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The first psychological ERP effects... 1964

CNV - contingent negative variation, Grey Walter et al.

BSP, RP — readiness potential, Kornhuber & Deecke,
Vaughan et al.

P300 — Sutton et al.



SLOW (MOSTLY NEGATIVE) POTENTIALS
e.g., BSP/RP, CNV, SPN/MPN

Slowly rising negativities

- prior to voluntary movement (RP — readiness potential)

- prior to imperative stimulus or between warning and imperative,
l.e., foreperiod (CNV — contingent negative variation)

- prior to intake of information (SPN — stimulus preceding negativity)
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To this day, there is a class of slowly rising negative potentials used to study typical and atypical preparatory/anticipatory processing.

Readiness or bereischaftspotential


Bereitschaftspotential (BSP): aka Readiness Potential (RP)

L. motor 6 e
How might we test the

R. premotor — hypothesis that RP
related to voluntary
movement?

Mid-parietal Mid-par

Bipolar L vs R U prec

Kornhuber & Deecke, 1964
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Kornhuber and Deecke 1964  mentor and grad
Were interested in self-initiation processes, seeing humans as active rather than passive beings 
Recorded voluntary movements – finger flexions and extensions
0 – movement onset, determined by muscle activity – EMG in  moving limb
As people made voluntary movements, see slow negative ramping potential especially over central scalp/motor areas …
See slowly rising negativity prior to movement onset.
Bottom: left vs right central bipolar recording, see some asymmetry, both before and after movement onset (as measured by muscle activity)
German – so BSP, English equivalent, RP – readiness potential or MP – movement related potentials

How do we know that this slow activity is related to voluntary movement?
Critical that there were no such potentials prior to passive movements of the limb




MOVEMENT-RELATED POTENTIALS

Movement onset

|

Motor Potential - MP

Premotion Positivity - PMP

RP amplitude
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Movement related activity
Evidence form Human and animal studies: seem to be 8 reliable components, 4 pre and 4 post
Pre movement there is readiness potential – RP sym and RP lat – symmetric and asymmetric portions, premotion positivity and MP or motor potential 
Other names: RP aka,  NS – negative shift, 
Vaughan’s group in NY: N1, P1, N2, P2 components of movement related potential 

RP seen prior to voluntary movements of wrist, arm hip, shoulder, knee, foot, toes, speaking, writing, swallowing
1-2 seconds prior to movements.  
 - Latency influenced by rate of movements, starting earlier at faster rates.
 - also influenced by complexity of movements: starts earlier for more complex movements
 - varies with moving limb, earlier for foot than hand




Pre-movement-related potentials

RPsym - Readiness Potential symmetric
RPlat - Readiness Potential lateralized
PMP - Premotion Positivity

MP - Motor Potential



RP - Readiness Potential symmetric
1-1.5s prior to movement onset depending on
- rate of movements
- complexity
- moving limb

Index of SMA functioning
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Readiness Potential lateralized, aka N1 of MP, NS’

- begins 500 ms pre-movement, asymmetric
- generated in primary motor cortex, depends on
integrity of cerebello-thalamo-cortical loop

|
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Tongue =
Swallowing

Somatic
Motor cortex

sensory cortex
(precentral gyrus) {postcentral gyrus)

Pharynx
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Copyright € 2004 Pearson Education, Inc., publishing as Benjamin Cummings.



Cerebello-thalamo-cortical loop necessary for RPlat generation
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Pre-movement-related potentials

 Pre motion positivity (PMP)
- 50-90 ms pre-movement onset
- maximum at midline parietal (Pz)
- bilaterally symmetric
 Motor Potential
- 10-50 ms pre-movement onset
- max at precentral sites contralateral to responding hand

- command to move: discharge of pyramidal tract neurons
(layer V) in Ml
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RP sym generated in primary motor cortex
(based on intracranial recordings , primate recordings, MEG, regional blood flow



Voluntary Movement

1. Select motor strategy
cortex = basal ganglia - SMA - reflected in RPsym

2. Set parameters for movement dependent on external context
cortex-> cerebellum - motor cortex = reflected in RPlat

3. Command to move: discharge of pyramidal tract neurons in
primary motor cortex - reflected in MP



CLINICAL USES OF READINESS POTENTIAL

UNDERSTANDING VOLUNTARY MOVEMENT

UNDERSTANDING DISORDERS OF MOVEMENT

- TICS, REFLEXES, PARKINSON'S, HUNTINGTON'S

- TOURETTE'S , RESTLESS LEG SYNDROME, TREMORS, ATAXIA

WAY TO TEST CONSEQUENCES OF STEM CELL IMPLANTS,
INTEGRITY OF MOTOR SYSTEM

WAY TO ASSESS REHABILITATION PROCEDURES

USEFUL TO UNDERSTAND ASPECT OF COGNITION



Voluntary movement initiated by hand

praecentr. li
ey
praec. re. T +
_2r sec ' 0 1 sec 2

..can monitor preparation long before OVERT response (at time 0)!
Perhaps we can study intention, volition, will!



Libet’s Protocol

Participants watched a clock hand that completed one
revolution every 2.56 seconds.

While fixated on the clock, Ss voluntarily flexed a wrist
at a time of their own choosing.

Participants reported the position of the clock hand at
the time when they first became aware of their will,
wish, desire to move (W-awareness of their intent)

In another condition judge awareness of action (M).
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1983
Examined temporal relation between neural processes prior to movement and subjective experience of intention.

Clock hand rotated continuously, 1 revolution every 2.56 secnd
Move whenever they wanted (flex wrist, hand)
Report “awareness of intent” – W – where was clock hand at that time?
In another condition,  awareness of actual movement?  M


30 B. LIBET

30

Figure 2

Oscilloacope “clock™. Spotof light revolves around periphery of screen, once in2 .56 sec., (instead of
60 sec. for a sweep-second hand of a regular clock). Each marked off *second’ (in the total of 60
markings) represents 43 msec. of actual time here. The subject holds his gaze to the centre of the
screen. For each performed quick flexion of the wrist, at any freelv chosen time, the subject was
asked to note the position of the clock spot when he'she first became aware of the wish or intention
to act. This associated clock time is reported by the subject later, after the trial is completed.

Journal of Consciousness Studies, 2002
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What free will ? Whoa...the RP begins before awareness of intent (W)!!

) M
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Awareness of movement was after awareness of intent,
Awareness of intent was approximately 300 ms AFTER RP onset!!

Movement was prepared as reflected in RP before participant became aware of intent.




Neural time line for voluntary movement

0 350 450 550 Time (ms)

| |
RP W M Electrical activity
of muscle movement

RP = Onset of readiness potential
W = subject’s judgment of will to move

M = subject’s judgment of beginning of movement
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Libet suggested that impulses to move are constantly being generated. What conscious intention does is to veto most of these impulses – so that only the intended action is performed.

Some have attempted to relate awareness of intent to RP lat rather than RP sym, but still RP preceded W.

Perhaps intentions are reconstructions after movement??

Evidence in general shows we are aware of our goals and distal consequences of our movements (abstract representation of movement – intended movement) but not the kinematics of the movement itself.

he brain prepared a movement before a subject consciously decided to move. This result suggests that a person's feeling of intention may be an effect of motor preparatory activity in the brain rather than a cause. As Libet himself indicated, this finding ran directly contrary to the classical conception of free will.��4) Considering all the existing data, the brain is apparently going full speed ahead well before a person experiences the conscious intention of moving. Consequently, no role appears for conscious processes in the control of action -- or so it might seem. Although research casts doubt on whether conscious processes cause actions, the data remain consistent with the idea that conscious processes could still exert some effect over actions by modifying the brain processes already under way. The fact that conscious awareness of intention precedes movement by a few hundred milliseconds means that a person could still inhibit certain actions from being made.(1-5)�



Benjamin Libet

Do We Have Free Will?

I have taken an experimenial approach to this guestion. Freely volunitary acis are pre-
ceded by a specific electrical change in the brain {the ‘readiness potential’, RP) that
beging 3500 ms before the act. Human subjects became aware of intention fo act
IF0—400 ms after RP starts, but 200 ms. before the motor act. The volitional process
ix therefore inittated unconsciously But the conscious function could still control the

outcome; it can veto the act. Free will is therefore not excluded. These findings put
consitraints onviews ofhow free will may operate; it would not initiate a voluntary act

but it could control performance ofthe act. The findings also affect views of guilt and
responsibility.

But the deeper guestion still remains: Are freely voluntary acts subject to macro-
deterministic laws or can they appear without such constraints, non-determined by
natural laws and ‘truly free’? | shall present an experimentalist view about these
Sfundamental phil osophical opposites.

Journal of Consciousness Studies, 2002



UTILITY OF RP IN INVESTIGATIONS OF COGNITION

If RP generally or RPIat reflects preparation for intended
movement, and is somatotopically related to relevant members
(contralateral for hand/finger movements), then it can be used to
Investigate motor preparatory processes even when movement is

never actualized!

This is a way to externalize a covert mental process, in all sorts of
situations where people respond or plan to respond to a stimulus,
even if they don’t actually do so
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Most important uses of RP are of the RPlat, testing aspects of theories/models of information processing.
Most relevant: can record preparation for movement even when movement is not actualized
                      lateral scalp distribution of RP varies with responding hnd
Can infer something about covert process – about nature and mode especially tming and experimental sensitivies of operations/compuations/processes leading to overt response/behavior.


Task

Voluntary

Warned
(hand known
at Ws)

Choice Warned
{(hand known
at RS)

Response-locked

Averages
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Fig. 2. Lateralized readiness potentials time-locked to the motor response, or to the respond
stimulus, for three different conditions. Voluntary: the subject produced self-paced squeezes.
Warned: the subject responded to the respond stimulus (RS) in a choice reaction time task when
the warning stimulus (WS) provided information about the hand to be used. Choice Warned: the
subject responded to the respond stimulus (RS) in a choice reaction time task when the warning
stimulus (WS) did not provide information about the hand to be used. (Copyright 1980, Elsevier
Science Publishers. Adapted with permission from the author and publisher from Kutas &

Donchin, 1980.)
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If there is a response, we can look at same ERP data time-locked to stimulus and time-locked to response.

If response were consistent interval after stimulus, no difference in S and R locked averages 

No info about which hand until S2, no slow prep pre R on average
Stimulus 0 locked see EP to S1… better time-l
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