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0O mi T::perimental Study OFf Emotional Adaptation

To An Exciting Stimulus.

This 1s an i1nvestigation in the field
of emotion. The study is an attempt to measure the degree
of adaptation of a group of subjects, to an exciting stim-
ulus.

In describing the nature of an emotion
David Techslerl says,

MThe phenomena which have usually been disting-
uished as constituting an emotion are: First,
the perception of some unusual or threatening
fact; second, some bodily changes; and third,

a subjective state, or affect.”

In this study, we have provided the
threatening or unusual fact-— the exciting situation,
and have measured some of the bodily changes. The sub-
jective state, however, we have not iInvestigated in this
experiment.

It has been found that two of the
readily measurable indicators of emotions are the changes
in the cardiac and respiratory responses, the most ob-
vious of these changes being changes in rates of heart

beat and respiration. We have, therefore, In this exper-

iment made measurements of changes iIn heart and respiration

>rechlser, David. nsychol. lev., 1925, 32, p 230
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rates, with our particular interest centering on the individ-
ual differences in adaptation to the emotional stimulus, as
indicated by changes in these rates.

| Before going into the details of this |
étudy; it would be well to consider some of the experimental
work done in the field of emdtions.

Conklin and Diﬁmick‘ say of the recording
of emotional responses, that their experiments have demonstra-
ted, firsf that émotions may be set up under laboratory cond-
itions, and be subjected to psychological description., Also
that 1t is possible to work out the gross structure of the
emotive pattern in the case of fear. This péttern is akin to
the pattern of percention, core and context. It is related to
the pattern of the action consciousness, The core of an
emotion consists, as in the case of perception, of those sen-
sory elements thnt are refered to the stimulus. In addition
there is a context which consists of images or sensations or
both., In moét subjects, the response is mainly organic, but -
1ts presence does not make an emotion, nor its absence preclude
emotion., Various classifications of emotions are not based
~on the mental components or the patterns of the emotions, but
rather unon thé action-meanings which the particular pat-
terns of the particular mental elements carry, for the exper-

iencing individual. They are, therefore, not psychological

‘Conklin and Dimmick, Am. J. Psych. 1925, 36, 96-102
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but logical, and are determined by the classifier's tendencies
to explicate or to generalize, and by their evaluation of the
responses.,

This exposition gives some indication of
the conclusions of Conklin and Dimmick upon the general nat-
ure of emotion, and shows the great complexity of the emotional
response, of which we shall consider only a small portion,

Carney Landis? and Ruth Gullette, worked
oh the systolic blood pressure and inspirztion-expiration ratio
during emotional excitement. Their purpose was to present:

"(1) a comparison of normal, or "passive®blood
pressure records, and then blood pressure
records during emotional excitement;

(2) and an analysis of systolic blood pressure. re-
actions during emotional disturbance;

(3) an examination of sex differences in blood
pressure reactions;

(4) the relations existing between introspected
feeling and vascular reactions; and

(5) an analysis of some incomplete data on inspir-
ation-exviration ratio.”

This last part of the expneriment was in-
complete because of great anparatus difficulties. An attempt
was made to discover any general rhythms or waves of blood-
pressure disturbance which might extend through the experiment.
They found that apparantly no general trend or pattern exists,
or if it does, it is not readily identified. That is, a series
of emotional situations failed to produce any uniform change

in blood pressure in more than 4 out of 21 subjects studied.

‘Landis, Carney, and Gullette, Ruth,. J. Comp. Psych., 1925
5, 221-253
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Cumulative emotional disturbance, which was evident in the
behavior of all subjects, had no constant correlate in sys-
"tolic blood pressﬁre.

In another experiment Landis® worked on
the basal metabolic rate during emotional excitement. 1In
this arﬁicle.he reviews the work done along these lines to
the date of his writing, which sums up as follows:

"(1) Metabolic rate is not diagnostic or symp-
tomatic of any particular psychosis or of
the emotional content of that psychosis.

(2) The phase of manic-depressive insanity,
with its supposedly altered emotional con-
tent may or mar not affect the metabolic
rate.

(3) Unpleasant emotional disturbance following
suggestion is usually attended by a rise
in metabolic rate,

(4) ZExtreme emotional disturbgnce or traumatic
shock in animals is attended by a decreased
metabolic rate,

(5) The suggested causes for metabolic increase
during emotional disturbance are:

(a) 1increase of super adrenal or thyroid(?)
activity;

(b) zreater metabolism of the central
nervous system; and

(c¢) 1increcased muscular tonus or incomplete
‘relaxation,"

He then states that his study takes as
its purpose:

"an attempt to answer, or shed light upon the follow-
ing questions; Will slight emotional stimulation,
such as is afforded -by music, affect metabolism?

What is the effect of pronounced emotional upset upon
metabolism? . Is metabolism a measure of the degree

of emotional upset? What is the relationship be-
tween metabolic changes during emotional excite-

‘Landis, Carney. Am, J. Physiol, 1925, 74, 188-203
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ment and other physiological reactions occur-
ing at the same time?"

In his experiment, he found that a 46h
hour fast, coupled with 34 hours insomnia, failed to afféct
the metabolic rate. He also found that anticipation of |
strong electrical stimulation raised the metabolic rate, but
the emotional disturbance caused by the electrical stimulation
slowed down the metabolic rate. He says that anger is sémetimes
accomnanied by an increase in metabolic rate, and sémetimes
by a decrease. In conclusion he says,

"Enotional disturbance, per se, does not lead to
changes in the metabolic rate which are always in
the same direction or of the same magnitude.
Conversely changes in metabolic rate cannot be
considered as direct measures of emotional dis-
turbance or cumulative emotional upset.”

In a third exneriment, Lundis? worked on

reactions during severe emotional unset. He summarizes the

experiment as follows:

"This experiment had as its zoal the induction of
a pronounced emotional unset. This was brought. about
by a forty six hour fast, together with a period of
thirty six hours of insomnia, followed by strong
electrical stimulation. Records were taxen of -
blood vpressure, resvpiration, metabolic rats, gast-
ric and rectal contractions, general behavior,
together with a subsecuent verbal report of the
subject's exnerience. The followinz points have
- been brought out by this study:
1. Electrical stimulation, under the
conditions of this experiment gave
an initial effect of a very rapid
rise of blood pressure, the disapp-
earance of the resniruition or o»rim-

—

-

‘Landis, Carney.  T. Comp. Psych. 1926, 6, 221-242
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ary waves in the blood pressure curve,
together with a marked cardia irreg-
ularity. This was followed by a grad- -
ual resumption of regular cardiac func-
tion and a gradual fall of pulse pres-
sure as the stimulation continued.,
After the stimulation ceased, the levelof
systolic blood pressure generally fell,
while the pulse pressure rose to normal,
the record quickly resuming a normal
appearance,

The electrical stimulation caused an aug-
mented respiratory rate; a deep gasp-
ing, thoracic reSpiration followed by

an increasing tendency toward rapid,
shallow breathing.,

I'he stimulation gave rise to gastrioc
contraction in one subject and caused a
temporary stoonpage of contraction in .
the case of the second subject. The
stimulation caused a stoppa5e of ‘rectal
contraction,.

The elements of fatigue, nausea and in-
creased irritability play major roles

in pronounced emotional upset,

The evidence of this experiment shows that
arhythmicity of physiological Tunction

is a mark of the onset or shock period

of emotional disturbance but is not a
part of the pronounced upset,

Behavior during the experiment was marked
by incoordination, increased 1rr1tab-
ility, 'and loss of drive.

The vproblem of severe emotional upset is
in all probability either the same as, or
closely akin to, that of surgical shock,
The exneriment demonstrated factors which
do not constitute the basis of emotional
upset, little however can be said as to
just what really does constitute the phys-
iology of an emotional upset.”

These studies by Landis emphasize the com-

nlexity'of tﬁe;physiological factors involved in emotions, and

give many of the measurcments of phases of the emotional reac-

tion into which we will not venture in this study.
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Another technicue that has been ‘develoned.
in working on emotions is the measurement of the Psychogal-
‘vanic phenomenon. R. J. Bartlett; working on thg:psycﬁo-;v'
galvanic phenbmenoh, tried to pnroduce, under experimental
conditions, mental states in which 'feeling' should dominate
any accompanying cognitional or conational awareness,. and
secured tachog#am.reCOrds of the accomvanying changes in
resistance of the subject's hand.

In the conclusion he states:

‘"The psychogalvanic phenomenon follows a variety -
of comnlex changing mental states many of which
would ordinarily be described as 'emotional' and
yet may yield to introspective enquiry, cognition
and /(or) conation only. It seems best in the
present state of our knowledge to describe these
comnlex states as 'orectic processes' in which
'feeling' and 'striving' mingled; but in view of
the fact that when cognized, the initial phase

of markedly conative experience, accompanied

by the deflection on the galvonometer, is repor-
ted to be dominantly subjective in character, and

- that large deflections are obtained when the dom-
inant awareness is one of being impressed by the
cognized stimulus, it seems nrobable that the
mental cause of the physiological change that
brings about the deflection is of the nature

of vnassive endurance or enjoyment, rather than

-~ of active striving or willing." :

- The tendency of the purely passive state
to mass into-and be lost in an active one makes the search for
crucial tests under experimental conditions a difficult

‘oﬁe,-but our work seems to indicate that the shape of the

‘Bartlett, R. J. Brit. J. Psych. 1927-28, 18, 30-50
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tachogram curve varies with the nature of the differing mental
staﬁesvﬁhat_immediateiy preeede the 'reflex'.

“HA . ‘ The erneriment shows that there is a com- R
mon feeling element but that in itself is possibly insuffic-
ient explanation'of the physiological change recorded by the
galvanometer, We need on the conative side, the ecuivelant
of the purely subjective pathic state that we have argued is
the comnon factor in all feeling. Possibly that equivelant
can best be described as a change in attentional atﬁitude.
Possibly the ultimate mental basis of the phenomsnon is a change
from.non—voluntary.awareness of, tovvoluntary attention to a
pa?hic state of phe self, couvled, by speedy rextornal reference!
with a becoming aware of a possibly 'significant' change in,
or differentiation of the presentetional ‘continuunme',

A study has been made by W. E. Blatziat the
University of Chicago, on the Caridiac, respiratory and»elec-
trical ohenomena involved in the‘emotion of fear, | A

~The emotion was aroused by vrecipitating
the subject backwards unexvectedly while he was seated in a
chair. All of the subjects were given three 'normal' sittings,
that is, records of the physiological functions were made with-
out the emotional sfimulus, to approximate the normul ohys-
iological rates. Then all of the subjects were given two

sittings in which the falls were given. Then the group was

‘Blatz, W. E, J. Exp. Psych. 1926, 8, 109-132

2
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divided, one grcun being given two more 'normal' readings,r-

- and then another 'fall', while the other groun Were ‘given-

eight falls in two sittings, then another normal and then -

another fall,

"1,

2,

Blatz summarizes his results as follows-‘

“he only adantive process that was mani-
fested- during the three normal sittings -
was a reduction in the heart rate in 12:

of the 18 subjects. This change was not-
observed- in relation to the cardia;rhythm '
nor in"the electrical conditions. In 4

of the 7 subjects there were only slight
indications of: adaptation as far as res-
piratory changes were concerned.

The sudden arousal of fear, by falling,

involves the following changes'
(l) Cardiac,... ' B
- (a) An immediatec initial7acceler-
- ation followed by a decided -
"retardation, -then a less marked’
but more nrolonzed acceleration
phase, and finally a subsecuent
e gradual retardation, =~

(b) An initial augmentation of the

-~ force of the heart beat which
persists with but slight decre-
: ment for longer than 6 minutes,

(c) & marked irregularity of the cardiac
rhythm., - These changes were observ-
ed in all of the subjects. The
degree of the change differed with
individuals as did the duration

: ~ of the effect,
(2) QRespiratory....
1 (a) ‘An immediately retarded rate in 9 -
out of 11 records, _
“(b) An increase in the value of the
respiratory index above unity in
9 out of 11 records.
(¢) Inspiratory stimulus during falling
“in all cases. .
(3) Electrical.... Striking changes in the
, electrical condition /of the body in the
nature of an increased development of the

electromotive force, this effect had a

latent period of 0.5 sec, to 3.0 sec.,
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and was 'prolonged over a period of 1 to.
6. minutes. There were no exceptions to

.. the anpearance of this phenomenon after
falling.

3, There are two essential component3 ol a rese.
ponse to a stimulus in order that the subject
label the experience 'fear'.,

(1) An organic resnonse of a complex nature
(2) A gross muscular adaptive response.,
4, Information regarding the stimulus reduces the
: organic-effect which it produces. -
5. Repetition of the falling, with knowledge of ths
o ‘subject, decreases. all of the effects in degree
and duration with the exception of the respir-
‘atory index which reaches a:high level after
the second fall in & out of 7 cases. The dura-
: tion of the effects were reduced. in all subjects,
6. Repeated presentation of the stimulus, with

» knowledge of the subject exaggerates the adap-
tive affect,

7. Anticipation of the stimulus, after having
once experienced it, causes an increase in the

. “heart rate in 15 out of 18 sub jects.

8. Assumption of a normal condition, after a per-

~iod of stimulation, is always accompanied by
a decrease in the heart rate,

9. An unexnected vresentation of the same stimu-
lus within a relatively short time will over-
come the adaptive effect and nroduce effects
which resemble those of the initial fall.

7 v This experiment renresents the nearest
annroach to similarity with our exneriment.

- 'A. Rendle Stone investigated as a research
problem, the reaction of memory to affective states., He dis-
cusses a study made by Nohlgemuth wherein Wohlgemuth found |
a slightly greater tendency for the forgetting of pleasant

exneriences than for the forgetting of unpleasant one's, but

he says, “ BRI Tl

4Stone, A, Rendle,. Am, J. Psych. 1925, 36, 112-124

.
€
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"There is no difference whatever in the effect of
each feeling, as the variation is so slight as to
be accounted for by individual difference.”

Stone says that emotion in memory is in-
dicated by change of blood pressure, either increase or de-
crease, and that this emotion affects the memory. The like-
lihood being that the blood pressure will increase and the
memory become better. He also says that the emotion of hor-
ror reacts on the memory in inverse ratio to the direction, and
direct ratio to the intensity of the concomitant change in.
blood pressure. (This is offered as a possible explanation
6f the absentmindedness, forgetfullness, and stuttering of
lovers.) The emotion: of grief has.a decided influence on mem-
ory. This influence may be either positive or negative. The
concomitant change in blood pressure may either be a rise or
a fall,

Landis and Gulletteg in an article in the
Journal of Comparative Psychology, quote fron Sheppard,

"All moderate nervous activity tends to constrict
the peripheral vessels and to increase the vol-
ume and size of the pulse in the brain, 411 .
moderate bodily activity likewise increases heart
activity. Strange stimuli cause both an excit-
ing and an inhibiting effect, which is seen in the
heart rate. *Th§y4also cause a double reaction
in the brain., %vhe most marked effects are at
changing periods, particularly with the incoming
stimulus. Lastly the activity of any part, or

the prominence of sensations from any part, tend
to counteract constriction in that part."

Tandis and Gullette, J. Comp. Psych. 1925, 5, 221-224
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Landis says,
"It will be seen from this that the vascular re-
action denends upon the strength of stimulus,
while the resulting reaction does not of itself

constitute either pleasantness or unpleasant-
ness.,"

Experimental Data:

Purpose: The purpose of this experiment is to determine
some of the individual differences in emotional
adaptatién, as indicated by the cardiac and res-
piratory changes opcuring after tﬁe administration
of an emdtional stimulus. In this experiment the
fear feSponse was used, taking as the principal
element of the stimulating situation, a loud noise,
which is considered by many psychologists to bé
one of the unconditioned stimuli for fear. This
stimulus was used in conjunction with othcr forms
of stimulating anparatus, which will be more fully
described under 'apparatus'. The changes in rate
of heart beat, and in breathing rates were recor-
ded, and an attempt made to determine the number of
applications of the stimulus fecuired for each sub-
ject to become adanted to the‘stimulus, when the
anplications were made successively at one sitting.
Our chief interest was in the individual differences

in time and number of stinulations necessary for the
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subject to become adavted to the stimulus. e

considered that the subject was adasted to the

stimulus when there was no increase of heart

rate and breathing rate above the normal rate
for that subject, uoon vpresentation of the sit-

uvation.

The apparatus used in this experiment included:
A "guillotine" which was four feet high, one foot
wide, with an eight inch "knife". The guillotine

was made of wood, including the knife, and paint-

ed black, with a silvered edge on the knife, The
subject's arm is to be placed directly under the
knife, and there is an arm rest constructed, with
a slit which represents the slot through which the
knife should cut the arm. There is a copper brass
coil directly beyond the arm rest which the sub-.
ject is to grasp while the experiment is being per-
formed. This copper coil is so constructed that_
hot and cold water could be passed through it,
giving an added stimulus of temperature contrast,
To the bottom of the table on which the guillo-
tine stands is attaphed an automobile horn, which
is connected to the guillotine and to a battery so
that the falling of the knife makes a connection

as it starts down, and breaks the connection again
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as the stops strike the wires at the bottom of
the descent. The administration of the stimulus
was recorded on a kyrmograph record by the vpressimg
of a telegraph key connected to an electric mar-
ker. This telegraph key was pressed by the exp-
erimenter at the same time as the release cord
for the knife ﬁas oulled.

Tﬁe time line was recorded on the kymogranh
by a pendulum timer connected through dry cell
batteries to an electric marker. The time was
recorded in intervals of one second;

‘The“heart‘rate'was recorded by a sphygmo-
graph attatched to the vrist pulse of the subj-
ect and connected to a tambour. The respiratory
rate was recorded by means of a Sumner pneumo-
graph likewise attatched to a tambour, so that
there were four lines recorded simultaneously
on the kymograph record, namely; time, stimulus,
heart'rate3'dnd breathing rate. Each drum was
used twice,’ﬁith four lines around the iower
half of the record, and four similar lines
around the top portion of the record. |

The guillotine was set up on one table in
the laboratory, with the recording apvaratus on
another table, and a screen erected between the

subject and the recordin:; anparatus, so that the
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sub ject coﬁld not see the record as it was
being made.

On the following nage is a sketch of the
guillotine used in this experiment, the letters
on which indicate:

A.....the first connection for the horn,
which is made by the falling of the
knife,

B.....the second connection, which is
broken as the knife comes to rest
immediately above the arm.

C.....the copper coil used to hold on to,
which can also be used for temper-
ature contrast,

D.e...the arm rest, directly below fhe
sharpened edze of the knife,

E.....the wire to thc horn,

F.....the wire to the battery.

Gsoo..the release string for the knife.

II....'the knife.,
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Torty two subjects were used in this exp-
eriment. Twenty one fdor the preliminary
records which were taken to secure an aver-
age reaction to one stimulation, and twenty
onevfor the series of stimulations to det-
erminé the number of stimulations necessary
for them to become adapted to the stimulus.

In the vpreliminary recdrds, two records were

made for each subject, one taking the normal

 heart and breathing rates, the other the

rates following the stimulation,

In the adantation 'series the number of
records tagén cr each subjeét denended unon
the length of time it took each individual
to- become adapted to the stimulus, so that
for this series 158 recbrds were made. Jith
the forty two records that were made in the
pfeliminary series, this makes a total of
200 records.,

The subjects were taken from a group

of the expmerimenter's friends, and a class

in General Psychology at the University of
Arizona. ﬁ

As the subjects were brought into the
laboratory for the experiment, they were

kept in the laboratory and the experimenter



-18-

conversed with them for a short while after

the anparatus was connected, to get them
accustomed to the unfamiliar situation of

the laboratory and the apparatus, so that the
heart and breathing'rates would not be affected
by the novel situation. This did not vresent

a very great difficulty, because of the fact
that ali of the subjects were known to the'
exverimenter personally, and the exvperiment had
been described to them in a way that made it
seem an interesting exverience.

After the subject had become accustomed
to the apparatus, the normal record was taken,
then the stimulus was given, immediately
after the normal record had been made, so
that if anything had been affeéting the normal
rate, it was still in effect when the stimulus
was given, and the rate was normal as taken
for that »neriod.

For the adaptation series, the same
nrocedure was carried out, with the excevtion
that the process was repeated until the
records showed that adaptation had occurred.

The normal records were counted in thirty
sécond intervals, and the records after stime

ulations counted in ten second intervals,
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Table number one shows a normal rate of
breathing and heart beat for a period of 30
seconds for twenty one subjects, and records
for rates for three ten second periods after
one stimulation. From this table it can be
seen that there are nine subjects who show
an increase in the rate after the stimulation,
seven show a decrease in rate, and four show
no perceptible change. The average for the
twenty one subjects, however, shows a degided
increase. Alone this table would not be ind-
icative of anything in particular. It does
show; however, that there is a wide.range in
individual responses to the stimulus., There
is no evidence here to show that a group of .
individuals respond similarly to the same -
stimulus, but on the other hand, there is evi-
dence from the heterogeneity of the responses
that there is no definite trend in the nature
of the response, except in so far as it doss

deviate -from the normal rate., In the case of

the insniration rate, (which is what has been

counted in this case) +there is little change
indicated by the count.. There was however,
an almost universal tendency to take one sharp

inspiration as the stimulus occurred, and to
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hold the breath for a second or more., Imm-
ediately following this gasvp, the breathing
tended to become a little more rapid, so that
the interval for which the breath was held did
not affect the rate by making it slower, and

on account of the period of holding, the period
of more rapid inspiration did not tend to make
the raté more ravnid.

Table number two shows heart rate and ins-
piration rate for another twenty one subjects;
for a period of thirty seconds taken when the
subject was in a hormal conaition and these\
are followed br rates taken for three ten sec-
ond intervals after each stimulation for enough
stimulations to show that the subject has become
adapted. The graphs following the tables show
much more readily than the tables, the fluctuations
in the nature of the responses of the individual
sub jects, Six’subjects show an increase of
heart rate, with a gradual return to the normal
rate, while seven show a decrease and then return
to the normal, XNine of them, however, show
fluctuations, decreasing, then increasing, or
vice versa, with a return to the normal‘rate
as the subject becomes adapted. Here again,

the imnortant thing for our consideration is the
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difference in the individual responses. Ve
find no unifbrmity in the nature of the res-
ponse, the only generalization that can be
made is that there is a change in the rate
until the subject becomes adapted to the
stimulus,

The insniration rate in these subjects
corresponds very closely to that of the group
to which only one stimulation was given, For
the first few stimulations there was a sharp
inbake of breath which was held for a short
interval, and then released, following which
the rate was increased until the number of:
inspirations..corresponded very closely with
the normal number for the ten second intervals,
As the subject became adapted there was no
sharp intake nor any holding of the breath, so
that the rate was not only the same as the
normal rate, but as régular. The groun average
in both the heart rate and the insniration rate
was commuted, and the average for the heart
~rate shows a slight but constant decrease and
a return to normal, while the breathinsg rate
does not show that the stimulus made any
effect upon the inspiration rate,

Our ma jor interest in this investigation
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centered around the individual differences

in number

of stimulations necessary for

adaptation. From the figurses in the table

the averaze number of stimulations necessary

for adaptation to occur is 3.38. It can be

seen from the table that two subjects became

adapted after one stimulation, three after two

stimulations, eight after three stimulations,

two after

four stinulations, and five after

Tive stimulations, wiﬁh only one of the twenty

one subjects recuiring six stimulutionsvfor

adaptatibn to occur.

In general, those subjects who took the

greatest number of stimulations to become adap-

ted, were
deviation
or second

those two

those who showed the most marked
from the normal rate after the first
stimulations. On the other hand,

who became adapted after the first

stimulation did not show any very great dis-

turbance of heart rate, nor very great irreg-

ularity of respiration on the first stimulation;

in fact, from th= small anount of deviation from

the normal rate, it is probable that there really

was no excitement aroused in those subjects

by this stimulus.
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Let us next consider the resnonses of

the individual subjects as shown by the graphs:

Subject A

This subject shows a slizht increase of
the rate of heart beat at the first stim-
ulation, and still zreater increase in the
second stimulation,‘with a drop in the th:
ird interval, another rise in the fourth
interval, followed by a return to normal.
There was a small but steady fluctuation
after this last time that the nornal rate
was reached, as is shown on the graph in
L/“deviations from the line of the average
rate of heart beat. <t must be remembered
however, that this line is an average, and
that were it the regular numbe: of beats
for egch ten second interval that it too
would show these fluctuations probably.
This return to the normal rate did not
occur until after the fifth sﬁimulation,
so that we may say that the subject didi
n>t become adapted to the stimulus until
it had been administered five times,
The breathing rate does not show any
particular voriation, ercept that it was

noted on the records that the breathing
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was very irregulér. There was a gasp
as the stimulus was given, followed by
holding of the brezth, with an increased
rate immediately following, so that the |
rate in intervals of ten .seconds does not
show much fluctuation. | |
Subject B

Subject B shows a decrease in heart rate,
with a gradual return to normal. Here
again the normal rate would most likely
contain a fluctuation if counted in ten
second intervals, but the curve made by
this subject's rate in adavting to the
stimulus shows a fluctuation first above
and then below the normal rate, which
is more extensive than it is reasonable
to suppose that the normal anount of fluc-
tuation would include. After the taird
stimulus, this curve shows no greater
amount of variation than can be expected
for a normal rate, so that we may say that
the subject became adapnted to the exciting
stimulus after three aplications,

Here too, the breathing was sligﬁtly
irregular on the first stimulus,‘but after
that the breathing raté was not oniy regulér‘

as to rate, but cuite regular in the timing
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of. the inspirations and. their depth.’

Subject C

» This subject shows a decreased heart
raégﬂuntil after the third stimulation.v
The fact that the number of beats as counted
in intervals of ten seconds never goes
above the normal rate, indicates a genuine
decrease.in rate.. It is;prpbab;eythat the
successive stimulations tended to lower the
heart rate so that it remaiﬁed constant at
a slightly lower ratevthan normal,for quite
a period of time. The limitations of the
available apparatus prevented -a measurement
of the continuous heart rate for a long
enough period to determine exactly,the- )
length of time it would take‘the'rate to
return to:the-true_normal; However, the

- fact that the réte renained constant after
the avplication of the stimulus for three
successive intervuls indic.utes that the
subject has becone adapted. o

The breathing rate for this subject
was. increased slightly for‘the first‘few
stimulations, due to the rapidity of
breathing after the gasp at the application

of the stimulus. After the third stimulation
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however, the gasp was not present, nor.

the increase of rate.

Subject D

Sﬁbject D shows a very slight inecr-
easejin heart rate, with a return to a
constant record that coincides exacﬁlf
With’the avéragé normal rate. rI.'his in-
creasé.is not apparent after the third

- . application of the stimulus, so that
sub ject D became  adapted to the exciting:
stimulus after three successive appli-
cations.:

The breathing in the case of this
subject was retarded for the first stim-
ulation because of a long period of hold-
ing of the breath after the sharp intake

immediately following the stimulus,

o

Subject E
| -This subject showed the most perfect

and -the most ranid adaptation of the entire
gfdup. -There is a slighs increase in rate
for the first stimulation, but even this |
increase is very slight., The stimulus was .
administered to this subject eight times,
aﬁd after the first stimulation the heart:

rate remained constant at the same level
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as the average normal rate, This gives
a complete and rapid adantation to the
exciting stimulus.

There was no pnarticularly sharp intake
of the breath, even for the first stimulus_
for this subject, and the only irregularity
was a slizht increase in the interval

‘Tollowins the first stimulus,

Subject F,.

The stimulus was administered eight
times to this subject, und after the third
stimulus there was a constant fluctuation

~below the average normal rate., From the
slizht amount of fluctuation after the

fifst three applications.of the stimulus,

it is doubtful if the stimulus served to
arouse excitement in this subject. However,
the fact that the fluctuations remained
constant after the third stimulation, if
the stimulus did excite the subject, would
indicate that adaptation had occurred

after three stimulations, ‘

The breathing showed one sharp intake
after thé first stimulation, with no more

sharp irregularities following the stimulws

after that. This one sharp intake, however,



would indicate that vnossibly there was
sone excitement indicated by the fluc-
tuations of the heart ruate for the first

three stimulations.

Subject G

This subject showed marked fluctuations
of the heart rate for the first three stim-
ulations, with a return to the constant
level of the averaze normal rate. Tirst
the rate increased, then decreased, then
increased again and then another decrease,
followed by one more increase before the
rate became constant, This subject is
interesting because of the way the heart
rate changes, first showing increase), fhen>
decrease, with continuous fluctuations
above and below the normal rate until
the rate becomes constant,

The usual sharp intake of the breath
was shown in the first three stimulations
for this subject, though there is not any
change in the inspiration rate because the
period of holdinz of the breath after the
sharp intake was egualized by a little

more ranid breathins during the ten second
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interval immediately following the stim-

ulus.

Subject H

There is a sharp decrease in the
+heart rate in the case of this subject,
immediately following the first stim-
ulation. Before the rate becomes con-
stant at the normal rate, there are two
other fluctuations of a decreasing nature.
The fate becomes constant at the average
normal level after the third stimulation,
indicating that complete adaptation has
occurred at that time.

Thebbreathing in this subject showed .
no marked irregularities after the first
stimulation. With the occurance of the
first stimulus there was a very sharp
intake of the breath, followed by quite
rapid breathing which overbalancéd the
effect of the short holding aftar the
intake, so that the rate is slightiy more

ranid than normal.

Subject T

This subject shows one sharp increase

immediately after the first stimulation,
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with oniy 6ne more fluctuation of the
heart rate before the rate becomsas
constant, at a slightly slower rate fhan
that of the average normal rate. It is
.possible that this one fluctuation is
not caused by thc stimulus, but the fact
that after that one fluctuation there were
no more for a period 1ncluding seven |
stimulations, might indicate as in the
case of subject C, that the stimulus
caused a decrease of the rate which lasted,
even though the subject hgd become adap-
ted to tﬁe stimulus. _
The breathinz for this subject shows

sharp intakes, with very short holding
periods, followed by increased rate, for

the first two stimulations,

Subject T

Subject J shows a decided decrease
after the first stimulation, with two
fluctuations of a decreasing nature fol-
lowing this first more marked decrease.
The first stimulation shows the decided
drbp in heart rate, with an increase in

the second stimulation period, and another
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deérease in the third, but the fourth

and fifth stimulation neriods shor the
heart rate remaining constant at the level
of the average normal rate, showing that
the subject was adapted after the third
stimulation.

‘here were no marked changes in the
breathing rate for this subject, the rate
was very little different than the normal
rate in every stimulation »neriod, not show-
ing enough fluctuation to bring it
above what might be expected as variation
in the normal rate. There were no sharp
gasps in the case of this subject, immed-
iately aftsr the stimulation., The only
evidence on the breathing record to indicate
the effect of the stimulus was a little
deever breath after the stimulus,.

Subject X
| This subject shows the most marked
fluctuations of the entire group. There
is a decided increase for the first three
stimulétion periods, followed by a marked
~decrease for the next two periods, after

which the rate becomes constant a little
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below the average normal rate. These
fluctuations are interesting..in that .-
they show that the response to the stimulus
i not uniform, that the.rate may decrease
and then increase, in the same subject,
and in response to the same stimulus,
The rate becomes constant after.the
fifthﬁ'stimulation, showing that it
takes that many avpplications. of the st-
imulus for that subject to become adap- .
ted, -
The breathing here was very irreg-

~ ular in regard to depth of inspiration
fol}oﬁiﬁg the fifstvthree stimuiatioﬂs; 
and the rate is a little slower than
normal throﬁghbﬁé;rﬁut ﬁhe breathing was
not so sharp»jusf afﬁer the stimulﬁs as
was the‘case in most of the Subjecfs whd

becnae adapted more readily.

Subject L

Subject L shows a decided decrease
in heart rate following the first stim-
ulation, with two other fluctuations of
a decreasing character before the rate

resumes the level of the average normal
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rate. The normal rate is reached after
the third stimulation, and remains cons-
tant at that level, indicating that adép-
tation was comnlete after three stimula-
tions.

There 1s one extremely sharp intake
of breath shown for this subject immediat-
ely after the first stimulus, with gasps
of lesser de;ree after the second and
third stimuli, with no noticeable irregula-

rities after that.

Subject M

This subject shows a marked increase
in heart rate for the first two‘stimulations
with the rate becoming constant a little
above the average normal rate after the
second stimulation, showing that the sub-
ject has become adanted with two applic-
ations of the stimulus. An interesting
factor brouszht out in this subject's
record, in contrast to some of the others
is that this case showed an increase of
heart rate as a response to the stimulus,
and the rate became constant a 1ittie above

the average normal rate, whereas in many
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of the subjects who showed decrease in
rate as a response to the stimuius, the
rate became constant after adaptation
at a little lower level than the aver;
age normal rate.

Breathing for this subject was very
regular throughout, showing no pnarticu-
larly shar» g=s»s, holding, or any other
peculiarity, excent a little slower rate
in the first ten second interval after

the first stimulation.

Subject N

This subject shows a very decided
decrease in the heurt rate, with a very
gradual return to the normal réte, the
rate beconiing constant at the average
normal rate after the sixth:stimulation.
This shows that the subject did not bec-
ome adapted to the stimulus until after
it had b.en given six times.

The sharp zasp at the presentation
of the stimulus was present in this case,
until the third stimulation veriod, after
which the breathing was regular and quite

evel.
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Subject O

Subject 0 shows an increasé of heart
rate for the first stimulation, with a
gradual return to the normal rate, the
rate becoming constant at the normal level
after three stimulations. This subject
showed very clearly the nature of the
adantation because of the one sharp inc-~
rease, and the gradual return to the nor-
mél level, where it stayed.

The breathing record for this sub-
Ject was regular and at the normal rate
after the first stimulation neriod, wheore-
in there was the usual sharp insniration
followed by a short period of holding, which
was made up for by a little more rapid

breathing irmediately following the holding,

Sub ject P
This subject shows a very great
decrease in rate for the stimulation
periods before adaptation occurs. The
rate decrcaies gradually so that the end
of the second stimulation period it

has reached its minimum, this being
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foilowed by a gradual return to the na -
mal rate, at which it becomes constant
aftér the fourth stimulation. For this
subjéct.then, four stimulations were
required for adaptation.

.. The breathing showed a light incr-
ease in rate for the first stimulation
period, followed by a decrease for the.
gecond perlod, with sharp gasns present

for the first three stimulation periods. .

Subject @

' This Subject shows one sharp decr-
0dsé for the first”étimulation, after

- which the rate returns to the average
normal rate and becomes constant., This
shows that adaptation océurred after

one stimulation.

- The breathing record showed one sharp

gasp lollowing the first stimulation,

returning immediately to the normal rats.

Subject R
" This subject shows a very marked dec-
‘rease in heart rate folléwing the fifst
stimulation, with an increase following

the second stimulation which brings the
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rate nearer to the normal rats, this
being followed by another decrease, and
then a return to the normal rate. The
rate becomes constant after the fifth
fstimulation, at a little faster rate
than the average normal rate, showing
that adaptation occurs after five app-
lications of the stimulus, for this sub-
ject.
The breathing for this subject like-
wise shbws a decrease, the initial gasp
and holding being of sufficient length

to decrease the rate,

’ éubjeet S
| This subject shows a steady but rather
slight fluctuation above and below the
averasge normal rate, méstly of an incr-
easing nature, until after the fifth
stimulation,

.The neriod of holding arfter the ini-

tial gésp, for. this subject was sufficien-
tly long to decrease the breathing rate

for the first three stimulation neriods,

Subject T

Tor this subject the records of the



~38-

heart rate show a decrease, followed by
an increase, then another decrease, with
a gradual reduction of the extent of the
fluctuations until after.the fourth stim-
ulation the fluctuations remained the
same so that the average rate from these
fluctuafions would coincide with the
aver-ge nofmal rate. The constancy of
the fluctuations after the fourth stim—
ulation period indicates that adaptation
‘had set in by that time.
The breashing rate showed an inc-
rease for the first three stimulation
‘periods, with no marked sharp intake of

breath, but rather a period of rapid

breathing.

Subject U
This subject shows fluctuations,

chiefly of an inéreasing nature, around
the average normal heart rate, for the
first £iv8 stimulations, These fluct-
uations are not enought to be, in them-
selves, very indicative of evcitement,
but the fact that the rate becomes

constant at a very little le:s than the
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normal rate after the fifth stimulation’
period, indicates that these fluctuations
were in the nature of a response to the
exciting stimulus.,

The breathing records for this subject
show a decrease for the first four stimul-
ation periods, caused by the long period
of holding the breath aftef the initial

gasp.

Average

The group average shows a slight
decrease, until the fourth stimulation
period, Beginning with the fifth period,
enough subjects had become adapted, and
had been dropped from further recording
in the tables, that the few subjects who
comprise the remainder of the group aver-
age graph cause a marked deviation from the
normal averacse rate. The one subject who
was carried through the table for eight
stimulation periods causes the greatest
irregularity in this graph. The normal
rate for that one subject was, however
as high as the last record for the stim-

ulation periods, so that in the last
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period of the granh of the group average,
only one subject's records on the adzpt-
ation series are being compared with the

average normal rate for the group.

Summary of results:

Number of stimulations necesséry for adaptation:

1 stimulation-~-=-=--~--2 subjects
2 stimulations---cecccaa- 3 subjects
3 stinulations----caea-- 8 subjects
4 stimulations—-cececa-e- 2 subjects
S stimulatibns ---------- 5 suﬁjects
6 stimulations-—e--ceceacaal éubject

The average number of stimulations necessary for adap-
tation is 3.38, the range of number of stinulations

necessary being from one to six stimulations.

Nature of the changes in heart rate as response to-
the stimulus.
increase in rate shown py six subjects.
Decrease in rate shown by seven subjects.

Tluctuations around the normal rate shown by nine

subjects.
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-Conclusions: This experiment shows that there is an
adantive effect in emotional sitﬁations,
when the stimuli are given successively.
If a period of time had elapsed, and the
process been reneated, the results would
show more definitely the nature of the
adaptafion, together with some indication
of its nermanency.

The important thing brought out by
this investigation is the eitent of thé
individual difference in adaptation to
the emotionally erciting stimulus. We
found that some subjects showed slight
disturbance of cardiac and respiratory
function and became adapted with great
promptness, while others showed more radical
changes and took a much greater period of
time to become adapted., We found that the
range of number of stimulations necessary
for adantation was from one to six stim-
ulations, these figures being based on the
study of twenty ohe sub jects,

The study shows‘thét there is no uni-
form:tréﬁd in the nature of the response
to the stimulus, nor in the time of adap-

tation.
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Some conparisons may well be made
between the results of this study, and
some of the studies reviewed in the intro-
duction. The study by Blatz, reviewed on
pages eight to ten, is the one ‘which most
nearly corresponds to the study we have
made. The stimulus used by Blatz was,
however, a more severe stimulus, recuiring
a gross muscular response, so that it is
doubtful if complete adaptation could ever
be obtained in that case., He does find,
however, that the rates of heart beat and
respiration were reduced, and he says that
it is the only indication of the adaptive
effect.

Blatz found that the heart rate was .
accelerated immediately after the stimulus,
then rctarded, then another acceleration
phase, and another gradual retardation
to the normal rate. ¥We found here, that
this:is not universal, some of the subjects
showing no retardation, and some showing
no accelerction. This incongruity can
nerhaps be exnlained by the fact that the
nature of the stimulus used by Blétz caused
a more severe upddt and a more extensive

response than the one which we used,
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In Landis' experiment on severe
emotional upset, reviewed on nages five
and six, he says that the electrical stim-
ulation caused an augmented resniratory
’rate and a deep, gasving, thoracic res-
niration followed by an increasing tenden-
cy toward rapid, shallow breathipg. This
is very similar to what we found to be
true of the breathing records. A deen
gasp followed by increasins tendency to
rapid, shallow breathing. |

Tandis also found that the applicatidh
of the stimulus brought a marked cardiac
irrezularity, which was followed by a
gradual resumntion of regular cardiac
function and a gradual fall of pulse pres-
sure as the stimulus continued. This is
possiblyvan adaptive effect to continuousi
stimulation, whereas in our experiment wé
secured an adantive effect to successive
stimuli.

Our exvperiment shows similarities to
these other exveriments, but-the other
exveriments reviewed in the infroduction,
though they served as an orientation in the

field of emotional investigation, offer nb
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direct comparisons with the.present study.

Te may summarize our conclusions then,

as follows:

" (1).

(2).

(3).

In this exneriment, relatively
gfeat individual differences

viere foundlin the rate of adapt-~
ation to an emotionally exciting
stimulus. lieasuring the rate of
adaptation in terms of the number
of repetitions of the sfimulus
before adaptation occurred, it
was found that the individuals
reqguireé¢ from one to six pres-
entations of the exciting stim-
ulus,

There is no uniform trend in the
nature of the cardiac response

to the emotional stimulus, except
that it does deviate from the
normal function.

Adaptation occurred in all of the
twenty one subjects, with from
one to six successive apnvlications
of the stimulﬁs, so that we may
say that an individual can become

adapted to an emotional stimulus
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.the length of time required
for adaptation varying with‘
the individual.
‘&Implications for further investigati;n: |
Some of the interesting cquestions which were
raised during this investigation, which could be
the basis for further investigation, are:
{1). Do those subjects who become adapted
to this stimulation become adapted to
generally exciting stimuli in every-day
life, in the sameAproportion of time?
(2). “hat individual differences may be
found in the lensth of time the effects
of adaptation persist?
(3. If the adaptive effect is overcome by
the passing of time, will adaptation to
a second series of successive stimuli be
any more prompt tham the first process of
adaptation?
(4). What would be the cumulative effect of

- frecuent adaptations?



TABLE SHOWING AVERAGE RZACTION TO SINGLE STINMULUS

TABLE T

Sub,

normal rate

rate after stimulation

S0 sec, 1st 10 sec.| 2nd 10 sec,} 3rd 10 sec,

H R H R H H R
A 29 4 14 4 12 3 10 3
B 38 7 13 5 12 4 13 )
C 27 8 9 3 8 2 8 2
D 37 9 13 5 12 3 12 3
E 34 10 - 10 4 11 3 11 4
F. 34 10 13 4 12 3 1 4
G 38 11 13 4 12 3 11 4
" 48 10 15 5 13 3 14 4
I 36 11 13 4 12 3 12 3
J 44 5 19 2 16 2 18 3
K 40 12 14 4 11 3 12 3
L ‘45 9 14 4 13 2 14 3
M 32 8" 12 2 11 3 11 2
N 39 6 11 2 11 2 11 2
0 46 6 15 3 15 2 15 2
P 40 7 16 3 15 3 17 3
Q 33 10 13 3 11 3 12 4
R 40 9 14 2 13 3 12 3
'3 40 9 - 14 4 14 4 13 3
T 41 -9 15 3 14 2 15 2
U 39 8 13 4 12 5 12 4

Ave., 38,095 8,47 13,47 3.52 13.81 2,91 14.54 3,04
H = Heart rate d

R = Respiration rate
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