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APA 2120

Review: Motor Control

Motor Performance
Measurement

Scientific Method

« Terminology

= Independent Variable — researcher
manipulates (has control over)

= Dependent Variable — affected by independent
variable (no control over)

= Hypothesis — statement proposing tentative
relationship between dependent & independent
variables

How Do We Measure Motor
Behaviour/Performance?

« Performance Outcome Measures
= How well movement achieved environmental goal
= i.e. trying to hit target

« Performance Process Measures

= Measures something of the movement that led to
the outcome
= Describe characteristics of the movement
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Statistical Terms

+  When determining outcome measures, we
typically measure multiple times and are
interested in two aspects of the measurement:

1. Central Tendency

3 measure of the location of the middle or center
of a distribution (i.e. “typical” score ) A.K.A.
“Average”
2. Variability
¥ Measure of how homogeneous scores are (i.e.
consistency)

Performance Accuracy & Bias -
Constant Error (CE)

» Measure of how far away from the target and in
which direction (signed deviation)
= Measures accuracy and bias (amount & direction)
= CE = trial score - criterion goal

Performance Accuracy -
Absolute Error (AE)

» Measure of how far away you were from the goal
= Absolute value of error score (no sign)
= AE = | trial score - criterion goal |
= Represents overall accuracy of subject
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Crierion Time of 300ms

Group A Group B
310 275
300 280
330 285
285 270
290 290
Constant E rrof(performance bias)
275-300= -25
300-300= 0 -20
30 15
5 -30
0 10
sum 15 100
Divide by N in this case §
CE 3 -20
Absolute Error (General indicator of average error)
310-300= 10 25
0 20
30 5
285-300= 15 30
10 10
sum 85 100
Divide by N in this case §
AE 13 20
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Variable Error (Consistency)

Times Times
310 275
300 280
330 285
Step: 285 270
calculate Mean Score 0 %0
sum 1515 1400
Divide by N in this case 5
MEAN 280
squared squared
Step 2: 310-303 49 275-280 -5 25
Subtract mean 300-303 -3 9 280-280 0 0
from actual score  330-303 27 729 285-280 5 25
Steps: 285-303 18 324 270-280 10 100
Square thisvalue 290-303 13 169 290-280 10 100
sum 1280 250
Divide by N in this case &
MEAN 256 50
Take square root
VE (Root) 16 7.07
Step 4:
Sum these
squared values
and find the
Square root 0088 .,9 0 ‘
t — t
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Performance Process Measures

1. Movement Kinematics
2. EMG

Position (m}

Velocy {mis)
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Information Processing

Input (stimulus gy

=y Output (response)




The BIG question

« How do we figure out what is going on
inside the black box????

Input (stimulus sy ==y Output (response)
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Time Course for Reactions

warning “go” mov’t mov’t
signal signal starts ends
time
Human/CNS
INPUT Information | guTPuT
Processing

Stmuus Resporee Resporee
Waming presented begre ends
f— Foreperiod Resporse fme

Frorn Motor Control and' Leaming: 4 Behaviomi Emphags, Fourth Edition
by Richard A. Schinidtand Timoty D. Les, 2008, Charrpaign, IL: Hurnan Kinetics.

Factors Affecting Stimulus Identification

stimulus
identification

response response
selection E:> programming

Factors related to
stimulus identification

performer alertness — foreperiod
Stimulus modality
Stimulus intensity

|
|
|
|
|
|
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Auditory Tactile Visual
Modality

Stimulus intensity effect

= as stimulus intensity increases, RT decreases
« Piéron (1920) and Luce (1986).

= Seen across different modalities (e.g. Auditory,

Visual, etc.)

Reaction Time

Stimulus Intensity

Factors Affecting Response Selection

s |::> stimulus :> response :> response |:>R
identification selection rogramming

Factors related to
stimulus-response translation

# S-R Alternatives
S-R Compatibility
Practice

700 -
600 -
500 -
400 -
300 4
200 ~
100 -

RT (msec)

1

3 4 5 6 7 8 9 10

Number of Alternatives
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Hick’s Law: RT = a + b * Log2(N)

700 7

600 -
500 _‘ a = srt = intercept

400 A
300/ e b = slope = rate
of increase

RT (msec)

200 7
100 A
0

0 1 2 3 4
Number of Bits

Log2(N)

S-R Compatibility: Spatial mapping

B

Factors Affecting Response Programming

response |::> o
programming

s stimulus response
E:> identification :> selection

Factors related to
programming the response:

Complexity
Predictability / Anticipation

1-Response Key

2-Response Keys

3-Response Keys

4-Response Keys
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Human Kinetics 468
Class Data (n=54)
550
Response pediction =» pre-programming
450
400 387
358
342 N
5 30 Input Z[elglcjlifn / > response » response > Output
£ w0 (Stimulus) ™ | discrimination selection programming (Response)
£ 261
£ 250
% 200
150
100
50
o
1 2 3 4
Key Presses.

Response pediction = pre-programming

Nervous System & Sensory

N Feedback
> b

response > Input Zggg{f;ﬂ , response |Qutput Where does the Information Processing occur?
programming (Stimulus) discrimination efegcu:iogn (Response)




CNS

« Major components
> Where they are
= What they do
« CNS
= Brain — 4 lobes
= Subcortical structures
= Spinal cord
« PNS
o Afferent & Efferent nerves
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Visual Feedback

w

What is Vision?

. Processing Dynamic Visual

Information

. Time to Process Visual Feedback

How Vision provides information
» Two Visual Systems

Processing Visual Information

« Time to Contact (T¢) or Tau (1)
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® Eyes closed
© Eyes open

Average error (mm)
(]

0] 400 800 1,200 1,600
Time to target (ms)

Results Two Cortical Visual Systems

Dorsal ,,.
. . . Milner and Goodale: “Where?”
Time to Process Visual Information = route AcTioN

Possibly immune to the effects of
215TO 250 ms visual illusions

- It is thought to ‘ignore’ context,
and process only the action target

AIMING MOVEMENT COMPRISED OF 2-
STAGES

1. Initial-impulse phase
2. Current-control phase

Milner and Goodale: “What?”
| PERCEPTION

Thought to be responsible for

many illusion effects

Ventra
route

- Processes the target and its
context
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membrane
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Head upright Head tilted forward

Position of macula with head upright (leff)
and tilted forward (right)

ki, inhib.

et rancn Forceof
gravity

Proprioceptors

Joint Receptors
Cutaneous receptors

Muscle receptors (Spindles and GTOs)

Muscle Spindles

Group la gensory axons

sensory neuron to
spinal cord

FIGURE 37-1

Muscle spindles and Golgi tendon organs are encapsulated
structures found in skeletal musele. The main skeletal muscle
fibers, or fibers, are d by large-di. alpha
motor axons. The muscle spindle has a fusiform shape and is
arranged in parallel with extrafusal fibers. It is innervated by
both afferent and efferent fibers. The Golgi tendon organ is
found at the junction between a group of extrafusal fibers and
the tendon; it is therefore in series with extrafusal fibers. Each
tendon organ is innervated by a single afferent axon. (Adapted
from Houk et al., 1980.)

Alpha motor axon

Spindio afforents soms s SN
‘and efferents.

Tendon organ
afferont
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Sensory Feedback

Where does it go? What does it do? How do we use it?

i.e. Closed-Loop Control
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« Visual, auditory, smell, etc. take more direct
routes to their respective sensory areas.
= Visual information =» primary visual cortex (V1)
(occipital lobe)
= Auditory info =» primary auditory cortex (A1)
(temproal lobe)

Primary Somatosensory
Cortex

> Somatosensory cortex -
area where proprioceptive
sensory information is
received

(a) Somatosensory cortex in rght cerebral hemisphere

M1 reflex circuit

Ia afferent ()

e

11
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Sensory-Feedback

No time for sensory feedback? Deafferented?
i.e. Open-Loop Control

Do Motor Programs Exist?

Support for Motor

Programs:

1. Movements can be
produced in the
absence of feedback

sensory nerves

e.g. Deafferentation or
Fast Movements
(Boxing jab)

ventral motor nerves

Do Motor Programs Exist?

Support for
Motor
Programs:
2. Reaction time 150
increases with
the complexity
of movements =

RT (ms)

finger it resch/mit reschhrreverse/mi

MOVEMENT COMPLEXITY

Henry & Rogers, 1960

12
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Stopping

tri-phasic EMG
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GMP’s

« GMP’s are thought to have invariants &
parameters
o Invariants - “deep structures”

+ Components that remain constant - (“signature” of

the program)

+ Fundamental features of the GMP that do not change

from one execution to the next

= Parameters — “surface features”
+ The modifiable features of a GMP

+ Input specifications for the GMP that define how it is

executed

13
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Fitts’ Law

« Paul Fitts’ Task
= tap between 2 targets as rapidly as possible for 20
Priciples Of Movement seconds, maintaining 95% accuracy
o = examine relation between:
Fitts’ Law - movement time (MT) = 20s/# taps
+ movement amplitude (A)

- target width (W)
There is a linear Explanations of Speed Accuracy Trade-Off
relationship
between the Index
;Z DZIZ%J ora » Why do more accurate movements take longer to
moﬁ]/ement and Complete?
movement time. = MT represents the time required to process
information and achieve the movement goal

Note movement = Longer MT allows processing time to detect errors
times are largely and make corrections
closed loop. « How do we control these movements?

1. Impulse-Variability Theories

2. Two-Phase Movement Theories
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Relation Between Force and Force

Variability

Force Variability
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