KIN365, Lecture 4

I. Sources of Sensory Information

A.   Exteroceptive information

1. exteroceptive information is sensory information that comes from outside a person's body

2. vision is one of the more important exteroceptive inputs in regard to movement

3. audition (hearing) is another important exteroceptive input for movement

B. Proprioceptive or kinesthetic information

1. interoceptive information comes from inside a person's body

2. proprioceptive or kinesthetic sensory information tells us about the position of joints, the forces produced in muscles and the orientation of the body in space

a) vestibular apparatus in the inner ear are receptors which tell of head position and movement (for balance)

b) muscles spindles are receptors in muscles that tell us of the length of muscles

c) Golgi tendon organs are receptors in muscle tendons that tell us of muscle force

d) Cutaneous receptors in the skin tell of pressure, temperature, touch

II. Closed Loop Systems

A. Components

1. executive determines actions to be taken to maintain a desired goal state

2. effector carries out the desired action

3. comparator compares feedback of the actual state to the desired goal state

B. Closed-loop control

1. a type of control where feedback (information of the actual state of a system) and the activity of error detection and

2. correction processes maintain the desired goal

3. this type of control is useful for slow, deliberate movements

C. Closed loop control within the conceptual model (of information processing)

1. executive takes in input and performs all three stages of information processing then sends a command to the effector and a "copy" of the desired state to the comparator

2. the effector consists of a motor program which produces motor commands and sends them lower centers (spinal cord) to cause muscle contractions and joint movements

3. feedback is derived from proprioceptive information (muscle force, length, joint position, body position) and exteroceptive  information (vision, audition)

4. the comparator receives all feedback, compares actual state with desired state and will send an error signal back to the executive

D. Usefulness and limitations of closed loop control

1. useful for continuous, long duration skills (e.g. maintaining posture during standing, tracking)

2. too slow for use in quick movements or discrete tasks of brief duration

III. Reflex Responses in the Conceptual Model

A. Reflexes

1. Unlike the closed loop control which is a conscious and slow process, reflexes are automatic, unconscious responses which occur rapidly

2. Ml response is muscular response to stretch (e.g. monosynaptic stretch reflex at spinal cord level) that occurs within 30-50 ms and is automatic

3. M2 response is another muscular response to stretch (e.g. polysynaptic reflex at brain level) which occurs within 50-80 ms and is automatic but can be changed a little

B. Loops within loops and the final common path

1. Ml and M2 feedback loop works "within" the closed control loop system to affect muscles and joint movement

2. note, the "final common path" of the central nervous system to muscle action is the sum of the original set of movement commands from the motor program + Ml response + M2 response

C. Role of movement time

1. relative contributions of each response depends on duration of the movement that a person is trying to do

2. only Ml responses are quick enough to influence short duration movements (movement time = 40ms, e.g. boxing punch)

3. Ml and M2 responses can influence movements with movements times =100 ms (bat swing)

4. Ml, M2 and outer loop response can influence movements with movements times = 300 ms (tennis serve)

D. Choices among modes of control

1. often, a person can choose a mode of movement control deciding between the Ml, M2 or outer loop responses to provide feedback

2. programming movements with the Ml, M2 responses allows fast, automatic feedback responses with little conscious effort

3. programming movements with the outer loop response allows conscious effort and so decisions about action are made in a slow, attention-demanding way

4. some feel that allowing movements to "flow" (i.e. let learned capabilities of motor system control movements rather than intervening with conscious processes) is better for performance
