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THE EFFECT OF CERTAIN CONDITIONS OF MUSCULAR CONTRACTION
AND RELAXATION ON THE NON-VOLUNTARY REACTION TO AN ELECTRIC SHOCK

INTRODUCTION

The general problem of this experiment was to determine the
effect of different conditions of muscular relaxation and contraction
on the non-voluntary reaction to an electric shock. The stimulus
was apolied for a fraction of a second to two fingers of the right
hand, and the resvonse measured was the guick upward Jerk of the amm
which followed, The stimulus was given without warning, and the
subject was instructed not to attempt any voluntary control of hig
reaction. Graphlc records of the reaction vermitted the calculation
of both the extent of the movement and the length of the reaction
time,

The problem was sﬁggested by Dr. Edmund Jacobson, and
the persons who served as subjects received preliminary training
from him in inducing relaxation. At the end of this training
they were able to assume and maintain a state of general muscular
relaxation which differed radically, in the judgment of subjects

and experimenter, from the ordinary muscular condition.

Avparatus
The apvaratus was designed 1) to give a stimulus which

could be kept constant for each subject in intensity, duration,



and rate of interruption of the current, 2) to record the beginning of
the stimulus on a revolving drum and 3) to obtain upon the drum a
parallel record of the reaction.

The part of the arnaratus designed for giving and recording
the stimulus had as its essential features

1. The primary circuit, passing through the vrimary coil (F)

of an inductorium and including
a storage battery (A), the source of the current
a revolving commutator (D), to interrupt the current
a millismmeter (C) to measure its strength
a rheostat (B) to control its strength

2. The secondary circuit, passing through the secondary

coil (G) of the inductoriun and including
the stimulating electrodes (H)
a revolving contact (r) to close the circuit
a galvanometer (L) to measure the strength of the current

3. [The marker circuit, including

an electromagnetic signal marker (P), which marked the
time of stimulation on the drum

a contact which closed the circuit simultaneously with
the beginning of the stimulus (inserted in 4)

a dry cell (c) actuating the magnet

4. A tuning fork (R), electrically driven, tracing a time line

on the drum

a dry cell (c) to actuate the fork
5. The kymograovh drum (Q)
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Fig. 1 shows diagrammatically the arrangement of the apparatus;

its detailed description follows.

Primary circuit

The source of the primary current was a six volt Edison
storage battery with a capacity of 37 ampere hours. The current
was led through the primary coil of a small inductorium of a
type standardised at the Harvard laboratory, with coils 2 5/8
inches long. The commutator which interrupted the current was
driven by a Leeds and Northrup D. C. motor with a constant speed
of 1860 revolutions per minute. The commutator had fifty seg-
ments, of brass and a non-conducting material alternately, so
that the current was made or broken 1550 times a second. The
current was led through the commutator by means of two carbon
contacts. A small condenser (not shown in the diagram) was
placed across the gap to prevent svarking. The current was led
through a D. C. millismmeter reading to 2 amperes and through a
slide rheostat capable of giving any resistance up to 11 ohms,
The circuit also contained a hand-operated knife switch.

Secondary circuit

The current generated in the secondary coil of the induc-
torium was led through two brass cupe, 1 in. deep and 1 1/4 in.
in diameter, filled to a constant height with a normal saline
solution. In these the subject placed two fingers of one hand,
the finger tips barely touching the bottom. The cups were not
electrically connected except by way of the subject's fingers,

The circuit was closed by means of an automatic contact

driven by the motor which drove the commutator. Attached to the



shaft of the motor through a worm and gear which reduced its
speed fifty times, was a revolving am carrying a conver strip.
In revolving, this strip made contact with the edge of a fixed
disc of non-conducting material containing, when the apparatus
was first set up, two segments of brass. By means of a switch
key either one of these segnents could be thrown into the cir-
cuit, so that the circuit was closed while the copper strip was
passing the segment. The segmnents were of different lengths,
permitting the circuit to be closed for a period of either 50
or 95 signa, approximately. Later, a segment was added which
permitted the closing of the circuit for 400 sigma. The cire
cuit also contained a hand switch,

Since it was thought that the secondary current might vary
even though the primary remained constant, a galvonometer was
connected with this circuit by means of two vacuum thermo-couples
introduced into the circuit in seriee, The secondary current
was led through the heaters of the thermo-couples, and a d'Arsanoval
galvanometer and a resistance box were placed in the other thermo-
couple circuit. Thus while the galvanometer did not measure the
current in asmperes, its readings were always proportional to
the current strength,

Marker circuit

The time marker was an ordinary electric electric signal
magnet with a brass writing point which traced a line on the drum;
it was actuated by the current from a dry cell. Its circuit was

closed as follows. As described above, the copper contacts that
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closed the secondary circuit revolved around a fixed disc containing
segments of brass. These segnents were double; that is, they each
had two layers of brass, an upper and a lower, separated from each
other by insulating material, When the upver layer of any segment
was thrown by means of the switch key into the secondary circuit,
the lower layer was thrown into the marker circuit. Thus each seg-
ment represented a device for closing simultaneously the secondary
and the marker circuits, and so recording the stimulus at the
instant of its beginning.

The circuit also included a hand switch, and a reverser
for changing the direction of the current through the magnet.

The time line was traced by a tuning fork of 250 4.v.; attached

to one of its prongs was a light parchment point which wrote directly
on the drum. The fork was kept vibrating by the current from a dry
cell,

The drum was an ordinary kymograph drum; it was found more
convenient to turn it b& hand than to use the kymograph motor.

The motor and the tuning fork were képt running continuously
during each sitting, but the primary circult was left open except
when the stimulus was given. To give a stimulus, the experimenter
closed the primary circuit by means of the hand switch, adjusted
the rheostat if necessary until the milliammeter gave the desired
reading, and then threw in the hand switches in the secondary and
the marker circuits during one rotation of the revolving contact.
These two switches were really two parts of a double knife switch,
so that their operation left one hand free to turn the drum. Any

sound arising from the closing of the switches was completely



masked by the noise of the motor.

It was stated at the beginning that this avvaratus was
designed to secure constancy of the stimulus in strength, duration,
and rate of interruption, and simultaneity between the beginning
of the stimulus and its registration on the drum. We may now
review the means of testing for these conditions, and state the
degree to which they were attained.

Constancy of stimulus intensity. Both the milliammeter

and the galvanometer were introduced for the purpose of detecting
variations in intensity of the stimulating current; the galvan-
ometer did this directly, the millismmeter indirectly by measuring
the strength of the primary current. The milliammeter could be
read before wach stimulus and the rheostat adjusted accordingly;
but the galvanometer could not be read except at the beginning

and end of a sitting, for in making this reading it was necessary
to have the secondary circuit closed for several successive revolu-
tione of the covver contact, to allow for the initial heating up

of the thermo-couples, Accordingly the procedure was to set the
secondary coil at an arbitrary voint (not necessarily the one used
for the subject) and, with the experimenter's fingers in the electodes,
to find the strength of primary current which would bring the gal-
vanometer to a certain fixed point. This was at the beginning of
the sitting. Throughout the sitting the primary current was kept
at the strength thus determined by means of the milliameter and

the rheostat. At the end of the sitting another galvanometer reead-
ing was taken, and if this varied from the first by more than 5%

the series was discarded. It was not unusual for the readirg to be



from 2 to 3% lower at the end of the hour than at the beginning.

As a matter of fact the galvanometer was not used until
the experiment was about half over. At first it was assumed that
the resistance in the secondary circuit was constant for a given
subject and, this being the case, that the strength of the secondary
current would vary only with that of the primary. When the galvan-
ometer was introduced, however, it was found that there were con-
sidersble variations in the secondary current from day to day or
from hour to hour even though the primary remained constant. The
chief source of these seemed to be the accumulaticn of carbon on
the commatator; such an accumulation also affected tre orimary
current, but even after this effect had been compensated for by
ad justment of the rheostat, there gemained.ap independent effect
on the secondery. From this time on the commutator was sand-
papered after each stimulus, although previously this had been

done only once a day.

Constancy of duration. The duration of the stimulus depended

on the length of time the revolving covver strip and the brass seg-
ment in the secondary circuit were in effective contsct, and this
in turn depended partly on the speed of the motor and partly on

the wear of the contacts and other variable factors.

The speed of the motor could be measured by counting, with
the aid of a stop watch, the revolutions per minute of the contact,
which was geared to the shaft of the motor. This varied less than
- ) during the whole course of the experiment, and was extremely
constant over short periods of time--three or four weeks, for

example,



The length of contact between the covver strip and the brass
segment could be directly measured by vlacing thre strip and segment
in circuit with a second time marker and taking a record on the
drum; the point of the marker was held down by the magnet as
long as the circuit was closed. Thus measured, the duration
Varied considerably in the course of the experiment, dbut was not
found to vary by more than two sigma in any one day. A series
of readinge was taken every day. For the shortest segment the
range was from 46 to 54 sigma, for the second, 90 to 97, and for
the longest, 396 to 416; in the last case the variation was
immaterial, for the duration exceeded the subjects' lingest
reaction time. In the first part of the exveriment the second
Segnent was used for one subject, the shortest for the others;
later, the longest segment was used for all subjects.

Rate of interruption. The rate of interruntion of the

Stimulus varied only with the speed of the motor, and this, as
has already been shown, was highly constant.

Simultaneity between stimulus and marker. To determire

whether the closing of the marker circuit was simultaneous with
that of the secondary circuit, the contacts of the latter were
connected with a second time marker, and a record of both markers
taken on the drum. There was always a difference of a few sigma
in the time of closing of the two circuits, and this difference
varied in the course of the experiment; but it was not found to
vary more than one or at most two sigma in the course of any one

day. Readings were taken at the beginning and end of each day's



work, and the reaction times which were read from that day's records
were corrected for that day's error. That the signal marker itself
was not the source of any variable error was shown by the fact that
the readings from the two circuits remained the same if the markers
were made to exchange nlaces.

Such variations in the intensity and duration of tte
stimulus as have been described were not great enough to affect the
validity of the results obtained under the conditions of the present
experiment. The variability of the stimulus was indevendent of
the experimental conditions which were under investigation; and the
differences in the results obtained under these different conditicns
were too great to be obscured by the variability of the reactions
for any one condition,

The upward jerk of the arm which followed stimulation of
the fingers was recorded, along with the stimulus, on the revolving
drum. The subject lay on a couch, with his head toward the table
which held the avparatus for giving the stimulus., The electrodes
were fastened, in a way to be described later, at one end of a low
stand beside the couch., When the subject's fingers were in the
electrodes, his arm was supported on this stand in such a way that
the only movement possible was an upward movement of thke foream,
Fig. 2 shows the stand with its attachments. The upver arm was
strapved into an adjustable support attached to the stand, and the
forearm and hand were strapned to a light movable frame which
prevented movement at the wrist. This frame consisted of a thin
bottom piece of hard rubber, 16 in. long and 5 wide, with side
pieces of sheet aluminum. The third and fifth fingers projected

a little beyond the end of the rubber piece; the second and fourth
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Fig. 2
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were extended down, tkrough two holes in the rubber, into the electrocdes,
Small straps over the fingers orevented their being drawn out of the
electrodes except by a movement from the elbow. At each side of the
frame, in a plane parallel with its side piece and almost touching it,
was an uoright sheet of very thick brass, firmly braced and attached
to the stand. These brass guides kept the frame from moving sideways,
but allowed it to move upward freely with tke subject's arm. If there
was friction between the side pieces of the frame and the brass guides,
1t was very slight, and was imperceptible to the subject; the frame
was made as light as possible, and tke subject did not feel that it
hampered his upward movement.

The movement of the frame, and hence of the subject's arm,
was recorded on the drun by means of a lever. This was attached to
the end of the frame by a silk thread passing over two small brass
pulleys, one above the stand, the other above the table holding
tte @run. The lever itself was a fine steel rod, with a thin writing
point of flexible brass. The long arm was 12 1/2 inches long, the
short arm, 6 1/4. The thread was attached tc the long arm and the
writing point to the short, so that the movement appeared on the drum
reduced by one half. When the subject!s arm rested on the stand the
threed was vulled taut and the long amm of the lever was drawn up
toward the pulley; as the subject's arm was raised the long arm was
allowed to fall. A small weight attached near the fulcrum helped
to bring it down.

In one series of the experiment tre subject was directed
either to press down with the forearm or to 1lift it slightly, in
the period preceding the stimulus. In order that he might do thris

without having the position of his hand altered in relation to
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the electrodes, and also that he might have a means of seeing for himself
whether he was following directions, the frame attached to his forearm

was arranged with the end near the elbow resting on the stand, and the
farther end on the pan of a soring scale (See Fig. 2). It waes to the

pan of the scales that the electrodes were attached. When the subject
merely rested his arm on the scales, thLe pan was devressed somewhat by the
weight of trhe am. If he pressed down, the pan was devressed farther;

if he lifted up, but not enough to counterbalance tre weight of the

arm, the pan followed his armm un. In either case the position of the
electrodes relative tc his arm was unchanged,

The arrangement for making the movement of the scales vigible
to the subject is not shown in the figure. On the wall facing the
couch was pinned a sheet of cardboard, on which was drawn a circle
marked off into scale divisions. A pointer fastened at the center
of this circle moved arcund it like the hand of a clock. This point-
er was attached, by a thread passing around a pulley, to tke pointer
of the scales, To obtain a constant downward pressure or upward 1ift,
the subject had only to bring the vointer to a fixed voint on the
scale and keep it there. This device was not irntended for accurate
measurement of the amount of pre-=sure, but was merely to let the
subject see in a generzl way what he was doing, and in pvarticular
to keep him from lifting above the voint to which the scale van
would rise.

In series where no pressure or lifting was called for, a
clamp could be attached to the scale van ir such a way as to make

it immovable,



-12 -

Recorde.

The records obtained by mesns of this avvaratus showed
three parallel lines, 1) the time line, 2) the line indicating
the beginning of the stimulus, and 3) the line representing the
reaction.

The extent ot movement was determined by messuring tre
jistance between the highest point of tre reaction line and its
bese line. This measure was subject to a certain inaccuracy,
especially in tre case of the more extended movements, due to
the uee of a lever as the recording instrument. Since the point
of & lever moves in the arc of a circle rather than in a vertical
line, the vertical distance which it covers is less thkan its
total displacement; and the ferther it gets from tre horizontal
vosition, the more is this the case. The vertical distance
which the lever covered on the drum was therefore not exactly
proportional to the extent of the subject's movement; but as
the error did not exaggerate any differences found, but ratker
tended to represent them at less thanr their true value, it was
disregarded.

To determine the reaction time, the distance was measured
from the beginning of the stimulus line to the point indicating
the stimulus, and from the beginning of the reaction line to
the point where it began to leave the base line, These two dis~-
tances were then laid off from the beginning of the time line,
and the number of vibrations counted between the two points
thus determined. Multiplied by four, this gave the reaction time

in signa.
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The extent of movement could be read in every case except
with one subject, who sometimes sent the lever beyond the edge of
the drum. It was not always possible, however, to determine
accurately the corresvonding reaction time. Sometimes the reaction
line rose 22 gradually that it was imvossible to say exactly where
the rise began; sometimes the fork failed to register, or the
experimenter let the drum revolve too far, and bluarred the time
line. BHence, there is sometimes a greater number of cases in the
tables showing the extent of movement than in the corresponding
tables for reaction time.

In order to determine how consistently the readings were
being made, a second reading was made of 20% of the records. The
differences between this and the first reading were too small %o
affect the final averages and not large enough even for the

group averages (averages of five reactions) to be of any significance.

Procedure,

Before the avnaratus was set up in its final form a pre-
liminary series, varying in length from 10 to 80 reactions, was
given to ten subjects who did not serve in the later experiment.
The purpose of this series was merely to determine whether there
was a characteristic reaction to the particular stimulus used.

The reaction was found with all these subjects to take the form

of an upward jerk of the arm, usually accompanied by slighter move-
ments in other parts of the body and often by an exclamation or

at least some disturbance in breathing. With one subject the am

movement was of very limited extent and was accompanied by a



- 14 =

stiffening of all the muscles of the body without extended movement.

The strength of stimulus necessary to evoke the reaction
differed considerably for tre different subjects. It was found
too that a rather weak stimulus might call out a marked reaction
the first three or four times it was given, and little or none
after that. It was possible, however, to find a stimulus of moder-
ate strength which would evoke a much more persistent reaction.
There was no means of knowing, of course, whether the reaction
might not diminish or even disapvear with sufficient habituation,
but, after a possible initial drop, there was no perceptible dimin-
ution in the course of twenty or thirty tests, and it seemed
probable that the reaction might be counted on to vpersist through
a fairly long series.

Seven persons, four men and three women, served as subjects
throughout the experiment proper. Six of these were graduate
students in psychology; one was a university graduate with some
psychological training. There were, besides these, five subjects
who took the preliminary training in relaxation but d4id not, in
the time at our disposal, attain a sufficient degree of skill to
serve in the experiment, and three others who learned to relax
sufficiently well but were unable for various reasons to con-
tinue further.

The preliminary training in relaxation covered a period of
about three months, during which the subjects came three times
a week for an hour and a half each time, It was given by Dr.

Bdmund Jacobson, according to a method which he has developed



for use in clinical and investigative work.l Essentially, the method
is as follows. The subject begins with a single muscle or muscle group,
usually the flexors of one arm. He bends his arm against resistance of-
fered by the experimenter and notices the sensations from the muscles.
He is then told to "let the arm go" and as he does so he observes the
dwindling of the muscle sensations. With practice he is able to
observe that these sensations persist faintly for some time after
his first attempt to relax the arm, and that by letting it go still
further he can further diminish the intensity of the sensations. In
this way relaxation becomes progressive; it may take as long as
fifteen minutes to relax one muscle group to the point where no
sensations of contraction are appreciable, The subject is next
tanght to recognise sensations from other muscles; the chief muscle
groups of the body are taken up in turn, with sovecial attention to
fine contractions in the regions of the face, eyes, tongue, and
throat. As the subject begine to practise a new group he simul-
taneously relaxes the groups previously oractised, until finally he
relaxes the whole body at once,

There are several means by which an observer may judge of
the subject'!s vrogress. If he is thoroughly relaxed, his posture
will be limp, his breathing regular, and there will be a complete
absence of even the slightest observable movements during a long
period of time. If he is not well relaxed there may be rigidities
of posture and irregular breathing, and there will certainly be
occasional movements such as slight twitching of hands or feet,
swallowing, winking of eyelids, eye movements, or twitching of the

facial muscles,

-

1 Jacobson, 3, 4, and 5.
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The expverience of our subjects confirmed Dr. Jacobson's previous
observation that any considerable degree of relaxation tends to induce
sleep., At the beginning, our subjects did not tend to sleep during
the practise veriod, but as soon as they learned to relax fairly well
they almost invariably went to sleep before the period was over.

They themselves believed that the tendency to sleep at any particular
time depended on their success in relaxing. There was an exception
in the case of one subject (Subject G) who from the beginning'was in
the hadbit of sleeping during the practise hour, He never learned

to observe closely the sensations from different muscles, or to relax
different muscle groups at will, His method was as he expressed it
the natural one of "just lying down and relaxing®"; and this procedure
usually led almost immediately to his going to sleep. However, as
there seemed no doubt, when one observed him, that he actually did
succeed in getting fairly well relaxed, it was decided to use him in
the experiment,

After the subjects had attained a degree of skill in relaxing
thought to be sufficient for our purvoses, they were given a pre-
liminary series, varying inlength with different individuals from
20 to 80 reactions. The purpose of this was to determine a strength
of stimulus appropriate for each one. The series began in each case
with a stimulus too weak to elicit an arm movement; the intensity
was then gradually increased to a point where this reaction was
regularly called forth. It was thought desirable to obtain a
reaction which should be not only regular in its apnearance but also
fairly pronounced, in order to give scope for the registration of

promounced differences, if such were found, under the different

experimental conditions. With certain subjects this was an easy
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matter, as the arm movement increased markedly with increasing
intensity of the stimulus. With others, the movement increased
very little after its first apoearance; even if the stimalus was
strengthened to the point of being extremely painful the added
response took the form of a general stiffening of all the muscles
instead of a more extended arm movement. Subjects D, F, and to
some extent Subject C, were of this type. With these subjects
the experimenter was forced to be content with a response of

very limited extent. With Subject G it was necessary to decrease
the intensity below the point chosen in the first part of the
preliminary series, for the resvonse to this stimulus increased to
a marked degree in succeeding trials.

It was originally intended to use a stimulus of 50 signa
duration for all subjects, and to keep the intensity of the stim-
ulus constant for each subject throughout the experiment. It was
found at the outset, however, in the case of Subject D that a
stimulus lasting 95 sigma evoked a more pronounced response than
could be elicited by the shorter one, With Subject C the apvaratus
was once accidentally set, after the series had been some time in
progress, to give a stimulus lasting as long as the hand switch
was in. The result was a stimulus more pronounced than any previ-
ously obtained; a new contact was accordingly added to the appara-
tus, making possible a stimulus lasting 400 sigma. At the same
time the duration of the stimulus used for Subject F was changed
from 50 to 400 sigma; and with subjects A and E, whose series

had not yet begun, the longer stimulus was used from the outset.



With Subject E the extent of the reaction diminished in
the course of the series, and the intensity of the stimulus was
increased in order to secure a gr-ater movement. The stimulus
was also increased for Subject A in the course of the series;
in this case the purvose was to keep her from going to sleep
when she was relaxing. Thses changes in intensity and duration
of the stimulus do not affect the validity of the results, for all
comparisons are confined to groups of reactions taken from a
single subject under constant conditions of stimulation, and
differing only in respect to the conditions under investigation.

Table 1 shows the duraticn of the stimulus used for
different subjects and in different series, and gives the data
for the factors which deternined its intensity. This depended
on the strength of the primary current, and the point at which
the secondaéy coil was set; the table gives the first in am-
peres, the second in terms of the scale of the inductoriuwa. A
decrease in the scale reading means an increase in the strength
of the induced current, but the two are not provorti nal in amount;
the change in intensity which occurs when the coil is moved over
any given distance on the scale varies with the original position
of the coil, but is always larger than the change in scale reading
would seem to indicate.

Before the galvanometer was introduced the strength of
the primary current was kept constant for each subject. With the
galvanometer in use it was fixed, at the first sitting, at the

point indicated in the table; after this it was corrected each day,
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by a method already described, on the basis of the galvanometer
readings, 8o that actually the readings for the strength of the

primary current varied slightly around the figure given in the

table.
Table 1
Number Primary Scale Duration
Subject Series of Current, Reading, of stimulus
Reactions Amperes Inductorium in signa
A 1A 94 2 10.2 400
A IYb 100 2" 9.0 400
B I 200 .35 7.0 50
C Ia 74 .2 6,0 50
c Ib 90 2" 8.0 400
D I 200 .35 7.0 95
E Ia 117 2" 7.0 400
E I1Yb 80 2 6.5 400
F Ia 79 .2 6.0 50
F Ib 100 .2 * 6.5 400
G I 184 .35 9.5 50
B II 132 .2 6.0 50
C II 100 .2 " 6.0 400
D 11 108 .2 6.0 95
G 11 74 .2 8.0 50

*  Actual readings varied around this figure.



EXPERIMENT I, THE EFFECT OF GENERAL RELAXATION

Procedure

The series cornstituting Experiment I conecisted of avrroxi-
mately 200 reactions for each subject. Half of these were taken
under the condition of general relaxatior, half with the subject
in his ordinary or "normal" condition. The subjects came for
one hour at a time, and in this period ten reactions were taken.
Each subject came at a regular hour of the day, and the attempt
was made to have a sitting every day, five days a week, until the
series was finished; some interruptions, however, proved unavoidabls.

In order to equalige for the two conditiors any possible
effects of habituation, the two conditions were employed alter-
nately. Thie was done in omne of two ways; either five reactions
under one condition were followed immedietely by five under the
other, both conditions thus being represented at each sitting,
or a whole sitting taken under ope condition was followed, on
the next working day, by a sitting taken under the other condi-
tion. With the first method, if the relaxed condition was given
firet at one sitting, the nommal was given first at the next, and
g0 on. The second method did away with the difficulty exverienced
by some subjects in getting out of the relaxed condition, once
they had induced it.

At the beginning of each sitting the subject was strapped
into the apparatus and was asked to raise his arm a few times
to be sure that there was no interference with the upward move-

ment. The general directions, given at the first two sittings and



repeated occasionally in the course of the experiment were as
follows:

"all that you are asked to do in this experiment is to
maintain such conditions of relaxation or contracticn as may
be directed. Several times during the hour you will receive a
slight electric shock in the fingers of your right hand. Please
do not prepare to react to tris shock in any particular waye.

If the natural reaction is a movement, let it come freely and
spontaneously. Do not try to hasten it, or to inhibit it, or
to influence it in any way. Try not to think about the coming
stimulus.

If anything should hapoen to make you expect the stimulus
just when it actually arrives, please revort the fact."

For the relaxed condition the instructions were:

wpPlease relax as completely as you can; do not stop until
you are told to. If the stimulus disturbs you, begin relaxing
again as soon as it is over. You will be given plenty of time
to get well relaxed before any stimulus is given."

For the normal condition:

"Do not relax this time. You are not asked to do anything
in particular except to be sure trhat you are not relaxing. Please
keep this in mind, and if necescary move a little occasionally
to be sure that you are not relaxing unconsciously. You may talk
as much as you like."

The stimuli were given without warning, from tr.ree to five

minutes apart. The experimenter watched the subject's progress



- 22 -

in relaxing, and refrained from giving any stimulus until a fairly
high degree of relaxation had been established; the degree that
could be expected varied, however, with the skill of the subject.
With the normal condition the experimenter watched for signs of
relaxation, and if they appeared, reminded the subject of the
instructions, and tried to engage him in conversation. Care
was taken, however, not to give a stimulus while the subject
wag moving or talking.

The experimenter observed the subject's reaction, noting
what bodily resvonse occurred in addition to the arm movement.
At the end of tke hour the subject was ouesticned as to his
success in carrying out tke instructions, and a note was made
of any observations he had to offer. In the case of relaxaticn
tke subject was asked whether he had been asleep or not; if
there was any doubt on this point, in the mind of either subject
or experimenter, he was questioned further, as to the number
of stimuli he could remember, and any other points that might

throw light on the question.

Results.,

Extent of Movement and Reaction Time. The results of

Experiment I are summarized in Tables 2 to 4. The results for

Subjects A, B, C, D, E, and F are alike in their general

features and can be considered together; those for Subject G

are radically different and must be reserved for later dlscussion.
Tables 2 and 3 deal, in different ways, with the extent

of movement for the two conditions; Table 2 gives the number of

cases in which this is reduced to zero--that is, in which the
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stimulus failed to elicit any response large enough to be registered,
--2nd Table 3, the average extent of movement with these fgzero" cases
excluded. It will be seen at once from Table 2 that with relaxation
all six subjects failed in a considerable proportion of cases to give
any measurable reaction, while with the normal condition this occurred
only once, with one subject. Similarly, Table 3 shows that the ave-
rage extent of the movement, when it did occur, was less for all
subjects with relaxation than normally.

It will be noticed that no measure of variability is included
in the tables. The results were highly variable, and such a measure
would have given no indication that the differences foﬁnd were
significent. Their reliability can be tested, however, in another
way. Tables 5 to 15 show the average values for each condition for each
sitting, making it possible to compare in each case the average for
the relaxed condition with the normal average for the same sitting--
or, in series where the two were not given on the same day, to compare the
average for one conditicn with that for the other condition at the
sitting immediately following., This method gives a total of 68
comparisons for the six subjects, and in 66 of these the extent of
movement is less with the relaxed than with the normal condition,

In regard to reaction time the results are apparently
somewhat less consistent for the different individuals. Table 4,
which gives the average reaction time in sigma, shows that for
Subjects A, B, C, and E the average time is longer with relaxation
than with the normal condition. That this is a significant differ-
ence appears from Tables 5, 6, 7, 8, 9, 11, and 12,---47 out of 48
separate comparisons showing the same relation. For Subjects D and

F the case is different. Table 4 shows that for Subject D the
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Table 2.

Experiment I. % of Cases without Movement for Normal and

Relaxed Condi ti ons

Normal Relaxed

Subject Series No. of % without No. of % without
Cases movement Cases movement

A Ia 44 0 50 100
A Ib 50 0 50 92.0
B I 100 1 100 36.C
C Ia 37 0 37 18.9
c Ibv 45 0] 45 48,8
D 1 100 0 100 75.0
E I a 60 0 57 10.8
E Ib 40 o) 40 25.0C
F I a 39 0 40 47,5
F Iv 50 0 50 66.0
G I 92 0 92 28.2




Table 3,

Experiment I. Aversge Extent of Movement for Normal and

Relaxed Conditions, Zero cases excluded.

Normal Relaxed

Subject Series No. of Average No. of Average
cases cm. cases cm.
A Ia 44 5.85 0 _—
A Ib 50 6.11 4 . 87
B I 99 8.12 64 1.17
v Ia 37 1.28 30 .91
C IYv 45 5.14 23 .75
D I 100 1.99 25 .79
E Ia 60 2.70 51 .75
E Ib 40 1.68 - 30 44
F Ia 29 71 19 .27
F IYv 50 .88 17 .34

G I 92 8.90 67 ——

b Average could not be computed because in many reactions the
extent of movement exceeded the capacity of the apvaratus to
record.



Table 4.

Experiment I. Average Reaction Time for Normal and Relaxed

Conditions.
= Normal Relaxed
Subject Series No. of = | Average No. of * Average
cases sigma cases sigma

A Ia 34 169.4 0 ——
A Ib 38 162.1 4 222,0
B 1 94 125.1 61 165.8
C Ia 32 120.4 25 142.1
C Ibv 42 129.8 18 156.2
D 1 79 188.0 20 173.7
E Ia 53 117.4 43 145.0
E IV 29 128.0 22 150.0
F Ia a7 120.0 16 127.8
F Ib 36 188.4 17 142,2

G I 82 189.7 83 182.0
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Table 5,
Experiment I. Averages for Successive Sittingsl, Subject A,
Series I a.
Extent of Movement Reaction Time

Normal Relaxed Normal Relaxed
5.80 0 191.4 —en 8
5.05 0 179.9 . ———
6.02 0] 149.6 ——
4.70 0] 158.6 -———
6.35 0 149.7 _—-

1 In tables 5 to 15 zero cases are excluded.
2 In this and the following tables blarks in this column irdicate
a group of reactions in which either there was no movement of

measurable extent (see column 2) or no reaction time which
could be accurately read.

Table 8.

Experiment I. Averages for Successive Sittings, Subject A,

Series I b.

‘ngpeﬂgﬁq{ Moveméhg_ _ Reaction Time

~ Normal _ Relaxed ______ Normal ________ Relaxed
6.74 .2 139.3 300
6.71 .8 151.8 251
7.19 1.4 156.2 155
4. 0.0 208.9 —

5.65 .3 ' 140.7 172
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Tavle 7

Experiment I. Aversges for Successive Sittings, Subject B

Series I
Extent of Movement Reacticn Time
Normal Relaxed Normal Relaxed
4.86 .93 135.6 17C.C
2.7C . 5C 122.8 155.0
2.26 0 167.Cc ===
6.38 2.92 142.6 163.2
5.54 .53 120.4 176.2
11.26 2.87 119.8 151.0
11.28 1.76 105.8 144,22
6.50 l.12 - 122.6 156.8
4,78 1.38 129.2 144,82
11.48 .82 113.€ 1€3.5
7.32 .50 115.6 171.4
11.52 1,10 103.6 144.C
B8.84 .96 111.4 153.C
1C.70 .87 130.0 245.5
4,656 .20 129.8 162.0
12.14 .20 127.C 171.6
8.50 « 30 123.5 188.5
6.08 0 145.0 00 A——me——
6.68 .10 126.2 176.6




Table 8.
Experiment 1. Averages for Successive Sittings, Subject C,

Series I a,

_______ EXEQHE‘Ef:Ebvemenf __ Reaction Time =

Normal - ____Relaxed Normal Relaxed
1.88 1.12 108.7 142.2
1.90 2.15 110.6 128.3
1.67 .82 115.0 142,6
1.52 .65 118.6 146.6
.40 .70 133.0 128.5
1.17 .65 118.2 1569.5
.64 .47 141.6 143.0
1.24 .36 117.5 154.0

Table 9.

Experiment I, Averages for Successive Sittings, Subject C,

Series I b.

Extent of Movement . Reaction Time
Normal Relaxed - Normal —__Relaxed
4.48 .40 109.0 170.5
2.82 1.27 110.6 135.0
6.46 .37 121.4 153.3
5.22 .50 137.7 147.5
8.98 1.35 129.6 150.0
7.80 .15 152.6 174.0
7.34 0 133.6 0 eeae-
4.86 .25 140.4 158.5

6.86 .90 130.7 173.0
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Table 10,

Experiment I. Averages for Successive Sittings, Subject D,

Series I.
Extent of Movement . Reaction Time

Normal Relaxed Normal Relaxed
2.57 1.22 177.7 153.6
1.76 1.20 154.0 167.0
2.05 .51 166.7 239.0
2.06 .90 160.8 161.6
3.10 0 42,2 0 eeeea
1,94 0 198.7 ———
1.57 .20 151.2 eeeee
1.20 .65 151.2 172.0
1.54 1.50 141.7 179.0
1.92 0 151.5 = —----
1.32 0 207.2 = emee-
1.26 (0] 153.2 = eeee-
1.18 d 258.0 168.0
.90 0 162.56 = e-ee-
1.96 .22 278.0 172.6
3.22 o] 216.6 = o e----
2.66 0 244.0 ——
2.54 .5 229.0 185.0
2.52 .8 234.0 ———
2.30 0 210.3 = eee-

1.94 1.0 289.5 = eaaa-




Table 11.

Experiment I. Averages for Successive Sittings, Subject E,

Series Ia.

- Extent of Movement Reaction Time _
Normal Relaxed ~~  Normal ‘ Relaxed
6.21 2.06 108.9 144.9
3.82 .44 ‘ 133.5 144.0
1.16 . 65 112.2 143.6
2.83 .43 117.8 138.1

.72 .26 115.9 150.4
C 1,49 .32 117.4 149.7

Table 12,

Experiment 1I. Averages for Successive Sittings, Subject E,

Series I b.
Extent of Movement " Reaction Time
Normal Relaxed Normal Relaxed
1,07 .34 122.6 143.2
1.99 .36 126.3 156.6
2.13 .67 130.4 148.6

1.54 .30 132.8 174.0
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Table 13.
Experiment I. Averages for Successive Sittings, Subject F,

Series I a.

Extent of Movement “Reaction Time
Normal Relaxed Normal Relaxed
.75 .32 116.3 141.6
.88 .37 125.9 138,0
.53 .40 119.6 135.0
.64 .42 ‘ 117.6 134.4
Table 14.

Experiment I. Averages for Successive Sittings, Subject F,

Series I b.

Extent of Movement Reaction Time
Normal Relaxed Normal Re laxed
.68 .20 124.8 145.3
.62 .52 179.5 138.0
1.08 .33 191.0 140.0
.91 0 172.8 = eeea-

1.12 .30 258.8 152.0




Table 15,

Experiment I. Averages for Successive Sittings, Subject G,

Series I.
Extent of Movement ) Reaction Time
Normal ______Relaxed ____Normal Relaxed
8.50 —~———— 138.0 144.2
12.10 ———- 149.4 127.0
9.82  =e--- 181.0 157.0
11.00  e=--- 156.0 154.2
7.86 0 =ee-- 186.8 185.2
.62 @ ee=——- 185.2 183.7
9.44 = =eee- 172.4 199.0
1.0  meee- 183.2 164.6
10.98 0 —=ee- 143.2 165.0
g.17  eeee- 143.5 159.0
8.06 0 =ee-- 265.0 204.0
8.60 11.95 184.6 297.5
6.48 8.85 254.8 0000000 eeee-
9.02  eee-- 207.2 184.5
.10 emee- 217.0 202.7
7.42 o) 188.0 --;--
7.08 9.53 215.2 242.6
8.02 o] 173.4 -———

7.8 0 =ee—- 206.6 190.5




average reaction time is longer with the normal condition than with
relaxation, and for Subject F the average, though longer for the
relaxed condition in Series I a, is longer for the normal in Series
I b. A closer analysis of the results is necessary to show whether
these averages represent consistent tendencies.

In the first series taken, Subject F gave results similar
to those of other subjects. The average reaction time was longer
with relaxation than without, and the difference was consistent
for all of the separate comvarisons shown in Table 13, 1In the
second series, which differed from the first in that the stimulus
was increased in durstion and slightly decreased in strength, the
average reaction time is longer for the normal condition. Table
14 shows that this relaticn holds for three of the four separate
comparisons, the difference increasing as the series progresses,

The frequency distributions shown in Figures 3 and 4 throw
further light on the cuestion. The values for the relaxed condition
are distributed quite similarly for the two series, the range in both
cases being from 121 to 170 sigma. It is tke values for the normal
condition which differ. 1In Series I b these fall intc two distinct
grouvs. The first grouo consists of times somewhat longer than the
corresvonding ones of Series I a but still tending to be shorter
than those for the relaxed condition of Series I b; the average
reaction time for thie first group is 134.0, that for the relaxed
condition of the same series, 142.2., The second and smaller group
consists of much longer times; they average, in fact, more than
twice the length of the first group. These peculiarly long reaction
times appear chiefly in the latter part of the series, and it is

they which account for the relatively long average time under

the normal condition,
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The results for Subject D show similar characteristics.
The average reaction time is longer for the normal condition, but
Table 10 shows that this relation holds for only four out of nine
comparisons, and that three of these lie in the last half of the
geries, If the first half of the series were considered alcne, the
relationship would be reversed.

The freguency distribution in Figure 5 shows one group
of reacticn times tending to be distinctly shorter than those for
the relaxed condition--sversging 166.8 ae against 173.7--and a smaller
group of very long times, As with Subject F, it is these exception-
ally long times, aprearing late in the series, which account for the
long average time wit:: the normal condition. These results suggest
that while these two subjects, like the othere, tended at first to
sﬁow longer reaction times with relaxation than without, they later
developed, under the normal condition, a different form of reactionm,
characterized by a greatly lengthened reaction time, This peculiarity
will be discussed more fully when we come to the consideration of
individual differences of response. It is brought up here only to
show that tre general tendency of relaxation to lengthen the reaction
time as well as to lessen the extend of movement, extends, in at least
some degree, to all six subjecte.

Genersl Bodily Response., It has already been mentioned that

the arm movement called forth by the stimulus was usually accompanied
by some other bodily resvonse, and the cuesticn arises whether a de~

crease in the extent of arm movement indicated a generally dimirished
reaction. As far as could be observed, this was uniformly the case.

The experimenter observed, and at first described in writing, the

general bodily reaction following ~ach stimulus; and it very soon

beceme clear that the general reaction diminished to a marked degree
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with the decrease of the arm movement under the conditicn of relaxation.

Sometimes when there was no observable arm movement threre could still

be detected a change in the rhytkm of bdbreathing, or the subject might
wot

later report a flicker of the eyelids;hsuch dieturbances were always

minimal, and often absent altogether.

Subjective Effect. A further difference between the results

obtained with the two conditions appears in the reports of the subjects.
Without being questioned on tre voint, each subject (Subject G still
excepted) reported tre stimulus as less pairful, lese disagreeable,

or apparently weaker, with relaxation than without. After the first
sitting with relaxation Subject A remarked that‘the stimulus seemed
much weaker than before. Subject B reported it as stronger and more
painful when she was not relaxed than when she was. Subject C char-
acterized it as dull when he was relaxed, knife-like under the normal
condition; he said, "When I am relaxed I don't get any kick out of it.®
Subject D reported it as much less disagreeable and apvarently weaker
when he was relaxed than otherwise, and Subjects E and F thought that
it was objectively weaker. Each subject remarked upon this subjective
effect on more than one occasion, and they were all questioned about

it at several different sittings as well as at the end of the series.
With Subject B there were two occasions when relaxation did not
diminish the painfulness of the stimulus; otherwise, with all subjects,
the effect was reported as the invariable accompaniment of relaxation.

Effect of Sleep. It hes been mentioned that the relaxed

condition tended to irnduce sleep, and the guestion arises whether the
supposed effects of relaxation may not have been due toc sleep rather
than to relaxation as such. As a mstter of fact all of the subjects

but one did fall asleep on one or more occasions, and in order to
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determine how far thie factor may have been responsible for the

results obtzined, these have been tabulated separately for "sleep*

and "waking." There is of course some difficulty in determining

in evéry case whether the subjecf has been asleep of not; but the

benefit of the doubt has always been given to sleep, If tke

subject was thought to have been asleep for any part of a sitting,

all the reactions of that sitting were out under the sleep heading.

The reactions under that head inglude all those of sittings 1)

where the subject said he had been asleep, 2) where he was not sure w

whether he had slept or not, and 3) where although the subject was

not conscious of having slept the sitting seemed unusually short

to him or he was confused about the number of stimuli received. 1In

this way a number of waking reactions have doubtless been included

under the sleep heading, but the reverse has, as far as possible,

been avoided. Tables 16 and 17 compare the extent of movement for

the two conditions, Table 18 the reaction time. These tables include

only reactions taken with relaxation; no subject ever went to sleep

under the normal condition., Both series.for Subject E, and Series I a

for Subject F are omitted, for they included no "sleeping" reactions,
So far as can be judged from the limited number of cases

aval lable, the differences found between the normal condition and

the condition of relaxation tsken as a whole, are exaggerated in the

case of sleep. The method chosen, of including all doubtful cases

with sleep, is a voor one for isolating the effect of sleep. Even so,

tkis factor has a noticeable effect in increasing the number of zero

reactions; and it is also to be noted that with sleep the subject often

remained entirely unconscious of the occurrence of the stimulus, while

this never happed when he was awake, On the other hand, this classi-

fication makes it certain that the original differences found between tise
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Table 16

Relaxed Condition: Per Cent of cases without movement
with the subject waking or sleeping

Waking Sleeping
Subject Series No. % No.
of without of without
Cases Movement Cases Movement
A Ia 30 100 0 1CO
A Iv 30 93 20 90
B I 80 30 20 60
C Ia 33 15 4 50
C Iv 40 42 5 1CO
D I 45 59 51 90
F Ib 30 73 20 55
G I 5 0 87 30




Table 17

Relexed Condition: average extent of movement
with the subject waking or sleeping

Waking Sleeping
Sutject Series No. To.
Of Ave. &no Of Aveo m.
Cases Cases

A Ia 0 - 0 -
A Ib 2 .80 2 55
B I 56 1.29 8 .39
c Ia " 28 .92 2 .65
C Ib 23 .75 0 -
D I 20 77 5 .86

F Iv 8 .22 9 .46
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Table 18

Relaxed Condition: average reaction time
with the subject waking or sleeping

Waking Sleeping
Subject Series No. Ave. No. Ave.
of Sigme of Sigma
Cases Cases

A Ia 0 - 0] -
Ib 2 232.5 2 211.5
B I 53 164.4 8 175.5
c Ia 23 - 140,6 2 159.5

Iv 18 156.2 0 -
D I 16 172.9 4 177.C
F Iv 8 146.2 9 138.7
G I 4 154.2 49 184.3
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condition and that of relaxation do not depend to any considerable
extent on the presence of sleep. This can be seen plainly if we
compare the normal condition of Tables 2, 3, and 4 with the waking
condition of Tables 16, 17, and 18. This comparison gives results
substantially the same as the original comparison made in the
earlier tables between the normél condition and relaxation as a whole.
The differences in the second comparison are all in the same direc-
tion as in the original, and only slightly less in degree.

This attempt to isolate the effect of sleep has been based
on the assumption that sleep and relaxation may be independent factcers;
there remains the possibility however that the effect of sleep may
itself be due to a heightened degree of relaxation prevailing with
that condition.

Individual Differences. Before considering the results for
Subject G, it may be well to point out some individual differences
among the subjects whose records have already been considered.
Systematic comparison of the extent of movement for different subjects
is prevented by trhe fact that the strength of the stimulus was not
the same for all. It has been mentioned however that in the prelimin-
ary series certain subjects were found from whom no available stimulus
could elicit a movement comparable in extent to those obtaining with
other subjects. Subjects D and F throughout, and Subject C in Series
Ia, retained this characteristically restricted movement; they also

retained a mode of response peculiar to them - a tendency to react
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with a widespread stiffening of the muscles without extended move-
ment of any part of the tody. Observation of this reaction sug-
gested that it represented movements vigorously initiated by
numerous muscles but checked almost immediately by the contraction
of their antagonists. It would seem that such a tendency might in
itself be sufficient to explain the restricted arm movement; for a
contraction of the antagonistic muscles might check this movement
before it had reached its full course.

Certain observations suggested that this tendency may also
have been related to other peculiarities of these subjects' reactions.
In diecussing the reaction times obtaining for the normal condition
we have already had occasion to mention trat with Subjects D and F,
unlike the others, these values fell into two distinct groups; and
a study of the graphic records of individual reactions showed a cor-
relation between the length of the reaction time and the form of the
arm movement. For these subjects the typical reaction curve for the
normal condition is one with two summits. See Figs. 8 to 16.

In the majority of cases the first summit is lower than the second;
its height varies from almost mero to aprroximately that of the
second. These curves clearly indicate a double movement. In other
cases there is a single summit, and in still others the first summit
is followed by another so small that it is hard to tell whether it

reprecents anything more than a mechanical rebound from the first
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movement. Witk the reaction curves classified as double, s?ngle,
and doubtful, their corresponding reaction times were listed as
normal or lengthened, on the basis already determined from inspec—
tion of their frequency distribution. The result is.shown in
Table 19. No figures are given for Subject F, Series Ia; in this
series all the curves were double, and there were no lengthened

reaction times.

Table 19

Exp. I. Relation between Type of Curve and Reaction Time

No. of Reaction Times

Subject Type
and of
Series Curve Total Normal Lengthened
Double 53 52 1
Subject D
Single 11 2 9
Series 1
Doubtful 16 7 8
Double 24 23 1
Sutject F
Single 10 1 9
Series Ib
Doubtful 2 1 1

The close correlation between the long reaction times and
the "single" form of curve suggests that the lengthened times are

to be accounted for by the absence of the first movement represented



in the double curve; and this in turn may be due to a contraction

of antagonistic muscles giving, momentarily, complete inhibition

of the upword movement of the arm. Varying degrees of such
jnhibition would account for varying heights of the first summit

in the double curves: and a tendency on the part of the antagonistic
miscles to contract before the impulse to upward movement is spent,
might also explain the presence of two summits in the typical curve.
This explanation was partly confirmed by a remark of Subject D, who
said after one particularly delayed reaction, "I felt myself shrink-
ing up and getting stiff that time before my arm moved."

So far we have discussed in detail only the records of Sub-
jects D and F. Subject C was the only other to display the tendency
to a general muscular stiffening, and a study of the graphic records
showed that - with a very few exceptions in individusl cases - he
was also the only one to show similar d&uble curves. In Series Ib
all but three of the records were of the double type; and of the
reaction times corresponding to the three exceptional "single" curves,
two were somewhat outside the ordinary range, lying between 170 and
180 sigma while the range for all other reactions was from 101 to 150.
With this subject the first part of the double reaction varied from
a distinct but low summit to what was apparently merely the beginning
of a very slow rise cut short by the beginning of a much sharper one.
In all cases the first rise was small compared to the second, and was

followed by it after a very short interval; apparently the inhibiting
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effect of the stiffening tendency was of short duration and was
completely overcome in the second rise, for this was of the same
order of magnitude as that found with other subjects. The sub-.
ject himself did not notice the tendency to "stiffen up" in this
series, though he hac spoken of it several times in Series Ia; yet
the latter shows very few double reactions, and no correlation
between the type of curve and the length of the reaction time.
There is of course no aprarent reason why a tendency to contraction
of antagoniétic muscles should necessarily give a curve showing a
second upward rise after the first was checked. It might simply
check the first movement before its full height was reached; and
apparently this is what tock place in Series Ia, for the average
extent of movement there is very small compared to that of the later
series. |

To conclude, we have pointed out an apparert tendency toward
the contraction of antagonistic muscles observed with Sutjects D, F,
and C, and have suggested that this tendency may be directly related

to

1. the unusually restricted movement found théoughout
with Subjects D and F and in Series Ia with Subject C,

2. the "double" form of curve peculiar to the records of
the same subjects,

3. the exceptionally long reaction times found in these

same series with such exceptional reactions as were
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of the "single" type.

Subject G. The results for Subject G are in striking
contrast tc those with relaxation, so far presented. Almost
all of the reactions of this subject fell at one of two extremes:
either the stimulus elicited no measurable fesponse, or the
reaction was far gréater in extent than under the normal condition.
Tables 2 and 3, and Fig. 6, summarize these results. The aweragé
extent of moveient for relaxation cannot be given, for the reaction
in the majority of cases exceeded the recording capacity of the
apparatus. The frequency distributions of Figure 6, however, show
how decidedly the "relaxed" reactions exceeded the normal. The
reaction times, as one might expect from this fact, are longer for
the normal than for the relaxed condition, though the difference is
small and not as well established as in other cases. Table 15 shows
that the relation holds for only 11 out of 16 separate comparisons,
and Figure 7 shows the high variability of the values. Observa~
tion indicated that in this as in other cases the extent of the
general bodily response was closely correlated with that of the arm
movement; the subject'!s facial expression especially showed that he
was much more disturbed by the stimulus when he was relaxed than
otherwise.

This subject's procedure during the period of training, has
already been described. He "just lay down and relaxed," and very

soon went to sleep. When he tried to relax without sleeping he
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found it almost impossible, and actually there was only one sitting
where he did not sleeg. The results of this sitting did not

differ from the others except that the reaction time was even short-
er than usual; this figure however is based on only three reactions.

When asied whether the stimulus was more disagreeable with
relaxation or without, Subject G replied that it was much worse
when he was relaxed. He said however that when he was relaxed he
never felt the stimulus itself; it was his own arm movement, apparent-
ly, that wolze him up, and it was being disturbed that he found so
disagreeable. This remark did not apply of course to the time when
he was not asleep; at that sitting he reported the stimulus as just
the same as usual (with the normal condition), neither more nor less
disagreeable.

Subject G showed no sign of the tendency to a widespread
stiffening of the muscles observed with some subjects; the arm move-
ment was an extended one even with the normal condition, though the
stimulus was much less intense than that used with most subjects.
The graphic records contained no such double curves as did those of
certain other subjects; nor did they show any other objective

peculiarities which could be correlated with those already discussed.



EXPERIMENT II: THE EFFECT OF PARTICULAR CONDITIONS

OF CONTRACTION OF THE MUSCLES OF THE REACTING ARM
Procedure

At the conclusion of Experiment I a second experiment
was undertaken with four of the same subjects to determine the
effect of particular conditions of contraction of the right arm.
These conditions were (1) the normal condition, (2) pressing
down with the forearm, (3) lifting up with the forearm so as
partly to support its weight, and (4) leaving the arm in the
normal position but meking it rigid. As heavy.demands had already
been made upon the subjects! time, this series could not be carried
as far as would otherwise have been desirable.

The subject was shown that the pointer on the wall opposite
him moved with his pressure on the scales;1 and he practised with
different degrees of pressure and of 1lifting until he had fixed in
each case on a position of the pointer which he could maintain‘for
two or three minutes without noticeable fatigue. He was then in-
structed as follows:

"When I say press down, please press down until the pointer
reaches ~ (the position determined upon), and keep it there until
a stimulus occurs. Do this with as little muscular effort as pos-
sible; do not meke the whole arm rigid, but try to use only such

muscles as are actually needed."

1. See description of apparatus, p. 13.
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Similar instructions were given for lifting up. For the
rigid condition the instructions were to make the arm rigid by
contracting all of the arm muscles; and the subject was asked tp
try to fix on a definite degree of céntraction and to maintair as
nearly as he could the same degree each time.

In giving these instructions it was asswaed that the rule
of reciprocal innervation of antagonistic muscles, demonstrated by
Sherrington for reflex action, did not necessarily hold for all
cases of voluntary contraction. Sherrington himself mentions the
"synchronous excitation of antagonistic muscles in certain willed
actions"1 and references to instances of simultaneous contraction
of antagonists are not uncommon in neurolcgical literature. Our
subjects had no apparent difficulty in following the instructions
to make all the arm muscles rigid.

The general instructions, and those for the normal condi-
tion, were the same as in Experiment I. The subject was allowed
to talk under all conditions.

The stimuli were given without warning, as in Experiment I.
Two or three minutes before each stimulus (except for the nommal
condition) the experimenter said "Press down," "Lift up," or "Make
your arm rigid," as the case might be. For the normal condition

no instruction preceded the separate stimuli.

1. Sherrington, Integrative Action of the Nervous System, p. 113.
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The series varied in lengtk with the different subjects
from 74 to 132 reactions (see Table 1). It was hoped to take
16 reactions at a sitting, since no time had to be allowed for re-
laxation, but on some days there were delays which made this im-
possible, and the sittings actually varied in length from 8 to 16
reactions. The four conditions were equally represented at each
sitting. Each stimulus was given under a different condition from
the last, and the order of the conditions wag changed with each

sitting.

Results
The results are summarized in Tables 20 and 21. It cen
be seen at once that such differences as appear are smaller and
less consistent than those found in Experiment I, owing partly no
doubt to the smaller mumber of cases. There are certain tenden-
cies however which apcvear to be fairly general. The tables show
that:

1., When the subject is lifting up the reaction time is
shorter than the normal, for all sutjects. There
is no consistent corresponding difference for the
extent of movement, this being greater than normal
for two subjects but less than normal for the other
two. |

2. When the subject is pressing down, the extent of
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movement are less than normal, approximating the
condition of pressing down; but the reacticn times
are shorter than normal, approximating those for
lifting up.

As in Experiment I, the results show a high degree of
variability, but the extent to which the above statements represent
consistent tendencies may be judged from Tables 22 to 25. These
tables give the ranking of the four conditions for each sitting in
respect to extent of movement and reaction time, respectively. Ttre
greatest extent of movement and the shortest reaction time are given
the first place. It appears from these tables that the statements
based on the tables of averzges hold true in the majority of cases
for each subject with each condition. Taking together the results
for the different subjects, it can be said that

1. There is no consistent difference for extent of move-

‘-ment between lifting up and the normal condition;

for two subjects it is greater for lifting up in 12
out of 19 cases, for the other two it is less in 9 out
of 12 cases.

2. The reaction time is shorter for lifting up than for

the normal condition in 22 out of 31 cases.

3. The extent of movement is less for pressing down than

for the normal condition in 25 out of 31 cases.



Exp. IT: Average Extent of Movement
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Normal ‘Rigid Up Down
Subject No. Ave. No. Ave. No. Ave. ©No. Ave.
' of Cm. of Cme. of Cm. o Gm.
Cases Cases Cases Cases
B 33 4,38 33 2.24 33 b.€EL 33 1.48
C 25 4,83 25 4,62 25 5.37 25 4.45
D 27 3.79 27 3.14 27 3.06 27 3.16
G 21 B8.45 16 617 21 7.42 21 6.14
Table 21
Exp. II: Average Reaction Time
Normal Rigid Up Down
Subject No. Ave. No. Ave. No. Ave. Yo. Ave,
~of Sigma of Sigma of Sigma of Sigma
Cases Cases Cases Cases
B 30 114.7 26 111.C0 25 109.3 22 122.7
C 22 121.4 22 114.4 19 113,7 21 126.5
D 23 149.3 23 129.7 26 135.3 17 165.2
G 17 166.6 14 163.0 17 165.3 19 195.1
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Table 22

Exp. II,Subject B: Rank of four conditions
(Up, Normal, Rigid, Down) at successive sittings

Rank Sitting

1 U XN U U N ¥ U U U U
Extont 2 N U N N U U R N N X
of .
Movement 3 R¢ Rg B¢ D Rg Rg D D Rg Reg
4 D D D R D D N BRe D D
1 U ¥ U U U Re U U R Re
2 N BRe N N R!'U D BRe U ¥
Reaction
Time 3 Re U Rg Rge N N Rg N D° U
4 D DD D D D X D N D

1- Tied for 1lst place 2- Tied for second place



Table 23

Exp. II,Subject C: Rank of four conditions
(Hormal, Up, Rigid, Down) at successive sittings

Rank Sitting
1 2 3 4 5 6 7 8 9
1 D U N U X D U R U
2 N B U N U N R U Rg
Extent
of 3 U ¥ D Rg D U N N D
Movement
4 Re D Re D Rg Rg D D X
1 Rge R¢ R¢e U Rg Rg U N D
2 N U D R U U D U U
Reaction
Time 3 D N U D N N Rg D N
4 U D N N D D N Rg Rg
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Table 24

Exp. II, Subject D: Rank of four conditions
(Normal, Up, Rigid, Down) at successive sittings

Rank Sitting

1 2 3 4 5 6 7

1 N N N D U D U

Extent 2 U Rg 4] N N N N

Moveriﬁnt 3 Rg D Rg Rg D Rg D
4 D U D U Rg U Reg
1 Re N Rg N Rg Rg Rg

Reaction 2 D U 8 U 1) U U

Time
3 N Rg D Rg N N D
4 U D N D D D N
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Table 25

Exp. II, Subject G: Rank of four conditions
(Normal, Rigid, Up, Down) at successive sittings

Rank Sittings
1 2 3 4 5
1 N N N U N
2 U U U N U
Extent
of 3 Rg Rg D D
Movement
4 D D D Rg Rg
1 N Rg N U Rg
2 U U Rg N U
Reaction
Time 3 N U Rg N
4 D D D D D
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4. The reaction time is longer for vressing down than

for the normal condition in 22 out of 31 cases.

5. The extent of movement is less for the rigid than

for the normal condition in 25 out of 30 cases.

6. The reaction.time is shorter for the rigid than for

the normal condition in 20 out of 30 cases.

So far as we may judge from these results it appears then
that preliminary lifting up, which employs presumably the same
muscles as those used in the subsequent reaction, is favorable to
an immediate movement, though it has no consistent effect on the
extent of movement; pressing down, which employs antagonistic
mascles is decidedly unfavorable to toth quick and extended movement.
The condition of rigidity, designed to secure preliminary contraction
of both sets of muscles, lessens the extent of movement but also
reduces its latent time.

No differences were reported in the subjective effect of the
stimulus for the conditions obtaining within Experiment II. Subject
D however noticed a striking difference between its effect in this
experiment and in Experiment I. He said that in the second experiment
all the stimuli were intensely disagreeable; perhaps those with the
"down" and "rigid" conditions were the worst, but they all, incluading
those with the normal condition, increased in unpleasantness from the
beginning to the end of each hour. His attention was on the stimulus

much more than in the other series, and when it came he felt a wave of
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heat over the whole body. In order to make sure that this dif-
ference was really due to the changed conditions, two sittings

with alternating normal and relaxed conditions were given at the

close of Exvperiment II. The subject reported that the stimulus

now seemed like that of the first experiment; it was only mildly disa-
greeable even when he was not relaxed. Thie fact suggested that

far this subject the effect of relaxation extended beyond the time
when relaxation was consciously maintained, affecting his attitude

in the normal condition as well.
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SUMMARY AND DISCUSSION

The outstanding facts of Experiment I may be briefly
sunmarized as follows:

When reactions to a shock from an induced current are
taken under a normal condition and under one of general muscular
relaxation, it is found that with most subjects the movement is
more extended, the reaction time shorter, and the epparent inten-
sity and unpleasantness of the stimulus greater, under the normal
condition than under relaxation. With relaxation there is a
certain percentage of cases where no measurable movement occurs.
These conclusions hold true whether the subject is asleep or awake
under the relaxed condition; the differences are slightly more
pronounced if he is asleep.

An exception was found in the case of Subject G. The con-
dition of relaxation gave for him, as for other subjects, a certain
number of cases in which no movement appeared; but if movement did
occur, it was more extended, and the reaction time was shorter, with
relaxation than normally. When the subject was asleep - and this
included almost every case with relaxation - he reported that he did
not feel the stimulus at all; he was conscious only of his own re-
sponse. In the few cases when he was relaxed but awake, he said
the stiﬁulus was subjectively the same as under the normal condition.

In Experiment II the effects of particular conditions of

contraction of the reacting arm were compared with that of the normal



condition. Here it was found that preliminary lifting up, as
compar ed with the normal condition, was favorable to short reac—
tion times; it had no consistent effect however on the extent of
movement. Pressing down was distinctly unfavorable both to ex-
tended and to immediate movement. The rigid condition gave a
movement reduced in extent but also shorter in reaction time than
the normal. The subjects reported no differences in the subjective
effect of the stimulus for the conditions obtaining within Experi~
ment II. In this experiment Subject G gave results conforming to
those of the others.

Particular results from Experiment II cannot be directly
compared with those from Experiment I, because the strength of the
stimulus was not the same for the two. It is apparent however that
the differences found in Experiment II between the normal and
particular conditions of contraction are less both in degree and in
consistency than those found in Experiment I between relaxation and
the normal. This is true even for pressing down, which differs
more from the normal than do any of the other local conditions of
contraction; that is to say, while pressing down is less favorable
to a quick and extended movement than the normal condition, it is
on the whole not so inferior to the normal in this respect as is the
condition of relaxation. ItAapﬁears then that eany of these condi-

tions of contraction as compared with genersl musculsr relaxation
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favors short reaction times and extended movenment; though the
degree to which this is true varies with the particular condition
of contraction. Similarly, any conditioa of contraction in-
creases, as compared with relaxation, the apparent intensity or
disagreeableness of the stimlus.

In discussing the results of Experiment II we have only
local conditions to take into account. The factors involvéd are
the degree of contraction of the muscles directly concerned in
the reaction movement, and the degree of contraction of their
antagonists. It is generally recognized that preliminary contrac-
tion of a given muscle facilitates its reaction; and this was in
general the effect of lifting up with the forecarm. With pressing
down we have the active contraction of muscles opposed to the reac-
tion, and the probable accompanying relaxation of the muscles con-
cerned in it, a condition which would naturally be expected to hinder
the reaction movement. The effect of such a factor in the case of
voluntary movement has been well shown in a reaction time experiment
conducted by R. D. Williams (12). 1In this experiment graphic
records were taken of the preliminary adjustment of the reacting
hand, and it was found that if the subject was pressing down when
the stimilus came he tended to react with a slight involuntary
downward jerk before the final upward movement. No actual downward

movement appeared in our records, but the resistance of the spring
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was such that a dowaward movement would have to be of consider-

able force in order to register. If part of the nervous energy
released by the stimulus went into a downward pressure preceding

the final movement, it would exrlain the result actually found -
lengthened reaction time and reduced extent of movement. In the
light of Williams' experiment, thie seems the most prodbable explana-
tion.

The condition of rigidity, which involved a heightened
degree of contraction btoth in the reacting muscles and in their
antagoniste, gave results in which a reduced extent of movement
was not accompanied, as it was ordinarily, by a lengthened reaction
time. What really happened with this condition is not clear, and
could probably be determined only by graphic registration of the
contraction of the individual muscle groups.

In Experiment I we are dealing with a condition which is
not confined to the muscles of the reacting arm, but affects the
whole body. That both sensory and motor conditions may affect ensu-

'
ingz movements is generally acknowledged. It is recognized in the
case of voluntary movements in the so-called law of dynamogenesis;
in the case of reflexes, it apoea;s in the well-known phenomena of
reinforcenent of the knee-jerk by contractions in other parts of the

body or by sensory stimuli (Lombard, 8). The closest analogy how-

ever to the conditions of the present experiment is found in the work
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on sleep. Recent workers in this field (Fievon, 9, Kleitman,
6, Coriat, 2) have emphasized particularly the muscular relaxa-
tion accompanyinge sleep and the efficacy of such relaxation in
producing its onset. The tendency of our own subjects to go to
sleep when they relaxed has already been mentioned, and Dr.
Jacobson has described the same thing in his papers on relaxation
(3, 4, 5). Along with relaxation there also acvpears in slecp s
general diminution of reflex excitability; this is the conclusion
reached by Fieron after an exhaustive review of the literature.
Sometimes this reduced excitability has been shown by lenzthened
reaction times (Fieron, Tarchanoff, 11), sometimes by absence or
reduced extent of the reacti-n (Rosenbach, 1C, Lombard, 8,
Bowditch and Warren, 1, Lee and Kleitman, 7), and sometimes by a
rise in the threshold of excitation (Tarchanoff, Fieron). In con-
trast to the diminution of excitatility which appears with sleep
through the greater part of itis course, Rosenbacr found a temporary
stace in which irritability was increasec; this might appear just
before the subject went to sleep and persist for a few minutes while
his sleep was still licht. Piercn revorted a similar temporary
increase just before the subject woke up.

The parallel between the results found with sleep and those
of the present experiment grows even closer when one recalls that

*

in both cases muscular relaxation and lowered reflex irritabvility



are accompanied by a decreased sensitivity to sensory stimuli.
A theory frequently put forward in regard to slecp is that this
raising of the threshold for both reflexes and sensation is due

to the shutting off of inco%inﬁ sensory impulses; part of the
impulces shut off come from external stirmli and part from the
muscles, these lact being reduced bty the process of relaxation.
Stimuli from toth these sources were reduced, in the present ex-
periment, in the case of relaxation, for the sutject relaxed with
eyes closes, and the room was 7ert quiet except for the monotonous
soand of the motor. This theory may receive some support from
the fact that in the present instance the effect could be produced
by quiet and relaxation alone, without the actual oc-urrence of
sleep.

The question remains why relaxation should in most csses
lower tut in some cases maredly increase excitatility; does this
increase, foind with one subject only, show a real difference in
the effect of relaxation on this individual, or is it due to some
unanalyzed difference in the kind or degree of his relaxation?
Certain considerations sugeest the latter view. In 28 per cent of
the cases in Experiment I - trat is, in the cases showins no move-

ment - this subject gave recsults similar to those of the others.

In the second experiment his results wern entirely conformable with

the others., It will be remembore:, finally, that he used a somewhat



different method of relaxation from that of the other subjects.

The temporary increase in irritability found by Rosenbach st the
beginning and ty Fieron at the end of sleep sugrest the possibil-

ity of a similar intermedinte stare of relaxation. It may bve

that in the cases of jucreased reaction, %hlg subject had not at-
teired a degree of relexaticn comparatle to that of other subjects

or to his own condition at dther tines. This idea is put forth mere-
ly as & sugecesticn, however, for the rresent experiment offers no

objective dnte which would support it.
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The general problem of this experiment was to determine the
effect of different conditions of muscular relaxation and contra-
action on the non-voluntary response to an electric shock. The
stimilus was applied to two fingers of the right hand, and the
response measured was the quick upward jerk of the arm which followed.
The stimulus was given without warning and the subject was instructed
not to attempt any voluntary control of the reaction.

The problem was suggested by Dr. Edmund Jacobson, and the
persons who served as sutjects received preliminary training from
him in inducing relaxation. At the end of this training they were
able to assume and to maintain a state of general muscular relaxa-
tion which differed radically, in the judgument of subjects and
experimenter, from the ordinary mscular condition.

The stimulus was an induced current lasting a frection of a
second, and the apparatus was designed to keep this current constant
in intensity, rate of interruption, and duration. Graphic records

of the reaction permitted the calculation of both the extent of the



moveament and the reaction time.

Experiment I

In the first experiment, reactions taken with the subject
in his ordinary condition were compared with those taken when he was
in a state of general muscular rclaxation. Seven persons, four men
and three women, served as subjects. The series consisted of 200
reactions for each subject. In order to equalize for the two
conditions any possible effects of habituation, five (or in some
cases ten) "normal" reactions were followed ty an equal number of
"relaxed" reactions, and so on throughout the series. The experi-
menter noted what bodily response occurred in addition to the arm
movement, and further notes were made, at the end of each sitting,
of the subject!s observations.

The results for six of the seven subjects were alike in
their general features and can be discussed together; those for the
seventh will be considered later.

The effects of the two conditions may first be compared in
regard to the presence or absence of measurable arm movement. Under the
normal condition there was only one case, with one subject, where the
stimulus failed to elicit a measursble response. With relaxation,
however, all six subjects showed a certain percentage of cases in
which no movement appeared. This percentage varied from 16 to 96 for

different subjects.
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In the cases wherc the arm movement did apvear with
relaxation, it was markedly reduced in extent, as compered with
the normal, and this relation appeared with all six subjects.

For the individual showing the least difference, the ratio of

the averase normal recaction (measured in centimeters cn the drum)
to the average relaxed reaction, was 2 to 1. The grestest such
ratio was 9 to 1. That this difference between the averages was
significant was shown by taking averages from smaller numbers of
cases. The first five (or in some cases ten) normal reactions of
a given subject were compared with his first five (or ten) relaxed,
and so on through the series. Of a total of 68 such comparisons,
66 showed the extent of movement to be gredter with the normal
condition than with relaxation.

In regard to reaction time the results are less consistent
for different subjects. For four subjects the reaction time is
longer for relaxation than for the normal condition, by ten to
thirty per cent. Comparing the two conditions sitting by sitting,
we find that this relation holds true for 47 out of 48 cases. With
the other two subjects the time wgs slightly shorter for relaxation
than for the normal condition, but this result was by no means con-
sistently found throughout the series. If the first three quarters
of the series had been counsidered alone, the reaction time would

have been judged longer, for both subjects, with relaxation than



without. A study of the frequency distribution for the normal
condition showed a small group of extremely long times occurring
in the last quarter of the series; the distribution with relaxa-
tion was more nearly normal. It could be fairly concluded that
the result shown by the averages was due not to any shortening
effect of relaxation, but to some factor which caused at certain
times an unusual delay of the normal reaction. Inspection of the
graphic records suggested an explanation of this factor, but space
does not permit its discussion here. The general conclusion re-
garding reaction time was that relaxation tended to prolong it
beyond that of th; normal éondition.

It has been mentioned that the arm reaction was accompanied
by movements in other parts of the body, and the question arises
whether a decrease in arm movement indicated a generally diminished
reaction. So far as could te observed, it invariably did. When
there was no arm movement apoarent there might still be seen, some-
times, a flicker of the eyelids or a chanse in the rhythm of breath-
ing, but these were always minimal and often disappeared altogether.

A further difference between the effects of the two
conditions appears from the reports of the subjects. Without being
questioned on the point each subject reported the stimulus as less
painful, less disagreeable, or weeker, with relaxation than without.
Each person remarked upon this fact on more than one occasion, and

each one was questioned about it at several later sittings as well as
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at the end of the ceries. All reported that they hac not expected
any such effect.

At the end of each sitting with relaxation an attempt was
made to determine whether the subject had fallen asleep at any
time d&uring the hour. This haprened on one or more occasions with
all but one of the subjects. In order to determine how far the
results obtained might be dependent on the factor of sleep, a table
was made excluding all sittings where there seemed any postibility
that the subject had becn asleep. The conclusions drawn from the
original tables all held good for this one; the differences were in
the same direction and only slightly less in degree.

It remains to report the results for the seventh subject.
With relaxation, almost all of this subject's reactions fell at one
of two extremes. Either - as in 28 per cent of the cases - there
was no arm movement at all, or else there was a movement far greater
in extent than that found with the normal condition. The reaction
times are shorter for relaxatidn than for the normal condition, and
observation indicated that the general bodily response was closely
correlated in extent with the arm movement.

This subject was less skilled than the others in controlling
his relaxation. He did not learn to observe the sensations from
the muscles and to relax different nuscle groups at will; he simply
lay down and went to sleep. Yet there seemed no deubt, to an

observer, that he was actually more relaxed under this condition than
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under the normal. When he tried to relax without sleeping he
found it almost impos:ible, and there was only one sitting where
he did not sleep. |

In regard to the apparent strength and character of the
stimulus this subject reported that it was "worse" when he was
relaxed than otherwise. He said however that he never felt the
stimulus itself: it was his own movement that he was conscious of,
and it was being disturbed that he found so disagreeable. On
the one occasion when he did not sleep, he reported that the

stimulus felt just the same as with the normal condition.

Experiment II
At the close of Experiment I a second experiment was under-
taken with four of the same subjects to determine the effect of
certain conditions of contraction of the reacting arm. These were
l. the normal
2. lifting up with the forcarm so as to support part
of ites weight; this movement employed presumatly the
same muscles as those used in the subsequent reaction
movement
3. pressing down with the forearm, a movement employing
antagonistic muscles
4, holding'the arm in the normal position but making it
rigid - a conditinn designed to employ both sets of

muscles.
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The series varied in length with the different subjects from
74 to 132 rcactions. Except for the different muscular conditions
employed, the procedure was the same as for Experiment I.

The results were less conclusive than for the firet experi-
ment, but certain tendencies apreared to be general. The results
may be suminarized as follows:

1. When the subject is lifting up, the reaction time is

shorter than the normal; this is true for all subjects.
Therc is no consistent corresponding difference for

the extent of movement, this being greater than normal
for two subjects but less than normel for the other two.

2. When the subject is pressing down, the extent of move-
ment is less and the reaction time longer than normal,
for all subjects.

3. With the rigid condition the values for the extent of
movement are less than normal, approximating the con-
dition of pressing down; but the reaction times are
shorter than normal, approximating those for lifting up.

true
This is tggre for all subjects.

None of the differences found between the conditions of

Experiment II were nearly as great as those found in Experiment I.

It could be concluded therefore that the extent of movement was less
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and the reaction time longer with general relaxation than with
any of the other conditions employed in the present experiment.

It is to be noted that in this experiment Subject G -
the seventh subject of Zxperiment I - showed results in entire

confomity with those of the other sutjects.

Discussion
The results of Experiment II call for little discussion,
since it is readily apparent that a preliminary or preparstory
contraction of the reacting muscles would be expected to facilitate
reaction, while the contraction of their antsgoniste would hinder
it. Graphic registration of the contraction of the individual
muscle groups would be necessary to determine just what happened

in the case where the arm was made rigid.

In Experiment I we are concerned with a condition which is
not confined to the muscles of the reactins arm but which affects
the whole body. The closest analogy to the conditions of this
experiment is found in certain work on sleep. Recent workers in
this field have emphasized the muscular relaxation ac -ompanying
sleep and the efficacy of such relaxation in producing its onset.
Along with relaxation therc also appears in sleep a general diminu-
tion of reflex irritability and a decrease of sensitivity for sensory
gtimili. In the present exveriment similar results have been

produced by relaxation alone, without the ac-ompaniment of sleep.



The case of Subject G raises the question whether there
may be genuine individual differcnces in the effect of relaxation
on different persons, or whether therc was some unanalyzed pecu-
liarity in the kind or desree of his relaxation. The latter view
is sugyested by the followins facts: that the results for this
Subject in Exveriment II showed no individual peculiasrities, that
in Experiment I certain of his results - i.e. the 28% of cases
showins no movement - were conformable with those of other subjects,

and that he usec¢ a different method in relaxing from that of other

subjects.
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