Now let’s explore how to implement functional whole-action training with systematically varied
object characteristics and manipulation goals. The key principle here is maintaining the integrity
of the prehension system while providing appropriate variety and challenge.

For coaches focused on sport-specific grip development, practice should involve diverse ball
sizes, weights, surface textures, and shapes within authentic game contexts to develop adaptable
prehension skills. Maintain complete reach-grasp-manipulate sequences rather than isolating
grip training, ensuring that transport and grasp components develop synergistic coordination.
Progress from predictable to unpredictable object presentations to build robust coordinative
structures that can adapt to varying game demands while preserving sport-specific manipulation
requirements.

Consider tennis players practicing with different ball types, racquet weights, and target locations
all within the context of actual stroke production. This maintains the functional relationship
between reaching for the ball, grasping the racquet, and executing the intended stroke while
building adaptability across varying equipment and situational demands.

Physical therapists working on activities of daily living restoration should provide extensive
variety in container types, utensil weights, and manipulation tasks including opening, pouring,
carrying, and transferring activities. Ensure practice includes complete functional sequences from
initial reach through task completion, allowing transport-grasp coupling to develop naturally.
Systematically progress object size and weight challenges while maintaining focus on real-world
functional outcomes that enhance independence in daily living activities.

PE and dance instructors should teach proper grip formation and object control using balls,
ribbons, scarves, and implements of systematically varied sizes to build adaptable prehension
capabilities. Emphasize whole-body coordination where prehension integrates with locomotion,
balance, and rhythmic movement patterns. Progress from simple to complex manipulation
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sequences while maintaining focus on expressive and aesthetic goals that characterize dance and
movement arts.

The critical insight is that separating prehension components for isolated practice would miss the
essential synergistic relationships that enable skilled performance in real-world contexts.

📝 Handwriting & Vision Monitoring
Optimize visual feedback integration for spatial layout control and motor precision

• Physical Therapists: Clinical documentation → ensure clear visual access to writing
through positioning and lighting; monitor visual feedback dependencies; use handwriting
tasks for fine motor rehabilitation.

Let’s examine how to optimize visual feedback integration for spatial layout control and motor
precision in handwriting and related fine motor skills. The research by Smyth and Silvers showed
us that vision performs dual functions in handwriting control, and we can apply these insights to
improve instruction and practice.

For coaches having athletes write detailed technique notes and draw movement diagrams, ensure
they maintain continuous visual monitoring of their writing output. Provide adequate lighting
and clear visual access to support both macro-level spatial organization like line alignment and
spacing, and micro-level stroke accuracy including letter formation and legibility. Use handwrit-
ing tasks as motor equivalence training where athletes practice writing with different hands or
at different scales to reinforce abstract motor program development and coordinative flexibility.

Physical therapists should ensure patients maintain clear visual access to their writing through
optimal positioning, adequate lighting, and appropriate writing surface orientation. Monitor for
visual feedback dependencies and provide training to restore visual-motor integration skills. Use
handwriting tasks as fine motor rehabilitation where systematic practice with visual monitoring
helps restore both spatial layout control and precise stroke formation capabilities essential for
functional writing independence.

PE and dance instructors can teach students to trace and sketch movement pathways, spatial
patterns, and choreographic sequences while maintaining visual attention to their drawing
output. Emphasize visual monitoring skills that transfer to movement execution where dancers
must maintain spatial awareness and precise positioning. Use drawing and notation activities
as cross-training for visual-spatial skills that enhance movement quality and spatial accuracy in
dance performance.

The key principle is that vision provides both global spatial organization and local motor preci-
sion, making visual feedback integration essential for skilled fine motor performance.

🤲 Bimanual Coordination Challenges
Systematically address asymmetric coordination difficulties through progressive decou-
pling training
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• Coaches: Tennis serve development → practice ball toss and racquet swing separately
before integration; recognize asymmetric patterns need extensive practice; gradually
combine components while monitoring for regression; expect longer learning periods
for asymmetric skills.

• Physical Therapists: Asymmetric skill restoration → target activities with different limb
actions (guitar, cooking, dressing); use graduated progressions from simple to complex
patterns; provide extensive practice to overcome coupling biases.

• PE/Dance Instructors: Complex combinations → teach arm and leg patterns separately
before integration; recognize coordination challenges in asymmetric patterns; progress
systematically with adequate practice time; use mirrors and feedback to monitor coupling.

Now let’s address the systematic challenges of asymmetric coordination through progressive
decoupling training. Remember that the motor system has an intrinsic preference for symmetry,
so asymmetric patterns require special attention and extensive practice.

For coaches working on tennis serve development, initially practice ball toss and racquet swing as
separate, isolated components to establish individual limb control before attempting integration.
Recognize that asymmetric patterns require extensive practice to overcome natural coupling
tendencies. Gradually combine components while monitoring for regression to symmetric timing
patterns, using feedback to help athletes maintain limb independence. Expect longer learning
periods for asymmetric skills compared to symmetric sport movements.

The key is understanding that the nervous system will naturally try to couple the limbs, so you
must systematically work against this tendency. Start with simple asymmetric patterns and build
complexity gradually, always watching for signs that the limbs are trying to synchronize when
they shouldn’t.

Physical therapists targeting functional asymmetric skill restoration should focus on activities
requiring different limb actions such as guitar playing, cooking tasks, and dressing skills. Use
graduated difficulty progressions that begin with simple asymmetric patterns before advancing to
complex coordinations. Provide extensive practice opportunities to overcome intrinsic coupling
biases while building stable asymmetric coordinative structures that resist regression to symmet-
ric patterns.

PE and dance instructors working on complex movement combinations should teach arm patterns
and leg movements as separate components initially before attempting whole-body integration.
Recognize that dance combinations requiring different timing or spatial patterns across limbs
present significant coordination challenges. Progress systematically from simple to complex
asymmetric patterns while providing adequate practice time for students to develop limb inde-
pendence. Use mirrors and external feedback to help students monitor and correct unwanted
coupling between limbs.

The fundamental principle is that asymmetric coordination requires systematic decoupling train-
ing that works against the nervous system’s natural symmetry preferences.
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🧤 Interceptive Skills Training
Optimize visual tracking strategies for moving object interception

• Coaches: Visual tracking development → train “keep eyes on ball” strategies across
movement planes, speeds, and trajectories; emphasize critical visual windows (ball
release, pre-contact); develop anticipation skills through varied delivery patterns.

• Physical Therapists: Dynamic balance training → use ball catching with varied sizes,
speeds, and angles while maintaining stability; progress from predictable to unpre-
dictable delivery; emphasize visual attention strategies for dual-task capabilities.

• PE/Dance Instructors: Progressive ball skills → implement progressions from large, slow
balls to smaller, faster objects; teach visual attention strategies for tracking efficiency;
emphasize early visual pickup and predictive timing.

Let’s examine how to optimize visual tracking strategies for moving object interception, drawing
on our understanding of critical visual sampling windows and expertise differences.

For coaches developing visual tracking skills, train systematic “keep eyes on the ball” strategies
across multiple movement planes, ball speeds, and trajectory patterns to enhance predictive capa-
bilities. Emphasize critical visual sampling windows during ball release and pre-contact phases
while teaching players when continuous tracking is essential versus when brief visual updates
suffice. Develop anticipation skills through practice with varied ball delivery patterns that require
early visual information pickup and trajectory prediction based on opponent movement cues.

Remember the research showing that expert catchers use different visual strategies than novices.
Experienced performers rely more on object kinematics and trajectory prediction, while beginners
need more continuous visual feedback. Structure practice accordingly, providing beginners with
more predictable conditions and continuous visual access while challenging advanced players
with more demanding visual conditions.

Physical therapists using ball catching activities should systematically vary ball sizes, speeds, and
approach angles while patients maintain postural stability. Progress from predictable to unpre-
dictable ball delivery to challenge both interceptive skills and balance responses. Emphasize visual
attention strategies that maintain object tracking while preserving postural control, developing
dual-task capabilities essential for functional movement in dynamic environments.

PE and dance instructors should implement systematic progressions from large, slow-moving
balls toward smaller, faster objects within game and activity contexts. Teach visual attention
strategies that optimize tracking efficiency while building hand-eye coordination. Emphasize
early visual information pickup and predictive timing skills through varied ball games that require
students to anticipate object trajectories and prepare interceptive movements based on visual
analysis of ball flight characteristics.

The key insight is that visual tracking strategies must be developed progressively, matching
the complexity of visual demands to the performer’s current capabilities while building toward
expert-level predictive control.
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🚶‍♀ Locomotion & Rhythmic Patterns
Systematically develop rhythmic coordination and inter-segment coupling

• Coaches: Running mechanics → observe arm-leg coupling, pelvis-thorax counter-
rotation, and rhythmic stability across speeds/terrains; provide feedback to enhance
coordinative relationships; preserve stable rhythmic patterns; monitor for asymme-
tries or disruptions.

• Physical Therapists: Gait restoration → use external rhythm cues (metronomes, music,
visual signals) for patients with impairments; progress from supported to independent
coordination; address rhythm disruptions through targeted exercises.

• PE/Dance Instructors: Rhythmic education → teach natural rhythms through music,
clapping, and stepping; emphasize whole-body coordination with external cues;
progress from simple to complex patterns while maintaining natural flow.

Now let’s explore how to systematically develop rhythmic coordination and inter-segment cou-
pling based on our understanding of locomotor control principles. Remember that gait emerges
from interacting neural oscillators and coordinative structures, not from conscious control of
individual segments.

For coaches working on running mechanics optimization, systematically observe and analyze
arm-leg coupling patterns, pelvis-thorax counter-rotation, and rhythmic stability across different
speeds and terrains. Provide feedback to enhance natural coordinative relationships that improve
locomotor efficiency while maintaining dynamic balance. Recognize that gait modifications
should preserve stable rhythmic relationships rather than disrupting natural coordination pat-
terns. Monitor for asymmetries or coupling disruptions that may indicate injury risk or inefficient
movement strategies.

The key is understanding that these rhythmic patterns emerge naturally when the system is
functioning optimally. Rather than trying to consciously control each segment, focus on creating
conditions that allow natural coordination patterns to emerge and stabilize.

Physical therapists working on gait pattern restoration should use external rhythm cues including
metronomes, musical beats, and visual timing signals to help restore natural gait rhythms in
patients with neurological or orthopedic impairments. Systematically progress from supported to
independent rhythmic coordination while monitoring for stable inter-segment coupling. Address
specific rhythm disruptions through targeted exercises that re-establish arm-leg coordination,
trunk stability, and temporal patterning essential for functional locomotion.

PE and dance instructors should teach natural movement rhythms through integrated music,
clapping, and stepping activities that develop students’ sensitivity to temporal patterning.
Emphasize whole-body coordination where arm, leg, and trunk movements synchronize with
external rhythmic cues. Progress from simple to complex rhythmic patterns while maintaining
focus on natural movement flow and coordinative relationships that characterize skilled rhythmic
movement performance.
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The fundamental principle is that rhythmic coordination emerges from the interaction between
neural oscillators and environmental constraints, requiring practice conditions that support
natural pattern development rather than forced conscious control.

🎯 Head Stability During Movement
Prioritize head stabilization as fundamental perceptual platform

• Coaches: Sport-specific vision training → teach head stability while tracking moving
balls during locomotion; emphasize head position awareness during cutting, jumping,
directional changes; develop compensatory movement strategies; recognize head stabil-
ity as essential for visual tracking.

• Physical Therapists: Vestibular rehabilitation → progress from stationary fixation to
walking with gaze stability; address vestibular-visual integration deficits; teach com-
pensatory strategies to minimize head perturbations; monitor stability improvements.

• PE/Dance Instructors: Dynamic balance → use “keep head up” and “eyes forward” cues
during beam walking, turns, gymnastics; teach body coordination to preserve head stability;
emphasize head position awareness for spatial control.

Let’s examine how to prioritize head stabilization as a fundamental perceptual platform during
dynamic movement. Remember that head stability is a primary constraint that influences coordi-
nation patterns throughout the entire kinetic chain.

For coaches providing sport-specific vision training, teach athletes to maintain head stability
while tracking moving balls during locomotion to preserve visual input quality and optimize
tracking performance. Emphasize head position awareness during cutting, jumping, and direc-
tional changes that can disrupt visual stability. Develop compensatory movement strategies where
body segment adjustments maintain head stability despite dynamic sport movements. Recognize
head stability as essential for accurate visual tracking and spatial orientation during complex
sport activities.

Think about how a soccer goalkeeper needs to track the ball while moving laterally across the goal.
The head must remain stable relative to the ball’s trajectory while the body adjusts underneath
to maintain balance and prepare for action. This requires sophisticated coordination between the
locomotor system and the visual tracking system.

Physical therapists working on vestibular rehabilitation should systematically progress from
stationary visual fixation tasks toward walking while maintaining gaze stability on fixed or
moving targets. Address vestibular-visual integration deficits through graded exposure to head
movements during functional activities. Teach compensatory strategies where patients learn to
coordinate body segment movements to minimize head perturbations. Monitor for head stability
improvements that correlate with enhanced balance confidence and reduced fall risk in daily
activities.

PE and dance instructors should consistently use “keep your head up” and “eyes forward” cues
during beam walking, dance turns, and gymnastic movements to maintain spatial orientation
and visual reference. Teach students to coordinate body movements in ways that preserve head
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stability for optimal balance and visual input. Emphasize head position awareness as fundamental
to successful performance in activities requiring precise spatial control, dynamic balance, and
coordinated movement sequences.

The key principle is that head stability serves as a primary constraint that organizes movement
patterns throughout the entire system, making it essential for both perception and action.

👀 Visual Contact for Precise Locomotion
Optimize visual guidance for spatial-temporal foot placement control

• Coaches: Precision agility development → design cone courses and obstacle navigation
requiring visual attention to foot placement; teach strategic gaze shifts between immediate
placement and look-ahead planning; develop visual sampling strategies for accuracy and
speed.

• Physical Therapists: Fall prevention → implement stair climbing and uneven terrain
practice with visual attention training; teach visual coordination between stepping and
hazard scanning; address visual-locomotor deficits through progressive training.

• PE/Dance Instructors: Spatial precision → create obstacle courses and floor patterns
requiring precise foot placement; integrate visual guidance with aesthetic goals; develop
spatial awareness for complex patterns and interactions.

Finally, let’s explore how to optimize visual guidance for spatial-temporal foot placement control,
applying our understanding of vision and locomotion principles to practical training situations.

For coaches working on precision agility development, design cone courses and obstacle
navigation challenges that require systematic visual attention to foot placement targets while
maintaining locomotor speed and efficiency. Teach athletes to shift gaze strategically between
immediate foot placement needs and look-ahead path planning. Emphasize visual contact timing
that provides adequate preparation time for precise foot placement while maintaining dynamic
balance and movement flow. Develop visual sampling strategies that optimize both accuracy and
speed in complex locomotor environments.

The key is understanding the relationship between visual sampling strategies and foot placement
accuracy. Athletes need to learn when to focus on immediate stepping needs versus when to look
ahead for path planning, and how to coordinate these different visual attention demands with
movement execution.

Physical therapists working on fall prevention and mobility training should implement stair
climbing and uneven terrain practice with systematic visual attention training focused on step
edge detection, depth perception, and foot placement accuracy. Teach patients to coordinate visual
attention between immediate stepping needs and environmental hazard scanning. Address visual-
locomotor integration deficits through progressive training that builds confidence and accuracy
in precise foot placement. Monitor visual attention strategies that enhance mobility safety and
functional independence.
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PE and dance instructors should create obstacle courses and floor pattern activities requiring
precise foot placement within artistic and expressive movement contexts. Teach students to inte-
grate visual guidance with aesthetic and rhythmic movement goals. Emphasize visual attention
skills that support both technical precision and artistic expression. Develop spatial awareness
capabilities that enable dancers to navigate complex floor patterns, partner interactions, and
environmental constraints while maintaining movement quality and expressive intent.

The fundamental principle is that visual guidance must be integrated with movement goals rather
than treated as a separate skill, enabling performers to achieve both precision and expressiveness
in their movement performance.
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