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Introduction

This investigation is concerned with determining the shape of
the curve of recuperation from fatigue resulting from continuous mental
work. "Mental work" and "fatigue" are debatable concepts. Ths mean ing
of both terms has been the subject for a great deal of controversy.
Therefore, to avoid misunderstanding, these terms are defined below, as
it is intended they should be interpreted throughout the study.

"Meptal Work®™ versus "fuscular work"™ - That is meant by mental

work? Several attempts have bteen made %o differentiate between "mental

x". Thorndike suggested that "mental work™

r)

work" amd "muscular wo
should refer to work of the "connecting system™  i.,e.,, +he nervous sys-

——y

tem, as opposed to physical work, the work of sense organs and muscles,

23]

oxr the lifting of =

callye.

A

Put such a distinction falls down nracti
weight is muscular work even though it does involve the nervous system,
and solving arithmetic problems is "mental work" even though sensitive
instruments show that it involves musculer contraction. Watscn main-
tains that mental work involves implicit behavior or activity of the
finer skeletal muscles, smooth muscles and glands, and that physical
work involves overt behavior or activity of the gross muscles of the
body. Bills (10, p. 414) believes, "that the most satisfactory answer
is that the distinction between physical work and mental is purely

one of degree; the former involving relatively more use of the gross
muscles and the latter involving relatively more use of the finer mus-

cles and the nervous system". ™"Mental work" as predcminance of im-

plicit behavior is the definition accepted by this author.
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Fatigue - "Fatigue® is equally as ambigucus a term as mental
work. It can rsfer to at lsast three entirely different, and, to &

First, the smbjsctive experience

csrtain oxtent, indepsndent things
of the worker; second, that decrement in the quantily or quality of ibe
ocutput which results fram the continuity of the work and is regalined

during rest; third, orgenic change. In the words of Bills, (9, p. 438)

"fatigue in mental work meaens a measurable decrement in either cutput or

&

orgenic state or subjective fesllog-tine ISs
performence of intellectual work involving implicit behavior predoni-
nsntlyt,

Recuperaticn - Fatigue disappears following freedom from the

mental work which produced it. This period subsequent to the cessation
of mental work is the recuperation pericd during which sane or all of
the efficiency lost during continuous work is regained. Now fatigue in
the foregoing was identified with 2 decrement in elther cutput, organic
state or subjective feeling-tone. Recovery may therefore be identified
with an increment in either cutput, orgenic state or subjective feeling-
tcne. It is with the problem of recovery fram fatigue that the suthor
of the present work is in the main concermed.

Measuremenis of Fatigue ~ Fach of the three different asgpects of

fetigue requires its own measuring device and criteria. Sudbjective fa-
tigue is measured by means of a rating scale based on the worker's imtro-
spective report. Organic fatigue is measured in terms of quantitative
change in metabolism. Objective fatigue o docrement in ocutput is stu-
died by either tﬁe continuous work method or the interpoleted task

method. Ve are interested hsre only in the former method. Accerding
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to this method, a continucus record is kept of the cutput of the subject
per unit time throughout the periocd of work. A work curve is then plot-
ted fram these values showing the changs in lswel of performance of the

subject in successive units of tims. The criteria of efficisncy of per—
formance most cammonly used are spesd and accuracy or same Other eriter-
ion of quality of output. Ist it just be mentioned in passing that the

work curve has certain well-established characteristics, tut these will

e taken up later,

Studies on Recovery - Just as the curve of learning has, as iis

corcllery, the curve of forgetting, s0 the curve of work should nave Its '
corollary in the curve of rscovery. But little systematic dats have
been campiled fram which a curve could be plotted. The first imporiant
stady of recovery after rest, concerned rest in human muscle. It wes
made by Maggiora {64) in 1890 and according to Menzer bas became a clas-
sie. He studied the flexor muscles of the middle finger of both hands,
Be found that if, after a half hour of work with a rhytilm of ten sec~
onds, work were done at a two second rhythm, the record thus obtained
showed no difference either in the form of the curve or in the amount

of the mechanical work done from another record made by the seme muscle
when canpletely rested.

In snother study Maggiora found that a rest pause of two hours
is sufficient to prevent the accummlation of fetigue and to secure fram
the muscle, in the evening as well as in the morning, the quantity of
mechanical work which it is capable of producing under coné.iticns of

canplete rest.

Weiler (107), using a spring dynamcmeter of his own design,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



studied recovery efter rest in the mascles involved in grasping. In ¢ne
condition of the experiment, sixty uninterrupted contractions with a two-
second rhythm were madé. In the second condition, a mest of twe minutes
was inserted after the thirtieth contraction. His results showsd that
work done in the first half of the Two series was practically equal,
whereas, a decrease in the second half of 41.8 per cent occurred when no
rest was taken as campared with a decreasse of only 17 per cent in the
second half when a two minute rest was ipserted. The TGSy ©
utes, Weller concluded, produced an inerease in output of 24.8 per cent
in the sscond half.

Tt was Manzer (65) who, in an experiment on rest pauses, plotted
the curves of recovery fram muscular work involved in finger, hand, arm,
lsg, and trunk flexiomna. The subjects worked to exhanstion, then rested
either five, or ten, or itwenty minutes, and then were tested for degree
of recovery. During the rest pauses the subjects were free to do as
they wished provided their activity did not involve strenuous exercise,
Almost without eXception the pauses were spert in the laboratory, stand-
ing or sitting conversing with other subjects or reading the newsparer.
The average recovery after five minutes of rest was 82 per cent, after
10 minutes 90 per cent, and after twenty minutes 95 per cent. In other
words, the curve of recovery £rom muscular work of this sort appears to
be negatively accelerated with more than three-gquarters of the recovery
taking place during the first five minutes. After the twenty minute
point the curve tends to become asymptotic TC the level of the nonfa-
tigued performance. Among the factors which Manzer found to influence

the rate of recovery were the size of the muscle groupsg the attitude of
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the worker, and the nearness to the exhaustion point reached during
worke Small muscles, he found, recover more repidly than large.

No publishsd cuxrvss of 'reccvsry from mentel work sare availshle;
However, evidence provided by Bills (10) indicates that the rats of re-
covery is slsc negatively accelerated.

That the subject's attitude toward work amd during rest influ-

ences the recuperative value of the rest peuse was first pointed out by

- SRR S, W ' { Y —arm e L Y.
d that "the restinz worker

=5

Krasepelin®s students. Graf {51 foun

tude toward the resumption of work undergoes a series of changes during
the rest, For the first five ©6 ten minutes the ativitude is favorable
to resumption, then there is a drop in readiness followed by an ulti-
mate rise. The optimal rest must termminate at a high point in reedi-
ness",

The method of spending the rest pei‘iod has been shown by Wyatt
(118) to affect the rate of recovery. He reports that when a fifteen
minute rest is placed in the middle of two hours' work in additiocm,
campletes reiaxation gave a gain in output of 9.3 per cent; uncontrolled
rest gave 8.3 per cent; music during rest gave 3.9 per cent; tea gave
3.4 per cent; and a walk 1.5 per cent.

Up to this point, only the output decrerent aspect of fatigue
has been considered. The other two aspects, feeling-tone decrement and
organic changs, also disappear with rest. The guestion arises as to
whether the rates of recovery in these twe aspects differ from each
other and whether the curve of each of ‘t};}e’se differs fram the output
curve? The answers to these guestions are very incamplste. Poffen~

verger (71) found that a tern minute rest period following five and s

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



(42}

half hours of mental work, produced an absolute improvement in feeling-
tone which was feirly constant regardless of the type of task or of the
smount of previous decrement which hsd developed. He found no clear re-
lationship between the change in feeling-tone level and the change in
outpﬁt level resulting from rest.

As to recovery in organic condition Schubert (80) found, for
muscelar work lesting up to twenty mimutes, that the excess oxygen con-
sumed during the recovery period was a function of the length of the pre-~
vious work period, and that the rate during the first three minutes of
rest exceeded thet during work. Thereafter it gradually fell to the
resting level. As to mental work, Rounds, Schubert and Foffenberger
made tests of the expired air twice during tke rast period after twenty
minutes®' work on addition. They found that the metabolic rate had sel-
dam returned to the normmasl level during several minutes of rest and was
frequently higher during the second test than during the first. Strauss
{90) has made use of measurements of the elecirical potential of the
skin, as a method of irndicating the degree of fatigue. He held that
the size of a potential drop during exercise is not a measure of fa-
tigue, but that the rate of return to a normal potential after exercise
Ais a measure of recovery fram fatigus. Although attention is here

~

called to a different weaSuUTiIng t recovery

rates.

Although other investigations of recovery rates of one or the
other of the ithree aspvects of fatigue could be quoted fran trhe liter-
ature, none has been made in which recovery in feeling-tcne, organic

state and ocubput level were tested at parallel intervals following a

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



continuous period of mental work,.

The chisf problem in such an undertaking is the selectlon of a
bodily indicator which is relatively stable and easily obtainable on the
obe hend and yot sufficiently sensitive to express minimal changes in
physiological reactivities. Recent experimental results suggest thet
with suitable attention to controls, palmar resistance changes may be
taken as reliable indices of general excitation level., Unlike the bio-
most frecuently nsed to demonstrate physiologieal
changes, the psychogalvanic technique is, in addition, available to the

aversgs poychologisi. Skin resistance changes will be uged therefore

by this experimenter to detect organic changs.

L ths ex-

(o]

Space does not permit an adequate general discussion
tensive and controversisl literature concerning the psychogalvanie re-
sponse. The reader is referred to the excellent summaries and reviews
of Grinbaum {54), Pridesux (72), Woodrow (115), Landis and De Wick (59).
0f these, the most recent and camprshensive is that of Landis and

De Wick, published in 1929. A supplement by Landis (57) carries this
up to 1932. However, as an orientation for the experimental study to
follow, a brief account of the physiological mechanisms of the reflex,
and of the previcus applications of the psychogalvanic technique t¢ the

study of mental work will be wortiwhile.

The Mechanisms of the Response

According to Prideaux, Landis and De Wick and othsrs, Fere'

(36) was the first to point out in 1888 that an emotional reaction was
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accanpanied by electrical changes in the human body, demonstrable by
galvanometric deflections, when the resistance of the body to a weak
electric current was being investigated. Fe noted that these changes
were correlated with the alterations in volume of the limbs =2g shomwm
by ths plethysmogravh, but reported that the galvanausiric dsflsctiocas
had been insignificant in the nomal persons he had experimented upon,

and were only established for hysterical petients. Fere' continued

e muhlished hig mathology of the

Yy xrw ey e —t— s et —— A

emotions. Sinee Fere' utilized an ocutside source of electricsl energy,

or as the "Fere' phenanenon®.

In the same year, 1888, Tarchanoff {91ij, a Russian physiologist,
independently of Fere' worked on the electromotive changes in the body.
Ee showed that the phenomenon was a noral one and occurred in all
healthy individuals, when itwo non-polerizable electrodes attached to
asymmetrical parts of the body were connected up with a gealvanometer,
This occurred especially during mental excitement, but was explained
in terms of a Ysecretory theory® based upon the activity of the sweat
glands. The current used by Tarchanoff has been named endoscmatic in
relation to the orgenism and the effect is often called "Tarchanoff
phenomenon®, Tarchanoff did not confine nis situations to affective
stimuli, since he used auditory, olfactory; and gustatory perceptions,
jdeational processes, esnd motor performance. Neverthsless, he did not
rile cut affective coloring in many of these cases.

The work of Fere' and Tarchanoff remained for several years un=-

noticed. It was not until E. K. Miller (598), an electrical engineer
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without any knowledge of ths previous work, rediscovered Fere's phenom-
enon in 1904, and cammunicated his results to Versguth (98) a psychi-
atrist and neurologist, that any methodical research was carried out.
Veraguth considered that the phenomsnon was physiologically induced
through the activity of the sweat glands and that the mentel aspect in-
volved either a feeling of reality or campulsion, Or &n smovicnal sst-
ting, or both. He also gave the name psycho-physical-galvanic reflex
to the rhencmenon. |

The theory that the reflex is due to mnuscular contractions was
edvenced by Nelson and Sidis in 1910 (84). It was short-lived, the
evidence against i% having been prévided by Piercm {70}, Fauvills {35},
and Wechsler {104). Pisrcn cbiained ne reflex when he applied elec-
trodes to‘the leg of the cat fram which the skin had been deliberately
removed. Fauville repeated this experiment on the frog with the sume
negative effect. Wechsler applied electrodes to a portion of the body
devoid of skin, the mucosa of the mouth of tuman subjects, and obtained
no reflex. Tius, it was demonstrated that in order that the reflex
may occur, the skin must intexvene.

This view that the galvanic reflex was exclusively medisted by
the skin, as well as limited to those portions that contain the sweat

rehanof?f {1888). Approx-

glands was, as meaticued, Tixs suggested by Ta
imestely twenty investigators between 1888 and 1928 maintain8d that ths
sweat glands played scme part in the response. Among these were leva
{62), Wechsler (104), Peterson and Jung (68), Waller (102), Prideaux
(72), Richter (74), end Darrow (24). The experimentation of Richter

and Darrow appears to be the most thorough and convincing. Since evi-
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10

dence provided by Darrow will be quoted to disprove the vasomotor throry,
the burden of the proof of the sweat-gland theory will be placed on
Richter. Richter points out that the electrical resistance of the skin
is menifested in two ways: First, in a short transitory decrease in
resistance which scccmpanies almost every emotional response; end sec-
ond, in prolonged variations in resistance level occurring at different
stages of mental activity and in varying moods. His observations apply
prolonged variations. He found that this resistance decrsased
greatly when the sweat glands of the palms were stimulated to hyperac-

tivity by sweat beths snd pilocarpine injsetion. Resistance increased
a

transection of all nerves to the foot. Ths relationship betwesn sweat
gland activity and palmar resistance was further iliustrated by the re-
sistence curve during sleep. The palmar surfeace of the hand beccass
very dry, while excessive moisture may appear on other regions of ths
body, particularly on the trunk where the sweat glands are scarce.
Marked increesed resistance accompanies the dry palms.

But it is important to note that in all of the above experiments
reletive moistness of the skin is significant merely as a criterion of

nrafuselv and the

T
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sweat gland activity. For when the paim
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resistance is low, careful cleaning end drying of the hands and real-
tachment of fresh electrodes doesn't raise the resistance. It remains
at the previous low level.

Richter's results indicate too that palmar skin resistance is

subject to nervous conirol. The transection of all nerves to either
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ons fore foot or one hind foot in monkeys produced a great increase in
resistance on the injursed side simultaneously with thé drying of the
skin. The hypothesis that this control is mediated by the sympathetic
nervous system was confimmed by a series of experiments in which the
sympathetis fibers to the foot were seversd and the samatic fibers
left intact. Sympathectomy alone produced as large an increase in re-
sistance as the transections of the entire nerve. Subsequent transec-
tions of the remaining sametic fibers produced no further change.

As was stated in the foregoing, the vasomotor theory of gal-

venie response was first advocated by Fere' in 1888. Among those who

ELE=1 -

tant opposition to the theory, his findings being substantiated by
Pieron (70), Waller (102), Wechsler (104}, Fauville {35}, Darrow {24},
and others.

According to Landis {57), "the work of Darrow im all probabil-
ity settled this particular question™. Darrow recorded simultaneously
the wasoconstriction of the blood vessels of the skin at the point of
attachment of the electrode, the temperature of the skin at this same
point, the api;eare.nce of sweat as shown under magnification and the
variation of the galvanic skin respomss. His work showad that this
galvanic response appears simultaneously with the secretion of sweat
and with alterations in the temperature of the skin. The secretion of
sweat was photographed with micro-motion pictures, recording just how

the eruptions of the sweat glands occur. The same method demonstrates

that the vasocomnsiriction of the arteries or venules has no one-to-one
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relationship to the galvanic response. This vasoconstriction may pre-
cede, accampany, or follow the initial rise or the peak of the galvanic
response., The galvanic response may alss occur during vasedilation or
when there is no wvasamotor change. "The photographic records show

these points so effectively as to bar further arguuent. Darrow has

also shown that blood pressure and the galvanic skin response vary in~
dependently. The experiments of Bellingham, Langford-Smith and Martin

show the s=zme results as those of Darrow, concerning the secreticm of

sweat".
it, in ths March 1941 Journal of Physiologyy Darrow’s evidence
£

was challenged by the ressarch of a group © English physiologists

headed by Carmmicheal (15). To quote:

"In studying Darrow's records it is to be seen thab
his recording system must have btesn of low ssusi-
tivity, for no vaso-constriction was obtuined with
a deep bresth, Further evidence against sweating
as the sole cause of the response 1s its presence

in a csse of enhydrosis due to absence of sweat
glands verified histologically as reported by Gil-
christ {1927). Waller, however, has shown that the
reflex can be obtained after administration of airo-
pine. The validity of his results has been demon-
strated although a reduction in the value of the re-
sponse tekes place after localized atropinization by
means of ionotophoresis. This indicates the parti
played by vaso-motor activity in the production of

the reflex".
Carmichael and his colleagues conclude, therefore, that the
change in skin resistance to a given stimuilus results from the activity

of +the sympathetic nervous system -and is dependent upon two factors ,

sweating and vaso-motor activity.
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The Autonamic Nervous System as a Factor in

the Psychogelvanic Response

The part pleyed by the autonamic nervous system in the produce
tion of the response has been frequently emphasized by many authors.
st investigators %o provide sxperimental evidsncs weT
Sehuberth and Schilf (79). These authors found that sectioning of the
cord of a frog did not suppress the respomse but sectioning of tha sym-
pathetic ganglia did.

Richter's evidence {(74) has already been given. It will be re-
called that he used monkeys as subjects end found that resistence was

noreased when the severing of all nerves to the foot followed sym-

I3

Q

ut
odls

pathectany.

H

The careful investigations of Darrow {30) were an imporisnt in-
fluence in establishing the sweat gland hypothesis. However, as we
ghall see in the next section, by 1937, Darrow (Z4) had modified his
view with respect to limiting the response to sympathetic mediation,

The lsboratory findings of OtLeary substantiate those of the
earlier invesiigators. Cats whose cervical ganglion had been removed
on one side only became the experimental preparation. This ganglion
had bean so rmemoved that no sympathetic fibers whatever Temained con-
nected with one of the front paws, while the fibers to the other front
paw remained undisturbed. Suchk an arrengement gave the experimentex
an excellent means for comparing the resistance undgr identical con-
ditions in all save the automomic supply. Even the question of polar-

jzation end other physical factors which might enter could not destroy
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or interfere with the results which would be taken fram a comparative
point of view.

After the cabs were accustamed t¢ the unusual apparatus, read-
ings wers taken every two or three minutes for thirty mimutes. It wss
found that the resistence fluctuated comsiderably on the intact side
while the resistance of the operated side remained absolutely the sanme,
In spite of the cai's continuved restlessness, the opersted paw showed
not the slightest change in resistancs. Marked emotional states pro-
duced by pinching and twisting the tail of the cat resulted in wide
+ticns in resisiance in the inkset paw, but no chenge whetever in
the opersted paw. In all cats similarly prepared, the sympathectamized
side showsd no change at all in résisteunce.

As mentioned in the foregoing section, Carmichael (15) and his
colleagues provide evidence fram which they conclude that the change

in skin resistance to a given stimulus results from the asctivity of the

sympathetic nervous system.

Probable Coubined Sympathetic and Parasympathetic

Excitation of the Sweat Glands

Darrow (24, p. 650) makes the statement that "in many csses ex-
citation of ceniters in the brain produces galvanic response attended
by psrasympethetic activity in structures other than the sweat glands,
"This"?, he says, "would not readily occur if the galvanic activity must
invariably be medlated by excitetion of the sympathetic chain. T would

not occur because in the first placs the sympathetic chain is notori-
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ously given to the production of mass effect. It would not occur be-
cause in the second place a generalized sympathetic activity sufficient
to cause an aprreciable galvanic response would tend to neutralizms or
"

sven overshadow parasympathetic influence on other bodily structurss

The hypothesis is tentatively set forth by Darrow {24, p. 659)

P R

that impulses to the sweat glands may fall into ihres gensral class
"First, thoss fram the central nervous system which pass through or
avoid the sympathetic chain (these may be accampanied by ~parasympathetic
effects on other structures); second, those which reach the sweat glands
as a conseguence of generalized excitation of the sympathetic chain
{these will be accampanied by sympathbetic effecis in othsr bodily stmusc=
ures); an ird, those which represent & combipation in varying pro-
portions of types 1 and 2 {these may be attended by variabls or by zero
effects on other bodily structurss)©.

A further fact regarding the peripheral mechanism of sweating
is that the distribution of the peripheral sweat fibars corresponds al-
most exactly with that of the fibers for pain, scmewhat less closely
with those of touch, end relatively poorly with those for heat and cold.,
Jenkins =2nd Darrow have found a corresponding spatial distribution and

temporal course of loss of pin prick sensitivity, elevations of skin re-

procaine block of the ulpar or median nerves.

Ceniters Mediating the Response

The view of the earlier investigators who worked chiefly on
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hunan beings was that the galvanlc respconse was conditioned by the fune-~

tioning of the higher centers; hence, for instance, the texmm psychic in

Vereguth's definition of the respomse. It was Gildemeister {47) who

4

irst definitely rejscted this visw. Aftsr Schwartz' (Sl} expsriments

r

on the direct illicitation of the response by stimulation of thew sciatic
nerve of the frog, Gildemeister argued that the whole phenomenon was of

e purely reflex nature, in no way dependent upon the higher processes.

v o s 4T 2 —— W e o Toreswn S A ey Ll
Hs sugzested that the term meurcgalvanic reflex replace the term psyche-
galvanic,.
—~ ~ p P T o - o~ - ——
Same of the more significaent expsriments mads Ior the purpdse oI

detemining the medizting centers are given brief attention. Veraguth
(98) found that in an anesthetized cat, the response was entirely sup-
pressed, On the other hand, Schuberth and Schilf (79) report that they
obtained the galvanic response in the frog after both hemispheres as
well as the optic lobes had beer removed.

Deternmination of medisting centers as regards humen beings 1is
quite difficult. Higher centers cannot be removed surgicelly. As far
as this suthor has been able to determine, nobody has attempted to ob-
tain the response in a patient under anesthesia. Richter end Wechsler
did &o the next best thing. Both cobtained the response from sleeping
subjects. This evidence may be interpreted as lending support to the
view that cerebral activity is not indispensable to the response.

The most recent evidence has agein been provided by Darrow (24).
secording to Darrow, there is eviderce that the autonamic nervous system
as well as the innervation of the skeletal musculature finds representa-

+ion within the cerebral cortex, Proceeding fram this premise, he
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identified the cortical and midbrain mechanisms which control the galvan-

ic skin response.

tion of sweating in the fcotpads of the caet and the hands of the monkey
by stimulation of the pre-motor cortex. Besterew (24), Winkler (24),
Lengworthy and Richter (24), and Spisgel and Humsicker {1928} found this
to be %rue with cats. Fulton, Kennard, Watis and Viets, on the basis of
their studies maintain that, there is little gquestion but that Iin an-
thropoids the cortical region for this autonanic activivy is in the

Premotor cortex.

o tkhe premcior area produces widespread

o
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movements generslly first apparent in the more distal portions of the ex-
tremeties. Various vesamotor and secretory changes which may be regarded
as facilitating manipulative activity occur with these movements. Such
investigators as Freeman, Kennedy and others have Teported patients with
a deficit in the gray matter of the premctior cortex as uneble voluntarily
to relax the grip of an object in the band contrelateral to the lesion.
This "forced grasping" was produced experimentally by extirpation of the
premctor cortex in "bhe monkey. The condition of "forced grasping® is
attended for a period of about ten deys by profuse palmar sweeting and
by vascmotor disturbances of the extremity.

Darrow's results from simultaneous records of galvenic changes

jn the two hands of normal subjects indicate that when a normal person
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with an inteect nervous system lies on one side, the palmar sscrstory ac-
tivity tends to be reduced on the palm of the downward hand. Rabiner
found the grasping responss exaggerated in emotionally disturbed pa-
tients. With the sense of insecurity typical of chronie anxiety and cer-
tain states of dsvression, the palmar secretory activity is also fre-

quently excessivs,

The Pgychogalvanic Response as a Bodily Indicator

It may be recalled thet at the beginning of this discussion, fa~
tigue was arbitrarily defined as a measurable decrement in output, sub-
s stats Tre nsesssity for 2 relatively
stable, easily obtainable and sufficiently semsitive indicator of physi-
ological changes was furthsr pointed out and expsrimsnial gvidangs for
skin resistance changes 8s suclh a measurs was pranised,

Freeman snd Giffin (43) conducted an investigation designed to
compare under identical conditions, the efficacy of two bodily indica-
tors, skin resistance and oxygen consumption. Fifty adult:males served
as subjects. Letabolism and palmar skin resistance under sitandard basal
conditions were simultaneously recorded. In scme cases specific stimula-
ticn effects resulting fran electric shock and muscular tension were super-
posed. The results indicate: First, palmar resistance changes were not
only mors stable in test-immediate-retest situations, but also more reliabls
+han the mebabolic 'measures when the tests were same days apart; sscond,

a low rate of oxygen coasumption geccanpanies a high palmar skin rosistance;

third, metabolism, &s measured by osygen consumption at least, is
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relatively insensitive to stimulation effects superposed on the basal
state. In tkhe interpretation of their results, the investigators em-
rhasize that changes in palmar skin resistance represent psrhaps less
extensive increments in total bodily sctivity than records of oxygen
consumpbion, but thet importsnt increments in energy mobilization would

often be masked in the records of total oxygen consumption.

Psvehological Correlates of the Psychogalvanic Response

Many observatioms but few careful experiments have been made in
regard to the relation of psychcga.‘wanic responses $0 mental wWork.
Tarchanolf {S1) found +that multiplication regquiring affort produced the
response. Veragnth (98) found that silent reading of dry scientific re-

rorts produced 1ittle change, conpered to reading for the seme length of

T

time a patriotic speech.

One of the most detailed experiments with mental work and the
galvanic response was carried out by Daniel Starch {87) with ten sub-
jects. He rscordsd tke generzl curves that occurred during pericds of
physical and mental work. The chief results may be summsarized as fol-
lows:

1. A typical passive curve (when the subject is doing
nothing) runs along by small zigzags oo the seme
general level.

2. During mental work (fixating a cross and trying to
observe all of a row of six letters twelve centime-
ters to the Tight of this) there was & fall in re-
sistance. The fall was usually most merked at the
beginning of the mental work. The work period was

very brief as the subject was instructed to stop
when he felt discamfort.
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3. The fall in the curves of resistance was gen-
erally less for the mental work than for the
miscular work {rhythmic lifting of the right
knee). Starch (87, p. 36) concluded that
*those typres of mental processss which are ac-
caupanied by the most distincet and widespread
physiological changes produce the largest da=-
flsctions, such as muscular activity inm lift-
ing knee, strong amotions acccmpanisd by stard
or shock, halting and quickening of respira-
ticn, muscular tension, ete.™

Affastive Tone and Galvanic Deflections during Mentel Work

The determination of the part played by affective tome in pro-
ducing psychogalvanic deflections during mental work was attempied by
Radecki (73) at the University of Geneva. Hs ussd mental multiplication
of two~place numbsrs. In most cases the time interval between stimulus
and response was much longer than the latent pericd for the galvanic
skin response. Thus Radecki assumed that the zalvenic skin response
is absolutely independent of the intellectual work itself and that it
depends wholly on a process of emotional sxcitement, resulting from meet-
ing a difficulty in the Problenm,

Gontinuing Radecki's work at Geneva, Abramcwski (2) reported:
First, that the deflection occurred at the beginning of mathematical cal-
culation; and second, that usually the subjects good in arithmetic gave
pno deflections whatever. Fhillip and Menzerath also concluded, "that
it is not go much the relative difficulty of the calculation thet matters
as the emotion accampanying it, for good mathematicians manifested the
response only upon fnaking a mistake".

Sears' {82) subjects were required to find orally the sums of
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addition examples, while ths amplitude of the galvanic deflections oc-
curring during this mental work was recorded. Examples of varying cam-
plexity were presented in differsnt sequences with no time limit. Ex-
emplas of approximately eaual canplexity were §resented in verious se-~
yjuences with ‘a limited time allowance.

Sears found thet the smplitude of psychogalvenic reaction is
consistently related to changes in speed and difficulty of the type of
mental work which he amploved. He suggests fram his resulits that the
galvanic skin response cen no longer be considered as measuring the ef-
fzct of comaticn or auoticon or mental cutput hut must be most satisfac-
torily interpreted as an indicator of “increesed sympathetic activity or

cf increassed feeling-tenmsion™.

Reletion of Acts of Choice and Judgment to the

Galvanic Skin Response

The conclusions of the very carefully conducted experiments of
Wells and Stevanovic may be included under this caption. Wells had sub-
jects meke choice between liquiéd tastes of varying hedonic quality, samne
pleasant, scme unpleasant, and some neutral, but all odorless, colorless,
and lsbelled only with nonsense syllables. She found that in all five
cases the average percentage drop in resistance was greater in the case
of difficult choices than for the average of all cholces. Stevanovic's
task consisted of ccmpletion sentences camposed of a series of irreg-
ular figures of the "ink spot” type, given nonsense nemes. Stevanovic

explained the negligible relationship between difficulty and galvenic
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skin response deflections by saying, "when the subject cames to make his
judgment, the mere apprehension that the stimulus has teo do with & judg-
ment of this kind arouses his alertness®. Both Wells and Stevanovic
(88),; then, consider that conation rather than emotion or affective tone
is the essentisl comscious correlate of galvanic skin response.

R. B, Cattell (16) who used a wide variety of stimuli which he
classified under three main headings, as evoking conation, feeling, or
cognition has concluded that, “the reflex is more nearly proporticnal to

the conative elements in any experience than to the affective or cog-

In an exveriment of T. M. Absl {1}, 20 problams ¢f the fellowing

type were given to each of six subjects:
(2) Analogies, e.g., Volcano , ,Earthguake
Igneous .;;;;;;;-—d
{B) Statements of fact, e.g., "Oxygen is heavier than ozone."
Abel found that Mthe subject's attempt to solve or at least 1o
canprehend the problem presented was frequently, but not always, accam~
panied by a deflection of the galvanometer™. She believes that the elec-
trical changes accompany certain reportable attitudes {"Bewusstseins-

lagen™) which represent "sudden, decided and mcmentary checks" in the

solution of the problem. These shs thinks can hardly be classed defi-

nitely as either emotional or conative.
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Incidence of Galvanic Skin Reactions during Continuous Mental Work

Wechsler mentions a series of experiments in which he tried to
separate the effects of mental effort from the effects of emotion, so
far as these are related to the galvanic response., He tested his sub-
jects with mental arithmetic examples of the following typs: 7, plus 3,
plﬁs 8, divided by 2, minus 3, plus 8, minus 5, times 4, minus 8, divided
by 4 equals? He notes that this type of problem is of much longsr dur-

tion then those previougsly employed.

]

It was found by Wechsler that with such exemples the deflectiom
occurred even before the problem was begun, when the subject had mersly
been given a8 signal. Only in & few casss &id
ing the solution - these when the subject met with sane difficultiy.

In . YWechsler's ovinion these observaticms add further sevidencs

“that it is the asccompanying affective tone of mental effort ....

that provckes the galvanie reactiom®.

Tension as an Explanation of Galvanie Deflections

Both mental and physical work were investigated by M. M. White
(114) who took records of electrical changes occurring during work with
the dynsmameter, and during work with multi’plicati‘n provliems. Thsss
were campared with the changes in electrical resistance during relax-
ation and sleep. It was concluded that electrical resistance is higher
in relaxstion than in tension, and that the tension during mental work

causes a greater decrease in resistance +hen general or local contrac-

turs.
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Landis and Hunt (57) presented a group of subjects, representing
a diversity of academic influences, with thirty stimuli chosen to repre-
sent ten supposedly d‘ifrerent psychological categories. The subjects
were requested to note their consciocus experience accaupanying a stim-
vlus. Resistance chenges were recorded during responses to stimuli,

The outstanding score of ®tension® wasg one of the most inter-
osting of the results of the subjective classification. All of the re-
ports of tension were accampanied by galvanic deflections, and the aver-
age smount of the deflections was greater than that for any other cate-
gory of reported conscious content. This is particularly interesting
in view of Sear's conclusion (see foregoing) that ¥perhaps tension or

fesling~tension would best ©it cases of high psychogalvanice re

)

Fatigue in Mental Work end the Galvanic Skin Response

One of the first observations made by Tarchanoff (91) regarding
the galvanic response is that physical fatigue tends to diminish it
(increased resistence). Bose, as a result of experiments on pleant and
animal tissue, declares that, in general, "conductivity of tissue is im-
paired by fatigue®. iechsler makes the same claim.,

Wechsler {104) also investigated the effect of mental work on
the response. Using the Binet-Simon intelligence examination, he took
the body resistance immediately before and after the exsmination. He
observed a significant increase in resistance after tae examinetion
for two out of three of his subjects.

Ruckmick (78) performed an experiment on himself. He solved
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a set of twenty problems in mental multiplication of the order of

54 X 17, while painful and unplsasant stimuli wers being presented as
distractions. His introspective records gave qualitative plctures of
rextreme bodily fatigue and mental lﬁssitude“. Photographs of facial
expression revealed the eppearance of a sort of all-in-attitude. How-
ever, the exhaustion showed no mental effect about an hour after the
experimental series. Ruckmick concluded thet, "It is evident fram the
fairly consistent results, that we must regard the phencmena of fatigue
as of the same dirsction as that which characterizes both affective and
motor responges., namely, a decrease in resistance or an increase in

counterpotentials fram the sweat glands®. He advanced the hypotbssis

of the higher cerebral centers and a relapse to the control of the lower
centsrs like the hypothalamus. In that event it might be plsusible to
suppose the sazme kind of activity to remain that obtains in the affec~
tive area through connections with ths sweat glands and the autonamie
systen".

Cne of the most carefully conducied experiments in this cate-
gory is» that of Geldreich {45) who reported skin conductance changes

during mental fatigue. The mental task used was continuous manual re-

hey reachsd an average rate of about ninety colors per minute,
fatigue decrements in the work cumves were not maskeé by practice in-
crements. The experimental condition consisted of fifty~five minutes
of mental work preceded and followed by ten minutes of rest.

Geldreich's results show "en apparent concammittance in in-
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crease in level of skin resistance as mental work efficiency decreases".
During the prework rest period of ten minutes there is a gradusl in-
crease in resistance which is interrupted by a radical decreassse in the
lavel of resistence for the first two or three minutes of mental work.
Thig drop in rssistance is accompenied by an initial high lavsl of work.
Fram this point on, thers is a gradual increase in the level of resis-
tance, though interrupted by numercus galvanic skin responses. Thase
are not consistently Dresent during the control veriod of fifty-five
minutes of relaxation, not during the ten-minute prs- and post-work
rasts.

Geldrsich interpreted his results as "fitting the established

ductance®”. That is to say, he ldentifies steady reduction in energy in
continuous mental work with decreased tension and an increase in resis-
tance, for, the more apprshensive and attentive a person is, the greater
is the tension and the lower the level of palmar skin resistance. The
-_oe'riodic changes in efficiency in mental work are associated with per-
iodic changes in attention and spprehension, these same changes re~-
sulting in galvanic skin responses. The results and the interpretation

in this study follow closely the observations made by Sears which have

just been describved.
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Purpose of the Experiment

The purpose of this experiment was to determine the form of the
curve of recovery fram mental fatigue. In view of the three approaches
to the study of fatigue, there were, in reality, three objectives:
First, the determination of the curve of recovery for mental work out-
put; second, that for the concurrent skin resistance changes; and
third, the curve of recovery for subjective feeling-tone.

In the graphical representation of rec-avery £or mantal work ont-
put, minutes of rest elapsing after cessation of continuous work are
represented on the abscissa and relative increments in output or recov-
sry ratics on the cordinais. Ths method emplicyed in arriving at thsse
recovery ratios is explained in detail in the subsequent section. Havy-
ing plottsd ths smpirical curvs indicating the reiationship betwesn ths
recovery ratios and mimutes of rest, the experiment was further designed
to determine the mathsmﬁtical evaluation of the curve. In other words,
the regression equation for the theoretical curve of best fit was
gought,

The second objective, that of detemining tbs physioclogical
changes conccmitant with the periocd of mental work and the subsequent
recovery period was accomplished by pletting the curve of skin resistance
changes.

The curve of recovery for subjective feeling-tone was based on

rating scale values.
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Subjects and Conditions of the Experiment

Six groups of twenty-five college men and wamen each were used
for the experiment. The groups were about equally divided on the basis
of sex. Intelligence quotients for individuals camprising the groups
were based on scores obtained on the Otis Is;ental Test. Teable I, page 29,
presents the average intelligence quotient of each group. The means and
standard deviations shown in the table are almost identical, showing how
cliosely the metching was dome.

During the period of continuous work, influenciig factors were

held as constant as possible for eil groups. Dt rest periods varying

in lenzth were inserted afier work. FHence, Condition T, shonld identify
the group permmitied a two-mimute rest; Condition II, the group with tke

seven-minute; Condition V, the ten-mirute; and Condition VI, the twenty-

- minute.

Preliminary Procedure

Introductory Statement - Before the experiment could be under-

taken, it was necessary to £ind some manner of producing fatigue and of

Fb
Hi

measuring the three phases O

Characteristics of the Fatizue-Producing Task - It has been

demonstrated by such investigators as Bills and Robinson that the amcunt
of decrement in mental work varies with the nature and difficulty of the
task. iWhere tasks of varying degrees of hemogeneity were used, it was.

found that highly homogeneous tasks produce more rapid decrements than
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do varied or heterogeneous tasks. The law of hamogeneity is that: the
more hamogeneocus the task, the greater the decrement. Closely related
to the principle of hamogeneity is that of continuity. The more con-
tinucus the task, i.e., the more rapidly the succsssion of stimulations
follows one another, the greater the decrement. Also, mental work in-
volving the operation of fimly established habit systems suffers less
fatigue decrement then work involving unpracticed habits. Hamogeneity,
centinuity, and stagse of practics, then, are saue of the main character-
istics of the mental work task which determine the amount of fatigue
dec&anawb.

What types of task incorporate these principles? IMental addi-
tion and multiplication, cancellation, color-naming, code substitution
and campletion tests predaminate in experimental literature. However,
figure analogies involving reasoning by enalogy were recently satisfac-
torily employed by Newburger in en investigation of difficulty and hamo-
geneity as factors in producing fetigue. He introduced the factor of
hanogeneity by repeatedly rearranging a single problem situation and by
varying the order of its correct response. Thus, a marked degree of
similarity resulted without repetition of identical problems. In addi-

ion, the relative unfemilierity of this material to most subjects edep-
ted it to control of initisl stage of practice. It lends itself also to
objective recording.

Convinced of the adequacy of Newburger's material as a fatigue-
producing task, this experimentor adapted it for use in the present inves-
tigation. But, four times as meny items were required due to the exten-

ded work periocd. Adaptation, thus, took the form of providing 324
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additicnal combinations. See Appendix A for the final form of 432 anal-

ogles,

pointed ocut that objective fatigue is identified with decrement in speed
and qualiby of output and, conversely, that objsctive recovery is iden-
tified with increment in speed amd quality of output. In addition to
the variation in these two factors resulting from continuous work, =

E change takes place in the character of the verformance

as leng as two or more average response times. These blocks increase in
frequency and length throughout the work period. The lucrease
curs in the lensth and frequency of blocks gives the worker enough rest
to campensats for same of the fetigue which would otherwise develope.
Due tc this recuperative function the bdlocks must be included as objec-
tive recovery criteris.

Just how can recovery be quantitatively measured in terms of
these criteria? What specific technique must be employed?

Interpretation of the specific technique employed is dspendent
upon the undersianding of two oObservable general trends in curves of
continuous work. Une of these is toward a drop in perfompance, the
other toward a rise. The drop is attributed to fatigue. The rise, if
representing a permanent change in capacity, is a function of practice.
Now practice may, thus, be defined as that improvement which persists.
Since it is almost never possible to bring the subject to a condition

of 100 per cent practice in the task before obtaining the work curve,
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the work curve practically always contains within it both the effects of

the practice and the fatigue factors. Fatigue has been defined as that

condition of lawered efficiency which is removable by rest. Hence, 1t
czn be assumed that a day's rest will be more than enough to remove all
of & nommal fatigue decrement. That is to say, all sfficiency lost will
have been regained. Recovery will have been complete.

All other things being equal a subject should begin work after

et

. whish he started on the previous day.

a day's rest at ths same level
Now, if instead, he begins at a higher level than previously it must be
assuned that & practics effsct has carrisd over i the following day.
Actually, this practice effect was present at the end of the first day's
work and, if not evident in the curve, was masked by the fatigus el
Conversely, the fatigue decrement may be obscured by the practice in-
crement.

It follows fram the foregoing assumption that the increment in
perfomuance level on the following day over the final level on the vre-
eeding day represents camnplete recovery or 100 per cent recovery. In
terng of arithmetical process, performance score on the second day minmus

performance score at the end of the cortinuous work period the previous

day equals 100 per cent recovery. In the present investigation five

-t f:-A

%
<
d

minutes of performance the second day were compared with ths 1las
minutes of continuous work on the previcus day.

The present study is concerned with the amount of recovery oc-
curing during six relatively brief rest periods inserted immediately
after cessation of work, Amount of recove_ry during each of these per-

i1cds cenm be ealenlated by camparing the performance immedlately
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following rest with thet immediastely preceding rest, More specifically,
the perfomuance score for five minutes of work immedistely sfter rest
minus the perfommance score for five minutes of work immedistely precsd-

Quantitative msasurs of the recovery of

ing rest may be interprsted as

:

sfficisency during rest. In other words, this method yields the absolute
amount of recovery for each of the six rest periods.
This question now naturally arises: What proportion of the quan-
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covery that occurred during each of the six brief rest periods? This re-
lavicaship of ths whols (o ils paris may be expressed in the formula

s _ S+
& = =1
3 - S1

Percentage of Recovery =

), n

in which Sg symbolizes the ocutput score for the five minutes of work im-
mediately after rest; Si, the ocutput score for the last five minutes im-
medistely preceding rest and Sz, the output score for the five nﬁinutes of
work the following day.

By applying the formmla, & recovery percentage or ratio was camn-
puted for eech of ths 25 subjects for each of the 6 variable rest periods.
To illusitrate: Subject 4 worked or attempted 23 snsliogles during the
last five minutes of the continucus work period, 30 immediately after a
five minute rest and 35 during five mimuises of work the following day.
Substituting thess values in the ~fommula, Si : Si yields the campound
fraction 30 _~ 23 _ -7 or 70 per cent. Subject A then recovered 70 per

35 - 256 10

cent of the efficismey lost during thirty minutes of coniinuous werk by

resting for five minutes. By averaging the twenty-five individual
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recovery ratios, one recovery ratio for & given group was obtained. In
this manner & recovery ratio for each of the s8ix rest periods was ob-
tained. It will be recalled that the first experimental objective v.raé
to determine the shape of the curve representing ths relationship bs-
tween recovery ratios and minutss of rest. In this graphical representa-
tion recovery ratios were t0 be desizneted on the ordinate and minutes

of rest om the abscissa.

Measurement of Skin Resisiance - As was stated in the foregoing,

changes in skin resistance were expecitsd to refiect chenges in physioclog-
ical procssses which operated concomitantly with ths changes in mental
funetion. The mechanisms on which the skin resistence chsnges depend
and their physiological snd psychological correlastes have beern reviewed.
Hence, there remains for consideration the method of measuring these
changes in skin resistance. The egsential features for measuring them cons=-
sists of placing the body in circuit with an extremely weak direct elec-
tric current which is relayed through a galvancmeter, Stimulating the
subject, while in this circuilt, produces galvanometric deflections. The
magnitude of the galvanameiric deflections will depend upon (1) the sen-
sitivity of the galvencmeter, {2) the magnitﬁde of the current employed
in ths circuif, {3) the body resistance of the subject, and finally

(4) tha intensity of the physiological reaction produced by the psychic

excitastion.

Of these four factors the last is the variable we wish 0
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measure and caupare, hence, the otheli three must be kept constant during
any given eZperiment or series of experiments., The measuring instrument,
or galvenameter employed, thersfore, must be equippsd with necessary con-
trols to meet these requirements. Darrow has developed a type of resis-
tancs box, known as the "Bshavior Research Registance BoxW, ;‘vhich meets
these reguirements just discussed, and gives in addition a continuous
quantitative record of both resistance level and resistence changes in
Tha important feature of this apparatus is that the resis-
tance in thres amus of the Wheatstone bridge is kept constant, the only

changss Scouring in the fourth or subdjeci's e of the bridge.

use in the present experiment lacked the above mentiomed featurss, iv
was necessary to make extensive modifications in it to conform to the
Darrcw circuit.

Camparison of the wiring diagrams of the two instruments reveais
the essential differences between the two bridges. The diagram for ihe
cirecuit of Darrow®s "Behavior Resistance Box"™ is found in Figure 1 on
page 36, That for the Wechsler "Psychogalvanograph" is found in
Figure 2 on pege 37. Wechsler shows two variable arms as caumpared with
Darrow's one variable arm.

' Bscause of The rather strikiamg differsncs in
cuit it was deemed advisable to try 1%t in a preliminary investigation,
Details of both the procedure and results of this pre-sx-perimental
study may be found in Appendix B.

The evidence demonstrates that, with the Wechsler circult as it

s$ood, it was impossible to secure reliasble scale calibrations per 1000
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ohms resistance for a series of workable basic resistances., This wass the
cese when sensitivity was held constant. It was slso the case when cal-
ibreticns were held constant and sensitivity varied. New, resistancs
changss based on unsiabls quantitative measuring units would not only

be valueless in themsgelives, but would tend to cast decubt on rssults ob-
tained from any more accurate measure which may simultanecusly be made.
In addition to the foregoing disadvantages, manipulating the sensitivity
¥esp pacs with ths rapid changss in human rosistancs
levels required more attention than one experimentexr couid give in this
otherwise camplex experimental situation.

The Wechsler circuit was, therefore, converted into ths Darrow
typre of circuit. In the fourth or subject’s am of the Weéhsler bridge
a 99900 ohn resistance box was substituted and the actual resistance
in the third amm of the bridge was held consteant at 9950 omms. Darrow
has shown in his apparatus that when a large smount of resistancse is
thrown into the circuit in series with ths subject, the current through
the subject can be kept much more constant fram time to time. Due to
the increased Fesistance infroduced into the Wechslsr circuit, the
original 1-1/2 volt dry cell was replaced by a 3 volt dry cell.

with this new circuis high sensitivity could be utilizmed, To
be exact, sufficiently refined scale calibrations for both the rela-
tively low and relstively high basic resistances were now made at a
sensitivity of 40. With the original circuit, sensitivities as low
as 4 and 8 produced unsatisfactory rssults. The table of calibrations
made with the adapted circuit end used in the experiment proper to con-

wvert sesle deflections into resistance changes is found on page 157
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of Appendix B.

The type of elecirodes used in the measurement of galvanic re-
sponse has been the subjecy for as much controversy as nas besen the cir-
cuit itsslf. Many devices have been proposed., Tarchanoff used non-
polarizabie elecirodes made of elay. Hypodermic nesdlses made of plati-
nunm were used by Sidis & Nelson. 2inc, zinc sulphkate, nickel-plated
brass, copper, kaolin, and zinc oxide have all been employed, either
with or without a covering of chamols skin. The following prerequi-

sites are assential:

1 Tha ares of comtant w»

caastant. Any varisd
change the registration
mt.

th the gkin mus kant
Sn

in m
2 E
(o) Bt 15 8ca W
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4- o

o)
~
..
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e
dady

2. The area of contact must be large enocugh to
eliminate the peossibility of electric shock.
Same individuals are very sersitive to feebls
carrents.

3« The pressure on the skin must be constant. If
it is not sufficient to insure meximal condue-
tivity, extransous artificial resistance will
be introduced. However, i1f it 1s excessive,
affective resctions due to the discomfort may
ocCUurT .

4., The degres of moisture betwesn the electrode
and the skin must be kXept constant. Variation
in the degree of moisture would change the
registration of the electrical properties to
be measured.

5, The electrodes themselves should not generate
any variable electrical properties, such as
polarization. These would distort registra-

tion of such changes assignable to the body
itself,

During the trial of the Wechsler psychogalvanograph, it was Ob-

served that the electrodes on certain types of hands gave neither con-
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stant pressure, nor constant contact. On subjects having bony hands
the mark left on the back of the hand after removal of the electrode
showed very plainly the faet that a full contsct had not bsen made,

On sone subjects heving sherply arched hands this lack of centact $6-
ward sach sidse of the hand could even be obssrved with the electrode in
Place with as much pressure as the subject would allow. In the case of
one subject having this type of hand together with a very low basic re-

gistance allowing a high current Plow, the resulting current intansity

trodes similar to those listed in the Stoelting supplement (electrodes
#24217A) . These electrodes were designed by Darrow. Geldreich states
that he used the slectrodes in his investigations and recammends them
highly.

The inactive electrode is a clean piece of zlnc plate about
2 inches square and curved to fit the volar part of the amm. To this
zinc plate at its center is soldered tke bottom end of a binding post.
A rTubber strap, through which the binding post passes is used to fasten
the elect;'ode on the arm. This arrangement if properly adjusted to the
erm insnres constant contact area.

The active €lectrode consists of a bathtud STODPET 30 th
cavity of which is inserted a zinc plate about one inch in diameter.
To the center of this plate is soldered the bottom end of a binding
post which passes through a hole in the top of the stopper. The binding
post also passes through a hole in the center of a small four-legged

table arrangement. The %o0p of this table is mads of a two-inch sgquare
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of plastic sheet. Its legs are each about sn inch long and are fitted
on the bottom with rubber cushions. These cushions flatten down the
palmar area and tend to minimize palmer sreasing. A small camprsession
apring is fitted over ths binding post above the stopper and below the
table top. This table electrode is buckled tc the palm of the hand with
two rubber straps which acting against the spring maintsin constant rres—

sure. For pictures of both electrodes see page 42 Plate 2 .

4

A physiologieal sclution of =zinc sulphate was ussd &s th

trolyte. Filter paper discs sosked with a mixture of 60 per cemt zinc

F=1vd ve soluticn amd 40 per cent glycerin were placed directly in con-
tact with ths skin on the amm and the palm, The glycerir prevents the
zinc sulphate solution fram drying. The insctive electrode was then fas-
tened down on the amm directly over thé filter paper. TFitted into the
cavity of the stopper of the active electrode was a small cydinder of
sponge rubber about one inch long and ome inch in diamseter. This cy-
linder had been thorcughly pierfed lengthwise and saturated with a
kao0lin paste made with zinc sulphate solution. The electrode was then
strapped down over the filter paper in the palm.

The tecknigue tims far described was initended to produce rel-
atively constent meisture, constent coptact area and constert pressure.
Polarization effect only remains for comsiderztion according to the pre-
viocus outline of ths prerequisites for adequate electrodes. This test
was made through the courtesy of the Physics Depariment. When the pre-
parad electrodes were bound face t0 fazce with the filter paper between
and placed in seriss with a galvanameter, the resulting EMF was found

to be .01176 or 1/3 of 1 per cent of the three volt dxy cell. This wes
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PPLATE Z

APLATE 2
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thought too small to be significant.

Measurement of Subjective Feeling-Tone - As has already been sta=~

1]

ted, like 811 subjective variablss, subjective fatigue must be measursd
by means of a rating scaele based on the subject’s introspective report.
The feeling-tone scales used in this investigation are found on rage
of Apperdix A. Four cards, with a Teeling-tone scale drawn on each are
shown,

An individual®s judgment of his feelings toward a specific task
2% a particular mament depends upon camperiscn with the memory of his
feelings towsrc other tasks done in the past, Then too, at different
times an individual may feel more like beginning a task than he does at
others. The four scales were constructed with these two principles in
mind. The subject who felt more like working on the experimental tasgk
than any he had ever done selected Card No. 1, at point 10 on the scale;
he who felt more like working than usual, Card No. 2, at point ¢ on the
scale; as wWell as usual Card No. 3, at point 8 on the scale; and less
than usual Card 4, st point 7. 4

In eddition to provision for designation of feeling-tone at tie
beginning of the task, the scale was planned for use at regular intervals
during work, at the beginning of the work periold following rest and at
the beginning of the work period the next day. Fran these valuss a cuzve

was plotted. The units on the horizental axis represented minutes of

rest and those on the vertical axis improvement in feeling-tone.
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Apparatus and Procedure

The Wechsler psychogalvenograph adapted to the Derrow circuit,
the two slectrodes and two punch boards comnected to a chronograph con-
stituted the essential pieces of apparsatus. The galvanameter circuit
and thes alectrodes were described in the preceding section. The punch
boards only remain.for consideration. Xachk punch board was constructed
to accamuodate one sheet of anelogies, 4 sheset of asnalogles contained
three rows of thirty-sir problems., Each problem was composed of seven
symbols, four of which represented possible solutions. Ths punch board
was arranged to allow an opening beneath each of the four possible re-
gponses. The base of each opening wes canposed of ¢oprer. when ths sub—
ject punched through a response on the paper with s stylnsg, he campleted
an elaectric circult and ceussd a record of The movemsntv ©o be made uwpon
a strip of paraffined paper moving through a motor driven chronograph,
By this method the time required for the solution of each problem was
indicated on the tape. The subject at the same time indicated his
ghoice of solubicn. On page 42 is showm = picture of the arrangement
of the apparatus during the experiment.

Two punch boards will be noticed in the picture. During the pre-
liminsry experiment with the galvenocmster, three of the ten subjects
during a 15 minute work periocd campleted more than one sheet cf 108
enalogies. Thirty minutes of continmuous work were allowed each subject
during the experiment proper. I could be expected when the possibil-
ity of practice effect was taken into account, that scme subjects would

conplete at least three sheets of problems. It will be recaslled that
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one board would accamnodate only one sheet. To avoid g€aps in s subject's
continuous work period, it was necesssry to shift quickly fram board to
board as sach sheet was carnpleted.

The subject's chair was equipped with two comfortable amms and
was well padded with a rubber cushion. Since the slectrodes were at-
tached to the left arm, it wes necessary that it be resting in the seme
position throughout the experiment. During the recuperation rericds, the

subject was expected to relaex the entire body as campletely =as pezsible,

Introductory Remarks - Variation in the length of the rest period,
it will be recalled, was the sole differentisting feature beitween the six
experimsantal groups. A1l othsr influsncing factors wsre bsld as constsnt

as possible fram group t6 group. There was, however, s division within
each group itself, That is Yo say, skin resistance changes were recorded
for eight of the subjects, but no such recordings were mede for the remain-
ing seventeen. For these remaining seventeen subjects, the experimental
procedure included no galvenanetric measurements. If consisted of:

First, An instruction period; sscond, thirty minutes of continucus solv~
ing of anaslogies; third, a rest period; fourih, five minutes more of work
with analogies; and £ifth, five minutes of work with analogies the foliow-
ing day. The details of these five phases of procedure will be considered

first.

Hotivation of the Subject - Since the measurement of recovery

from fatigue was the purpose of this study, it was very essential that

the subject's performance during the work period show the maximal
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fatigue decrement. It was feared that, if the subjects realized that
they were deliberatsly being fatigued, their performance might be inhib-
ited. Hence, it wgs necessary to give them s plausible reason or mo-
tive for putting forth their maximal effort. Therefore,; the exﬁeriment
was described to0 them as a study in efficiency and they wers urgsd to
work as fast as possible consistent with accuracy. It was pointed out
that the significence of the final experimental results depended upon
their absolute cooperation. This was so essentisl that a ten~-dollar cash
award would be given to the subject msking the highest efficiency score,

here wonld be deily posting of secores in the lsborstory 0 keep +the

=3

group informsd with respect to changes in ths sudbjscts? ranks. Scorss
wWereé not posied if Ths subject dssived it.

Reading of Instructions -~ At this point the subject read the in-

structions for working the analogies (See Appendix A - page 132 ) and
then actually solved same with the aid of the experimenter. The subject
next read instructions for merking the feeling-tone scales [Sse Avpen-
dix A - page 136 ). He selected his feeling-tone card which was posted
on a small easel in full view for his future reference, and conveniently
placed for the experimenter's checking. The subject was told to tap the
binding post with the stylus twice when he heard the signal "Go"™ and to
work until he heard the signal "Stop". Co
a record to be made on the chronograoh tape of the time at which work was
initiated. While waiting for the "Go" signal he was reminded that he was
to work as fast as he could consistent with accuracy and that ten dollars

would be his if he made the highest score,

The Continucus Work Period — At five-minute intervals during the
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thirty-pinute work period, the subject gave his feeling-tome upon the
signal "feeling® fram the experimenter.

The Rest Period - The importance of absolute relaxation during

the rest period was emphssized. Thirking about the task was rartienlarls

discoursged. It will be recalled that this rest period was two minutss

fod
Lal]

S
<

g I0r subjsecis inm condition 1, three minutes for those in condition 2,

five minutes for those in corndition 3, sevenm minutes for those in condi-
tion 4, ten minutes for those in condition 5, and twenty minutes for

those in condition 6.

Work after Rest - Before resuming work (for five minutes mecre)
The subject's feeling~tone was checked, the incentive was recalled, and

-

he was reminded 4o tap iks binding post twics upcn vihs "GoO" signal.

Vork the Following Day - Tcday, as on the preceding day, feeling-
tons was chscked, and the incentive was renewed before the "Go" signal
was given. Following this, the subject tapped the binding post twice and
worked for five minutes.

Raw Performance Scores -~ Bach work sheet was exsmined for errors

by placing over it a correctly punched gtencil. The last analogy worked
during the thirty-minute work period, the five minutes after rest, and
the five minutes the next day had been carefully indicated on the sheets.
The chronograph tape was marked off into lengths representing one minu
each. The rumber of problems solved during each minute was found by
counting the stylus marks on the tape recorded for each minute., By means
of the tape, minute by minute performance could be indicated on éach of

the analogy sheets. Fram these sheets were transferred to a separate

record card for each subject, the number of problems attempted and number
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worked correctly during each minute of work for the thirty-minute work
period, for work after rest, aud for work the next day. A summary table
of the work dome during each minute for these three work periods by esach
member of the group was made for each of the six conditions. See
Tables "I through VI - Appepdix &,

The number of blocks occurring during each minute of work was like-
wise determmined fram the chronograph tepe. A capital "B" was placed above
every response twice as long as an average response. These B's were indi-
cated on the individual record card for the exact minute during which they

occenrred,

Intreductory Stetemert - The steps of procedurs described in de-

tail in the foregcing were followed with the eight subjects fram each

of the six conditions for whan skin resistance measurements wers made.
Necessary additions included: First, attachment of electrodes; second,
A fiftesn-minute relaxation veriod before beginning work; +third, minute
by minute recording of the subject's resistance changés during the thirty
minutes of continuous work; fourth, minute by minute recording of the
subjectts resistance changes during rest pericd; and £ifth, minute by
minute recording during the work period after rest.

Accuaintance with Apparatus - Upon entering the experimental

roam, the sabject was shown the apparatus snd told that éhanges in his
energy requirements during work and during rest would be measured. I%

was particularly emphasized that a thrse-volt dry esll plus the large
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amount of resistance in the circuit precluded all shock possibility.

Motivation of Subject - See page 45.

Reading Instructions - The instructions for solving analogies
wers read and preliminary pmctica given. It was while the subjects
were engaged in reading the instructions for checking the fesling-tone
scale and selecting their card that the electrodes were attached,

Adjustment of Electrodes - The insctive electrode was adjusted

first. The volar part of the amm was vigorously rubbed with electrocar-

diograph paste, This was used to provide good dermzl conductivity. The

zogked filter paper followed:. Then the zince plate was strapped down
tight encugh t0 insure a constant area contact and pressure, but not

The steps in the adjustment of the active electrode to the palm
included: TFirst, applying a soaked filter paper; second, applying the
rubber sponge which was saturated with kaolin and inserted into the stop-
per cavity against the zine¢ plate; and third, strspping down the whole
device 80 as to insure constant pressure and comstant area contact.

Preliminary Relaxation Period - This fifteen-minute relaxation

period had two purposes. One was to allow oprortunity for scme measure

of recovery from the stimulation effect: First, of activities engaged

A A oA AP aner sarnmvmahan
A DOV, Vi wxy aywaivLouT

in before ¢oninz TO the SZperimen
gion or anxiety occasioned by the rather camplicated laboratory set-up.
In addition, a curve plotted fram changes in resistance and resistance
levels during such. a period of relative minimum stimulation would pro-
vide a very adequate camparative basis for the curve plotted fram chan-

gas occurring during end as a result of relative meximum stimulation.
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Realization of the foregoing two-fold purpose involved two prob-
lems, namely, securing complete relaxation of the subject, as well as
continuous recording of the changes in galvanametric deflections. The
subject was; accordingly, urged to assime at the cutset, as ecanforiadle
a pesition as possible and %0 remain in that positionm until the end of
the rest period. If at any time hs experienced discamfort, he was to

shift easily with as little effort as p,ossible. He was, furthermore,

4 to relax as cconpletely mentally as possible

e

=2
n

s closed a

n

to keep his ev

in fact, to fall asleep if he cculd.

+3

he expsrimenisr in the meantims, zftsr sstablishing init

sistance, noted the mament by mament delfectioms in millimeters on the
transiucent scale. It was a tedicus procedure, reguiring constant ai-
tention to ths wanderings of the indicator. Also all of the subject’s

overt movements which parslleled sudden fluctuations in deflection were

recorded,
Continuocus Work Period - In addition Yo the detailis given on

page 46 for this period, it should be emphasized that minute by minute
changes in galvanaetric deflections wers noted by the experimenter. 1In
the same menner also were recorded all of the subject's overt movements
and the simultanecusly occurring sudden fluctuations in deflection.

fest FPericd - The tecunique for mament by mauent notati
changes in galvancxnetric deflections was the same as in the foregoing.
Ths rest conditions of the preliminary relaxation period were also re-
peated. For the remaining details of procedure see page 47 .

Work after Rest - The minute by minute recording of galvancmet-

ric deflections continued during this period. See page 47 for additional
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details of procedure of work after rest.

Raw Perfomance Scores - The individual ecards described in the

foregoing ssction of procedurs were alsd prepared for this group.

Record of Resistance Changes - Fraum the galvsnometer scale cal-
itrations shown in Table IV  on page 157 of Appendix B, the moment by
manent resistance changes in omms during work and during rest were as-
certained. The olmic equivalents psr millimete:g”deflec’cion for distances
On the sSeéale ranging frox I mm. to sixty mm. are given in the table. Af-

ter converting =211 millimeter changes into ohmic changes, four curves

were plotted for each of the subjects for wham these measuras hed been
secured. On the ordinates of the zraphs, changes per 1000 omms resise
tance were represented and on the sbscissz successive units of time (in
minutes). A curve was plotted on such a graph for each subject for the
fifteen minutes of preliminary relaexation, for the thirty minutes of con-
tinuous work, for the variable rest pericds, and for the five minutes
after rest. Group curves for the foregoing four periods for each of the

conditions were also prepared fram summary tables.

Results

The results of ths experimental procedure which 4id not include
measurement of concurrent skin resistance changes will bte discussed first
as Experiment I. The results of the measurement of skin resistance chan-

ges will be idéntified in later discussion as Experiment II.
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Experiment I

This expsriment was concermed with messuring the objeciive and
subjective aspects of recovery. The three objsctive recovery coritsria
used were incremsnis in number of problems campleted and number worked
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each of the objective criteria and for subjective fesling-tone changes.
The regression line of best fit was obtained for problems campleted.
Sane significant general observations can be obtained by careiul.

examination of the curves of work for the six conditions. See Figures

3

Iz, Ib, Ic, 14, Ie, and If, For the mest part the
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minutes of continuousg work are characterized by an initial riss. during

the first thres or four minutes, followed by a decrement, and then a grad-

to expectancy for a partially practiced task.  The total fatigue effect,
or decrement, has apvarently been masked by practice effect. In fact,
the higher level of performmance during the work period efter each of the
variable rest periocds and during work the next deay demonsirates that there
mst have been a concealsd fatigue effect at the end of the centinuous work
period. Also, tke fact that the level of performance after each rest per-
jod is lower than that of the next dsy, may be taken as evidence that less
recovery from fatigue occurred after each of the six rest periods than af-
ter a day's rest.

The changes in performance level shown by the curves are well
supported by the data in. Table II, which gives the average number of prob-

lems worked per minute before rest, after rest, and the next day. In
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general, the last five minutes of continuous work shows improvemsnt over
the first five minutss. This would seem to indicate, on the surface,
a practice effeect rather than a fatigue effect, But the increase in
verformance level immediately after rest over that immedistely before
rest, suggests 2 gain of lost efficiency. This lost efficisncy must
have been masked by the practice effect at the and of the conitinuous

work period.
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Canputation of recovery percent

canparison of the performance scores made during three five-minute work

ot

pericds, that ig, the pericds immedistely preceding rest, immediately
following rest, and ths next day. The criteria of the efficiency of per-
fomance used have already besn polnied sut. In Table III the marked
changes in aversge performance fran one to the other of these five-
minute periods are cleai'ly brought out. The data in the table demonstrate
unequivocally objective recovery for each of the six conditions. The re-
1iability of the differences in the performance levelis of the three five-
minute work periods is shown by the critical ratios in Table IV for prob-
lems completed,and in Table VII of Appendix A for problems worked cor-
reetly. From the magnitude of these ratios, we may conclude that the
differences are statistically significant.
Results up O this point bhage simply dem
amounts of recovery after each of the six rest periods. There remain
for consideration, therefore: First, the percentage of total recovery
oceurring after each of the six rest periods, for each of the three ob-

jective criteria; second, the graphical representation of the relation-

ship betwesn these ratios and their respective minutes of rest; third,
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the regression line of best fit for problems canpleted; and fourth, the
curve of recovery for subjective feeling-tone. The regression line of
best £it was limited to problems canpleted because the empirical curves
for problems worked correctly end for blocking are similar to that for
problams caupleted.

In Tables VI, VII, VIII, IX, X, and XI are found the recovery

ratics for each subject for each of the six conditions. These ratios

oaven
T NP W

fhe formula Sg - S1, values obtained fram the actual observations. Da-
S3 - S1 ’
%ails for the derivation of the foEmila were gliven und

T ths caption
"Preliminary procedurs®.

Tables VIII, IX, X, XI, XII, and XIII found in Appendix A present
similar data for problems worked correctly. The facts for blocking are
presented in Table V.,

The mean of the individual recovery retios for problems caupleted
and problems worked correctly yielded group ratios for each of the six
conditions.

The recovery ratios for the three ocutput criteria are summarized
in Table XII, page . The graphical representation of the relationship
between these ratios and minutes of rest is found in the curves of Eigures
2a, 2b, and 2¢. It will be seen that the general form of the three curves
is quite similar. There is a tendency toward negative acceleration up to
the seven-minute rest period, followed by a decided drop for the ten-minute
period and another much less marked 4rop for the tweniy-minute period. The
facts demonstrate, further, that there is an optimum rest periocd of seven

minutes and that the gain in efficiency was much greater for two and
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three-minute rest periods tham for the ten and twenty-minute periods.
The gains in efficiency shown in Table XII for problems canpleted and
problems worked correctly were of a higher order then those in terms of
blocking. Let it be emphasized that "rest period" in this investigation
must be ldentified with a relative minimum reacti#ity level as judged
and assumed by each subject. In other words,the subject was instructed
to relax cauplsetely.

To meke sure that the empirically derived changes in recovary
ratios were in the main a function of changes in minutes of rest rather
than a2 funection of extranecus factors; Fisher's test of the existence
of corrslation was applied. The method consists essentially in compar-
jng ths sum of ths squarss of ths deviatvicns of
+tions fran the meané of their arrays and that of the means of the arrays
fran the general mean. In brief, it consists of the camparison of the
mean varlance within arrsys and that between arrﬁys. If these variances
ars egual, the correlation betwsen the variates in question is zero.

On the other hend, the significence of any discovered difference betwean
the variances is dependent upon its "z" value,

The reader is referred 40 Appendix C for the computations rela-
tive %o the "Test of Existen;:e of Correlation' and the determination of
ines of best £it". On pege 161 the value of "z will be
found to be 0.99468 which according to Fischex's "z" table pemitied us
$t0 conclude that the hypothesis of correlation between recovery ratios
end minuies of rest is tenrable.

Since the relationship between the recovery ratios and minutes

of rest was found t0 be statistically significant, the regressiocn line
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of best fit was sought. Thet is to say, the curve ordinatss to be rep-
resented on the graph used for plotting the theoretical curve of best
it had to be calculated. As seen from Appendix C, this was a more or
less irial and error process. Neither the first degree equation nor tha
seccond dsgree squation ssemed adeguate for the expressich of the law of
relationship between ratio of refovery and minutes of rest. However, the

third degres equation, sxpressed below, seemed to suffice for the state~-

each of thsse equations ars presented. The correspondence between the
empirical values and the third degrese eguation values is quite marked.

In Figure 3, the three regression lines are plotted. Here the close fit
of the third degree curve to the empirical data is emphaesized. This is
true up to ten minutes of rest, at least. It is unfortunate that no ob-
servetions were made for rest periods between ten minutes and twenty.

But breaking up this interval at the outset of experimentation seemed
unessential in view of this investigator's expectation of a simple neg-
atively accelerated curve of recovery, with the curve after the twenty-
minute point tending t0 became asymtotic to the initial unfatigued level,
Without observations for rest periods betweer ten minutes and TWSHIF
minutes, the direction of the curve between these iwo intervals cannot
be determined. That is to say, the form of the curve depends upon the
distribution of the observations for rest pericds spaced at varying inter-

vals between these points.

As has been point&d out, the optimal empirically determmined rest
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period was found to be seven minutes. Reference to Figure 3 and P page
170 of Appendix C shows the mathematically detemined maximum point of the
third degree equation to be six minutes. The minimum point indicsted at
16.25 minutes is purely theoretical. Its l@eation is not supported by
experimental data., Such data mey change its position radically. TFor
example, it is possible that the minimum would be found to lie at twenty-

five minutes. In general, then, the only tenable conclusion fram the re-

sanewhere efter ten minutes and before twenty-four hours.

The recovery feets for subjective feelins-tone ere presented in
Table XIV. For meking convenient campariscn with cutrut ratios, recovery
percentages for provlems campletsd are imeluded in the tavle. The graph-
icsl representation of the relationship between the feeling-tone ratios
end minutes of rest is shown in Figure 4.

Both the data of Table XIV and the curve, Figure 4, indicate pro-
gressive improvement in feeling-itope with increase in rest up to seven
minutes. Seven minutes is shown as the optimum rest period. The minimum
increment occurred after a ten-minmute rest. An actusl decrement of thir-
ty per cent in desire to resume work was observed after twenty minutes of
rest. A resemblance in general formm through ten minutes of rest (see

——
<

L s [2) T S
& AEUL ~ o z

5 2 and 4) will
recovery curves. After twenty minutes of rest, on the other hand, an
increment of 42 per cent in output is contrested with a decrement of 20
ver cent in feeling-tone. Seven minutes of rest was shown by both curves
as the optimum rest period.

Surmery Statement -~ In general, the evidence reviewed tlus far
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demonstrated an optimal rest period of seven minutes, with a greater
gain in efficiency after three and five minutes of rest than after ten
.and twenty minutes. This is true for both the objective and subjective
asrects of recovery. Furthemore., the third degree regression equation
was found to suffice ss a mathematical statement of the relationship be-
tween recovery ratios and minutes of rest. The maximal point of the
equation and consequently of the sinusoidal curve was determined as six

minutes, and the minimal point as 16.25 minutes.

This experiment is comcernsd with the study of ths skin resis-
tance changaes that operated concamitantly with cheanges in mental funec-
tion. It will bs recslled $habt skin resistance changes were intended o
reflect changes in organic state, the third aspect of the study of re-~
covery fram mental fatigue. The chief points for comsideration included:
First, the manner in which chenges in mental function were reflected by
the skin resistance changes; and second, the relationship, if any, which
exists between skin resistance changes during post-work rest periods and
inerement in cutput and subjective feeling-tone after rest.

As was pointed out in the foregoing section, a mcment by manent
record of skin resistance changes was kept for eight subjects in each
condition during fifteen minutes of preliminary rest, during thirty min-
utes of continuous work, duriﬁg rest immediately after this work and dur-
ing the five minutes ¢f work the next day. Both individual and group

ecurves were plotted from these comtinucus records, in an attempt to

show the relatvionship which exists bstween progressive changes in skin
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resistance and successive units of time. The curves for two subjects of
each condition are reproduced in Figures 5b through 10c. See Appendix A.
Group curves for sach condition were based on averages of the eight individual

scores, See Figures Sa through 10a for the six group cruves,

Skin Resistance Changes and Changes in Mental Function

Characteristices of the Curves of Rest - Dxamination of all the

skin resistance curves shown in Figures 5a through 10a reveals s strik-
ing contrast betwsen the curves of relaxation and the curves for woznk.

This is squally true for the curves of ths individual sudjects and for

the group curves. It is also just as true for the post-work curves of

rest as for the pre-work curves.

Certain of the more general characteristics of all of these
curves Of rest include: First, a progressive increase in resistance
with the passsge of time; gsecond, = tendency towerd negative scceler-
tion; and third, a smoothness and regulsarity, which is interrupted by
sudden fluctuations only in a few exceptional cases. In Richter's
terms, the curves may be said to represent prolonged variations in re-
sistance interrupted in relatively few cases by sudden transitory chan-

org, =a

oaqa . e +tn him aa wall sa 0 gome other 3 ‘ neor
g3+ & ing 0 [km, 2SS WelL gag Lo some 0LAer inv pE=4 ;, 8mong

the correlates of the sudden, trensitory chahges are, voluntary movement
of the skeletal musculature, clearing the throat, deep breathing, sighb-
ing, coughing, emotional stimuli, and blocking in camprehension,

Because of the nature of the relaxstion period during the pres-

ent investigation, the foregoing patterns of behavior were infrequent.
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It will be recalled that the subjects were instructed to relsx canplete-—
ly, both physically and mentally, during both the pre-work and post-
work rest periods. They sat in a camfortable chair with syes closed and
were urged to go to sleep if possible, They were to change the original
position only in case of discamfort. That is to say, it was strongl
impressed on all subjects that rest meant "relatively minimwm reactivity
level". But the experimenter's record of changes in observed behavior,
cencurrent with sudden galvanic deflections, carried notations like the
following: ™lifted head, crossed leg, sighed, took a deep breath, noise
in hall, noon factory whistls, was restless, couldn't relax, admittedly
reminiscing®. Thus, in spite of the most diligent effort, some few in-~
rrad in $hs
more remote enviromment.

General Characteristics of Resistance Curves of Work - The out-

standing point of contrast of the work curves with the rest curves is
their extreme irregularity. The prelonged variation in resistance is
interrupted repeatedly by sudden transitory deflecticns.

With the exception of an initial raepid rise in resistance cc-
curring during the first three 1o five minutes of work, the resistance
work curves are not unifom in shape. Seventy-five per cent of the in-

IV and VX

ITT7,
may be charscterized as follows: an initial rapid rise during the

first three to five minutes followed by a more gradual incresse in re-
sistance to between the eighteenth and twenty-third minutes, and then
a gradual decline. The curve for Condition II deviates from this gen-

eral pattern only after the twenty-second minute, with a continued rise
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instead of a fall. After the initial rise, the curve for Condition V,
however, declines gradualiy to the end of the work period. Exasminstion

of the éight individual curves for this condition reveals a radical de~
cline after initial resistance for curve 9f and a more gradual decline

for curve 9b. DBecause of the small number of cases, the group aversgs

was unduly affected by the redical changes represented by these two curves.

Resistance levels for Curves of Rast versus Curves of Work - All

pre=work rest curves sttain levels of relatively high resistance. i/ith
the exception of the two-minute period, the same is true, in general, of
rost-work rest curves, In sherp contrsst to the high resistance of the
relaxation pericds are the relatively low resistance levels demonstrated
by the curves of work. Thsese observations axr
Tables XV and XVI. Table XV presents the range in initial and final re-
sistance levels for the preliminary rest periods of each of the six con-
ditions. In Table XVI are found the rsnge in resistance for the lowest
end highest points of the six continuous work pericds. These findings
are confimed by the researches of Richter and Darrow. Both investiga-
tors associate conditions approximating relaxation and sleep with very
high resistance. On the other hand, according to Darrow paerticularly,
the more apprehensive and attentive a person is, the lower the level of
palmar skin resisiancs.

Summary Statement - In sunmary, let it be emphasized that the

state of relatively minimum reactivity level was reflected in curves
showing a progressive inerease in resistance with sucecessive units of
time. The curves presented, also, prolonged variations in resistance

with few sudden transitory chemges. They attained in addition very high
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TABLE XV
RANGE IN INITIAL AND FINAL RESISTANCE LEVELS FCR THE PRELIMINARY

REST PERIOD FOR EACH OF THE SIX CONDITIONS

e .

Condition Range in Olms Range in Ohms

in Initial Isvel in Final lewsl
I - 2 Minutes 7900 - 16500 10855 -~ 29025
IT - 3 Minutes 8600 - 14900 9360 - 30550
IIT = © Minutes 8800 - 25200 8075 = 31170
IV - 7 Minutes 8500 - 25900 12660 - 59100
V - 10 Minutes 8100 - 14800 11800 - 31900
Vi - 20 Minutes 8900 - 35900 §900 - 47560
TABLE XVI

'RANGE IN RESISTANCE LEVELS AT LOWEST AND HIGHEST POINTS OF

CONTINUCUS WORK PERIOD FOR EACH OF THE SIX CONDITIOHNS

Conditicm Bo:;sgui’gemt Hi\eé?e gz rf': int

I - 2 Minutes 7900 - 10600 9490 - 13750
II - 3 Minutes 8600 -~ 11900 10880 - 17300
ITT - 5 Minutes 5600 - 12900 8090 - 20380
IV - 7 Minutes 8900 - 20900 10000 -~ 29000
¥V - 10:Minutes 5850 - 1i0700 8285 - 15070
VI - 20 Minutes 8080 -~ 15500 9380 ~ 13840
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levels of resistance.

In sharp contrast, continuous work performance was reflected by
curves representing relstively low resistance levels and characisrized
by numercus suddsn galvanic dsflsciticus.

nr,

Resistance Work Curves versus Outout Work Curves - It will be

recalled that in general the curves of skin resistance changes during
continuous mental work showed an initial repid rise up to the fourth or
8. 1D CAADAT-
ison, the output curve for continuous work was characterized, in the mein,
Ty an eariy vise duvring the first three or four minutes, followed by a
shallow depression. Beginning betwesen the fourteenth and twentieth
minute, a gradual increment in ocutput continues to the end of tbs curve.
Before attempting to reconcile the spurt in the outvut curve with
that in the resistsnce curve, attention is directed to Table XVII. The
facts in the table indicate that a drop in resistance ranging fram 7500
to 13000 omlms occurred during the shift from rest o working conditions.
fo begin the task, it was obviocusly negessary for the subjects to change
from a resting to & working position. ihile the shift in positicn was
being made, the incentive was also repeated. Thus, the changing beha-
“vior pattern involved no% only sudder bodily movements, but alsc in-
creased alertness, apprehension, and anxiety. Schubert reports for phy-
sical exercise, that the greatest -part of the oxygen debt is accumulated
in transition from rest to working condition. Schaeffer found drops in
resistance accompanying movements and, according to Darrow, ths more
apprehensive and attentive a 'person is, the lower his palmar resistance.

The early rise in the ocutput curve suggests persistence of
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increased alertness. Among the explanations offered for early rise in
output are those given in terms of motivation, essumption of too rapid
a working pace and a high degree of initial concentrztion of sttention.
According to Fresman, sffort to work abovs ths congenial pace is accam-
panisd by increased performance and decreased palmar resistance, 45 has
been stated, according to Darrow, increase in apprehension and attention
are associated with decrease in the level of palmar resistance. Yet, de-
spits ths sxpesctation of a drop in Tesis
tinuocus work, a sufficient rise, due to other causes occurred to obscure
this expected Arope.

Attention has already been called to the marked loss in resistance
reflected by the gross bodily movements and increased alertness involved
in the shift fram rest tc work. Evidence for persistence of the increased
alertness after beginning work wes also given, but no mention of the resis-
tance recovery curve from the gross bedily movements has teen made. While
the amplitude znd duration of this recovery curve cannot be supported by
quantitative facts fram this investigation, that it will show a rise in
resistence mey te safely assumed. Freemen end Simpson, who had subjects
meke a quick thrust on levers {scale value 100) followed by a quick re-
lezse, found a 5000 omm drop. They stated furiber that the recovery
curve for the palmer response was regular and tended tc return withi
four minutes to the level established prior to the quick thrust.

It seems +that mere occurrence of initial rise in the resistance
work curve may be safely attributed to recovery from the gross bodily
movements descrited. But the faet that the amplitude of the initial

rise {average 1700 omms) was so small should be considered as detemmined
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by ths counter effect of thes apprehension and alertness czused by the men-
tal work.

Following the progress of the two sets of curves, there will be

o
~
-0

observed, an apparent Increase in resistance as mental work efficiency de-
crsaées, Thig pattern follows the initisl rise and continnes to s point
between the fourteenth and eighteenth minute depending upon the condition
concerned. A decrease in subjective feeling-tone parslleled the decrease
in outvut end increase in resistance. In general then, s positive rela-
tionship between the three aspects of fatigue was suggested by the fore-
going three tendencies. It will be remembered that, during the relaxa-
tion pericd, a progressive decrease in general reactivity was reflected
by & progressive imcreass in résistancs. In thils porticn of the work
curve, a relatively lower reactivity (decrement im output) is reflected
by increesed resistance and a decrease in the feeling of Titness for work.
Eee Table XVIII). In line with the foregoing skin resistsnce trend, the
reports of Darrovg, end Darrow and Freeman suggest that the different skim
arees represent iargely differences in the ease of excitation, with the
paln becaning more active first amd dropping toward its limit of physio-
logical reactivity as the non-palmar aereas become increasingly Tresponsive.

The jincrease in prolonged resistance was punctuated by numercus

RS N [ I Ve —~~— tonwlo ymirmniro ACIMON e
B (YR v Vs a  w pOR-S 800 AR

deep fiuctuations. For many o
tary reads: "sguirmed, moved closer to board, punched violently, crossed
legs, placed hand on heed, muttered, camented, etc.” In fact, the ob-
servable bshavior of most subjects presented a continucus repetition of
In addition, meny blocks in camprehension also occurred

such movemnents.

practically simultanecusly with the deep fluctuatiocns. These fluctuations
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in the galvanic curve must be in some wey related to the processes Oc-
curring during the mentel work performance because they were not con-
sistently present in sithsr the pre-work or post-work rest curves. The
lsast that can be said sbout these Flucituations is that they indicate =
relatively higher general reactivity lsvel than was manifested during
Trest. The blocks, according to Bills, are canpensatory mechanisms. Ie
maintains thet, they represent a period of lowered activity capacityb
which recurs av frequent intervals and serves s recuperative functicn,
Returning sgein to the camparison of the two sets of curves, it
will be observed that the increment in ocutTut during the last fiftesn to
nineteen minutes of the continuous work curve is accanpenied by a drop in
the resistance curve. The declining trend of the resistance curves is
punctuated by the deep fluctuations accompanied by postural shifts. Al-
though the decrease in subjective feeling-tone continues, this decrease
is only SO per cent of that of the preceding period. In view of the de-
clining resistence, this appears to be the picture of a more alert, ac-
tive organism than that described in the previcus part of the continuocus
work pericd. But external stimulaticn has been constant, no augmentation
has teken place. There is a possibility that the change in stimlus
strength was a function of the internmal stimuli suggested by Dodge. A
number of possibilities in this catsgory suggest themselves. The organ-
ism under a constant campetitive set or a set fo maintain a certein
ideal of efficiency, was spurred to extra effort by awareness of the pre-
ceding deficiency. Or the subject may have been goaded on by the hope of
the ten~dollar reward, by stubbormness, or by dislike for failure. A&Again,

the Teeling of success, of confidence, Gue to the familiarity of the now

EEL
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practiced task may have had a facilitstive effect. But Dodge emphasizes
the fact that renewed cqnmé.nd of the motor apparatus or the change in
attitude toward the work anrd any othér internal reinforcements are com-
rensatory mechanisms for real fetizue. Ancther word of caution must be
scunded at this point. The reinforcement suggested by the foregoing
stimuli appears to be, according to Freeman, chiefly autamatic. He says,

"Subjects do not usually sttempt tc reinforce by any voluntary comtrac-

Rslaticnship between Recovery in Skiu Resistance and Shjective

and Subjective Recovery - It will be recalled that up to this point in

the experimentel i)rocedure, all influencing fzctors were held constent
Tor the six groups. It was not until the temminsticn of the contimuaus
work period that the manipulated variable was introduced. Each group of
subjects was accordingly allowed a rest period of a different length.
Let it be emphasized zgain, that rest in this investigation implies re~
laxation of the musculature and inhibition of 8ll mentel activity as far
as possible. Subjects sat camfortably with eyes closed snd were urged
to fall asleep.

Exemination of the post-work recovery curves reveals a disap-
pearance of the pattern so praninent at the end of the continucus work
period. The lowered resistance and the deep fluctuations have been re-
placed by a rising resistance free, in general, of sudden transitory
changes.

Quantitative gains in resigtance level for each of the sight

subjects under the six conditions have been represented in Tables LIX
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through XXIV. The facts in the tables and the shape of the curve reveal
a positive relationship between increase in resistence and the passage
of time., This relationship is shown graphically in the curve in Figure
2d.

Summary Statement - For convenient comparison, the recovery ra-

tios for the three aspects of recovery from mental fatigue were brought

together in Table XXV. The facts in the table show a negatively accel-

=%
I=h

of

[¢4]

or all aspect B
tigue, Fram this point on, there is shown negative relaticnship between
skin resistance changes and perfonrance changes. For example, after
twenty minutes of rest the percentage of incxeaseAin skin resistance is
approximately twice that after the ten minute reét. Tor objective re-~
covery, the twenty minute recovery ratic is less than the ten minute
ratic. That is tc say, whereas a certain degree of relexation facil-
itates subsequent perfcmmance, tco high a degres inhibits performance.
Freeman found an optimal amount of muscular tension for facilitatiorn of
performance. More or less than this amount haed a detrimental effect.
Reference to Table XXV reveals that, from seven minutes on, ob-
jective and subjective reccvery cease to be interdependent. A decline
fran 84 per cent to 53 per cent in the objective rate for the ten min-
ute period was shown in camperison with & drop from 80 per cent to 6
ver cent in subjective rate. In addition, a decline in the objective
rate fram 84 per cent to 42 per cent for the twenty minute period is
contrasted with a decline from 80 pver cent to a minus 30 per cent in
the subjective rate. That is to say, for the first seven minutes, the

resting worker®s atiitude toward the resumprtion of work is Tavorable.
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After a rest of ten minutes or more, the desire for work has prectieally

left him entirely. By the end of twenty minutes, sane subjects sven ex-

Pressed distaste for resumption of the task,

Sumary and Conclusions

The recovery effects of variable rest intervals which are pre-

sented in outline fomm below, it must be emphasized, were functions of

relatively complete physical and mental relaxation, following thirty

mirutes of continuocus worke.

1.

4.

The form of the recovery curve for the three
criteria of objective fatigue, namely, problams
camplsted, prodlams worked correctly and number
of blocks was sinusoidal in character. That is
to say, the third degree regression egquetion
provided the line of best fit. The optimal
rest period, as imdicated by the empirlcal curve,
oceurred after seven mirutes of rest, with less
efficiency shovm after ten and twenty minutes
than after three and five. Determination of the
course of recovery between the ten and twenbty-
minute rest intervels is suggested as a supple-
mentary study.

The recovery curve for subjective feeling-tcne
follows the seme general patterm as that for ob-
jective output. Lowever, the drop after seven
minutes, which again is the optimal rest period,
is more pronocunced for the former than for the
lstter curve.

ATter seven minutes of rest, the recovery curve
for skin resistance coatirues to rise in con-
trast with the drop of the curves for the other
twe aspects of fatigue.

The foregoing findings suggest the conclusion
that a certain degree of relaxation facilitates
subsequent performance, whereas, too high a de-
gree inhibits performsnce.

Among the problems related to these findings suggested for
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future research are: First, the recovery effects of rest periods spent
in free conversation, partaking of refreshments, moving about, reading,
etc.; second, the detemmination of the recovery curve for verying typss
of imposed tasks; eand third, the detemination of ths form of the curve

of recovery for tasks of varving lengths.

Discussion and Interpretation

It was pointed out in the foregeing, that the sinusoidal curvs,
or graphical representation of the third degree regression eguation , was
demonstrated to be an gdequate fit for the empirically derived curve of

objective recovery. TIor tie empirical curve, = sharp rise, at a nega-
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timal recovery pericd at seven minutss
is folicwed by & decline, ef fen and twenty minutes, The course of reli-
ative changes in skin resistance levels follows the same gerneral patiern
up to seven minutes only. Fram this point cn, the curve continues to
rise in contrast with the drop of the output curve.

The results of this lauvestigation are interpretsd accoxrting %o
Darrow's theory éha’c the changes in skin conductance indicate correspond-
ing changes in bodily tension. In recent reviews of the literature, Dar-
row has suggested "that the incresesed palmar sweating observed to follow
extirpation of the pre-motor cortex may not be so much a direct release
of autonomie centers from inhibitory restraints, as a secondary result
from stimulation of these centers by heightened impulses from released

centers of tonic postural control". Ie then sets forth the hypothesis

that impulses to the sweat glands fall into three general classes:
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(2) those with paresympathetic effects; (b) those with sympatketic ef-
fects; and (c) those which represent s combination in varying propor-
tion of types a and b, He further staites that the parasympathetic ef-
fects and the sympsthetic sffects appareniliy do not neutrelize one an-
otrer as is the case of other autonomic structures. He concludes, thkan,
that such a fact would "possibly account for the unigue significance of
palmar sweating as an index of general preparatory and facilitative bod-
ily processes"., Freeman provides results which lend suppert to this gen-
eral position and which suggest that, ™under careful experimental con-
trols, the palmar skin resistance may be used t0 measure the degree of
general arcusal of the autconomic-postural substrate". More specifically,
he found that the palmar changes tend to vary directly with changes in
muscular tension. That is tc say, resistance decreased with increasing
tension and increased with decreasing tension. In en earlier experiment,
Freeman provides evidence from which he concludes that variability in per-
formance, restlessness and tonus increase with the duration of work.
High variability and increased neurc-muscular activity characterize the
initiation of poorly adapted performance. Freeman relates his results
to the laws of relative fatigue which include: "First, the relative
loss of control of the directive set over the behevior flux; and second,
the reinforcement probably active to balance the competition of incaom-
vatible reaction tendencies™. The importance of reinforcement is stressed.
The rise of all post-work resistance recovery curves, obtained
in this investigetion suggests, accordingly, gradual release from the rel-
atively high degree of neuro-muscular activity and apprehension prevailing

at the end of the continuous work period. The deep fluctuations which
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punctuated the general course of the curve of continuocus work and whieh
occurred simultanecusly with changes in postural shifts were also abssnt,
Their absence lends confirmation to ths hypothesis that such relsase is
occurring,

To the extent that incressing resistancs reflects decreasing ten-
sion, there appears to be an optimal tension which results in maximal out-
rat. This stage apparently occurrsd after seven minutes of rest in the
rresent investisation, f’urthar decrease in itension which occcurred with
longer pericds.of rest resulted in dscreased efficiency. For eXzmple,
the psr cent of manifested recovery was less after ten and twentv min-
utes of rest than after seven minuiss.

Freeman and Stauffacher have demomstrated the relationship be-~
tveen optimal tension and maximal output., Freemen offers a rather Dlais-~
ible explanation of the way in which muscular tonus operates in producing
an effect upon the mental procssses. He assumes that cortical centers
involved in mental work have high thresholds. When these thresholds are
lowered, the centers will react to stimuli which would otherwise be in-
adequate. This is accomplished by the spread of proprioceptive impulsss
which travel 1o the cortex fram lower centers, especislly those involved
in museular contraciion. If this proprioceptive stimulation falls below
a minimum level, cortical neurones become incapable of adequate response.
Above a certain maximum, tension becames an inhibitor of precise neural
integration. The facilitative effect is only within limits. The inhib-
itory effects of tension are of two kinds: {a) decreased efficiency with
decreased tension; and (b) decreased efficiency with increased temsion.

The form of the subjsctive recovery curve indicates an opiimal
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point in readiness to resume the task after a prolonged rest. This al-
so occurs after sevsn minutes of rest. Fram this point on, there is a
drop in readinsss.

Graf reported that the worker?!s willinguness {0 resums work uu-
dsrgees a series of chenges during the rest pericd. He found the work-
er's attitude was favorable for the first five or ten minutes. Then

there was a decline in readiness followed by an ultimate rise.

“pest-seti?. Apparenily, the release from ‘the excessive strains
the end of the work periocd is welcaned by the worker. The interruption
of the "work-set"™ is accevtable up to the point when inception of vol-
untary effort will not be painful. The postural substrate of the “work-
set" may bave declined to its optimum tension by this time. Gradual con-
$inucus lowering of these tensions weakens the traces of the "work-set" amnd
strengthens the "rest-set™. As the "work-set" tensions became lower, in-
ception of voluntary effort becames more unpleasant to the worker. In
this investigation the worker's distaste for the resumption of the task
apparently increased more rapidly than the twork-set™ tensions decreased.
It must be emphasized that the foregeing interpretation is inten-
ded only for rest periods spent in relatively canplete relaxation. Toe
wyork-set® residua might have had a different influence on the rest pause
effects if free conversation, reading, moving about, smoking, snd partak-
ing of refresikments had been introduced. Such changes in occupation might
have provided freedom from the restiraint jmposed upon the organism during

complete relaxation. Resistance +o such restraint as was imposed by the
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instructions given in this experiment may not only have had an inhibitory
effect upon performance for the longer periods of rest, but may have re-
tarded recovery during the shorter pericds., FHere is a problem for fu-

ture research,
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INSTRUCTICNS TO THE SUBJECT

Our task consists of a group of analogies (see sample attached).

You will notice the first character in each problem is to the second in

sane manner as the third is to one of four others in the same manmner.
This is vour first problem 3 Y1 & . What changes have been

made in the first character to get the second? It has been rotated

90 degrees clockwise in the plane of the paper and the center bar has

boon moved cutside. Now, if you rotate the Third character S0 degrees

clockwise and move the center bar cutside which of *the following four

characters will you have mades m —3 t— 77 ? The first is correct,
that is to say, 3 is ol as E is b0 T .

+hs sscond problem F3r , in order to get the second

K

gcharacter, the firss character has besen rotated 180 degress in the plang

of the paper, and an end dar has been added. If you meke ths ssme itwo
changes in the third charascter, which of the four responses aF v

will be corrsct? The first is right.

In the third problem T ghe second character is obteined

by rotating the first character about its long bar and moving the center

bar inside. Which will be the correct response 3 =4 ‘1 s if you
make the seme two changes in the third charscter? The third is right.
Oh this bosrd there are more problems of the foregoing type.

With the stylus punch the correct answer for each problem. Work fram

the top to the bottam of each of the three vertical columns of prob-

lems.

fork as fast as you can consistent with accuracy. The
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efficiency of yoar work will bs determined in tems of speed and accur-

ac; e
YU ARE TO WORK UNTIL I TELL YQU T0 STOP.
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INSTRUCTICONS FOR USING THE FEELING TONE SCAIE

On each of these four cards is drawn a feelins tone scalae. That

is 4o say, the line on the card represents the varying degrees of “feel-

ing for work™ which it is possible for you to experience during the

worlk

orking period which you will begin in a few moments

ou will begin
ths line is graduated to show different degrees of change as they oceur.
As you know, judgment as to how we feel during this given work

o PR PRy P, " - oo -~ - = =
vericd is dependent on how these "feelings Toxr work" campare with fssl-

ings during work veriods in the past. That is the reason the last point

on the scale is described as "feeling worse at the end of this task than

I have at the end of any task I have ever done¥.

Then,. too, at differsnt timess you fesl moOrs like begimning work

b

than you 40 at others. So

NAS <

vyou fasl more like working gt this fask

than sny other you've ever trisd you select card No. 1. If you feel

more like working on this task than you usually do, select card Nec. 2.

If you feel just about as much like working as usual, select card No. 3.

If you feel less like working than usual, select card No. 4.

Individuals selecting card No. 1 who also find it necessary 1o
check the zero point on the scale at-the end of the work pericd will

have experienced a much greater change in feelings for work than those

with card No. 4 who check the zero.

Now for the marking of the card. I will check the card accord-

ing to your instructions. Selection of card No. 1 is the seme as check-

ing point 10 at the beginning of the task. Selection of card No. 2 is

the ssme as checking point 8.
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At certain intervals during the work pericd you will hear me

say, "feeling", The mamert you hear the word "feeling" you will neme

+he number on the scsle which you wish me ©¢ check. IV wili be the num-

ter which best describes your feeling for woik at the mament. If your

feeling for woric has not changed since the previocus check-up, the same

number will again be checked. If your feeling for work has changed,

the mmber you tell me to check will again indicate how far from the

beginning feelineg and frae the ending fesling your vresent feeling 1is.
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APFENDIX B

A STUDY OrF THE VECHESLER TPSYCECGALVANOGRAFL
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A STUDY OF THE WECHSLER PSYCHCGALVANOGRAPH

Introductory Statement - Camparison of the wiring dlagrams of

the Darrow "Behavior Resistance Box" snd the "Wechsler Psychogalvanco-
graph" prompted experimental investigation of the latter. See page

~aP Pha avenawimand rrea
S L4 ~ v = b W o

ha dnbires of thasge disgrems.

n
AP e Ul Ay marans B

Approaches to the Problem - Two different approachss to the

problem were used, the "gonstant sensitivity plan" and the "constant
calibration plan™. The former consistsd in sstablishing emplrlcally

that sensitivity for a series of workable basic resistanceswhich would

allow scale differentiations pver 1000 olm change fram initial resistance

that were not too crude. Scale deflections mmst at the same time be

(a

aolae

Xept small sncugh 0 preveant the imdicater from jumping off the

A -

\coording 0 the "oonstant celibration pien™ a uniform seale deflectiom
— -

per 1000 obm chasnge from initial resistance would be established for
all subjects regardless of their basic resistance.

Results of the Constant Sensitivity Plen - As an aid to the in-

tervrevation of the statement of resulis, let it be understeod, thet,
for reliable calibration, at a given sensitivity, the mm, dsflection on
the galvenomster scale, per 1000 omms, should vary in true inverse pro-
portion to the magnitude of the resistance. This is the condition when
the intensity of the current in the circuit is held constant. Evidence
that this did not occur during this preliminary investigation can be hed
by referring to Table I. A resistance box was used in the circuit to

obtain the data for the tabls. The table reveals, for example, a de-

flection of 2 mm. per 1000 olms fram a 40000 okm basic resistance and
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TABIE I

DEFLECTIONS ON GALVANCOMETER SCALE IN MILLIMETERS

POR CHANGES AS SEOWN

(RESTSTANCE BOX USED FOR SUBJECT)

Base Re- Balence Changes in Resistance Box in Chms
sistence on ~ Sensi- | .
Olms Scale Tivity | 100 500 1000 2000 S000
18,0 2 & o0 18,30 43,0 .. Tl
6000 i6.0 4 6.00 33.0 Q.S
16.0 & 9,00 40,0 0.5,
16 .0 ) 1.25 { 8.0 18.0 42.0 0.5
4] 15.0 4 2.75 20.0 0.S. 0.S.
15.0 5 6.0 23.0 CeSe
16,0 2 0.5 2e95 . B8 23,0 33.0
10000 17.5 4 2.0 15.0 28.0 Q.S.
19.0 6 Y 15 .0 40,0 Lode
16.0 2 0.5 2.5 4.0 8.0 13.0
18CC0 7.0 4 1.8 8.0 iz.C 27 .0 4%.0
18.0 8 2.0 12.0 24,0 0.5.
16.0 2 0.25 1.0 2.0 3.0 5.0
20000 i7.0 4 0.50 3.0 8.0 17 .0 26.0
19.0 8 1.50 8.0 18.0 37 .0 C.S.
16.0 e .0 0.0 1.0 2.0 3.0
30000 18.0 4 0.5 2.0 3.0 6.0 11,0
20.0 8 1.5 35 7«5 16.5 26.0
186.0 2 0.0 025 0.7 1.0 1.75
40000 17.0 4 0.25 0,75 2.00 4,5 7 .00
20.0 8 Q.00 3.0 5.50 11.0 17.0
16.0 2 0.00 | 0.00 0.50 0.75 1.0
60000 16.0 4 0.00 0.0 1.00 2.00 3,00
18.0 8 025 1,00 2,50 500 8.00
16.0 2 0.00 C.00 0.25 0,50 0,75
80000 16,5 4 0.00 0,85 0.50 1,00 1,00
17.5 8 Q.00 0.25 1.50 2.50 4,00
18.0 10 025 0.75 1.75 32D 5,00
15.5 2 0.00 | 0.00 0.00 0.00 0.00
90000 156.0 4 0.C0 0.280 0.85 0.50 1.25
7.5 8 025 0,50 1.0G 250 3.50
18.0 10 0,00 0.75 1,50 3,00 4.50

0.5. meanns indleabor wend
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a 26 mm. deflection per 1000 ohms fram a 10000 obm basic resistance. If
the inverse proportion had held true the defleetion at the 10000 olm
vase should have besn four times two or eight mm. instead of the twenty-
six mm. Thus the effect of a wvariabls current in the circuit has been
demonstrated when an easily manipulated and controlisbls resistasnce box
was used in the circuit. What would be the effect of this inconstant
current when a variable hluman resistor is substituted in the current?

To answer this gusstion changss in resistance level wsre méasursd for
ten subjects submitted to approximately the same conditions as in the

experiment proper, Remlts of these observations are presented in

vestigated

1. A marked difference in the seme subject in resis-
tance betwseen the Ueginning sund snd-of a comtinu=
ous work periocd. In subject A, it is seen, the
initial resistance was 40000 ohlms (numbers were
roundsd for convenience) and the final resistance
was 10000. In terms of scale dsflections, a
change occurred fran 2 mms. per 1000 chms for the
beginning readings to 26 mms. per 1000 olms for
final readings.

2. A marked difference in initial resistance between
subjects. For exsmple, 40000 ohms for subject F
as caapared with 10000 ohms for subject I. See
the foregoing for difference in scale deflectiocms.

3. These differences shown for the same subjects as
well as those shown between subjects closely ap-
proximete those in Table I, which it will be re-
called was constructed with a resistance box in
the circuit. That is to say, the unit of measure
on the galvanameter scale for a 1000 ohm resis-
tance change varied continuously during a given
experimental siiting end from one sxperimental
gitting to another.

Resistence readings based on such unstable quantitative units
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of measure ars neither cumparsble at various periods for the same sub-
ject nor from subject to sudbject. The constant sensitivity plan had,
therefore, %o be digearded,

Results of the Constant Calibration Flan - As assurancs that

the unreliable calibrations were not a function of the special tech-
nique employed, the so-called constant calibration plan was substituted

for the constant sensitivity plan. According to this method a given

-

distance On the scale is selected 10 represent a change 0f 1000 obms

b,

).b

fran initial resistance regardless of the basic resistance of the sub-
jeets. That is To say, scale calibration was held constant fram sub-
jeet to subject. In accordance with sxpectancy, to allcw the same
amount of current to flow through the galvanametsr at & relatively low
basic resistance, as at a relatively high bﬁsic resistance sensitivity
must be low in the former case and high in the latter. The constant
calibration plan could have been temmed, therefore, the "change-in-sen-
gitivity plen®.

Keeping calibrations constant necessitates varying sensitivity.
Varying sensitivity is practicable with the easily controllabls resig-
tance box in the circuit. However, substituting for the nomn-variabdble
resistor, the subject {variable resistance) so camplicates the problem
that one experimenter could not vary sensitivity fest enough to kesp
pace with changing resistences. It was for this reason, among others,
thet Darrow by the simple throwing of a switeh takes the subject (var-
iable resistance) temporarily out of the circuit, and substitutes for
him a non-variable resistance while making his ealibration., The ex-

perimenter of the present investigation had alse teo keer continuous
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records of resistance changes as they occurred.

In addition, fluctucations in resistance levels are not only a
function of variations in the subject's response, but are inherent in
the calibration process itself. It was observed in Table I that a dif-
fTerent basic resistance accampanied gzch change in sensitivity., Atten-
tion has already been caliled to the positive relstionship between chen-
ges in sensitivity and refinement in measurement.

The foregoing two reasons may be summarized briefly as follows:
Fluctuations in resistance levels paralleling changes in the subjects
ere cverlapped by flucinetions due to sensitivity changes.

Having in’mind the disadvantsges of the Wechsler circuit as
demonstirated by attempts tO secure cauparabls scals calidbra
modifications made in the circuit must secure, therefore,

1. Uniform sensitivity

2, Uniform calibrations

3. Uniform and small current through subjects
As has been pointed cut, the Darrow circuit accampliishes these thres od-
jectives by holding resistance constant in three arms of the bridge,
with a variables resistance in the fourth or subject's arm of the bridge.
By subéti‘buting in the sﬁbject's arn of the Wechsler circuit a 99000 ohm

resistor bank, and keeping the actual resistance in the fourth arm of

]

the Dridge constant at 5590 okms, the essential features o aTYowH

circuit were met. With the increased resistance the 1-1/2 wolt dry

cell originally in the circuit was replaced by a 3 volt dry cell.
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TABLE IV

CALIBRATION CHART FOR PSYCHCGALVANOGRAFH

(Shunt sensitivity equels 40)

P e

Deflection Readings Olmic
in mm, Changes
1.0 130
2.0 260
3.0 500
4.0 660
5.0 820
6.0 1000
7.0 1160
8.0 © 1290
9.0 1320

10.0 1800
11.0 1800
12.0 1850
13.0 2125
14 .0 2275
15.0 2450
16.0 2600
17.0 2800
18.0 2950
19.0 3075
20.0 3300
21.0 3450

3625
250 5500
24.0 3950
25.0 4125
26.0 4350
27.0 4475
28.0 4625
29 .0 775
30.0 4950
40.0 6500

8250
0
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