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ABSTRACT

An investigation was undertaken to identify consistent changes 
in Rolandic eleetroencephalographic (EEC) beta activity as a function 
of a repetitive movement o EEC and electromyographic (MG) recordings 
were taken from the contralateral hand area of the Rolandic motor strip 
and flexor superficialis, respectively„ from four college-aged subjects° 
Beta activity was recorded prior to and following a repetitive finger 
movement} which was performed as a delayed response following a ready 
light stimulus o A computer averaging technique was used to maximize 
the detection of changes in the electrical cortical potential which 
might accompany movement => Blocking of the beta rhythm was observed °
The onset of the blocking began prior to the actual initiation of the 
finger movement, and with repetition of the movement, occurred even 
earliero Also, a reduction of the beta blocking effect was noted with 
repetition of the movement« A possible mechanism of this blocking 
phenomenon is discussed»



INTRODUCTION

Investigators in the area of the electroencephalographic rhythm 
of the normal adult have primarily focused upon the alpha rhythm® A 
paucity of work exists concerning the characteristics of ariother common 
component of the adult electroencephalogram (EEG) —  the beta-rhythm® 
This rhythm, when recorded directly from the cortex as an electrocorti- 
cogram, or when recorded using scalp electrodes as an electroencephalo
gram, is found most prominently over the fronto-oentral regions, 
particularly the area anterior to the central fissure® The observed 
beta rhythm shows a frequency range from 14 to 30 cycles per second, 
appearing at an amplitude voltage from 15 to 20 microvolts for the EEG 
and from 100 to 250 microvolts for the electrocorticogram (Jasper and 
Andrews, 1938b; Jasper and Penfield, 1949; Mundy-Castle, 1951; Scarff 
and Rahm, 1941)® The literature contains several publications 
describing clinical applications of the beta rhythm in the diagnosis of 
organic brain disease in infants and children (Shirmers, Krauss and 
Maggigan, 1950) and in adults (Green and Wilson, I960), but the 
majority of studies are concerned with the functional significance of 
the beta rhythm (Delgado and Hamlin, 1956; Jasper and Andrews, 1938a; 
1938b; Jasper and Penfield, 1949; Kruger and Henry, 1957; Mundy-Castle, 
1951; Scarff and Rahm, 1941; Sem-Jacobsen et al®, 1956)®

Jasper and Penfield (1949), by recording from the exposed normal 
human cerebral cortex, obtained a practically mono-rhythmic pattern of



spontaneous electrical activity with regular waves at about 25 per 
second and 100 to 250 microvolts in amplitude from the Rolandic sensori
motor strip® This beta rhythm was considered the resting rhythm of the 
precentral sensorimotor region® Analogous to the abolition of the alpha 
rhythm in the occipital areas with visual stimulation, a transient 
suppression of the beta rhythm from the contralateral motor hand area 
occurred when the patient was asked to clench his fist® Blocking lasted 
only about one second with a subsequent reappearance of the normal 
rhythm, even though the fist continued to be clenched® Relaxation of 
the contraction again caused the resting rhythm to disappear from the 
record® A continuous blocking of the precentral beta rhythm was pro
duced when a series of acts (successive continuous finger movements) 
was carried out® Thus, voluntary movement serves to block the Rolandic 
beta rhythm during the initiation and cessation of the act®

Moreover, performance of voluntary movements produced maximal 
blocking in the Rolandic area contralateral to the movement» The on
going beta rhythm of the other areas on the precentral motor region 
continued unaltered (Delgado and Hamlin, 1956? Jasper and Andrews,
1938b; Jasper and Penfield, 1949? Kruger and Henry, 1957? Sem-Jacobsen 
et al®, 1956)® Besides the performance of voluntary movements, spon
taneous movements and manually induced passive movements have resulted 
in blocking of the usual beta rhythm in monkeys (Kruger and Henry,
1957)° Of further interest, Jasper and Penfield (1949) observed that 
blocking occurred in response to a command, "Get ready to move your 
fingers," even before the actual initiation of the movement® They



concluded that suppression of the beta rhythm may be closely related 
to attentional mechanisms or readiness to respond-

The aforementioned studies have documented the incidence and 
distribution of the precentral beta rhythm as well as the occurrence of 
blocking- However, they failed to consider the nature of the task 
conditions which accompany the blocking activity; specifically, the 
novelty, skill requirement, and duration of the movement and their 
relation to the blocking of beta- These studies also did not clarify 
the effects of sensory afferents or repetitive movement upon the block
ing- Furthermore, the method of raw record analysis of the electro
encephalogram may not have been sensitive enough to detect subtle 
voltage changes accompanying the blocking phenomenon-

Because of the functional significance of the beta blocking 
phenomenon and the above-mentioned limitations of past studies, the 
present study investigates further the characteristics of the beta 
activity of the Rolandic region- A. systematic analysis of the movement- 
related EEG activity of the contralateral Rolandic hand region was 
conducted- . This study was designed to identify any consistent voltage, 
duration and/or frequency changes in the beta rhythm and in the blocking 
reaction to a repetitive finger movement- A computer averaging tech
nique was used to maximize the detection of the influences of these 
factors upon the electrical cortical potential-

I
Of particular interest were the following:
1= the dependence of the blocking characteristics upon 

repetition of movement;



the characteristics of the blocking reaction immediately 
prior to and following movement; and
the latency of onset of the blocking activity in relation to 
the movement o



METHOD

Subjects
Four normal college-aged volunteers „ two males and two females, 

served as subjects° One female subject was left-handed; the others 
were right-handed <> The subjects were pre-selected for good beta rhythm 
activity present in their ongoing EEG recording and their calm attitude 
in the recording environment «

Apparatus
The EEG was recorded by means of surface electrodes, one placed 

over the Rolandic motor region in the hand area of the left hemisphere, 
six centimeters left of the midline and one centimeter anterior to a 
line extending from the vertex to the tragus» Another electrode was 
placed over the homologous area in the right hemisphere» In addition, 
two other electrodes were affixed to the left hemisphere, one placed 
five centimeters anterior-laterally and one placed five centimeters 
posterior-laterally from the above-mentioned left-hemisphere electrode» 
A reference electrode was also attached to each ear* Surface EMG was 
recorded with bipolar leads over flexor superficialis°

The EEG, EMG and trigger pulses generated by photoelectric 
contact within the motor task apparatus were all amplified and recorded 
by a Grass model ?8B inkwriter polygraph® All data were stored on a 
seven-channel tape recorder, Hewlett-Packard model 390?B° Computer 
averaging was accomplished by playback into a Fabritek 1052 Computer
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of Average Transients* The averaged records were displayed by a Hewlett 
Packard model Moseley ?035AM X-Y Recorder*

Movement was measured by a button-pressing apparatus requiring 
less than 4*5 centimeters of finger movement to complete the task 
correctly* The apparatus consisted of a black plastic button mounted . 
on a piston rod having a total length of 4? centimeters* A spring was 
attached to the bottom of the rod to assure that a constant amount of 
tension would have to be exerted to produce a given displacement*
Three photoelectric cells detected the movement of the rod and produced 
electrical pulses in relation to the displacement* These trigger pulses 
were amplified through a Grass model 791B low-level DC amplifier and 
driver and printed out in inkwriter form, as well as being stored on 
magnetic tape* Each photocell generated a positive and negative elec
trical impulse in relation to the respective downward and upward travel 
of the rod* Positive trigger impulses were generated during the 
following conditions:

1* Photocell 1: any downward displacement of the rod from
. the resting position (1.86 N of force on the button was
required);

2* Photocell 2: any downward movement from rest resulting
in two centimeters of displacement (4*27 N of force on 
the button was required); and 

3* Photocell 3: any downward movement from rest resulting
in three centimeters of displacement (5*93 N of force on 

the button was required)*



Negative trigger impulses were generated upon the upward movement of 
the rod comparable to the above conditions °

Three electronic timers were used to control the interval between 
repetitions, to monitor the duration of the movement» and to trigger a 
ready stimuluso The ready stimulus (a green light) and an error 

stimulus (a red light) were mounted on a black wooden panel and posi
tioned directly in front of the subject» This panel served as a point 
of fixation to control the subject’s eye movement during the recording 
sessiono The trigger pulses, timing pulses, ready stimulus and error 
stimulus were monitored from a master control panel e

Procedure
This experiment was conducted in two. phases -- a training phase 

and a data collection phase* The instructions to the subjects during 
each phase are found in the Appendix*

Training Phase
Initially, each subject was trained to perform a controlled 

finger movement which consisted of four components and required precise 
timing in a specified sequence* This movement established the timing 
pattern necessary for beta rhythm recording during the data collection 
phase of the experiment* The correct sequence was as follows:

1* Ready period. The ready stimulus indicated the beginning 
of this period* The subject estimated a time interval 
between three and five seconds and then depressed the 
button*



2« Downward motion • The subject depressed the button such 
that it traveled downward for a time interval between 
three and five seconds until the button reached a final 
position of his/her choice«

3« Hold periodo The subject was required to maintain the 
button in the final position for a time interval between 
three and five seconds•

4° Upward release motion- The subject slowly released tension 
on the button, allowing it to travel upward for a time 
interval between three and five seconds until the button 
reached its original position- 

The subjects were trained first to perform each component 
separately, then combinations of the components, and finally the total 
sequence- The panel containing the two stimulus lights was placed in 
front of the subject during the training phase- The green light 
indicated the beginning of each repetition, and the red light indicated 
that an incorrect response had been made during the preceding repetition

Data Collection Phase
After the subject reached criterion (10 successful completions 

of the total sequence), the data collection began- Each subject was 
placed in a semi-reclining position in a sound-resistant, electrically 
shielded room- The six EEC electrodes were attached to the subject's 
head and the EMG electrodes were attached to the forearm with Grass 
electrode paste- The subject's right hand and forearm were comfortably 
positioned on a foam rubber surface and secured to a wooden arm rest -



The motor task apparatus was positioned so that the distal interphalan
geal joint and tip of the right index finger rested on the button«

The subject was told to relax and fixate on the black fixation 
panel directly in front of him/her» During this period, the experimenter 
obtained five minutes of baseline EEG and SMG activity; this period also 
allowed the subject to become accustomed to the experimental setting- 
The subject was then instructed to press the button of the motor task 
apparatus in accordance with the timing pattern and sequence learned 
during the training session- However, a correct response required the 
subject to maintain a position during the Hold period which was predeter
mined by the experimenter (see Appendix for instructions to subject)- 
At the end of each repetition, a red light signaled if the subject had 
made an error- This provided the subject with the opportunity to learn 
the correct position- The change in the movement sequence constituted 
the novel aspect of the movement, allowing for the recording of the 
effect of learning and repetition on the beta rhythm-

The data collection period consisted of four blocks of 50 
repetitions each with intervals of five minutes between blocks« Each 
repetition lasted between 15 to 23 seconds» The total time for the 
data collection period was approximately 60 minutes»

Data Analysis
In this study, the raw EEG rhythms from the Rolandic motor 

region in the hand area of the left hemisphere were analyzed- They 
were first passed through a 14-30 Hz electronic band-pass filter- 

Both the EEG and EMG were full-wave rectified and then averaged with



10
respect to the onset of downward finger movement« The electrical pulse 
generated by Photocell 1 served as the trigger for the averaging» This 
technique provides a sensitive measure Of blocking of ESG rhythmic 
activity- The details of this method, known as envelope averaging, are 
described by Lansing and Barlow (1972)-

The beta blocking averaged with respect to movement also required 
averaging backwards in real time by playing the tape in reverse- This 
allowed the observation of voltage changes which occurred prior to the 
movement -

Composite records of pre- and post-movement beta'activity were 
constructed from the filtered and averaged EEC data by blocks for each 
subject- This required that the backward averaged and real-time averaged 
EEC data be juxtaposed and a peak-to-peak tracing made- Each composite 
record represented the computer average of the beta activity for 50 
repetitions-

Amplitude levels relative to baseline (no signal input to the 
Computer of Average Transients) were obtained from the composite 
records in intervals of 0-2 seconds which allowed statistical analysis 

of the following:
1- pre-movement beta levels (5 seconds prior to movement);
2- post-movement beta levels (4 seconds following movement);

3- onset of beta blocking-
In addition, amplitude levels were obtained from the averaged EMC 
records in intervals of 0-2 seconds beginning with onset of finger 

movement» These amplitude levels represent voltage changes in filtered



output levels relative to baseline measured in arbitrary units (milli
meters of deflection on the Hewlett-Packard X-Y Recorder)»

The onset of beta blocking was defined as the time correspond
ing to the greatest amplitude level relative to baseline within the 
five seconds prior to and four seconds following movement»



RESULTS

Composite beta rhythm records of the Rolandic motor region in 
the hand area of the left hemisphere for the four subjects are illus
trated in Figures 1-4° Each figure represents a subject's beta rhythm 
activity averaged with respect to the finger movement for blocks 1 and 
4° Although the beta rhythms demonstrated a characteristic form and 
time relation to the movement, there was considerable variation in the 
onset, suppression, duration, shape and overall amplitude levels among 
individuals and for the same individual across blocks ° These variations 
can be considered to be consistent for each subject due to the large 
number of repetitions averaged- Also, to the extent that the degree 
of learning is represented by error scores, these individual variations 
cannot be explained as differences in performance levels« That is, the 
error scores were not significantly different across blocks of repeti
tions (block 1 vs« block 4)« The mean error score for the four subjects 
on block 1 was 13 (SD=14«35)» and on block 4 it was 7 (SD=4°69)°

Characteristics of Beta Blocking 
A blocking of the Rolandic beta rhythm was observed in relation 

to the finger movement• This phenomenon was manifested in the composite 
record by a decrease in the relative amplitude level of the beta rhythm- 
Furthermore, an increase above the resting amplitude level was never 
observed during the movement- The beta activity gradually returned to 
its resting amplitude level after the finger returned to the resting
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BLOCK 1

- 5  - 4  3  - 2  . 1 0  1 2 3 4
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Figure !• Composite Record of Averaged Beta Activity for Subject R. A.

Ordinate indicates voltage changes in filtered output level 
measured in arbitrary units (mm of deflection on Hewlett- 
Packard X-Y Recorder).
Time 0 represents the onset of finger movement.
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BLOCK 1

E E C

-5 -4 -3 -2 - 1 0  1 2 3 4
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B L O C K  4

E E C

-5 -4 -3 -2 - 1 0  1 2 3 4
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Figure 2. Composite Record of Averaged Beta Activity for Subject J. G.

Ordinate indicates voltage changes in filtered output level 
measured in arbitrary units (mm of deflection on Hewlett- 
Packard X-Y Recorder).
Time 0 represents the onset of finger movement.
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B LOC K 1

E E G

5 - 4  * 3  - 2  -1 0  1 2 3  4

T I M E  ( S e c )

B L O C K  4

E E G

- 5 - 4 - 3 - 2 - 1 0  1 2 3  4

T I M E  ( S e c )

Figure 3* Composite Record of Averaged Beta Activity for Subject T. 3.

Ordinate indicates voltage changes in filtered output level 
measured in arbitrary units (mm of deflection on Hewlett- 
Packard X-Y Recorder)•
Time 0 represents the onset of finger movement•
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BLOCK i

E E C

T I M E  ( S e c )

B L O C K  4

T I M E  ( S e c )

Figure 4. Composite Record of Averaged Beta Activity for Subject G. C.

Ordinate indicates voltage changes in filtered output level 
measured in arbitrary units (mm of deflection on Hewlett- 
Packard X-Y Recorder).
Time 0 represents the onset of finger movement.
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position and/or during a sustained movement <■ These effects, revealed 
by averaging, could not be seen in the raw inkwriter recordings»

The onset of the blocking of the beta rhythm preceded the actual 
initiation of the finger movement (X=3°14 seconds, SD=lo22)« In addi- - 
tion, the blocking appeared to occur prior to any spontaneous muscle 
activity- However, it is conceivable that the onset of blocking may 
have coincided with or followed the beginning of the muscle activity 
(see Spontaneous Muscle Activity below)« A relationship was found 
between the number of repetitions of finger movements and the time of 
blocking onset - In the composite recordings of the first 50 repetitions 
(block 1), the onset of blocking preceded the actual movement by a mean 
of 2-39 seconds (50=0.276)<> However, in the last 50 repetitions (block 

4), the onset occurred earlier (1=3-34 seconds, SD=0.738)» A comparison 
of these average onset times (block 1 vs. block 4) yielded a significant 

difference (t-2.44, df=3, p < . 05)«

Effect of Repetition of Movement 
The effect of repetition of the finger movement was examined in 

relation to beta amplitude reduction. Repetition of finger movement 
appeared to affect the pre-movement versus post-movement amplitude 
levels. For block 1, the beta amplitude remained constant for the 
pre- and post-movement intervals. However, a significant reduction in 
amplitude from the pre- to post-movement periods was observed for block 
4 (t=3«98, df=3, p <=025)«

An examination of just the post-movement amplitude levels for 
blocks 1 versus 4 showed no significant alteration. The pre-movement
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levels for the above blocks also revealed no significant difference» 
However, a strong trend in the direction of a greater pre-movement 
amplitude level for block 4 as compared to block 1 was observed« This 
increase in the amplitude level occurred during the .interval immediately 
prior to movement (2.4 to 0«2 seconds before movement) as opposed to the 
earlier interval (5=0 to 2=6 seconds before movement)« This difference 
was significant at the 0=05 level (t=2=44, df=3)= Comparisons between 
amplitude levels for the interval immediately prior to movement (2=4 to 
0=2 seconds before movement) and for the interval immediately following 
movement (0=2 to 2=4 seconds after initial movement) yielded a signifi

cant difference for block 4 (t=6=595 s df=3, p < = 005)s but not for 
block 1=

Spontaneous Muscle Activity 
Limitations of the tape relay system for reverse averaging 

prevented an examination of muscle activity prior to movement = However, 
muscle activity averaged with respect to the finger movement indicated
little muscle discharge at the moment of the initiation of movement=
Furthermore, repetition of the task over the four blocks did not affect
the muscle activity during the post-movement period»



DISCUSSION

The results of the present study are in general agreement with 
previous studies in noting the blocking of. the beta rhythm in relation 
to the performance of a trained or instructed movement - In addition, 
the envelope averaging technique utilized in this study provided a more 
sensitive measure of the time distribution of the characteristics of 
the beta rhythm and blocking phenomena than available from visual 
inspection of recordings. The EEC was summed with reference to the 
trigger ..pulse over the period preceding and following the initiation 
of the finger movement, which allowed direct comparisons of the averaged 
records *

According to Jasper and Penfield (194-9) and Kruger and Henry 
(1957)» the blocking of the beta rhythm coincides with and/or follows 
the movement" However, the findings of the present study indicate that 
the onset of the beta blocking begins prior to the actual initiation of 
the finger movement" Furthermore, with repetition of movement, the 
onset of blocking appears even earlier« These findings do not directly 
contradict the previous studies if the methodologies employed are 
considered® In the Kruger and Henry study, the onset of beta blocking 
was discussed in terms of the time relation to the simultaneously 
recorded electromyogram° No specification of the actual onset was 

indicated for either of the two types of movement, spontaneous or 
manually induced® The authors stated only that the onset of beta

.19
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blocking appeared either to coincide with or to follow the recorded 
electromyogram« The electrical activity recorded in an electromyogram 
actually occurs prior to the mechanical event of the muscle contraction» 
Therefore, the onset of beta blocking may have begun prior to the actual 
movement•

An examination of the records published in the Jasper and 
Penfield study indicates that the onset of beta blocking follows the 
initiation of movement° However, the authors do not specify the method
ology used for the comparison of the onset of the simultaneous EBG 
rhythm with that of the movement« Simultaneous electromyograms were 
not recorded along with the EEC rhythms« It is conceivable that the 
actual onset of beta blocking occurred prior to the initiation of the 
movement, but that their recording technique could not indicate this.

The blocking phenomenon in relation to movement also seems to 
occur in another similar rhythm —  the wicket rhythm (Chatrian,
Petersen and Lazarte, 1959; Gastaut, 1952; Gastaut, Dongier and 
Courtois, 195^; KLass and Bickford, 1957» Lelord, 1957; Magnus, 19540» 
According to Gastaut and associates (1954), the wicket rhythm is 
11. o . a marked exaggeration, with halving, of the physiologic beta 
rhythm" (p. 687). A close functional relationship seems to exist 
between the beta and wicket rhythms° This relationship is based upon 
evidence concerning the common reactivity to movement and sensory 
stimulation, and similar cortical topography of the two rhythms 
(Chatrian et al., 1959; Gastaut, 1952; Gastaut et al«, 1954; KLass 
and Bickford, 1957; Lelord, 1957; Magnus, 1954).
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Studies concerned with the wicket rhythm indicate that the type 

of movement performed may determine the temporal relationship of the 
onset of blocking with the movement (Ghatrian et al», 1959; Gastaut, 
1952; KLass and Bickford, 1957; Magnus s 1954) ° The usual occurrence 
of the blocking of the wicket rhythm follows the performance of passive 
and reflex movements« However, blocking precedes the start of self
initiated movements and movements performed in response to the experi
menter^ verbal instructions of "Flex your right thumb°"

The finger movement task in the present study was performed 
as a delayed response following a ready light= The results of this 
study are congruent with the wicket rhythm studies in observing the 
blocking of the beta rhythm prior to movement» Further evidence 
supporting this result is the blocking of the beta rhythm in response 
to verbal instructions to get ready to move, even before the actual 
initiation of the movement, as described in the Jasper and Penfield 
study c

The observed blocking of the beta rhythm prior to a movement 
suggests that proprioceptive afferents are not likely to play an 
important role in the initiation of the blocking phenomenon« Evidence 
supporting this hypothesis is that a readiness to respond initiates the 
blocking effect in the beta rhythm (Jasper and Penfield, 1949) and 
similarly in the wicket rhythm (Ghatrian et ale, 1959; Gastaut, 1952; 
KLass and Bickford, 1957; Magnus, 1954)® Of further interest is the, 
observation by KLass and Bickford, who obtained wicket rhythm blocking 
upon mental instigation of movement in a patient with a phantom limbo
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In such a case, afferent impulses could be excluded® In the present 
study, a comparison of the averaged EMG records with the composite EEG 
records with respect to onset of finger movement showed that changes 
in the EMG were not paralleled by beta blocking as would be expected 
if blocking were related to the sensory consequence of contraction® 
However, the possibility of proprioceptive afferent inflow occurring 
at the onset of any electromyographic discharge cannot be excluded 
from the observations of the present study®

The occurrence of the blocking of the beta rhythm preceding a 
movement performed as a delayed response following a ready light 
suggests a precursor or a readiness to respond in the motor cortex®
This may represent a cortical organization and orientation of the motor 
cortex for peripheral action® Furthermore, this cortical precursor to 
movement appears to be specific to the Rolandic region contralateral 
to the peripheral action (Delgado and Hamlin, 1956; Jasper and 
Penfield, 194-9; Kruger and Henry, 1957)°

In designing the present experiment, certain assumptions were 
made concerning the characteristics of the blocking of the beta rhythm 
in relation to repetition of movement® It was presupposed that, with 
repetition of movement, the beta rhythm blocking would decrease and 
that a closer timing correspondence between the latency of , onset of 
blocking and the factor initiating the blocking would occur® Support 
for the first assumption is evidenced by the work of Chatrian and 
associates (1959)° A reduced Rolandic effect of the movement was 
observed for the wicket rhythm during the repetition of both passive
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and reflex movements. Similarly, in the present experiment, a reduction 
in the blocking of the beta rhythm was observed in the latter portion of 
the pre-movement interval during the final 50 repetitions» This reduc
tion in the blocking effect represents a recovery of the beta rhythm . 
with repetition of movement.

However, the corollary assumption of latency onset differences 
in the beta rhythm with the repetition of movement is at variance with 
the Chatrian et al« study. Chatrian and his co-workers observed that 
the time interval of the latency of onset in the wicket rhythm blocking 
was not affected by a set of repetitions« The results of the present 
study indicated that the latency of onset in the beta blocking changed 
with repetition of movement; onset of blocking was observed to begin 
earlier during the last 50 repetitions than the first 50 repetitions of 
movement = The discrepancy in the results of the two studies may be 
explained by the requirement of a larger number of repetitions for the 
appearance of the onset latency difference. The Chatrian et al» study 
used only twelve repetitions, while the present study used 200 repeti
tions .

The findings of an increased recovery of the beta rhythm and an 
earlier, perhaps more consistent onset of beta blocking with repetition 
of movement suggests a process of cerebral economy, in that a smaller 
population of cortical neurons is desynchronized. These changes may 
represent a learning process in which initial movements require a 
different cortical organization than later repetitions of the same 
action. These findings, along with those mentioned above, strongly 
suggest that the Rolandic beta blocking phenomenon is an indicator of



the cortical mechanisms contributing to the pre-programming of skilled 
motor actiono After the command, stimulus or interval, impulses from 
cortical and subcortical mechanisms flow to the Rolandic region causing 
the blocking of the normal beta rhythm« Subsequently, these impulses 
change as a result of additional sensory information, thus affecting 
the characteristics of the blocking* The specific neuronal mechanisms 
underlying these processes are not known, but several authors have 
presented evidence that smooth ramp-like movements require the partici
pation of the motor cortex, the basal ganglia, cerebellum, and sensory 
feedback to precentral and postcentral motor cortex (Delong, 1973; 
Komhuber, 1971; Thach, 1970a; 1970b; 1972)-

Future developments concerning the beta blocking effect will 
have implications for the clinical study of motor dysfunctions and 
electro-neurophysiological research into cortical involvement in motor 

action-



APPENDIX

INSTRUCTIONS TO SUBJECTS

General Instructions 

The purpose of this experiment is to systematically investigate 
brain activity in humans <> Specifically, we would like to study beta 
activity of the motor strip area and its relationship to a controlled 
finger movement-> The beta wave is the predominant electrical potential 
emitted from the precentral area of the cortex. Other researchers have 
indicated that beta activity is a function of movement. This study is 
designed to determine the extent of such a function.

This experiment consists of two phases, The first phase is 
concerned with training you to perform a controlled movement proficiently. 
The movement requires precise timing in a correct sequence. The con
trolled movement has been divided into four component parts. Initially, 
you will learn each component separately. When you show proficiency 
with each component,. you will then perform different combinations of 
the components until you have mastered the total movement completely.
It is essential to the outcome of the experiment that you have complete, 
control of the movement task.

At that point, you will be ready to proceed to phase two of 
the experiment. Phase two is the actual recording of the beta activity 

as you perform the controlled finger movement task. The recording will
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be accomplished by surface electrodes placed upon your head- The 
experimental session will terminate when sufficient data has been 
collectedo .

. The movement task consists of a ready period, a simple depres
sion of a button, holding the button in position, and release of the 
button* However, each component must be timed precisely* If there are 
no questions, we will now proceed to the training phase*

Training Phase Instructions 
In front of you are two lights, a green and a red light * The 

onset of the green light indicates the beginning of each trial* The 
red light indicates that you have made an incorrect response during 
your movement for that trial* The red light will come on, after you 
have completed the assigned movement» _If you make a correct response 
for the given trial, the red light will not come on; but the green 
light will come on, indicating the next trial* During the training 
phase, you will keep your eyes fixated on the two lights*. This will 
minimize eye movement problems during the data collection phase*

To the right of you is the button to be depressed* Place 

your right index finger on the button* Depress the button, and then 
release the pressure on it* You are to keep your finger on the button 
at all times * Do not take your finger off the button after you have 
completed the required movement for any given trial*

If you are comfortable and understand the instructions so far, 

we will now proceed*



Data Collection Phase Instructions 
We are now ready for the actual data collection» During this 

phase, you will be required to perform a finger movement task similar 
to the one used in the training phase* The timing pattern and sequence 
of the movement will be the same as in the training period* However , 
during the Hold period, you will not be maintaining a position of your 
own choice; rather, you must learn and maintain a position that I have 
set* The red light will again indicate that you have made an incorrect 
response during your movement for that trial* In other words, you did 
not find the correct position during the Hold period* If you make the 
correct response, the red light will not come on, but the green light 
will come on, indicating the next trial*

Please remember to keep your eyes. fixated on the two lights 
so as to minimize eye. movements * If there are no questions, you may 
relax while I take some initial recordings*
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