A STUDY OF ELECTROMYOGRAPHIC CHANGES
ASSOCIATED WITH MENTAL WORK.

by

D.We FORREST. M.A.

Thesis submitted for the Degree of Doctor of Phllosophy
in the University of London.

Bedford College. October, 1956.



ProQuest Number: 10098023

All rights reserved

INFORMATION TO ALL USERS
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.

Pro(Quest.
/ \

ProQuest 10098023
Published by ProQuest LLC(2016). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States Code.
Microform Edition © ProQuest LLC.

ProQuest LLC
789 East Eisenhower Parkway
P.O. Box 1346
Ann Arbor, Ml 48106-1346



Abs §;§g .

Earlier research has shown that certain fluctuations
are characteristic of mental work curves. Other
investigations have revealed changes in muscular tension
during mental worke. The aim of the present experiment was
to follow simultaneously these changes in output and in
tengion throughout a simple mental taske As the variations
were likely to be rapid, recordings were made over short
intervals of time.

Two methods were employed to modify and thereby
illuminate the relationship discovered between the two
variabless (1) Muscular tension was induced during worke.

(2) An atiempt was made to change the mental set of the
subjects towards the worke

Ten female subjects took part in the experiment and
worked at addition sums under the three conditions:

l. N type when addition was performed at an easy steady speed
"which could be kept up for ten miputes".

2+ P_type when addition was berformed as above while a spring
balance was pulled at half maximum effort.

3¢ M _type when subjects worked at maximum speed.

The addition sums were of three lengths, 6, 11, and 21
figures per sum, and subiects added three sums of each length
under each condition (27 sums in all)e In order to prevent

a possible slowing down due to the progressive increase in



- I -

the size of the addend, addition in pairs was employed.
Subjects added aloud and each verbalization was recorded on
a tape and a later check made for errors.

Electrodes were placed on the chin and the dorsal
surface of the right forearm and leads taken to an
electromyograph which recorded by "pen" on Teledeltos papers
The chin electrodeé gave an indication of the moment of
speaking and the arm electrodes a measure of tension in the
forearm.

It was thus possible to correlate the speed of work,
indicated by the distance between clusters of spikes on the
chin record, and the level of muscular tension, indicated by
the mean height of the waveform from the forearm during the
period between the wverbalizations. In this way varlations
in output and tension could be followed during the course
of worke.

It was found that a high negative correlation occurred
between speed and tension under all three conditions.
Starting and end spurts occurred over short time intervals
in all sums in both time and tension curves. The longer
sums led to slower work and tended to lead to more tension.

These results can be interpreted to support the
hypothesés that tension facilitates work of this kind, a
suggestion which is reinforced by the results from the

induced tension conditions. Subjects worked more quickly



- III -

under P conditions and became more tense under M conditions.
Large individual differences were noted but not examined in
detail.

The ways in which tension may facilitate mental processes
and the relevance of this work to the peripheral theory of
thought are briefly discussed.



Preface.

The origins of the motor theory of consciousness can be
seen clearly revealed in the traditional approach to
psychology of Wundt and Titchener. The problem for psychology
then was to attempt to understand the nature of awareness by
the analysis of the "stuff" of consciousnesse. By the .
introspective method Titchener had been led to recognize that
conschousness was made up fundamentally of sensations, feelings
and images being derived from them.

The WWrzburg school could not agree. Imageless thought
processes seemed to occur in their experimental work which
was edually dependent on introspective evidence. They agreed
with the Cornell group's insistence on the motor concomitants
of thought, but denied that kinaesthetic sensations were the
sine qua non of all mental activity. Thus ensued a long
and fruitless controversy which did much to discredit the
introspective method.

The pronouncements of the behaviourists, who identified
thought with motor reaction, coupled with the publication of
Washburn's book, "Movement and Mental Imagery", in which the
first precise statement of the peripheral theory was put
forward, did much to usher in more objective methods of
recording motor reactions. Little direct experimentation

was possible at the time (1916) with the crude measures
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available, and more precise attempts to test the theory had
to await the advent of electrical amplifying techniques.

Two main types of approach proved possible:

(1) A search for cases in which the two phenomena (mental
processes and muscular activity) were disjoined.
(2) A study of the co-variance of the two phenomena.

The first approach disturbs the normal state of the
subject as it either removes or induces physical tension
while changes in mental activity are recorded.

The second method investigates variations in muscular
activity during mental work and attempts to correlate the
two measures. This is not, of course, a crucial test of
the peripheral theory as a high correlation could equally
well be "overflow" from central processes, the muscular
reaction being not the "cause" but the "effect'. In any
case the experimentation has suffered from a lack of precision,
gross variations between work and rest have been noted, but
the moment-to-moment correlation of tension and efficiency
appears to have been ignored. This is unfortunate as much
research has been done separately into mental work putput
and tension changes during worke

For example, Kraepelin demonstrated that certaln changes
in efficiemcy were characteristic of certain pottions of the
work curve, a finding that has never seriously been doubted
as it could easily be illustrated from everyday industrial

experience. More recently David Katz appears to have shown
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the importance of both the spatial and temporal structure of
a task as determinants of efficiency.

There is more doubt with regard to the fluctuations in
tension during work, but some measure of agreement has been
achieved.

There thus appears to be a need for an investigation
which will take into account the complexity of the work curve,
and which will seek to relate work efficiency with muscular
tension during the course of worke. This is the main purpose
of the present experiment.

In the first four chapters an attempt is made to clarify
the meaning of "tension", to compare the methods used to
measure it, and to review a selection of the mass of
literature on its role in mental work. The remaining three
chapters are taken up with details of the experimental
investigation.

Acknowledgements are due first of all to my supervisor,
Professor D.W. Harding for the provision of facilities to
carry out the experiment and for his guidance and real help.
Then to my wife for her aid with the graphs and in the
measurement of the records and her constant encouragement.

To Miss Monica Creaéy for her statistical advice in the
design and analysis of the experiment. And lastly to the

subjects who performed the work without complaint.
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Chanter 1.

The Nature of Muscular Tension and its rieasurecmente.

A characteristic of muscular tissue is its ability
to exert tension between its ends. In the case of skeletal
muscle these ends are attached through tendons to the obones
which are articulated at the joints and act as a system
of levers.

These facts about the function of muscular contraction
were well known to the Greeks. Aristotle in his "De Incessu
Animaliun" analysed the act of flexion and its importance
in locomotion. Later Galen taught that muscular contraction
was brought about by the "animal spirits" which passed
from the brain down the nerves to the muscles causing them
to swell and contract longitudinally. This belief persisted
until the 19th century and no further information about
the mechanism of contraction was available until the discovery
of "animal electricity". It is said that Galvani accidentally
suspended frogs' legs by copper nooks Ifrom an iron balustrade
and then noticed that they contracted spontaneouslye. His
later experiments not only showed that muscular tissue
could be excited by the potential resulting from the contact
of two dissimilar metals, but that potential differences

also existed in physiologicak tissues. This latter finding
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was not accepted for some years owing to the influence of
Volta whose discovery of the battery led to a general
acceptance of his views on animsl electricity which were
opposed to Galvani's, i.e. he did not accept the evidence
for the existence of animal electricity although asserting
that of dissimilar metals. In 1843 du Bois-Reymond observed
that the current of é resting muscle diminished during
tetanic stimulation; there was a "negative variation".

By a series of experiuents he proved that this "negative
variation", later called an "action current", invariably
accompanied tha contraction of muscles and the trensmission
of nerve lmpulses. “'hese findines have served as a basis
on which our nresent knowledge of the electrophysiological
propertiés of muscle are founded. more recent work has
analysed the electrical response much more closely into

a "spike wnotential" and a succession of after-potentials
which travel as a self-pronagating electrical charge along
the muscle or nerve fibre. It anpears tnat between the
onset of this electrical response and the peginning of the
mechanical contraction of a muscle there intervenes a short
latency period of approxiumately 1 msec. The wave of
contraction then proceeds along the length ot the muscle
fibre slightly lagging the electrical events. As the
junction between motor nerve fibres and muscle tibres lies

near the middle of a muscle, the spike notentials and
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contractlon waves pass "outwards" along the fipre in poth
directions simultaneously. According to Llovd (1947)
the transfer of excitation from the comductile mechanism
is little understood, but it aoppears that the electrical
current flow is a direct cause of activation of the
contractile wmechanisie. It is nqt directly relevant to our
purpose to consider these. electrical events in any greater
detail, but this short description may serve as a starting
point from which to examine the trchnigues enployed in
recording the contractile condition of a muscle, its state
oi tensione

Bei'ore eumbarking on a descrintion of these techniques
it is necessary to clezr up the confusion that has arisen
in the past about the use of the word "tension". Strangely
enough this word 1is out rarely iound in the nhyvsiological
literature. Instead the word "“tonus" is more generally
enployed, but .his term anpears to have varied connotations.
it was first used by Galen in his fourfold classification
of movements. These were : (1) simple contraction,
(2) lengthening, (3) passive movement, such as a limb dropping
under its own weight, and (&%) the maintenancerf nosition,
which nust involve static contraction oi tThe muscles involved.
To this latter, he applied the word "tonus". This was then
its original meaning, but it became generalized until
Aehe Bennett in 1088 could define tonus as “that state of

slight contraction which is the constant characteristic of
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healthy living mnuscle", and the =xistence or non-ezictence
of this state becans clmost an article of faith for
physiologists. wWhether tonms was seri-heral or central,
whetaer it was reflex or not, and indeed whether it even
¢xlisted, were all problems on which observers came to
different conclusions. These contradictions continued to
ensuve until the functional significance of the mechanism
became clearer.

The work of iagnus and de sleijn (1912) on the nostural
wechanisms led to sherrington's anslysis in a paper of 1915
in which he snowed that Bennett's "slight constant tension"
is not always present in muscle. In the limbs it is most
markedly developed in the extensor muscles. It is found
in the masseter muscles of the jaw, the retractor muscles
of the neckj in fact tonus is distriputed in all the
antigravity muscles. Lts presence or sbsence in any
particular group of muscles will depend on the fgle playved
by those nuscles in the maintenance of an erect posture.
in Sherrington's words:

"Reflex tonus obtains in, and is coniined to, those
muscles which mafiintain the animal in an erect attitude.
That it is so may be demonstrated by setting the
decerebrate preparation on its feet; it is seen that
the preparation stands. Thus this reflex tonicity,
which when seen in a single isolated nuscle prepared

for the myograph, does not carry on the face of it
any very obvious biological »urpose, does carry a clear

and unaistakable vinlogical purpose when the »nhenhoinenon

is followed in the musculature as a whole. The reflex
tonus is postural contrsction.”

(Sherrington, 1915)
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And so the word regained its eriginal meaning
and the confusion reigning in the 19th century was cleared
up once and for all. But a difficulty still reumains.
The word "tonus" as applied to skeletal muscle implies
a peculiar sort of contrsction, a varticular kind of
neuromuscular actilon. A distinction between tonic
and phasic activity dates back at least to Johannes
H&ller. The tonic response was sald Tto be slow and
present in normal muscles at all times to soue degree.
The phasic response was sald to be quicker and greater
in intensity. Denny-Brown (1928) cast doubt on this
distinction. He showed it was incorrect to assume
that the red muscle fibres were responsible for the
tonic contraction and the white components responsible
for the phasic response. it was also incorrect to
sunpose that the symnathetic nervous innervation, with
which skeletal muscle is supplied, was responsible
for the tonic state. And when rulton and Liddell's
electromyogranhic studies at about the same tiine (1925)
are taken into account, the only conclusion seems to
be that we are dealing not with two diiferent contractile
mechanisms but with gradations in degree of a csingle
onee. Only mechanically are there different kinds of

muscular contraction. Limbs can move guickly or slowly,

or lock rigidly in place, or posture can be shifted.
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sut the wnderlying mechanism of muscular contraction
remains the same. The moderate sustained contraction,
known as "tonus",; cannot be distinguished from the muscular
tension found in a voluntary movement. Muscles are to

a varying degree relaxed or tense at any narticular moment.
The amount of tension can be measured and expressed in
guantitative terms. and from the nsychologist's point

of view 1little seems to be gained by retaining the word
Ttonus". Throughout this thesis I shall instead, following
Cobb and wWolff's suggestion (1932), use the more neutral
term "tension" to denote any contraction of a muscle. for

whatever purpose recorded by any meanse
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seasurenent Technigues.

In psvchological studies of muscular tension interest
lies less in the nature of the electrical events accompanying
contraction than in the location and extent of such
contractions in the intact organism. measurement technicues
ape reguired which will give a reliable indication of such
activity in the main muscle groups oi the bodyv. Several
types of apparatus are now available to this end, but eas
results are to a great extent dependent on the particular
device employed, it 1s necessary to deftermine what cach
type measures before resulfs are comparable. In this field
sdvances in knowledge have Leen so denendent on advance
in technigue that any attemnt to survey the literature
on the relation between muscular work and mental work would
be misleading without a parallel account of the developizent
of measuring anparatuse. for, as Dunlap has reuwarked, motor
phenomena have peen discovered dmuring more and nore
ngychological processes as instrumentation has become uore
refined.

ReCe Davis (1942) in a review of wmethods of measuring
muscular tension classifies technigues into six major groups:
n(1l) those applying external forces mechanically and
recording resistance to movement offered by limb or
muscle, (2) those recording slight movements of parts

of the body, (3) those eliciting reflex responses,

(4) those requiring the subject to nerform some

voluntary response, (5) those recording electrical

properties of the skin, and (6) those recording the
electrical pronerties of muscles.® (nage 331)



It is convenient to classify these «ix methods in
turn. vethods 3 and 5 may be called indirect as they
depend upon a nre-establiched correlation between the
measure and muscular tension estimated indepegﬁﬁntly.‘ ‘The
remaining four methods are more direct.

Let us consider the indirect methods first.

tndirect vethods.

(1) Devices for recording reflexes.

The strength of the knee jerk and other tendon reflexes,
and the eye blink reflex have served earlier investigators
as indices of nmuscular tension.

Lombard had noted in 1587 that the knee jerk was reduced
by about one half during sleep, and at about the same date
iitchell and Lewis had come to the conclusion that “the
responsive jerk brought about by striking a stretched tendon
is the most refined measure we possess of deciding as to
the tone of musclef"

But Jacobson (1929) anpears to have been the first
to trace the diminution of the knee jerk during progressive
relaxation. In none of these cases nor in several others
appearing a little later in the literature was any separate
measure of the tensile state of the muscles employed,
although it was reasonable to suppose a certaiﬁ narallelism.
Courts in 1939 carried out a direct cuantitative investigation

into the relationship and found a nositive correlation
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between the amnlitude of the knee jerk (wmeasured :iechanically
"in terms of thickening of the quadricens tendon) =nd the
amount of pressure exerted on a dynauwometer.

With regard to the eye blink reflex, lkreeman (1938)
reported that it was facilitated by tension induced in
the lower limps, whereas Courts (1940) found no facilitation
with induced hand tension - the vlinks being elicited in
both experiments by a puff of air. Helen Peak (1942)
suggested that in the latiter case the responces may have
been maximal to begin with, or the subjects were not relaxed,
or time relations between reaching the necessary tension
level and the occurrence of the air nuif uay be lmportant.
S0 any relationshivn that may exist has yet to be conclusively
demonstrated; there has been little attempt to control the
many variables that probably enter into the experimental
situation.

There are three main criticisms of the use of tendon
or eye blink reflexes as indices of muscular tension
(1) The experimental work nas shown that induced tension
affects the size of the reflex, but it has not shown that
the muscular tension is the sole possible cause of sucn
an increase. An experimént is still needed in which an
independent assessment of muscular tension can be obtained,
measured by a better technigue than that of Courts, while

the size of the tendon jerk or eve plink is simmltaneously



recorded.

(2) This method can sunply no evidence about the location
of the tension. It would ckem likely that particular
patterns’of tension would interact with specific reflex
arcs, and tnat therefore the reflex method probsbly serves
as an indicator of localized tension, but whether this is
true or not is not known.

(3) Interference with the supject must cccur in eliciting
refisxes. 4 blow on the natellzr tendon every few minutes
or s puff of sir on the eyelid is not conducive to the
meintenance of a psychological set, and it is impossible

to say how far results may be artefacts ol the exnerimental
method.

The blink rate has been used as an indicator of
generalized muscular tension and there seems something to
be said in its favour. Interference with the subject is
at a minimum and he need not be aware that this resnonse
is being studied. Unfortunately the evidence for its
associestion with muscular tension is only presumptives
there has been no simuvltaneous recording. Ch=nges in the
blink rate have been found to accompany (i) changes in the
difficulty of a task (e.g. Clites, 19353 Drew, 1951),

(ii) changes in the illumination and glare during visual
work (Luckiesh and iioss, 1942).  The argument runs that
as changes in muscular tension have been found to accomnpany

similar conditions, the blink rate could serve as an

indicator. Also, considered neurophysiologically, the



- 11 -

motor representation of the eyelid is bordered on one side
by the facisl and tongue muscle centres and on the other
by the huge representation for the hand (Peniield and
sasiussen, 1950), and it is guite likely that the blink
resnonse would pe facilitated oy activity in these
neizhbouring motor areas. The blink rate therefore could
be an indicator of activity in these regions. rovever,
contradictory results on the effect of prolonged visual
work have been reported by Carmichael and Dearborn (1947)
and Brozek et al (1850) who found no trends in the blink
rate of their subjectse. 'he discrepancies moy partly
pe due to differences 1in experimental method. According
to Wood and Bitvterman (1950) the blink rate remains
constant if the subject is aware that it is being recorded.
It would seem dangerous to accept the relationshin
on this evidence, and at present the blink rate cannot be
seriously entertained as a valid measure of muscular tensione

(2) Devices for recording the electricasl oronerties of

the skin.

The advisability of using the galvanic skin response
to serve as s measure of muscular tension is doubtful at
the nresent time. 5idis (1910) congsidered the GeS.R.
originated in the wmuscles and was therefore a direct measure
of muscular actilon. It is now known that the G.5.R. is

a quite distinct phenomenon dependent on the activity of

the sweat glands. However, there is evidence irom several
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sources that a negative correlation exists between skin
resistance and muscular tension. white (1930), Wenger
and Irwin (1936), and Freeman and Simpson (1938) have gll
induced three degrees of tension in their subjects,

(1) generalized muscular contraction, (ii) locsalized
muscular contraction, (iii) small tensions due to mental
work, and found skin resistance varied inversely. it is
possible, as Darrow (1932) suggests, that palmar sweating

is an accessory to the grasping reflex (being controlled

-

by the same brain area) and therefore umight be a concomitant
of tension in those muscles at least.

Once again the evidence is derived from induced tension
experiments, which leave the same loophole as before,
i.e. other factors besides.muscular tension may nroduce
changes in the G.S5.R. As Davis (1942) has said, "Interesting
for its own sake, skin resistance can be taken as an

indication of muscular tension only with much caution".(p.336).

Direct Methods.

(1) The application of external forcese.

tcKinley and Berkwitz (1338) in their attempt to
guantifiy muscle tonus appear to have been the first to
use apparatus which measured the resistance of arm muscles
to passive stretch. The subject's forearm was placed on
a rotating arm-rest which was pivoted on a vertical axis

so that it could move freely in the horizontal plane.



The release of a weight crove the arm-rest outwards or
inwards, the angular distance and the velocity of the
moving roregru pelng recorded on a smoked drum. It was
thus nossivle to compare the acceleration oif the arum-rest
witlhh and without the subject's arm attached to it

The deceleration effect due to the torque oif the resisting
nuscles was taken as an index of muscle tension. this
anparatus was used (with winor differences) by Allport
and Vernon (1933) in their work on expressive movement.
L1t was .at the time one of the few methods available to
measure tension while the subjects were inactive, and
fairly satisfactory measurements of elbow flexor and
extensor tension were obtained.

A refinement of this tyne of procedure was developed
by Freeman (1930a). In this case a weight rests on the
vatellar tendon of the subject. when the guadriceps
muscle is tense the tendon is only slightly depressed by
the weight and the amount of depression can be used as
an indication of the amount of tension, if suitably
magnified by an opticzl lever.

There are several drawbacks to these irocedures
besides the obvious lack of sensitivitys
(1) In the case of the nckinley-Berkwitz apparatus we are
not obtaining a measure of tension in any particular
muscle group but rather an overall measure of tension

in certain muscles and their antsgonists, presu:iably the
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algebraic sum of theilr tensions.

(2) The messurement entails sross interference with the
subject's normal posture and must have proved distracting.
Tt would also be extremely difficult for the subject to
refrain from making voluntary moveuments.

(2) Devices for recording slisht movements and voluntary

+
resnonsese.

Golla and Antonovitch (1929) used a mechanical device
to record movement of the foot. As the anterior tibialis
muscle contracted, the foot rose, and it was possible to
obtain an indication of the tenseness of this muscle during
mental work.

In this study the movewent could take nlace freely
with little interference from the anparatuse. Other workers
have used pneumatic bulbs which offer resistasnce to the
bodily movement involved, i.e. Duffy (1932) had her subjects
hold in their disengaged nond e rubber bulib connected via
g tambour to a kymograph, while with the other hand they
responded to a reaction time experiment.

Luria (1932) has pointed out that results would be
more meaningful if the tension was relevant to the task
at hand, i.e. tension recorded 1n the writing hand during
writing is preferable to a ineasure of tension recorded

in the same way during mental activity in which the hand

+These methods have been elassed together as the
techniques employed are similar and the sane
considerations aonly to both methods.
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is not directly involved. Luria's own technicues are
vell-known. During a word-association test the subject
had to respond oy pressin: a pn-vuatic bulb with the

fingers at the same time as he responded with a word.

As the fingers rested on the bulb throushout the experiment,
a recording of the tremor of the hand could be obtsined.

The other hand rested on a similar bulb but was not reguired
to make a response. interesting tracings can be obhtained
in this way and the technique is still used occasionelly,
but it is diificult to know what measure is being obtained.
As in the method in which external forces are avplied,

the messurement obtained is a gross ineasvure of flexor and
antagonist muscle grounc. For exeumnle, in Golla and
Antonoviteh's technigue there could be extreme tension

in the calf and anterior tTiblalis muscle and the foot

would not rise a®t all, these antagoniztic muscles valancing
one another. It is not strietly possible to consider
moveinent egquivalent to tension, which is the rationale
behind these methods.

() Blectrical proverties of muscle.

Methods of recording the elesctrical activity oi nuscle
are the most direct availabple. there need be 1little
interference with the subject, either gross uovements or
isometric contractions can be recorded, and a record can

be obtained of any degree of precision recuired, i.e.
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activity of sinzle murcles or ewen of single motor units
can be recorded.

The earliest observations of the electrical response
of muscle were made with the astatic needle galvanometer.
iwhen Linomann produced the capillary electrometer in 1872
the accuracy of observation of action currents was considerably
enhanced. Binthoven's string o«lvanometer (13901) led
to still further accuracy in recording, but suffered,
though less than earlier instruments, from too much inertia.
An ideal electrical recording instrument should not only
be sensitive to voltages of the order of a millionth of
a volt, but also to very rapid oscillatory change of
potential. With the development of the thermionic valve
an undreamt of degree oif amplification became possible
and not long elapsed before Erlanger and Gasser were able
in 1922 to‘perfect the cathode ray oscillograph in which
the beam of electrons constitutes an inertia-free recording
system. .

The first use of the electrical uwethod in studies
of a nsychological nature has been attributed to Jacobson,
although Golla (1921), using a string galvanoueter to
study preparatory adjustments, preceded him by six years.
Jacobson's use of amnlifiers in 1927 does however mark
a turning point in the history of measurement techniques.
Later investigstors have nearly all nsed variants of his

method.
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Before tnis method can pe employed, many technical
difficulties inherent in the use of such sensitive
electronic equipment have to be overcoile. These are the
requirements of the amplifiers, electrades, and recording
devices. The amplifiers snould generslly be of the
resistance-condenser type and four stages ot amplification
are usually necessary to give an overall galn of at least
3,000,000 The freguency response of the auwpnlifier
should ideally be linear between about 10 and 400 cycles
per second to utilige all notentials. (Davis,l942;
Davis,1953). The amnlification can easily be obtained,
but to ensure a steady base line and no interference is
another mattere.

The recording device can either record the momentary
changes in potential, in which case a "lever" of low
inertia is required, or summate themn. The oscillograph
is the most sensitive recordest available to-day, but the
trace has to be photographed to obtain a permanent record.
This is a costly nrocedure if used over any length of tinme,
and the delay in obtaining a developed record entails
further difficulties in setting up the apparatus and
in relating variations in experimental conditions to
fluctuations of the trace. Several ink-writers are
available similar to those used in E.f8.G. work, and Kelvin-

Hughes have »roduced a device recording oy electric s»ark



- 18 -

on Teledeltos paper which achieves a practically frictionless
tracing. Although the frequency range of these "pen
recorders" is not as wide as that of a cathode ray oscillogranh
they can be obtained with a response that is linear over
the greater part of the range.

The summating type of recorder was developed bV
Jacobson (1939) and can be used when exact timing of the
occurrence of particular tensions 1is not required. In its
present form (see Ryan, Cottrell, and Bitterman, 1951)
it generally consists of a condenser which is charged by
the rectified output of the amplifiers, and so summates
the total input to the amplifiers. When the condenser
discharges, 1t moves a counter or/?en on a moving trace
and thus gives an indication ofi the amount of activity
occurring over a specified time.

The electrodes employed in psychological work are
usually very simple. licedle or skin electrodes can be
used. Risk of polarization czn be ignored as pnotentials
are momentary rather than steady. The insertion of a
needle directly into the muscular tissue is more widely
euployed in physiological studies such as that of wWeddell
et a1l (1944+) in which the form and freguency of the electrical
résponse are studied under normal and pathological conditions.

From a psychological point of view the needle is likely
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to disturb the subject and such precise recording is
rarely needed. The nsychologist is more often interesred

in wvhen and how much a muscle group is contracting and

for this purpose surface electrodes can be just as satisfactory
if good contact can be maintained witih the skin. Trawis

and Kennedy (1947), or example, emnloyed cubes oi sponge

=

1 cm. sguare soaked in saline with ewinently satisfactory
resvultse. The action potential recorded in this way fron
a whole nmuscle wil be the resultant of a complex of a large
nuuaber of unit potentvials, differing in amplitude, duration
and even form, but it will serve as an indicator of activity
at a molar level.

Location oi electrodes on the subject's body is not
a simple matter. Davis (1935) has shown that the body
is a voluwae conductor and that it is possibie to anpply
princinles governing the distribution of fields in such
a conductor To muscle action potentials. Among other
findings Davis has discovered that a steep gradient
surrounds a wave, l.e. an electrode nust be within a few
cms. of the excitatory locus to record all but the largest
waves.

Bipolar or single el:-ctrodes can be used. When
bipolar leads are used, the electrodes are generally
placed close togetiner and are thus both aifected by the

same electrical rileld. Or a single electrode can be
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nlaced over the muscle =nd the second electrode tr-ated

as a neutral point and atitached to an inasctive part of

the hody. 4 difficulty then arises from the interlerence
of the electvocardiogram, or if recording from iace or

an be overcoue

0

neck the electroencephslogram. This
Dy the cholce of an isoelectric nlacemsnt for the inactive
=lectrode, or ii comparative studies are being uade, cay,
comparisons of the tension level under one set of conditions
with that under ancther, it may be possible to treat the
E.KeGs as a constant, but this is obviously not as
satisfactory as its elimination.

A further difficulty arisec ii we wish To record
fron several muscle groups simultaneouslye AT present
this requires a separste amplifying circuit for each
recording and a wulti-channel nen recorder or a multdple-bean

oscilloscope. A switching device can be used =nd several

of several seconds between one record and the next.
In short, any attennt to record patterns of activity
necessitates at present an extremely elaborate and coctly
apparatus.

Lastly, precautione must be taken to shield and errth
the anparatus, leads, and subject. Eaorthing is particularly

rect

3

difficult, a basement room 1g preferable and the co
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cholce of earth points in the circuit is important; it is

=

all too casy to introduce a 50-cycle interference frow
the mains. Fluctuations in the supply voltage are usually

unavoidable, but can be minimized by the choice ot a

(o)
w
@

suiteble time of day for exnherimentation. When th
many technical errors have peen eliminated, there remains
one final and crucial »roblem which 2ll too often has been
ignored by investigatorse. It is known that electrical
changes are a constant accompaniment of normal muscular
activity, but is the relationship between electrical
activity and muscular tension a direct and linear one
or not ?

Inman et al (1952) give a clear answer to this question.
By employing amputees who were to be fitted with artificial
limbs as subjects, it was possible to isolate muscles fron
their bony insertions and record directly the force exerted
by these nmuscles during various degrees of voluntary
effort. At the same time, E.i.G. tracings were talen.
PErovided the muscle was not allowed to shorten, the
anplitude of the electromyogram peralleled the degree of
muscular tension exerted.

Barlier Travis and Lindsley (1931) had obtained -a
similar linear relationshipn when either needle or hracss

surface electrodes were used. This work has recently
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been coniirmed by Malmo (1951) who found that the amplitude
of the electromyozram recorded with surface electrodes
varied directly with the amplitude of the tension exerted
by the muscle up to a pull of 6 kg.

It would seem justifiable to conclude that the
electromyogram can be used to indicate (1) the time at
which a muscle contracts to within a millisecond, and

(2) the intensity with which it contracts isometricallys

the time of occurrence and the helzht of the wave form
being the respective indicators.

This method would apvear to be the most suitable
for psvchological investisetion. It has, in Davis'
words, "definitiveness, uniqueness, sensitivity, and

produces a minimum of distraction".



Chapter 2.

dugcular Tension Jgccompanying lentel Worlk.

Rodin's "Le pensevr" is an example of the commonly
held belief that intense mental work is accompanied by a
set facial expression, furrowed brow and tense posture.

The experimental literature annears on the whole
to Jjustify this belief. investigations into the supposed'
relationship between umental and peripheral activity can be
classified as attenmpts to answer two guestions:

(1) When a person performs mental work, do changes occur
in his skeletal muscles ?

(2) If tension is induced in the skeletal musculature are
there changes in the level of mental performance ?

It is convenient to treat these two aspects separately
in reviewing the literature, and it is to the chronologically
earlier approach that this chapter is devoted. The
review attempts to be selective rather than comprehensive,
although 1t muét be borne in mind that the results of
a single ex»eriment, however impeccable the design and
instrumentation, can rarely bpe accepted without confirmation
by other workers. Many of the discrepancies between
research findings anpear to be due to the non-coumparable
methods of measurement employed. S0 1t is probably

more difficnlt to generalize in this than in most other
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fields. As the various weasurement techniques have been
considered in Chapter 1, they will not be referred to in
detall here. Instead a3z a general rule the recording
devices used by different investigators will only be
nentioned in passing, and the corresponding advantages

and drawbacks should be held in nmind.
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Part (1) Muscular Tension aAccompanying the Cnset of ental

Worke

The earlker experimenters, working with the knee jerl,
invariably obtained an enhancement of the jerk when mental
activity began, e.g. Lombard (1887), confirmed by Tuttle
(1924+), found a tenfold increase in the jerk in all his
seven subjects. Fére (1889) found mental work led to
an increzse of as much as 25% in the subjects' maximum
squeeze on a dynamometer. #Mosso (1894) too found an
increased ergographic output resulted when a subject engaged
in strenuous mental work. On the other hand, Loeb had
found in 1886 that mental activity led to a slackening
of pressure on a dynamometer, and Lehmenn (1900) confirmed
this with an ergograph.

Comparicon of these expefiments is difficult. The
number of subjects used was small (e.g. Lombard used himself
as a subject), no statistical evidence of significance
could be supplied, the tasks differed (they ranged from
studying German to mental arithmetic), and instructions
and posture are unlikely to have been similar. But in
imost instances the published accounts are not full enough
to permit closer examination.

The more recent work generally agrees that an increase

in muscular tension cccurs when mental worlk begins.
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Golla (1921) and Golla and Antonovitch (1929) attempted
to record muscular tension both before and throughout
a work period. Hecordings were taken simultaneously
from the leg and arm. The subjects' toes were attached
to the lever of an optical wmyograph of Sherrington's
pattern which magnified the movement 30-40 times. Subjects
also wore a glove to which a thread was attached. The
arm lay in a trough, the wrist hanging over the end, and
movements were transmitted by the thread to a magnifying
device. We have already considered the faults inherent
in this recording technique.

Several tasks were performed, including addition of
columns of rigures, reading, and recitation. L cgses

a rise in tension was seen at the inception of mental work.

Golla considered this rise was probably a form of preparstory
reaction, a bodily concomitant of an emotional state.

Freeman (1930b) followed up this work by enmploying
his method of patellar deformation to give an indication
of tension in the isometric guadriceps muscle. Pecords
were taken every 30 seconds from four subjects nnder
workinz and rest conditions, both of which lasted ten
minutes. The tasks entailed continuous addition, and
counting verbs and adjectives. As Freemen's results are
expressed ac increases or decreases in tendon deformation

as measured in mme on a scale, it is impossible to translate

them into microvolts of tension. However, his regults
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are undoubtedly significant statisticallye. He obtained
a small increase during the rest period for all subjects
(mean = +,95 mn.), and a much larger increase, azain for
all subjects, petween resting level and the beginning of
mental work (mean = +15.22). dowever, individual differences
were marled, the mean of 18.22 being calculated irom the
four individual readings of 1%..4, 13.2, 25.7, and 3.6.
(It is interesting to note in passing that two of
subjects were naive, the other two being trained. The
readings of 35.7 and 8.6 were given by the naive subjects.)
The photograph of Freeman's apparatus appearing in
the 1930 paper gives rise to certain misgivings. He
describes it as " a device resembling an ancient pillory
or stocks", and the peculiar sitting position adopted by
his subjects leads to the suspicion that he was probably
measuring postural tensions during the straining forward
to read the work sheetf
Edmund Jacobson's work is well-known. We will not
enter here into the full details of his experiments, but
merely indicate their relevance to the present thene.
As we have seen he was the first to employ amplifiers and
a string galvenometer giving a sensitivity to potentials
of less than a microvolt (Jacobson,1934). Comera recording
was employedrfor three-second samples taken every 17 secconds

throughout a half-hour session. Fifteen subjects -rere



especlially trained in methods of relaxation over a period
of several months beforehand (Jscobson, 1229).

During the experimentsl scssion they were told to
begin imagining various activities at a given signal and
to stop imagining at a second sirnal. All subjects
showed an inerease 1in muscular tension during imaginative
activity, this tension being localized in the muscles
which would have Dbeen involved in carrying out the activity
(eege in the right biceps when asked to imagine bhending
the right arm).

Twelve untrained subjects, employed in a2 further

series of experiments, gave slightly different results

<9
in that although muscular tensions were invariably recorded
during any mental activity, these tensions were not as
localized as in the former case.
Jacobeon's conclusion is thats
"the total physiologicgl activity present when there
is imagination of voluntary movenent includes
neuromuscular processes in the locale comprised
in the imaginary act". )
(Jacobson, 1930a, p.H07.)
In a further series of .papers these findings were
elaborated and modified (Jacobson, 1930b,c,d; 1931a,b,c).
Bmploying trained subjects with instructions to visualize
bending the right arm, Jacobson obtained action currents

from the eyve muscles and not from the aru. Instructions

to imagine bending the arm gave, as before, localized
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activity in the arm. But recording from eye and arm
under the latter instructions showed that beside the
activity always present in the arm, there was sonctimes
nmoveanent of the eye as well. Subjective reports surported
these findings:

Withey dmagine bendinc the richt arm eifther throuwsh

a muscular experience as of bhendins the right arm

or through vicual images of the ari performing the

act «.. frequently (on instructions to imagine) they

engage in both of the above experienceg".

(Jacobson, 1931a, Pe120)

This 1is the first demonstration of specific loci
of tension in the musculature to be elaporated later
by Freeman. It is unfortunate that Jacobszon 4id not
attempt simultaneous electrical recording of the muscular
activity at these two locl, mechanical registration of the
arm movement served instead.

A further and most important sspect of Jacobson's
work is seen in the results obtained from completely
relsxed subjects when they attempted to think. These
trained subjects found it guite impossible to think and
remain relaxed; as soon as a thought »nrocess began, muscular
tension would be renorted or measured. Jacobson (1929)
52yS,

MWje find the experience of muscul~r tenseness & gine
qua non of imagery, attention and thought procegs'".

(Jacobson, 1929, p.186.)
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The main conclusions relevant to our immediate purpose

seem to be:

(1) Luscular tensions are always present in some part of

the bhody during mental activity even in the case of subjects

trained to relax.

(2) W

vy _mental activity

cannot occur.

(3) There are different diptributions of tenseness in the

musculature dependent on (i) the amount of practice the

subjects have had, (ii) the instructions given, and (iii)

the nature of the mental activity.

Jacobson's work was a valuable step Iorwerd =lthough
it is difficult to assess the efficiency of his recording
technique from the published account (Jacobson, 1939).
The main objections to the immediate acceptance of his findings
ares
(1) His over-reliance on trained subjects and their
retrospective reports.
(2) The little quantitative treatment of results and the
complete lack of statistical measures of reliability and
significance.
(3) The lack of clarity in his verbal instructions to subjects,
and the use of “higher" forms of umental activity.

Clites (1935, 1936) working with R.C. Davis conducted

a carefully controlled investigation intd the difference



between successful and unsucessful subjects in the average
increment recorded in tension level between rest and work
conditions. The subjects were seated inside a shiclded
cage, an active electrode being led frowm the rizht forearn,
the insctive eleetrode taking the form of a saline bath
in which the right foot was placed. (This meant no
localized tensions would be recorded and the electrocsrdiogram
would be introduced into the records.) At the same time,
by means of a tambour connected ta the right hand, indicatioas
of the steadiness of the subject's hand vere obtained.
Subjects were given a problem Irom the Superior Adult level
of the Binet Test. Records were taken during an initial
rest period, while reading, solving and reporting the =nswer
to the problem, and during a final rest period.

The muscle action potentials were recorded photographically
from an oscilloscope. In the treatment of the results,
the relatively enormous Tluctuations of the base line due
to the electrocardiogram were ignored and all deflections
of more than 3 mme. were measured and summed to determine
the total activity occurring per second. Avercges wvere
then computed for each of the five different periods.
The bhar graphs and tables given on the following page are
modified from Clites' 1936 paper and show quite clearly. that
a significant increase in tension occurred during successful
problem solving. The unsuccessful do not show any increase

over their resting level.
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Table il.l1. Average total tension levels for successful
and unsuccessful subjects.
(Modified from Clites, 1936.)

Initial Directions S attempts S reports Final

Rest given solution .Rest
Successful
Subjects
N 16 16 15 11 15
Average 393 529 578 650 5.69
K €
C.R. . 95— 3.7 3.9 1.8
(v.initial
rest)
Unsuccessful
Subjects
N 12 11 12 Too few 12
cases to
Average 332 359 35-5 justify 505
comput-
C.R. 22 50 ation.
(v.initial
rest)
mm.
700 | sucoe-ssFUu suBJeoTs
2 UKSOCOESSFUL 6UBjeers
Soe)
500
1ifio

300 -

FIRST DIRECTIONS 6 Selnvs3] KRS LAST
ATTEMPTS

Graph II.1. Sum in mm. of deflections per sec. during each
of the specified activities for successful and
unsucoessm subjects, (elites, 1936.)



It would seem then that an increase in muscular tension
recorded in this manner is not a2 necessary concomitant of
mental work. It is, of course, assuned that the failing
subjects at least attempted the problem, and yet no increment
in tension occurred. It may be that they did not attacl
the work as vigorously as the successful supjects and their
attitude to the task may well have bheen different.
unfortunately, no record is given of the few foiling subjeets
who reported a wrong solution rather than no solution at

all. The high tension recorded from successful subjects

in the work period misht be an effect of S's convietion of
P g

3

having reached a solution. Tension remained high for

&

successful subjects when they reported their soluntion, which
may be further supnort for the idea that an emotional effect
was brought about by the successe.

The conclusion must be that in the case of non-localized

tension an increment will occur only during successful

solution of a problem, althoush whether this is due to the

attitude of the subjects or to the difficulty of the nroblem

is not knowhe

Davis (1937),vworking in the same laboratory as Clites,

used similar apparatus but nlaced the inactive electrode on

the right upper arm. He employed three groups of subjects
and each group tackled a different task. Group I memorized

a difficult poetic passage for five minutes; Group LI serformed
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repetitive mental addition for three minutes;.Group I1r
lfinlied a three-place by a two-nlace nunber until on
answer was reached. There annrear to have been 2% cubliects
in the first group, 23 in the second, and 34 in the third.
lecords were taken at the end of the third, fovrth and fifth
winutes of the preliminary five~ninute rest neriod, and at
the end of each half-minute during addition. A8 The wvork
2seriod varied in length for Group ILI, averages were talen
for the first and last halves of the work period. finally,
in all cases potentials were recorded every minute during

a subsequent rest period of five minutes.

The caumera was run for three to ten seconds and the
whole record for this period divided into intervals each
representing a second. In each of these intervsls the
maximum deflection was measured in units of 1/50th of an
inch and these measurements were then averaged for the run.

This particular method of wmeasuring records is not
nerhaps the best. Any treatment is somewhat arbitrary,
but to measure only the largest fluctuations in a samnle
period may be mislesding. "o estimate can be made of the
representativeness of such a reading nor is any account
taken of the variation occurring within a period.

411 three groups agree in the umajor trend of their
resultse. There ig an increase in the average nuscular
activity recorded during the work period. The granh on

the following page illustrates the trend.
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Graph 11,2. Trend of muscular activity during rest and
work. (Modified from Davis, 1937%)

Table IT.2, on the following page is a composite
of several of Davis' tables. From the critical ratios
it can be seen that only in the cases of Groups II and
IIT is the mean difference between work and preliminary

rest significant.
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With groups II and III the amplifier is working at
an increased sensitivity (at 1.8 and 4.45 wuwe. per nicrdvolt
respectively compared with 0.5 mm. per umicrovolt for
Group L). Taking this into account there is still a
remarkably small increase of activity for Group II.
The rest period activity is very high and Davis suggests
that the subjects were probably working during this time,
a suggestion supported by reports from some subjects that
they were thinking of possible short cuts. It seemns
equally possible thst there was some difficulty in
understanding the instructions and committing them %o
LEMOrY . Subjects were told they would be given a number
té@ which they were to add 4, 5, 6 and 7 in rotation, to
the resulting sum add &%, 5, 6 and 7 again, and so on until
told to stop. By these instructions, a quite different
and much more active preparatory set would be induced
compared with the preparation necessary to multiply or

to memorize a passage.

The conclusion seems to be that provided the subjects

are allowed to relax between the giving of simple

instructions and the beginning of the task itself an

incregse in localized muscular tension will ensue when

work begins.

Davis (1939) again used similar apparatus in a later

investigation, although further electrodes were arranged
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to sample localized activity in the left calf and arm as
well as in the right arm. An unspecified nuaber of subjects
took part (1t anpears to have been 31) and performed two
Tasks, mental multiplication and memorizing nonsense
syllables.

Action potentials were recorded nhotographically during
the rest period (where less than five microvolts of activity
were required) and during mental work. From each camera
run of three to five seconds' duration three sample periods
of 1/12th second were selected, one near the peginning, one
near the middle, and one near the end. In each of these
periods the difference between the most positive and the
most negative point was measured to 1/50th of an inch
(equivalent to 0.3 to 0.6 microvolt)e These readings were
averaged and converted into microvoltse. Further averages
were calculated for the whole rest period and for the whole
time spent in work. These work averages were then expressed
as percentages of the rest periods.

It would seem that three 1/12th second periods are not
likely to afford a representative sample of five seconds
of activity. However, Davis obtained a measure of
reliability by having assistants measure new samples, and
found satisfactory correlation coefficients on the whole.
Bmaploying this technique, Davis founds
Bl

of the readings during mental multiplication were

(1) 9




greater than the rest averaces. In leazrning nonsense
syllables the corresponding figure was 85..

(2) A focus of activity occurred. In multiplication this
Tocus seemed to be in the right arm. All subjects were
right-handed, and sometimes spontaneously reported a strong
tendency to write. However, the critical ratios are low
except between the upper and lower limbs. The evidence
then is more conclusively in favour of 2 sradient between

unper and lower limbs than between right and left arms.

L]
N

Mo tendency to write was reported Anring the other task and
no focus of tension was found.
The conclusions to be drawn are that:

(1) During mental work there is =mn increase in tension in

at least three muscle groups, i.e. the left calf and the

left and right forearms, the amount of increase denending

on _the type of mental gctivity.

(2) Greater activity occurs in the right foregrm thgn in

the left leg during mental multiplication, but no such focus

occurs in nonsense syllable learning.

There have been a few instances in which mental work
has not been accompanied by an increase in muscular tension.
Golla and Antonovitch (1929) claim that certain of
their records do not show the expected increase. In fact,
some records reveal a lower tension level during the periods

of mental work than during the rest period. It is not clear
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from their statement whether individuals differ in this

way, or occasional records taken from the one person.

They do tell us on another occasion that the relisbility

of an increase in tension from one recording to the next

for some people is low, so perhaps we may make the inference
that this is an intra-individusl pheno::enon.

Henley (1935) 1s another worker who found no general
increase in tension. He used a modified form of the
MeKinley~Berkwitz type of apparatus which records the
movement of the arm, and tested 26 normal men and 26 norumal
women subjects and an equal number of psychopathic cases.
The work neriod was taken up by a standard intelligence
test, and Henley found in nearly all cases an zlteration
in tension compared with a rest period. This was by no
means a universal increase, for there were as many subjects
vhose tensions decreased as subjects in whom an increase
occurred. It was impossible to predict in advance whether
there would be an increase or decrease in tension for a
particular subject working at a particular taske. An
interesting finding was the fact that an initial record was
invariably higher than subsequent records in the same
situation, i.e. at the beginning of work higher than later
in the work period, although the average tension during
work might or might not be higher than during rest.

The discrepancy between these results and those of

other workers may well be due to the more complex task
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employed by lenley. In this respect Clites' exneriment
is the most comparable, and in that case an increase was
only obtained from the successful problem solvers.
Fossibly attitude is of more significance in complex taslks
of this nature than in simple repetitive ones, but there
is no firm experimental hasis for such an assumption.
It is perhaps more likely that Henley's apparatus was at
fault for i1t gave an indication of tension around the elbow
joint only by the measurement of movement. A shift in
tension always occurred when work began and this seems
significant and may not contradict other findings as the
tension may have shifted to the precise locales studied
by others.

Max, in 1937, reported one of the final experinents
in his series of investigations into the peripheral theory
of thought. In the earlier work he had employed deaf
subjects and had recorded the electrical changes occurring
in their forearms under various conditions. He had found
a progressive decrease in action potentials during the
transition from waking to sleep, and could in many instances
detect the onset of dreams by the appearance of relatively
large potentials in this region. If a motor theory of
consciousness holds, Max argues, tThere should be an increase
in electromyographic responses as consciousness reappears

on waking, and these responses should become more extensive
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as consciousness hecomes more complex.

In the paper which is of immediate concern to us he
traced the course of action potentials both during rest
and during imaginative and abstréot thought Jrocesses.

Technically the work was [irst clecgs. Hecordings
were taken from deaf and normal subjects from the flexores
digitorum of the forearm and irom the leg anscles. Plate
type electrodes were used and two amplifiers giving a very
high gain. The subjeéts lay flat on a bed and the problem
was presented written on a card after a period of reste.
This was superior to Jacobson's method of presentation in
which S was given a problem and told to relax until the
ready sicgnal was given when he was to begin thinking about
it. The subject in that case would be aware of the problenm
throughout the foreperiod which would not serve as a
satisfactory control. In support of this contention lax
obtained lower levels of activity during the foreperiod.

On the other hand, lax's procedure entailed reading the
instructions and the prohlem during the work period and
gave no indication of the time at which "pure" wmental work
began.

The amplified action potentials were rectified and
the ares between the base line and the upner limits of the
curve was measured with a planimeter. Average levels were

then computed for the various activities. The sensitivity
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of the instrunent can be imagined when it is realized that
voltages of more than nine microvolts were too biz to be
neasured as they represented full-scale deflection.

The average level of activity recorded irom 18 deaf
subjects (both forearms) working at verious tasks is given

in Table II.3. below.

Table IL.3. Average tension levels recorded froa forearus
of deaf nutes during diiferent taslse.
(viax, 1937.)

Aversse Z2_positive
Activities Tension resnonses

inereases
during worlk)

Reading 1.6 52
Rearranzing 2.0 Sh-
centences

llenorizing 3.7+ ol
Addition L, 2% 91
Syllogisms 5.7 96

There were wide variations in individugl responses,
the average reading for addition, fo exemple, being derived
from a range 0 to 7.0 microvolts.

Control readings talen from the pastrocnemius muscle
of the calf gave only 19% positive responses compared with
73% positive responses from the arm (91 records from five

deai supbjects).
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Headings vere also taken from the gastrocnenius muscle
and forearms of 16 normal subjects (2374 records). e are
not told the nature of the task worked. in this case ouly
31% positive responses were obtained compared with 8&%
positive responses in the deaf. The zverage amplitude
was also lower, being 0.8 microvolt in the nommals and

L1+ microvolts in the deaf.

o

It is most important to realize that Hax's deaf subjects
were highly frained, some having had 15 month's practice in
relaxation. The normal subjects were not available for
more than a few hours, as they were =mployed in full-time
occupations. | These two groups are not coaparable, and here,
as in Jacobson's work, we do not know whether the specificity
of response in the trained deaf subjscts is not due to their
traininge. But, nevertheless, fthe normal subjects were not
as responsive as most other investigators have reported.
Feasons can only be conjectural, and uway lie in the nature
of the task and the experimental procedures, the percsonalities
of the subjects, or the evocation of different emotional
attitudes. The normal subjecte were unlike Thosce cuployad
by most investigators who generally choose universitly
students. The motivﬁtional attitude of strangerz fo a

laboratory might be considered the crucial varizble.

It is risky to attempt a final conclugion to the guery,
are there changes in nuscular tension which accompany the
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neadings were also taken from the gastrocnemius muscle
and forearms of 16 normal subjects (374 records). We are
not told the nature of the task worked. in this case oilly
31% positive responses were obtained compared with 8&%
positive responses in the deaf. The agverage amplitude
was also lower, being 0.8 microvolt in the nommals and
3.41#% microvolts in the deaf.

It is most important to realize that Hax's deaf subjects
were highly frained, some having nad 15 month's practice in
relaxation. The normal subjects were not available for
more than a few hours, as they were =smployed in full~time
occupations. | These two groups are not comparable, and here,
as in Jacobson's work, we do not know whether the specifitity
of response in the trained deaf subjects is not due to their
traiming.  But, nevertheless, the normal subjects were not
38 responsive as most other investigators have reported.
Reasons can only be conjectural, and may lie in the nature
of the task and the experimental procedures, the personalities
of the subjects, or the evocation of different emotional
attitudes. The normal subjects were unlike *those cumployed
by most investigators who generally choose university
students. The motivétional attitude of strangers to a
laboratory might be considered the cruclal variable.

It is risky to attempt a final conclusion to the query,

are there changes in muscular tension which accompany
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onset oi mental work 2 But it is not too inaccurate to

say that the bulk of experimental worlk shows that there ig

193]
=

increase in musculsr tension in certain muscls sroups

+
i

in the majority of subjects when work begins, the locus of

naximun increase depending on the nsture of the task, the

subjects employed, and the instructions given to them.

— 4
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Part (2) Changss in Muscular Tension Occurring during the

Course of Mental Work.

Gollz 2nd Antonovitch, it will be remembered, obtained
2 rise in muscular tension at the oncet of mental work.
In the same experiment they also attempted to follow the
course of tension throughout the work period, which was of

unspecified length. The initigl rise appeared to be

sustalined for s brief period before tension returned

gradually. to its original (rest) level, although the work

was still under way. The period of maximuim tension for

any one subject varied from three to six minutes in duration,
and the period of decline to normal from six to twelve
minutes.

A similar initial rise znd subsequent drop was reported
by Freeman (1930b). In the same experiment discussed in
Part 1 of this chapter, he continued to take tendon
deformation readings every 30 seconds during a work period
which consisted of either continuous addition, counting
verbs, or counting adjectives in a passage of prose.

He found that after the initial rise in tension there was

a _decline. Subtracting each reading from the preceding
one and then averaging these figures for each subject, he
obtained a mean decrease for his four subjects of 3.35 mm.

of deflection from the level at the beginning of the task
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after nine minutes working. Subjects were not very
variable, all showed the decrease, the respective figures
being 3.8, 2.9, 2.6, and %.1. This vuantitative procedure
ie apparently fairly representative, although greater
regularity is implied than in fact occurred, for momentary
and even sustained increases in tension were noticed during
the period of usual decrease. These were possibly due to
xtraneous stimuli, or to an increase in effort, or even,

in Freeman's opinion,to an unrelated spread of muscular
or visceral activity affecting the locus of recording.
It was not possible to say which.

Bills and Brown were two other workers at about the
same time (1929) who obtained evidence for the initial rise
in tension, although no subsequent drop was recorded.
They employed 20 subjects who worked at four similar tasks
of different length. These consisted of pairs of digits
arranged on an addition sheet, which subjects added over
periods of one minute (condition I), two minutes (condition II),
five minutes(condition III), or ten minutes (condition.IV),
A signal was given every 15 seconds, whereupon S made a
check mark on the page to show the point reached.

Tension was recorded in a primitive manner by having
the subjects write their answers on five sheets of paper,
placed one on top of another and inserleaved with carbon

papers. An indication of the amount of pressure exerted
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on the pencil point would be given by (a) the number, and
(b) the clarity of the carbon tracings, the former giving
the more objective measure. Two judges independently
rated each subject's work for degree of tension on a
four-point scale at each quarter minute.

The following graph, Graph II.3., whows the degrees
of tension recorded during the first four quarter-minutes

of work.

CONDITIONS

BfecEs S
OF

TENSVOIS

| RN 2 &
aUARTER. fWIMUTES OF  WORtc

Graph II.3. Degrees of tension recorded during work under
a time-set.
(Bills and Brown, 1929)



In all cases there is a rapid increase in tension
diu'ing the first half-minute of the task and a slower rise
during the second half-minute. The shorter tasks tend
to have lower initial tension and to increase more sharply
than the longer tasks. In a second experiment, in which
2k subjects were employed, four different length sums were
again worked, but this time the actual number of lines of
work to be completed constituted the task given rather than
the time allowed. Three, six, twelve, and twenty-four
lines of addition made up the four respective conditions.

This time, tension (measured as before) was graphed

throughout the whole work period.

COKDITIONS

WRC 30

Graph 11.”. Degrees of tension recorded during work under

a task-set.
(Bills and Brown, I1929.)
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Graph II.4. resembles the earlier granh in showing a
sharp increase of tension, irrespective of the length of
the task, at the beginning of the work veriod, an increase
which flattens to a virtuval asymptote at the thirtieth
quarter-mninute. | However, the sharp rise at the beginning
of the graph is not, as in the former experiment, sustained
for only half a minute, but extends over two and a half
minutes. A further difference is found when the effect
of the length of task is examined. The shorter tasks do
not in this case have a lower initial level of tension, but
remain higher throughout the whole of the work period.

Unfortunately no statistical treatment is supplied
and we do not even lnow the individual vsriations around
these average tension scores. The scoring system itself
can be objected to on the grounds that there might be a good
deal of tension present in gripping the pencil without
pressing it into the paper, and secondly the four-point
scale is a very crude measure.

Taking these objections into account we are left with
some rather unsatisfactory evidence for gn initial steep

rise in tension followed by a flattening of the gradient,

but no evidence for a fall towards the end of the taske

Freeman recorded tension in the quadriceps muscle whereas
Bills and Brown were obtaining a gross measure of hand and

forearm tension and this might well account for the

discrepancy.
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Davig,in his 1937 paper which has been discussed in
Part 1 of this chapter, reported an increase in tension
during the work period. The granhs on npage 35 show the
apparent trend. Davis claims that it can be seen from
Tthe tables accompanying these graphs (condensed into
Table II.2. on page 36) that during the second half of
each work period (minutes nine and tem) the tension is
greater than that recorded during the first half (minutes
six and seven) in all three tasks, the increase being most
marked for the third group of subjects, those working at
menital multinlication. However, in the case of the
memorizing and addition tasks it is possible to analyze
the curve more carefully. The tension level reaches a
hish point in the sample preceding the last one taken
during the work period. For the last reading’ tension has
dropped and continues to do so during the succeeding rest
periode.

Davis has more evidemce to support his claim for an
increasing trend throughout the work period in a later
paper (1939) which we have partly examined in Part 1.
1t will be remembered that he recorded from both forearms
and from the left calf while subjects worked at_mental
multiplication and memorizing nonsense syllables. He
began taking records of work period activity after a lapse

of 15 seconds. This was done "in order to omit any shock
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effect®.  However, it was possible to observe on the
oscilloscope, although not to record in a permanent form,
an initial burst of activity which subsided at the end of
15 seconds, so that the first reading taken then was often
little greater than the rest period values.

It seems to the present writer that if such a shock
effect is brought about by the presentation of a piece of
work and the preparatory adjustments of the subject in
beginning it, then any attempt to trace the course of
muscular activity during mental work must necessarily include
this period. Omitting it entirely is analagous to the
study of reaction times accompanied by a dismissal of the
fore-period from consideration.

After the lapse of 15 seconds Davis recorded for periods
of three to five seconds at the end of every minute.
| Muscular activity appeared to increase during the work
period, and to obtain a measure of this effect the tension
level recorded during the last camera run in a work period
was expressed as a percentage of the first. These
nercentage values are given in Table II.4. for the three

loci where recordings were made.
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Table IL.%. Ratio of muscle potentials of last work
reading to those of figst work reading,
in percentages. (Davis, 1939.)

Left Leg Left Arm Right Arm
Arithmetic 155 153 133
liemorizing 114 121 158

Ignoring the different mggnitudes in the different
muscle groups which have been mentioned in the last part
of this chapter, it can be seen that in all cases there is
an increase over the tension recorded after the first 15
secéndsc Sometimes the final level is half as much again.

Davis concludes from this that muscular tension
increases progressively during work, but this is going
beyond the published results which merely show that the
tension levels during the last camera run of approximately
three to five seconds in duration was higher than the
tension level during the first run taken after the first
15 seconds of worke Indeed to be precise only three
samplé periods of 1/12th second each were measured during
these camera runs and only the largest deflections within
these periods. The measurement of 1/% second's activity
near the end of work and a similar measureument near the

end of the work period and the computation of their ratio
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hardly Jjustifies a statement to the effect that tension
inereases progressively. It would seem more correct to

conclude that Davis found tension increased at the beginning

of o task, remained high for about 15 seconds, then dropned,

and probably rose agaim near the end of the work period.

Telford and Swenson (1942) recorded tension during a
mirror-drawing task by means of a pneumatic stylus.
Twenty-five subjects took part,’each subject attempting
the task 100 times.

It was found that in the earlier runs tension was low
at the beginning of a trial and increased irregularly but
fairly constantly until it was highest at the end of the
triale. As learning progressed initial tension increased
until during the last trials there was little difference
petween the beginning and the end of a trial. Variability
likewise decreased. From a typical sample record included
in their paper one might also conclude that there was a
sharp increment in tension at the beginning of the task.

Although apparently supporting Davis' views with
regard to the increase in tension during work, this
experiment does not appear to be directly comparable, as
it is concerned with changes that occur in the muscles
involved in a motor-learning task, which are probably very
different from the changes WHRhat occur in similar nmuscle

groups during so-called central processes.
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CONbuCTANCE .

A more recent study by Geldreich (1953) utilized
palmar skin resistance and traced the trends occurring
during long work periods of 55 minutes. The mental work
consisted of a colour-naming task, the colours being
presented serially by means of Bills' psychergometere
The mean conductance level was recorded for each 15 seconds
of the work period and means were calculated for five-minute
periods.

The graph below (Graph 11*5*); modified from Geldreich,
shows the course of skin resistance during the work period
and during a control period of the same length when the
subjects reclined in an easy chair. Ten subjects took part

in the experiment.

MIIAL I

130

zs
OF OR.

Gra'oh II.5* Palmar conductance during work and rest.
(Modified from Geldreich, 1953.)
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The greatest reduction in conductance occurs during
the first five minutes of control rest, after which the
trend parallels the mental work curves. The difference
between the first and second thirds of the control curve
is significant at the .01 level, but between the second
and third thirds does not reach significance.

During mental work a significant trend appears to
have occurred. Both the decrement from the first to the
second and ffom the second to the third third are reliable
at the .05 level.

Finally, the average conductance level during mental
work 1is significaﬁtly higher than during rest.

If palmar skin conductance is considered a valid
though indirect measure of muscular tension, then g_gregter

degree of muscular tension is exerted during colour naming

than during rest, a finding in line with most other work.

Secondly, during a task of long durgtion a graduwal

decrement in tension would be said to occur. This is

in agreement with Freeman and Golla and Antonovitch,
although not with Davis.

The situation is confusing. The following table is
an attempt to summarize the experimental findinss discussed

so fare (See Table II.5. on page 57e)
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Any general conclusions to be drawn from this table
will depend on a subjective estimation of whichAdifferences
are important and which of no account. It is hardly to
be expected that all these workers should concur on the
shape of the tension curve, considering the variety of
tasks of various lengths that have been employed and the
many different loci from which recordings have been made.
Nevertheless they all report a sharp increase in tension
at the beginning of the taske. This seems to occur in
all the muscle groups measured and for different types of
worke Thg length of this initial increase has been shown
to depend partly on the set of the subjects induced by the
anticipated length of the task (Bills and Brown), and may
also depend on the length of the task, its nature, and the
locus of measurement.

There is less agreement agbout the later course of
tension. It has been found to increase, decrease, or to
remain constant. Bills and Brown, who obtained the latter
effect, used such an insensitive method of recording that
they may not have been able to pick up the trend. The
other experiments fall into two groups: (1) Golla and
Antonovitch, Freeman, and Geldreich who found tension
decreased until the end of the taskj; (2) Davis who found
tension dmcreased in two éeparate experiments. Telford

and Swenson agree with Davis, but the relevance of their

data is doubtful.
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One gtriking difference between Davis and other
workers lies in the length of his tasks which took no
longer than about five mihutes. Freeman's tasks were
almost double this length, Colla 2nd dAntonoviteh's three
times as long, snd Geldreich's lasted for 55 minutesg.

As Davis in his 1937 paper presents graphs which decline
tovards the end of the work period, it seems a likely
extrapolation from these data to predict a continuous
decrement if the task were to be continued. The difference
then between Davis and the others may lie in the shortep
tasks employed by the former. There is unfortunately
no evidence from the other exnerimenters that tension
rose to a high point after about five minutes; secondly,
if the results of the 1939 paper are to be trusted, Davis
has obtained an increase during the work period with no
sign of a final drop.

It should be noted that Davis did not record from
the same muscle groups as the other workers, and he
employed discontinuous worl. The counting and addition
tesks used by the others were of a mdre cumulative and
continuous naturee.

We are probably justified in caming to the following
conclusions:

At thé beginning of mentak work there is, in all muscle

groups so far investigated, a marked rise in tension, the
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extent of the rise having been shown to depend nartly on
the set of the subjects.

There may_then occ n incr in tension, to be

succeeded by _a slow decline until the end of the task,

this latter trend being better documented.

The length and type of task, particularly its repetitive

or cumulative nature, probably influences the form of the

tension curve and the locale of maximum change.
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Part (3) Individual Differences and the Association

of Tension with Work OQutpute

In many of the experiments reviewed we have mentioned
the common finding of variability in resultse Several
workers have attacked the problem of individual differences
in muscular tension and sought to relate these differences
to levels of performance.

White (1935) was peobably the carliest to investigate
this problem in a technically competent way, although he
used an indirect indication of tension, namely skin
resistance.

Twenty-seven subjects learned a series of paired
equivalents which they then attempted to recall. Rank
difference correlations were run between total amount
recalled and mean resistance level. A correlation of
~.16 was Tfound between total recall and resistance during
learning and tends to suggest that with many exceptions

the superior learners may have been more tense than the

poorer learners. lLore convincingly, the correlation

petween tatal recall and resistance during rest was +.50,
which is significant at the 1j level and implies that the
better learners relaxed more during the rest period which

followed the attempt at recall.

The tendency for the better lemrners to be more tense
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is in agreement with Clites (1935, 1936) who recorded
blink rate, skin resistance, and action potentials during
problenm solving. The results obtained by the three
methods were similar, and thoBe derived from the action
potential method were reported in Part 1 of this chapter.

An increase in tension during work was found only in the

case of those subjects who solved the problem. These

successful subjects are perhaps comparable to White's
better learners.

Brown (1937) employed 18 subjects who learned a list
of nonsense syllables presented serilally while their G.S.R.
was recorded. ‘

Correlations were comprited between average resistance
levels at the beginning and the end of the task and
efficiency of learning measured by the number of trials
reqguired for one successful reprodﬁction of the list.

The results obtained are given in the following tables

Table II.6. Correlations between resistance levels

and efficiency. - (Brown, 1937.)
Correlation
Resistance at beginning o25 * J1h

of task and efficiency

Resistance at end 57 & .10
of task and efflclency

Average resistance at 55 4+ .10
beginning and end of
task and efficiency
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From table II.6. it can be seen that the higher the
resistance level, particularly at the end of the task, the
Tewer the trials required to learn the list. This implie

that the hetter learners were less tense during learning

z2nd appears to contradict both Clites and White.

However, as Brown points out, the correlations uust
be interpreted with care as they are low, although the
value of .55 is in fact almost significant at the .01l level.
The inclusion of two hyperthyroid individuals in the sanmple
was unfortunate as it would tend to ralse the correlation.

The disagreement is heightened when Davis' results
are included.

Devis (1937) recorded, it will be remembered, more
locglized tensions than Clites and used different tasks,
i.es memorizing, addition, and multiplication. Nanlt order
correlations were computed vetween muscular activity in the
various periods (initial rest, work, and final rest) and
a measure of success in the task.

In the case of the memorizing task this was the nunber
of words recalled. Lis Table IL.7. indicates (see p. 25),
there is a slight though not reliable tendency towards a
positive relation between rest period activity and
accompiishment, which suggests a more active state in the
more successful subjects. - lore substantial coefficients

are found during work where greater accomplishment seems
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to be associated with less increase in sctivitye. This

is clearer when the subjects are divided into three groups
dependine on their degree of comprehension of the material.
The summaries of the passage which were most accurate were
accompanied by The least increase in activity and vice
versas.

For the addition task, as the suojects did not add
aloud, it was possible to use only the final sum arrived
at as a measure of successe. The table on page 65 shows
that the nositive relation between rest psriod asctivity
and accomplishment is more marked than ovefore, and once
agaln a negative relationship exists during the work period.
It may be, as suggested earlier, that some individuals
did not relax during the instructions and previous rest
period, but rehearsed the rather complicated addition
required of them (see p.37). This seems to have peen the
case, especially with the better performers, who worked
during the fore-period and benefited by this ruse. The
increase in action potentials mostly occurred not at the
experimentally detefminea peginning of the task but at
the very beginning of the session when the subjects first
became aware oi what was to be required of them.

In the third experiment subjects multiplied mentally
a three-place by a two-place number. Two measures of

accomplishment were used: the time spent on the work, and
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the number of correct digits in the product. The
correlations are given in Table II.7. below and show a near
significant and inverse relationship between oufput, by

both measures, and increase in tension.

Table II.7+ Correlations between muscular activity and
work outpute. (Davis, 1937)

tlemorizing  Addition  pmultiplication
Tine Correct

digits
With activity in 027 o3 W12 .11
initial rest
With activity - 25 -e10 - 06 - 09
during work
With increase in -o 34 -.35 .25 -2k
activity during
work over initial
rest

411 three sets of results agree that g _consistent

correlation with accomplishment is found in the increase

in activity in the work period over the resting level,

the coefficient being negative and significant or near

significant.
In an attempt to elucidate these negative correlations

Davis performed two further experiments. It is known
from Freeman's work (1931) that muscular patterns change

with practice in a given activity. Davis tried to show
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that practice also leads to a lessening of muscular tension.

Five subjects practised addition during five days
while action potentials were recorded as before. The
following grap” (Graph II.6.) shows a tendency for activity
to diminish as the series progresses. In fact the rest

and work levels converge as practice proceeds; a finding

in agreement with Freeman.

AVERASE:

PENTAE

Oor

Gl'a=ch IT1.6. The effect of practice on muscular activity.
(Davis, 1937.)

Now, Davis argues, it can be supposed that subjects

come to an experimental session with varying degrees of
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former practice. An imaginary situation can be envisaged
in which the sittings of this practice group on their first
day are taken with the sittings of the same five subjects
on their last day as though they re@resented~ten dirferent
subjectse. The correlation in this hinotheticual case
between accomplishment and increase in tension would then
be -.13 instead of +.40, the correlation obtained from

the first day's results'alone. Davis considers this
analagous to the main experimental situation where the
correlations were low and negative owingz to the uncontrolled
variable of former practice.

The demonstration is convincing if not exactly similar
th the real life situation. We do not kmow 1f subjects
who are well-practised 1n addition over the past ten years
will to-d=y show less muscular tension during addition
than unpractised subjects. We onl& know that several
days in the laboratory, in the subject's "cage", with
electredes in place, while working at addition, will lead
to a decrease in muscular activity. There is no control
group undergoing similar practice but without the presence
of the potentialiy frightening laboratory set-up. The
effect may be due to familiarity with the laboratory
rather than nractice at addition.

Fﬁrthermore it is strange that a.correlation as high

as +.40 should have been obtained from these subjects



- 68 -

during the 1irst session. After all they came to this
first cession with varying degrees of former practice and
it is not obvious that the situation differs from- the main
experiment where the correlation was low and negative (~.35
between accomplishuent and increasse of tension)e  Davis!
interpretation seems doubtful.

4 further factor tending to decrease the correlation
between tension and output might be found, according to
Davis, in the amount of distraction present during work
periods. There is good evidence from Morgan (1916) and
others that distraction leads to an increase in nmuscular
tension, and so if distraction were to occur during work
and output to remain the same the correlation would be
lowered.

In a short experiment Davis obtained unequivocal
results showing that potentials increase during the
distraction afforded by a gramophone while the subject is
attempting to comprehen& a difficult passage of prose.
However, no details are given of possible distractions
during the original work periods and these are unlikely
to have been as intense as in this demonstration.

It is necessary to conclude that although Davis has
shown that an inverse relationship exists between work
output and the size of the increase in activity from rest

to work, his attempts to specify reasons for this
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relationship are hard to accept.

further contradiction to elites, Davis (1938)
found that the level of muscular activity of both
successful and unsuccessful subjects was similar. He used
a series of nujnber problems and recorded electrically from
the right forearm and neck.

A linear relationship was found between muscular
activity in both these regions and the difficulty of the
problems when percentage failure was used as an indicator
of difficulty. Graph II.7* below is taken from Davis
and shows the relationship clearly, and also that the amount
of tension in the neck is considerably less than in the arm

during work.
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Graph II.7# The relation between muscular activity and
difficulty. (Davis, 1938.)
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Taking the snalysis a little further it was found
possiple to differentiate between problens on which subjects
Leported failure and those on which they reported success.
Comparisons of the éverage level of tension during
“successful“ solutions with the level during "failures"
show no significant difference in either arm or neck, the
slight differences peing in opposite directions for these

two loci. Table ile8. below gives the relevant values.

Table II.8. Average tension levels in neck and arm during
successful and nnsuccessful problem solving.
(Davis, 1938.)

Neck Arm
Success Failure  Success Failure
Number of problems 124 60 136 63
Average tension 128.5  138.0 94,8  181.4
SeDe 67.0 49.0 129.0 99.0
Difference -9.5 130k
SeE.diffe 74 1343
CeRe -1.28 | 1.01

The same tendency was found here as in the preceding
analysis where sucess and failure were grouped together,
i.e. the more difficult the problem the higher the activity

level. Graph II.8. shows that more muscular tension
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appears to be involved in the solution of a difficult
problem than in the solution of an easy one, and more
activity is recorded for "givlnp: up” a difficult problem
than for 'teivinfc p.p' an easy one. (There is no actual
difference between the two lines on the graph because of

the wide scatter of points#)

KTIN FBRNAO FATUOTZE.  ONLY
\N PER CENT OF

AEEGE  HRK
1

ONEY

Graph 11,8, The relation between muscular activity on

70

"failed"and "solved" problems and the difficulty

of the task, (Davis, 1938,)
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The disagreement with Clites may be due th the
difference in recording techniquej; generalized tension
as measured by Clites being an indicator of fallure and
frustration. An investigation is badly needed in which
both localized tension in the arm snd general tension in
the bodily musculature, including the E.K.G., are recorded
simultaneously during problem solving. On the other hand
Clites employed 2 more objective measure of failure and
the cause of the discrepancy may lie here.

Davis! other finding that increase 4u difficulty
leads to increase in tension is well substantiated.
Tuttle (1924) had found that the height of the knee jerk
was greater during mental arithmetic than during
conversation, but Stroud (1931) was the earliest worker
to demonstrate the relationship within tasﬁs of the same
kinde. He used stylus mazes of varying degrees of
difficulty and obtained megsures of tension from a
pheunatic styluse. It is not clear how nmany subjects were
employed, the number appears to have varied from one maze
to another, and in one case to have been 12.

A consistent positive relation was found bpetween

tension and difficulty, tension being greatest on the trisls

with the largegt number of errors. Table II.9. shows

the consistent relationship which is not however

statistically significant for individual cases. The high
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probable errors are due to the great variapility in tension

level from one subject to the next.

When the mean

difference is calculated a CeRs of 1.93 is obtained, which

is also not quite significant.

Table II.9. Average tension exerted on stylus during most

and least successful meze runs.

(Stroud, 1931.)

lMaze Category
C3 Most errors
Least errors

Y Most errors
Least errors

3 Most errors
Least errors

c2 Most errors
Least errors

Mean difference

Tension
(ins.)

.208
«161

+336
«298

«326
«298

275
+233

Difference

in means

« 048

«038

«038

« 042

o O1

P.E.diff.

.01k

.036

«021

»038

. 015

Hadley (1941) recorded the electromyogram from the

left forearm during the solution of mental multiplication

sums of varying difficukty.

Ten subjects took part in

the experimente The tasks were ordered in difficulty

from 2X1 to 3X3 sums, the ordering agreeing with the

percentage failure.

The average.amplitude of the three highest waves

occurring in each second was used as an indication of the
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amount of activity. This measurement technique resembles
Davis* and is difficult to interpret.

Using this technique Hadley found that an increase in
tension accompanied an increase in the difficulty of the

task. Graph II.9. below shows the clear trend.

I
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Graph 11,9. The relation between tension and degree of
difficulty of the task. (Hadley, 1941.)
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Hadley thought it likely that those subjects with
the greatest percentage of failures would show the greatest
increases in muscular activity, but vpon examining
individual records he found correlations which did not
differ significantly from zero. In other words group
trends do not apparently depict the true state of affairs
for individual cases and prediction from group to
individual is poor. Either that, or it may be that
supposed difficulty rather then difficulty as measured by
objective success or failure is the cruclal measure when
individual records are examined. As a group, subjects
would tend to approach the longer tasks with more effort
as befiis more difficult tasks, but individual differences
would be great if some subjects found some of the shorter Sums
more difficult for them, which might occur because of
nersonal preferences for some digits.

Celdreich (1953) recorded the G.Se%s from ten subjects
during ﬁork at colour naming on the "psychergometer®.
A correlation of .39 was obtained between loge. conductance
of the skin and rate of colour naming, which is significant
at about the 3% level. The correlation between average
skin conductance and the average number of bdlocks is =.60,
which is significant beyond the 1% level.  This implies

that a decrease in general bodily tension is ascociated

with a decrease in the rate of work and an increase in the

rate offtblocking¥.
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Once egain it may help to clerify the situation if

L

a summary of results is given in tabulsr form. On fThe

next page the three experiments concerned with the relation
between the difficulty of a task and the degree of tension

exerted are listed, and on the following page,Table IIl.1l.

gives detalls oI the findings of the ¢ix exneriments

which deal with the relation between work output and

muscular tensione.
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With regard to the first table it is possible to draw

a common conclusione More difficult nroblems give rise tc

higher tension levels in the forearm and neck musculature,

put_this appears only when records gre pooled from many

subjects and is not necegsarily obcervaple in individual

records.

It night nevertheless be thought to follow from this
that the better performers, who presumably find the task
easier, should show lower tension lévels during worke.

And in line with this, Davis (1937) found practised performers
were possibly less tenseo (See table II.1l.) When it came
to problem solving, however, he was not able to distinguish
between the successful and unsuccessful,(Davis, 1938),
unlike Clites who found the successful were more tense during
the work period and during the period of reporte. The
discrepancy between Davis and Clites 1s probably due to one
of the differences already mentioned, either the difference
in the loci of recording, or in the criteria of success.
bavis‘ earlier finding that practised performers were
less tense is, as we have pointed out, capable of a different
interpretation in terms of habituation or familiarity with
the laboratory situation, but nevertheless it does accord
with expectationse As Davis was the only worker pesides
Clites to employ the action potential method of recording,

his results are probably more trustworthy than the three
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other investigators who disagrees with him. They found
a positive correlation between work output and tension
during the task (apart from Brown who included sbnormal
subjects in his experiment), while Davis' only positive
correlation was with tension level during preliminary rest.
But this, as we have suggested, was »probably due to his
subjects working at the tasks before the work period proper
began, especilally as most of the correlation has its source
in the addition task where the complicated 1lnstructions
made this tendency most prevalent. White's finding that
better learners were more tense during a final rest period
is probably explicable in terms of a carry-over of tension
from worke.

It is not possible tTo come to any certain conclusionse.
If we regard Davis! finding of a lack of correlation
between work output and tension during the task as springing
from the active preparatory set of his subjects, we are left

with an agreed conclusion to the effect that bhetter performers

are more tense during work, a conclusion derived, however,

indirectly from the G.S.R. technique.

The next section of this review may help to clarify

matters when the eifects of inducing tension are taken into

accounte



Chapter 3.

The Effect of Induced Muscular Tension on lental Worlk.

As long ago as 1899 Breese had discovered an increase
in visual aculty occurred when subjects pressed their arnms
against their sides. But Bills (1927) appears to have
been the first worker to have invectigated the relationship
between induced musculsr tension and mental activity with
the desire to obtain experimental evidence on the
contraversial issue petween the central and neripheral
theorists. Were the muscular tensions accompanying mental
effort a mere "overflow" phenomenon, as the central theory
demanded, or were they, as Washburn thought, "an essential
part of directed thought!?

Bills attacked four aspects of the problems
(1) Would an increase in muscular tensioh beyvond the normal
level result in an increase in the efficiency of mental
work? If so, the peripheral phenomens must have a direct
influence on central processes.

(2) Would the effect of induced tension increase or decrease
during continuous work?  Would nmuscular fatigue affect
mental fatigue?

(3) Would the effect of induced tension increase or decrease

with practice?



(k) Would results depend on the criterion of efficiency
employed?

Tin

(0]

supjects took part in the Tirst experiment.
The task consisted of a series of nonsense syllables which
were to be learned under either norial or tension conditions.
Under tension conditions S squeezed a dynamometer
continuously during worke. Twenty lists of nine syllable:
each were learned, ten lists under tension and ten lists
as a control.

Tﬁree criteria of learning were employed and all showed
a marked increase in efficiency had occurred under tensione

(a) Learning time decreased by 13% under tension,

(b) Recall score calculated by the savings methed showed

a 6% improvement under tension, and

(é) the abscolute number of syllables recalled Was 13% greater
under tensione

The influence of practice on the relative efficiency
of the two conditions was determined by plotting daily
scores over a period of ten days. If learning time was
taken as the criterion, tension had a decided effect in
causing a more rapid increase in speed due to practice.
For the other criteria, the initial difference in favour
of the tension condition tended to disanpear and the curves
anproached one another. Grann III.1le shows the results
obtained with learning tinme. Very similar results were

obtained with a different task, learning paired associates.
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Graph III.1* The effect of practice on learning under
normal and tension conditions. (Bills, 1927)

In another experiment continuous mental addition was
used. Eleven subjects added twelve columns of 20 digits
per column. Two measures were calculated; (a) the time
taken to add the column, and (b) the accuracy of the reported
sun. Once again work took place under both tension and
normal conditions.

The average time taken to add the 20 digits under tension
was 23*3 secs., and under normal conditions 25*7 secs.
The difference is significant and there were no exceptions

to the rule.

The average nunber of columns correctly added each
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session under tension was 5.4 compared with 5.1 under

normal conditions, a statistically insignificant difference.

Practice, as before, led to greater improvement under

tension than under normsl conditions, but only in speed.

Accuracy did improve slightly with nractice, but equally

for

both conditionse.

As several columns were added it was possible to obtain

work curves for the experimental session under both tension

and normal conditions. It seems from Bills' graph that the

result of continuous work was to enhance the superiority of

«the

not

(1)

(2)

(3)

tension conditions where speed was the criterion, but
where accuracy was concernede.
Bills concluded from these experiments:

"That muscular tension, of the form and amount used by
us, does facilitate the e1f1c1ency of mental work of
the kinds tried.

"That the increase in efficiency gained by tension is
enhanced by practice, where speed is the criterion,
but remains constant where other criteria or sets are
usede.

"That the added efficiency gained by using tension tends
to increase as S grows more fatigved, when speed is the
criterion, but remains constant where other criteria

are used."
(Bills, 1927. p.249.)

The evidence seems to support a perinheral theory of

thought, although as Bills wisely pointed out, the tensions

which normally accompany thought may not function in a

similar way to those induced in this experiment.
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This work has been reported in some detail as it formed
the starting point of a series of researched which were to
amplify and question Bills!' original conclusionse

Freeman (1933) attemnted to clarify the nhysiological
changes occurring when tension was induced. Did the
localized increase in tension lead to an increase in the
general level of tension in the whole body, or was it

accompanied by relaxation elsewhere so that the general

level remained constant? Recordings were made from the
quadriceps nuscle while subjects held weights in their hands.
A spread of tension always occurred which involved the
guadriceps muscle. A similar spread of tension occurred
when subjects maintained an erect sitting posture.

This evidence really affords no answer to the guestion.
There may well have been relaxation elsewhere. £t is not
justifiable to conclude phat so~called general bodily tension
has increased from a recording made st one remote muscle
groups The effect of erect posture on guadriceps tension
is interesting and may be of some relevance in any comparison
of experimental procedures.

Stauffacher (1937) took Bills' work a step further.

In the light of Jacobson's finding that complete lack of
tension inhibited all mental work, and Ireeman's sugszestion
that the very tense were not as efficient as the less tense
(Freeman, 1933), it appeared likely that there might be on

ontimum degree of tension for z task.
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Staufrecher emnloyed 40 students as subjects who learned
series of nonsense syllables under four different conditions:
(1) with no induced tension, (2) with one guarter of maximum
pull, £3) with one half of maximum pull, and (%) with three-
quarters of maxinmwa pull. In order to obtain the maximum
pull reading 5 pulled on a dynamoumeter handle for one minute.
The reading at the end of the minute became the maximum pull
figure for that subject. Weights were then made up into
the various fractions required and suspended over a pulley.

3 had to pull tne weights off the floor and keep them lifted
during the work periode

It was found that all tension conditviouns were facilitative,

the half maximum pull being clearly the hest and the only

one that differed significantly from the resting level.

Table IIIl.1l. Relationship bstween desree of induced tension

and ability to memorize. (Stauffacher, 1937.)
Condition dAmount of HNumber of syllables
induced correctly anticipated
tension (ileans)
+
1 0 5e2 = 0623
2 1/% 5.6 T 0.21
3 1/2 6.3 L 0.23
+
i /% el = 0425
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These averages tend to obscure the

5]
b

tension. If

subjects are divided

actusl effects of

into good, poor, and

mediocre periormers the following table is obtaineds

Table 1II.2. The effect of induced tension (1/2 maximum pull)
on the performance of subjects of different
ability. (Stauffacher, 1937.)
[fumber of trials reguired
to learn listse.
Normal Tension Difference
Good performers (1) 19.5 20,9 -1k
Poor performers (14) Lo.5 3246 79
Mediocre performers (12) 2242 27.0 202

Only the poor performers appear to have bpenefited to

any degree in their learning by the induction of tension,

iece only 14 of the 40 subjects.

Stauffacher considered a possible explanation of this

fact lay in the difference that might exist between good

and poor performers in their normel levels of tension during

WoTrKae

Suppose the good performers have a higher level of

tension than the poor performers before the induction of

tensione.

The increment in tension will in the case of the

former lead to an excess of Tension over and zbhove the

facilitative amount, whereas in the case of the latter it
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will approach more closely to the optimum level. The

following graph (Graph III,2.) depicts this hypothesis

PeR. FofZM.ANca

OF

Graph III.2. Staul'i'acher's U-curve hypothesis.
(Stauffacherg 1937%)

Bills and Stauffacher (1937) confirmed these results.
They used more complex tasks, arithmetical reasoning and
"detectograms". These were short detective stories of a
page in length, full of irrelevant detail from which the
essential clue had to be picked out. Tension was induced

by lifting weights of 14 lbs.
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Statistically significant increases in speed of

arithmetical reasoning occurred under tension conditions

but no difference in agccuracy. No facilitation occurred

in the case of the detectograms. When the subjects were
divided into two groups, the better eight against the poorer

eight, it became clear that the poor subjects had benefited

by the tension whereas the better subjects suffered.

However, no tests of significance are offered and we are
left in doubt about the level of probability attained.

Courts (1939b) further corroborated certain of these
findings using as a task the memorizing of nonsense syllables.
Sixty subjects took part and learnt the sgllables under
various degrees of tension, the tension being induced by
squeezing a dynamometer. Meanwhile, the thickening of the
quadriceps muscle in response to a reguler tendon tap was
taken as an index of tension.

It was found that the greatest facilitatioroccurred

when an amount of tension equal to 1/4 of maximum effort

was induced. If tension was increased beyond this figure,

performance fell off until at 3/% maximum tension memorization
fell below the normal (no tension) condition. (See Graph III.3.)
Although the shape of the curve is similar to that
obtained by StauffacBer the scale on the apscissa is differente.
Whereas Stauffacher found the 3/4 maximum tension condition

facilitative, Courts obtained a memory score with this degree
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of tension that was lower than the control (no tension)
condition. Yension was not induced in an exactly cimilar
way in the two experimentse. Courts! subjects squeezed

a dynamonmeter, but Stauffacher's subjects pulled weights

off the floor. What 1is probably of more relevance is the
different way fractional amounts of tension were coumputed.
Courts took fractions oi the wmaximum value attained after

30 seconds continuous squeeze, wihile Stauffacher took
fractions of the maximum attained after €0 secohds continual
pull. . This wight mean that Courts used higher fractional
tension values during work, his 1/4 maximum resembling
Stauffacher's 1/2 maximum, and his 3/% effort approaching
Stauffacher's maximum condition. This would mean that there
was considerable agreement between the two experiments,
Courts having extended Stauffacher's work to confirm the
hysothesized detrimental effect of high degrees of induced
tensione.

However, Courts observed no differential effect between
good and poor performers. All subjects memorized most
efficiently at the 1/4 maximum level, and the means of these
optimal tensions did not differ significantly. vhen the
subjects were divided into two further groups on the basis
of their normal level of tension (high or low) during
memobizing, it was found that the induction of tension
affected both groups similarly and there was no significant

difference in performance.
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70
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Graph III.3* The effect of variation in tension on
performance. (Courts, 1939%»)

Courts' groups of good and poor learners each contained
21 subjects, whereas Stauffacher 's contained ten. IVhether
this means that those with more extreme scores were chosen
in Stauffacher’s experiment it is impossible to say, as the
two experiments are not directly comparable although both
tasks entailed memorizing. If it were the case, the fact
that Courts’ results are in the expected direction, without
however reaching significance, would suggest that there may
not be a true disagreement.

CouTts' finding, to the effect that induced tension

alters the performance of the tense subjects to the same
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degree as the relaxed, seems to disprove Stauffacher's
hypothesis that the induction of tension should benefit the
poorer vorkers who hapitually maintain a low level of tension.
Buv it is very probable that the locus of originally
mainﬁained and experimentally induced tensions is relevant
here. There is some evidence from Freeman (1933, 1937) that
optimal facilitation occurs when the tension is induced in

a muscle group closely related neurologiczlly to the active
muscle, but in the case of mental activity this is not at
present of much direct assistance.

Zartman and Cason (193%) induced tension in the muscles
of the right leg vhile their subjects worked at a series of
mathematical problems selected from various intelligence
tests. A temsion of between 25 and 40 pounds was induced
by means of a pedal mounted on springs wnich had to be pushed
with the foot, The »nroblems were timed and mistakes recordede.

4 correlation of -.20 % .02 was obtained between speed

of solution and average pressure exerted during worke.

The contradiction with earlier work might spring, as
they suggest, from the greater complexity of the tasks they
employed, which would agree with Bills and Stauffacher's
findings from the detectograms. Or it might arise from the
difference in the locus of induced tension. Bills (1937)
in a critigue of their experiment considers it likely that

the control condition was one of residual tension owing to
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the design of the experiment. oubjects were renuired to

vork glternately with and without tension, and 3ills thinks

it is doubtful whether subjects can shift their muscular

set so rapidly, although we are not told the leneth of tiue
elapsing between the solution of one problem and the
oresentation of the next. Residual tensions may have existed
on account of the »nosture assumed during the control periods.
This was a sitting position with the right foot on the nedal
but with no pressure.exerted. This might well have led to
considerable tension in the shin and thigh muscles.

Block (1936) may also have had a faulty control condition
due to postural tensions. Subjects sat in a straight-backed
chair and worked at analogy and syllogistic reasoning nroblens
and continuous addition while tension was induced in the legs,
or forearms, or both. Five degrees of tension were used
(8, 15, 22, 48, and 56 1bs.) and in no case was an improvement
seen over the control condition when group results wvere
examined. But half the subjects found the 15 and 22 1bs.
of tension facilitative when speed was the criterion, and
two~thirds of them when accuracy was the criterion. A8 the
amounts of tension were identical for all subjects, and
individual differences in strength were not taken into account,
optimal values were unlikely to have heen the same for all.
Individual differences might well have cancelled one another

out, and group trends would then becoue lnsignificante. It
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seems important to take into account these differences in
strength as Stauffacher did.

Both Zartman and Cason's experiment and Bloclk's seem
to suffer from inadequate relaxstiion during the control
condition and this may be the reason for their negative
resultse. The greater complexity of thelr tasks may have
played a part, although this does not appear to be generally
the case. Courts (194%2) has published a list of tasis
which have been shown to be facilitated by induced tension
and a further 1ist of those which show no improvement or
detrimental effects.

The following were facilitateds memorizing, pursuit
learning, reaction time, latent time of blocking of the
alpha rhythm, finger oscillation, dddition of columns of
digits, letter-naming, tapping, conditioned salivary response
in dogs, maze learning, vibratory threshold, startle response,
threshold for electric shock, and knee jerk. To these we
can add perceptuval span for digits (Shaw, 1956).

The following showed no effect: continucus addition,
syllogistic reasoning and selection of analogies, affective
judgements, and the eyelid reflex.

The following were impaired: mirror tracing, tossing
tennis balls at a target, and postural steadinesse. To these

we can add arithmetical problem solving (Zartman and Cason,

1934).
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It is difficult to abstrasct anything common to each
group, and it certainly is not feasible to order the tasis
in difficultye. Few of them are "mental" tasks, and the
majority of these come in the first and second lists, i.e.
those which were facilitated or showed no effecte As we
have seen, Block's results are probably not trustworthy,
but from the remainder of the worlk reviewed it seens safe
‘to conclude that induced tensions facilitate most forms of
mental work employed in the laboratory. The group of tasks
in which the induction of tension shows a détrimental effect
seems to be largely made up of motor skills, apart from
Zartman and Cason's experiment the results of which are
possibly also suspect.

It is perhaps going beyond this evidence to conclude
that although induced tension facilitates "mental" work, it
interferes with the acquisition of motor skills. There are
insufficient data at present. In any case it is doubtful
if it is useful or indeed possible to distinguish sharply
bétween "mental® and "motor" tasks.

Returning now to the results summarized in Part 2 of
Chavter 3, it may be possible to come to some general
conclusions.

The bulk of evidence, derived from indirect wethods,

suggests that better performers are more tense during work,

and the evidence from induced tension experiments supnorts
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this observation. The induction of tension apnears to

facilitate mental work, at any rate of the simpler kind,

altioush group eifects are misleading as individusl differences

may_cancel one another out. This is due to the fact that

che better nerformers, who are more tense during work, do

not improve their performance when additionsl tension is

supplied, whereas the poorer performers gpoear to be brought

to their optimum (the U-curve hvpothesis).

The problem is undoubtedly much more complex than this
statement implies, as the time, locus, and amount of induced
tension nust interact in some way with the time, locus, and
amount of tension "naturally" present during mental work to
produce continually-changing patterns of afferent kinaesthetic
feed-back to which justice cannot be done with the inadequate
measuring instruments available to-day.

Several writers have put forward hypotheses about the
ways in which induced tension brings about its effects; these
suggestions can best be considered in the theoretical

oo

discussion in Chapter 7 of this thesis,.



Chapter k.

The &nalysis of ilental Worl Qutpute

L maas

On reading the foregoing sccounts of attempts to clarify
the relationship between muscular tension and mental
performance one is struck by the ccant justice paid to the
complexity of work curve analysise For ewample, the
fluctuations in tension which occur during the »nrocess of
work might be thought to be related to similar fluctuations
in wark efficiency, but little attemnt has been made to
reléte the twoe. It would seem apposite to consider here
rather briefly what is known about the variations in mental
nerforiiance during a work peried, before describing the
present experimental attack on its association with muscular
tension.

"Kraepelin was the first psychologist to study mental
work exnerimentally. In the several volumes of the
"Psychologische Arbeiten'" he and his co-workers reported
many investigatiens into the psychological aspects of work
both in the laboratory =2nd in the field.

Laboratory tasks included learning lists of nonsense
syllables and numbers besides the more frequently used
addition sumse The additions were carried out in a

particular way, the nuabers being added in pairs. The work



cheet consisted of zs many as 2000 numbers arranced in 40
columns of 50 nnmbers each. subjects added the coluwns
vertically, a pair at a time. The sum of the two digits
wos occasionally spoken but more often written down. Every
integer was used twice, the second addend of the first
oroblem being taken as the first addend of the next nair.
The object of this procedure was to chtain wniformity over
long neriods of worke

The duration of tasks varied from 30 minutes to two
hours, usually occupying an hour. In order to follow the
course of work, subjects drew a line every time a signal was
given, generally every three minutes. This enabled the
experimenter to plot "work curves" which showed the
fluctuations in output during the work neriod.

Three typical work curves taken from Kraepelin's "Die
Arbeitscurve" (1902) are shown in the graphs on the next
page. A and B are from an experiment by Oehrn in which
two subjects performed rraepelinian addition for two hours;
C is from an exneriment by Ebblnghaus in which numbers were

learnt, also over a period of two hours.
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Graph IV.l. Typical work curves. (Kraepelin, 1902.)
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Lraepelin analyses these curves as follows. In only
eignt of the 70 two-hour trials is the greatest number of
additions performed at the end of the period, whereas in
2t attempts it occurs at the beginning. The reason for
This discrepancy lies in the onset of fatigue (Erm%dung).

But opposing fatigue is the effect of practice (Uebung).

in graph C, as the learning of numbers ig a relatively strange
task, the effects of practice dominate those of fatigue and
the granh rises throughout. But the form of a work curve

1s not solely due to the opposition of practice and fatigue.
If it were, the curve would be far smoother than it generally
ise

The irregularitées are thought to be fThe result of
distraction, flagging interest and so on, which when the
subject becomes aware of them 1éad to momentary spurts as
he increases the amount of “volitionzl tension" brought to
bear on the task. But some irregularities seem to belie
their name for they occur frequently at the same point of
the curve. The drop at the beginning of granhs 4 and B is
an example. Here we should expect an increase in performance
due to practice before the effects of fatigue are felt.

But it seems that this drop from a high level of work at the
very beginning is paralleled by the high level of "volitional
tension" brought to the task, which level camnot be maintained

for long.
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“his ennrt (dntried) is a ireguent occurrence in work

L

curves, bub 1t is not always easily recognized. srachelin

considered the first value of a curve ghould normally be

lower than the second owing to the influence of practice,

and if this difference were ai.iinished the erxistence of a

starting spurt was presuwied. In other words, the subject

can be apparently improving at a tacgk, but this imnrovement

according To hraepelin's analysis really masks a slowing down.
dnother difficulty 1s to be found in curves of very

tiring work in which output drops throughonut. iHere the

4

signs of a starting spurt and the effects of tatigue are
intermingled. A dispropottionately fast iz1l at the
beginning would be evidence ior the presence of a sn»urt here.

A second marked spurt often occurs near the end of a
task and can be seen in the grasphs. ¥raepelin called this
an end spurt (Schlussantrieb) and considered on introspective
grounds that this was due to the expectation of the end of
worko.

Besides these two spurts, Lraepelin considered there
was sufficient evidence to establish the existence of =
regular wave in efficiency which occurred throughout the
work period. He attempted to relate this wave, which Voss
(1899) claimed had a duration of 2.6 seconds, to conscious
feelings, but this was hardly possible utilizing the

subjects' retrospections.
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Other factors affecting the course of work are even
more hypothetical and we shall not be concerned with them
here. In order to help his analysis, Kraepelin also used
experimentally induced rest pauses, and in a series of
careful exverimental studies he and his pupils analysed
the factors which determined the efficacy of the rest pause.
This work was continued in a more practical setting by the
early English industrial psychologists (H.!MeVernon, 192k
SeWyatt; 1927).

Kraepelin's work has come in for just criticism. To
begin with, the terms he used to describe the shape of the
work curve may be understood in two ways. Bither they
refer to the objective observable results, or to the
consciously felt "causes" of these changes. It is risking
confusion to use the objective and subjective meanings
Synomymouslye. For one thing it is extremely doubtiul
whether certain subjective feelings are the unvarying
concomitants of the corresponding objective fluctuationse
there is a great deal of evidence, summarized by Bartley
and Chute (1946), to suggest that they generally are not.
For example, Poffenberger's work (1928) demonstrated that
a rise in output could be accompanied by a drop in feeling
tone. The difficulty in defining "fatigue" is witness to
the 7act that one can either employ subjective or objective

criteria, but not both together. Kraepelin seems to use



- 103 -

both objective and subjective criteria interchangeablye.

More frequently,nerhaps, terus like starting and end spurt
vere defined supjectively as spurts in "volitional tension
wnich caused.changes in worlk output. zeliance was placed

on introppective evidence througnout the "Arbeitscurve',

and yet work was never interrupted to record introspectionsg,
or prompt retrospections; they were inevitably retrospections
after a lapse of as much as two hours.

Furthermore the number of subjects vsed was too small
to admit much in the way of generalization. This criticisn
applies to nearly all the early work, where often indeed
the experimenter himself acted as the sole subject, possibly
on account of the tedious nature of the tack. Studies with
small numbers can be most useful in taking account of
individual differences, but the traditional Wwundtian aopproach
hoped to demonstrate uniformities in response and individual
-differences were ignored by XKraepelin and his students.

In eriticising the experimental conditions it must not
be forgotten that Kraepelin and the other early workers in
this field were careful and skilled experimentalists.

Their results are valid uvnder the cstated conditions, and
although their theoretical analysis may appear dated, these
results and the discrepancies occasionally found between

them and later investigators still need to be talen into

account.
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Iraepelin's pupils extended and verified much of his
WOTrke As none of this worl is directly relevant to our
purpose we will pass on to Thorndike's contribution.

Thorndike (1913) believed that the initial spurt was
"certainly not characteristic of work curves in general",
(pelt8), 2nd in support of this claim published results
obtained with addition and multiplication taslks. Five
subjects worked at addition for one and z half or two hours
and recorded the time at the completion of each row of 16
examples. Twenty-one different rows were used. Time
scores were corrected for errors by the addition of five
seconds for each error.

The following table is modified from Thorndike and

shows the time taken in seconds to add the first four rows

by each of the five subjects.

Table IVel. Corrected time scores for five subjects working
at addition. (ti0dified from Thorndike, 1913.)

Subjects.
Row A B C D & rleans

100 28+ 164 186 149 177
200 311 146 183 142 175
104 318 143 206 155 18k

F o w v

100 301 138 186 158 180
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It can be seen that only one subject, subject B, has
apparently onroduced a starting spurt, although Thorndike
claims that exactly dpposite trends can be observed in the
same individual on other occasioms.

With regard to the end spurt not one subject of the five

Y

"showed a consistent tendency to increase his efficiency by
even five per cent during the last five or ten minutes".(p.60).
Thorndike finally concludes,

"Fluctuations of considerable amount occur in any one
work period for any one subject, but except for a rise
in achievement of anproximately four ner cent near the
end when the date of the end is known, no regularity
in them has been proved for any one of them for any
one subject in any one sort of work, much less for any
one subject in all sorts of work, or for all subjects
“in any one sort of work. The supposed law that the
very first few minutes (is a period of) specially high
efficiency (is) not supported by the factse
-mmme-—-=  The most important fact about the curve of
efficiency of a function under two houbs or less
continuous maximal exercise is that it 1s, when freed
of daily eccentricities, so near a straight line and
so near a horizontal line. The work grows nuch less
satisfying or much more unbearable, but not less
effective." (pe69)

Thorndike is in accord with the psychological nractice
of his day in restricting the use of the words "starting"
and "end spurt" to observable fluctuations in efficiency.
We do not have to suffer the confusions due to the double
reference of Kraepelin's ternms.

. The discrepancy in objective resultsc between Thorndike

and the Kraepelin school is not easily resolved. The bulk

of the later evidence is for the reallity of the starting and
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end spirts especially over short time periods. “his does
not explain the different results obtained by horndile and
Iraepelin as they both uzed rather large unitse. Thorndile'ts
were apiroximately two minutes =nd Eraenelin's three ninutes

in duration.) The difference may be expligabhle in terms

S

f the number of subjects used, the mechahics of the adding

operation required, and motivational differences. But

this is conjecture, It 1s »robable that Thorndike obscured
some noints of interest by the use of an srbitrary weighted

score instead of presenting accuracy and speed scores

F

separately, faster speed combined with greater inaccuracy

-

would not he revealed at all. These scores are bhest
exanined separately.

Chapman and Nolan (1916) considered the veaknese of
previous experiments on the starting spurt lay in the usce
of intervals of time Too long to reveal the papid decline
in efficiency which taes place. They employed thirty-
second intervals for recording the amount of work done at
an addition taske Addition blanks similar to those used
by Thorndilze were employed and 20 female subjects worked
continuously at these for 16 minutez once a day for seven
dayse At each thirty-second interval the word "Checl" was
called by the experimenter and subjects made a mark showing
the place reached in their work. subjects were not allowed
to see the work before the starting signal, nor did they

know the purpose of the experiment.
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As the addition sheets consisted of 48 columns of ten
one-place numbers, it was decided to award ten points for
eacb column correctly added and to subtract ten points for
each column with an error. However, this is such an
arbitrary procedure that it seems safer to place reliance
on the scores uncorrected in this way, although in this
instance both methods of scoring show similar trends.

The following graph is modified from Chapman and Nolan

and gives a good indication of the marked trend obtained.

100
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Graph IV.2. Output at addition over 15 lainutes. (Modified

from Chapman and Nolan, 1916.)
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LT we compare the scores in each interval with +he
average score of the last 20 intervals the followings table
is obhtained:

Tabhle IVe.2. Comnarison of scores obtained in the first ten
intervals with the average for the last twenty.
(Chapman and Holan, 1216.)

Interval 1 2 2 b 5 4 7 8 9 10
% by which

each interval 28,8 12.1 £.2 603 1.4 2.2 1.4 4.5 -1,k 5,9
exceeds aV.

for last 20

From thic table it czn be seen that 28.8 % more work

the first interval than durine the

1s done during ir last 20
intervals, and the spurt appears to laét over Thas cecond
interval as well, The magnitude'of this decline over the
first few periods can be realised when g comparison is made
with Hollingworth's experiments (191+) where a decline of

no more than 10 % occurred after twelve hours continuous

WOTKe
The conclusion seems to be That the rapidity oi this
initisl decreace in efficiency has led to denisls of its

existence, but that

megured nore finely

it is very pronounced when ountput is

over hali-minute periods.

Philip (19239) was able to employ recording intervals

asg

D

short as ten seconds in his studies of high speed

(
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continuons work. The task was not a mental one; it consisted
of tapping alternately on two metal plates with a stylus
at maximum speed. The rate of tapping was recorded by
counters. Twelve subjects took part in the experiments and
were required to work at the task until they were too
exhausted tm continue.

Graph IV.3* belw shows the work output for all subjects
over the first 1$ intervals. Various size intervals were

used; 10 sec., 1 min., 5 min., and 30 min.

to sex.. iN-rejo/Au
I N\IN. £NTEXVAk
S /am. NREZYA<

A 30 fyils (NTERyAC

Gra ph IV.3. Work output at a tapping tasko (Philip, 19390
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It can be secen that the curves are similar no matter
vhet the cize of the intervalse 411 curves show an early
slunp followed by a subseguent rise, except the curve for
the 20 minute interval which is too long to show a starting

spurt.

The conclusion seems to be that in a tasgk of this

nature there is a steep decrement from the very beginning

emploved.

Unfortunately there seems to have been no comparable
investigation into mental work curves and we do not know
whether this rapid decline wouwld occur or not.

Philip tekls us that besides the starting spurt periodic
fluctuations cah be seen followed by an end spurt. We are
not given any further discussion of the end spurt, bui the
periodic oscillations appear to be a characteristic. of many
other curves, including those of mental work.

Philpott (1934%) has been one of the most persistent
demonstrators of periocdicity in outpute. He and his pupils
have analysed thousands of work curves, mostly of mental
addition, and appear to have demonstrated that the periodic
fluctuations progress geometrically, and so occur at ever
widening distances from one another. Any given work curve
is supposed to be composed of several different component

periodicities which it is possible to analyse out
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matnenatically.  These basic periodicities are surposedly
related to certain organic or rather sub-atomic constante.

It secems futile to follow such mathematical elaboration.
The experimental work is too coarse to justify eny attempt
to find physical constants of this nature. It is possible
to find periodicities in any work curve if smzll enough
periods are chosens And when gross methods of €iming are
used, the variability inherent in the work process itself
and the fluctuvations in the motivational state of the subject
nust combine to render supposed periodicities of corticsl
cell action mathematical artefacts with neither psychological
nor physiological meaninge.

Some recent work by Katz (1946, 1948, 1951) has opened
up a new approach to work output in its consideration of
the effect of the perceived length of a task on the rate
and efficiency of workes This reséarch can best be regarded
as an elaboration oi the experiments performed by Bills and
Brown (1929), and as an attempt to view the results in
Gestalt terms.

Bills and Brown, it will be remembered, required their
subjects to add palrs of digits either over various periods
of time or until certain amounts of work had been acconplished.
Four periods of time were employed, 2, 4, 8, and 16 minutes

in length, and four amount units, 135, 270, 540, and 1,080

pairs of digits.
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They found with the "“amount set' that the initial rate

of work was directly proportional to the amount to be worked,

but this was not found to hold in the case of the "tine set".

Iruezer (1237) repeated the experiment with 3% snbjects

(%]

but ewployed larger units than Bills and Brown. Time units
were 5, 25, and 50 minutes, and amount units were 500, 2000 ,
and 4000 psirs of digits.

Under these conditions it was found that the highest

initisl rates of work occurred in the two shortest perilods

of each typee S0 the two sets produced a similar erffecte.

Barmeclk (1939) investizated the "time set" for even
longer work periods. Twenty~three subjects added pairs
of six-place numbers for 4, 8, 12, and 16 fifteen-minute
neriods.

It was found that the Pate of work for the shortest

period was faster than any of the others. The initial rate
- —

~

that is, over the first hour) for the two-hour period was
faster than for the three-hour but not significantly greater
than for the four-hour. Hariack suggests that this way be
due to the extremely challenging nature of the longest
period, presumably because it is the longest period.
Subjects prepared themselves for this particulzr period in

a more determined manner.

The following graph (Graph IV.l4.) is taken from Barmack

and gives a good comparative picture of work output.
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Graph IVA# Work output with different time sets.
(Barmack, 1939%)

The results agree with Krueger but not with Bills and
Brown. Barmack suggests that the discrepancy may be due
to the snorter tasks employed by the latter workers, or to
the fact that they were only concerned with tne output
during the first quarter minute of the task, whereas Barmack

measured the first hour's output.
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More experimentation is needed, in particular a
repetition of Bills and Brown's experiment, before valid
generalizations can be made.

does not appear to take this earlier work into
account, ag he nowhere mentions ite. His experiments are
concerned solely with "amount set" and it is a feature of
Them that they utilize a realistic type of addition.
Katz believes that the work sheets used by Kraenelin and
others are "atomistic" weak Gestalten. Subjects were
usually required té add the numbers in pairs in order to
achieve a simple mechanical tyne of worlk. The situation
resembles Ebbinghaus' search for simple "stimulus" material
in the hope of obtaiming a simple response. Matural work
activity ordinarily lasts much longer than the second or

5

subjects to add a pair of digitse.

wn

so required by Kraepelin!

elinign sheet consists of

v
s

That is to say, work on & Iras

13

thousands of discrete work units, tied together by nothing
more than "Und-Verbindungen" and not structured in any waye.
Hesults obtained from this sort of material, "a borderline
case of intellectual work" (Katz, 1951 pelCt.), cannot
according to Katz be said to be typical of mental work in
general.

In accordance with this view Katz used addition sums
of one, two, or three columns and varied the length of the

columns. We shall report only two of his experiments here,

those most relevant to our argument.
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(1) The effeet of increasing the lengtn of a single columne
(Eatz, 1946,)

Columms of various lengths were employed. The worlk
was timed with s stop wateh to 1/5th of a second excluding
The time taken to write an answer. An unspecified number
of subjects took part.

The results are given in Table IV.3. on the next pace.
From the table it can be concluded that the addition time
depends on the length of the column. The longer tasks
reguired more time per addend and more mistakes were made
on these longer sumse |

It might be objected that the probable reason for the
increase in time per addend for the longer sums was the longer
time required to say theme But Katz tells us that s similar
increase is observed when pairs addition is employed and
in that case the numbers do not increase in gize as the
addition proceeds.

Results then appear to be in line with the previous

woTrke Subjects attack a piece of work at a sveed devendent

on the perceived length of the task. When the subject is

not aware of the length of the task confronting him, as in
a variation of this experiment, he attacks the problem
cautiously and the starting spurt is weakened or eliminated.
The situation is comparable to that of a runner confronted
with a race of indeterminate distance, He is unlikely to
sprint from the starting pistol in case the race proves to

be a marathon.
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Table IVe3e The effect of column length on adding efficlencye
(Katz, 1946,)

Noe of
digits 10 15 20 25 30 2% Lo %5 50 55 AQ
in col.

Average

?ddlng he2 1064 l7o)+ 2}"}02 33.1‘!‘ 3732 )+6¢7 6309 6902 7)+o6 80.2
Time

(secse)

Time ’

per 2 69 .87 496 1el 1.05 1.16 Lol 138 1e35 le3k
addend

(secse)

O

Mistakes 8 13 9 11 12 18 17 15 18 21

()

Two specific griticisms can be mentioned here. It is
difficult to see how Xatz can deduce anything about a starting
spurt occurring within a column from a measure of the total
time taken over the whole column. . Secondly, as pairs
addition gives similar results, Katz has hardly proved his
point about the use of continuous work Gestalten.

(2) The effect of employing addition sums of several columns.
(Katz, 1951.)

Columns of 20 digits were arranged into sums of one,
two, or three columnse. Subjects were requested to add these
sums in the ordinary way and to carry from one column to
the nexte In order to compensate for thisfigure introduvced
into the tens and hundreds célumns, an extra figure was

printed at the top of the units column. The addition of




each column was timed.
Table IVolts presents Katz's results obtained from ten

subjects.

Table IVelds Time required to add colwans of one-digit, two-
digit, and three-digit nuwbers. (Xatz, 1951.)

Units Units Tens Units Tens Hundreds

Addition time 1502 16.3 17.1 1607 18,1 19,0
in secse.

% errorsSe 22,8  14e.2  16.5 7.+ 14,8 24a0

It can be seen in the above table that (1) the time for
the units column increases from the one-digit problems to
the three-digit problems, (2) the hundreds column takes
slightly longer to add than the tens column which in turn
takes considerably longer than the units column, (3) the
percentage error for the units column decreases from the
one-digit ta@ the three-digit problems, and (4) the number
of errors increases from the units to the tens and from the
tens to the hundreds columne

Katz interprets these results as follows: as the task
becomes longer, the burden of expected work impairs
performance on the units column. The subject works more
slowlye But he also works more accurately, revealed by

the fewer errors in the units column of the longer sums.
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An error here, near the beginning, will lead to an error
in the final result no matter how well the remsining columns

are added. Finally, the tens and hundreds columns ar

t

added more slowly than the units column because they are
tens and hundreds. Thet is, the nature of the diglt, its
"worth", will affect the ease with which it is handled.
Summing this up under one comprehensive rule Katz would

say the progress and reliability of a piece of work are

determined by the whole task of which it is a parte This

rule resembles the most general Gestalt law of perception
and so Katz calls 1t the primary Gestalt law of mental worke

The inereased productivity during the first time unit
(iees the units column) is of course understandable in terms
of the sbtarting spurt. Katz does not believe such an
explanation is tenable, but thinks the difference in the
"yorth" of the digits is a sufficiént cause. One experiment
is offered to support this view and this is an inadeguate
one.

One subject added ten four-column sumse The work was
printed in differently coloured inks as two two-column sums.
These two sums were intermingled in such a way that the
second column, instead of being the normal tens column, was
to be . .considered as the units column of the second sum.

The diagram on the next page shows ﬁhe way the sums were

printed; the columns were the normal distance apart. The
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arrows represent the way in which renainders were carried.
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Under these conditions the following addition times
were recorded:

(Col.1) Unitsl 11.2 secs. (Cole.2) Units, 1le9 cecs.
(Cole2) Tens; 15.0 secs. (Cololt) Tens, 14.8 setse

For comparison, addition times for four columns added

normally were:

(Col.1l) TUnits 21.5 secse (Col.2) Tens 26.1 secs,.

(Cole3) Hundreds 26.5 secse (Colel+) Thousands 25.7 secse

Under these control conditions we find the tens column
teking longer to add than the units. (The longer times in
this table are not explained. Twenty-one figure colunns
were used in both the control and experimental investigations

and the large differences must reflect subject variation.)
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in the ewvperimental investigation on the other hand,
althongh the second column is added directly after the first,
no decrement in performance occurs as one wonld expect if 2

storting spurt had been responsible for the usual decrenent.

=

t does not zeem to be the order in which the work is
performed which is importent, but the noture of the difits
concerned. If a column is considered to be made up of vnits
rather than tens it will be added more qguicklye.

These results were not confirmed in an experiment by
the present writer. Ten subjects were emploved and each
worked three trials. Adding was carried out in the same way
as in Katz's experimental condition. The following means

were obtained:

(Colel) TUnitsy 2040 secse (Col.2) Units2 20.8 secse

(Col.3) Tensy 21.8 secs. (Colelt) Tens, 19.5 secse

It can be seen that carrying in this unusual way does
not disturb the normal course of eventse The first column
is added faster than the second, and the decrement appears
to follow the familiar starting spurt.

Katz's work seems to suffer generally from the use of
a poor method of timing and a compléte lack of statistical
treatment, leading to the overemphasis on results obtained

from a very small number of subjectse
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Although much of his work needs repetition it has
velue in its suggestion that we need to talle into account
the length of a task in any future investigation of the
speed and efficiency of mental work.

There appears to have been no continuation of Katza's
work Dy his students (Katz, 1952). There has been a
confirmatory finding by lorrie Ward (1950) in quite a
different field.

From the representative experiments reviewed here it
seems possible to conclude:

(1) liental work at simple tasks appears to be characterized

by_starting and end spurts which, certginiy in the case of

the former, gccur over short intervgls of time.
(2) There may also occur periodical fluctuations in efficiency,

but the coarseness of the timing methods ewnloyed at present

renders an analysis of this phenomenon difficulte.

(3) The length of a task appears to determine the speed gnd

accuracy of attack and therefore presumably influences the

nature of the starting spurte.




Chapter 5.

Description of the Apparatus and Procedure. Design of

the Exnerinent.

In th

D

last chapter we attenmpted to establish the
reliability of certain fluctuations in the curve of mental
performance. It will be recalled that in an earlier
chapter we similarly found evidence for fluctuations in
muscular tension during mental worlke There would appear
to be a need to establish whether s relationship holds
between these two variations. As Hadley (1941) has said,
ﬁBefore the electronyograph can be used with any
assurance as an index of nsychological activity it
wist be shown that its variability fron moment to
moment is definitely correlated with variation in
psychological processe" (po61)

This will require, as we have seen, the recording of
ment&l output and the concomitant recording of muscular
tension over short time intervals. It is strange that
this aspect of electromyographic recording has attracted
little attention. Here we have an extremely fast time-base,
as we are dealing with molecular events proceeding rapidly,
and yet records are generally treated in an imprecise manner,
either sampled or summed. Part of the difficulty lies in
the complexity of the trace obtained over periods as short

as one second. A sanpling procedure is a necessity, but

as "fine" a sample as possible should be used.
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The mental performance should be finely recorded too.
This necessitates some sort of wuscular response on the
part of the subjecte. Normal speech 1s probably the simplest
and mogt accustomed response to employ, as the moment of
speaking can be timed by a voice-key and the content also
recorded.

The task should be preferably one of a simple repetitive
kind. Although it may not be possible to generalize from
the results to more usual work it seeums necessary in the
present state of'psychological knowledge to accumulate data
and to repeat experiments on a simple level before attempting
explanations of greater complexitye.

Addition.was chosen as the mental task in the present
experiment as (1) it fulfils the above criterion, as (2)
something is lmown of the locus of maximum tension during
work of this kind, and as (3) it can be made a realistic
and meaningful task to the subject,

It was necessary to euploy various length sums in
view of Katz's work, and as both speed and accuracy measures
were needed over short time periods a tape recorder was
used as well as an EslleGe By asking subjeets to add aloud
it was possible to record the complete work process on the
tape and thus to check later the accuracy of the work..

One channel of the Ee.M.G. was employed as a voice-key, the

muscular mdvements in the region of the tongue being recorded
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on the ftrace. The other channel picked up activity in the

right forsarm, the locus of meximum activity during work

C

of this kind according to Davis (1939) and Voas (1952),

and recorded the electromyogram on the same trace as the
voice. We were able in this manner to measure the muscular
activity at any moment during work and to attempt a
correlation with mentsl efficiency.

It was then decided to attempt to disturb any such
relationshipe. This could probably have been achieved
through the alteration of the muscular processes by the
adninistration of a drug such as curare which would affect
the neuro-muscular transmission, or more simply by asking
the subject to tense the relevant groups while he worked.
This latter procedure was adopted. On the other hnand
alterations in the attitude to the work might also affect
any correlation between output and tensionj for example,
if the subject were urged to add as quickly as possible
in contrast to the normal conditions where he added at a
self-regulated speed. This second method was also adopted.
This means that recordings were ﬁaken from subjects working
under three conditions: (1) Normal, (2) Induced muscular
tension, and (3) Induced mental "tension".

The experimental tTechnique and procedure are described

more fully in the pages which follow.



Deseription of the Apparatus.

(1) Electrodes: As careful examination of the shape of
the nuscle potential spike iz not required in the present
experiment, surface electrodes are guite satisfactory,

The non-muscular tissues and skin which intervene between
the potential source and the recordins surface will lead

to distortion of the high~frequency component of the
electromyogram, but since no pen recorder can follow these
higher freguencies the loss is not important. Empirically
it has been found that the electromyogram obtained in this
way is a very useful one, its height, as we have seen,
being a reliable indicator of the intensity of the muscular
¢ontraction.

Several factors affect The placement of surface
electrodes: (a) Anatomical considerations, and (b) the
orientation and sepraration of electrodese

(a) The size and depth of a muscle are important.

Large muscles will give a large strong electrical field,
small muscles a small weak one. There will be considerable
attenuation of signals from deep muscles.

(b) Although a pair of electrodes placed in any vnosition
over s muscle group will pick up some activity, the direction
of the largest signals is usually parallel with the muscle
fibres themselves. The separation of the electrodes is

also relevant: narrowly spaced electrodes yield lower
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rotentials than more widely spaced‘ones, nrobably because
information from deeper layers becomes available. Too
wide a spacing on the other hand will lead to interference
and the inclusion of the electrocardiogram.

In the present experiment electrodes were placed on
the dorsal surface of the right forearm, a site which has

been found in previous studies to be the locus of considerable

2

activity during mental arithmetic. The spacing and dirsction

J

[Ge]

of the electrodes were in accordance with the requirements
already mentioned. The first electrode was placed over

a point approximately one third of the distance from the
1ateral humeral epicondyle to the styloid nrocess of the
ulna. The centre of the second electrode was placed two
inches along this same line in a distal direction. In such
a position the electrodes were over the belly of the
superficial extensor muscles of the forearm and would be
expected to pickAup maximum activity from this region

during extension of the wrist or fingers.

A second pair of electrodes was used to indicate the
moment of speaking. There was less need for accurste
placement here and a process of ftrial and error ensued until
a clearly defined outburst of activity occurred when S
spoke. Generally it was best to site one electrode above
and one below the point of the chin in the midline, The
lower electrode is roughly over the digastric and genio-

glossus muscles of the tongue.
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The electrodes were made from cubes of natural sponge

¥]

soaked in saline. These are recommended by Travis and
Kennedy (1947) and Davis (1953). A half-inch cube was cut
from a sponge and a bared wire '"tinned" with solder, forced
through a hole in the sponge and then brought back through
a second hole and twisted on itself to form a loop. By
being sogked in saline the sponge is made to form a good
conductor and has the advantage over more conventional
methods of heing light and having low resistance. The
resistance between a pair of electrodes of this type varied
between 3 and 25 kilohms. A high resistance doeg not

appear to affect the fidelity of the recording, but makes

it more susceptible to 50 cycle pick-up. Too low a
resistance on the other hand usually means a conducting

bridge of saline has formed between the electrodes, and

EeMeGe potentials will be distorted and considerably
attenuated.

To hold the electrodes in place over the muscle group
concerned, strips of zinc plaster, half an inch wide, were
usedo These seemed fairly satisfactory in that they held
the electrodes firmly against the skin, were not extensive
enough to cause vasoconstriction, and did not interfere
with the mechanical action of the muscles.  However, any
extensive contraction of the forearm musculature or stretching

of the skin could have pulled on the plaster and have led
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to movement of the electrode cubes with the inclusion of
artefacts in the recording. It is unlikely that this
occurred as S was instructed to lie quite still during
recording. "Lastonet" (nylon-covered rubber thread woven
into a network)appears to be a much more satisfactory method
of holding electrodes in place, but the writer became aware
of its advantages too late Tor use in this investigation.

The surface of the skin beneath the electrodes has to
be cleaned to remove the oil. Methylated spirit was found
suitable for this purpose. A good contact seemed to be
achieved without rubbing off the outer dead layers of skin
orvmassaging a conducting Jelly into the skin.

An earth electrode consisting of a zinc plate about
6" X 4" was strapped to S's right upper arm over the biceps
muscle. This effectively earthed the subject as the lead
was taken to the earth point on the E.M«Ge chassise

The leads from the reéording electrodes to the Eui.G.
were eight feet long and supplied with an attabhment ¢lipped
to S's clothing which relieved the drag from the weight of
the cable. This length was considered the minimum to avoid
pick~up from the mains lead to the instruments.

(2) Electromyographs The two-channel E.M.Ge was of private

design and consisted of an R~C coupled amplifier, the output
of which could be monitored on 2 built-in cathode-ray tube

and also taken éither to a speclal photographic C.R.T. or
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to an external pen recorder. An integrator unit completed
the apparatus, but this was not employed as such in the
present experiment as it was desired to follow momentary
variations in potential rather *than to sum the total amount
of activity occurring over = specified time.

A calibrator was fitted to the B.lisG. enabling the
operator to feed a 50 or 1000 cyecle sine wave on to the
monitoring tube face or on to the recording paper. These
calibration pips could be altered in intensity and served
as a convenient check on the performance of the amplifiers
and the speed of the tracing.

The gain controls have nine settings, and were usually
run at their next to highest setting for the foresrm
recording to obtain maximum amplification without excessive
"orgss',. This was not necessary in the case of the
potentials from the chin.

(3) Pen recorders The output of both channels of the E.i.G.

was taken to a Kelvin-Hughes high-speed pen recordere.

The choice of this instrument rather than a photographie
method was made on account of the following considerations:
(a) Ho delay need occur between recording and examining the
records. It is important to be able to adjust the position
of the electrodes and to modify the machine controls before
a rung an 1mp0551b1e procedure with photographic methods.

(b) Photographic methods are extremely expensive and it is
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necessary to use a sampling technique if records are to be
taken over long periods.

(c) Distortions may occur in the filwm during processing.

(d) &lthough 2 nen, on account of its relatively great
inertia, cannot follow high-freguency wave forms as faithfully
as a cathode ray, this is not a decisive drawback when

surface electrodes are employed.

However, the orthodox ink-writers used in Z«Z.Ge. work
are not ideally sulted to E«MaGe investigations. Typical
BE.BeGe frequenciesArange between 0.5 and 30 cycles per
second which is lower than Ee.l«Ge fluctuations (10 to perhaps
400 CepesSe)s Secondly, the ink-writing pens tend to drag
on the surféce of the papere.

The Kelvin-Hughes recorder has fairly good frequency x
characteristics, probably.being the Dbest available pen
Arecordér in this respect, The response is linear upn to
about 100 c.pess and then drops off to abopt 150 CeDese
The "pens" write on Teledeltos dry recording paper, by
passing a current through the paper from the stylus point
to the frame. This current leads to the electrolytic
reduction of chemical compounds in the top layer of the
paper and causes a fine Black line to appear when the paper
is drawn past the étylus point. The pzper can be driven
at either 5 or 15 cms/second. The slower speed was used

" throughout the present experiment.
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Arrangement of the Auparatus.

The room in which the experiment took place was a
basement room and almost ideal from the point of view of
privacy. Recordings were made in the late afternoon when
there was little noise from an adjoining workshop.
Fluctuations in supply voljjage were also at a minimum at
this time. The room was fitted with radiators which kept
the room warm and served as a convenient earth.

The experimental set-up is sho-vm in the photograph
opposite. S reclined on a couch inside a cabin built of
Dexion cohered with hardboard with a network of copper wire
over the inside surface. This screening wire was taken to
the earth point on the S.M.G. and this point in turn wired
to the radiator. Thus the subject, the cabin, and the
electromyograph were all earthed to the same point. This
is an important precaution, as if several paths to earth
exist, so-called "earth-loops", there is a likelihood of
significant voltage drops along the wire and the possibility
of "inductive" pick-up.

The cabin contained a board about 1? inches above S's
eyes on which the sums could be placed face downward over
a square hole cut in the board. This hole was then covered
with a card so arranged that when E pulled on a piece of
string attached to the edge of the card the work was exposed

to S’s gaze. The board and sums were illuminated strongly
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by a lamp placed behind 8's head.

In the extreme front of the cabin a microphone was
arranged to pick up 8's verbalizations which were recorded
on a tape recorder in the far corner of the room.

4 spring-balance wus suspended on the right-hand side
of the cabin in such a position that S could insert the
fingers of her right hand and »ull down on the balance
while E could observe the reading on the scale.

(It will be noted that the mnsele groun from which the

recording was made was not the muscle directly involved in

the induced tension procedure. S had to press down on the

spring-balance; a movement brought about primerily by the
muscles of the ventral surface of the forearm, the triceps

thd the latissimus dorsi. The muscles on the dorsal

surface of the arm are antagonistic te this movement. That
they would certainly be active in this movement seens fo
follow from the work of Levine and Kabat (1953) who say,

"In mnrestricted voluntary movement, there is no doubt
but that the antagonist is inactive while the agonist
is in contraction, but as resistance to agonist
contraction is applied, the antagonist begins to
respond in co-contraction. The contraction of the
agonist is far greater in degree than that of the
antagonist, but co-contraction does occur.") (p.116.))



Design of the Experimente

The mental work consisted of addition sumsg typed in
the conventional way on white postcards. Sums of three
lengths were used: 6, 11, and 21 figures in a single colunne
Six sums of each length were made up from the random nwibers
in Fisher and Yates' (12938) tables of random nuiberse
Copies of the sums used will Dbe found in Apvendix I.

The work was performed under three conditions:
(1) "Mental tension" conditions when S was required to add
as quickly as possibles (Type M).
(2) "Hormal" conditions when S was asked to add at an easy
speed which could be maintained for ten minutes at a stretch.
(Type ).
(3) "Physical tension" conditions when S was told to 2dd at
an easy speed, but had to press down on the spring-balance
during worke (Type P)o

As a practice effect was thought iikely, it was decided
to randomize the order in which the three conditions were
worked. The ideal design would have been one where sumns
of each type were intermiied with those of the other types
so that a block of sums all of the same type would rarely
occurs Unfortunately this was impossible on psychologlcal
groundse. The M type reguired S to mske a determined efifort
to work as quickly as possible, and it did not seen feasible

to intersperse these with the P and N conditions where 5 was
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vorking at her own speed, as the attempts to change set so
rapidly would probably have led to a considerable carry-over
from one condition to the nexv, On the other hand, it
seemed likely that the P and ¥ conditions could be worked
imnediately after one another as S would only have to pull
on the spring-~halance during a P trial and relax during an
I trial and no change in mental set need occure. e are
presuning then that a change in postural set can'occur more
gquickly than a change in mental sete

The following design was therefore useds The P and N
trials were intermixed and preceded or followed the M trials
which were worked in a blocke It can be seen from Table V.l.
on page 136 that Ss 3, 6, 8, 9, and 10 worked at the M type
firste.

Whenever g practice effect is thonght likely the design
in which different conditions occur in blocks entails the
assumption that the different conditions will lead to =n
equal amount of practice. There seemed to be no evidence
that such an assumption was ineppropriate here.

Ten subjects took part in the experiment. They were
all females between the ages of 18 and 22, undergraduvates
at Bedford College. Four of them were studying psychology
and six sociology. They were 211 kwmown to B and had
volunteered for the experiment. It was decided to give

onlv three sumg of each Jength under each condition as



worlking the vhole six suas would have meant doublingz the
length of the seszion and would have made the analysis =
hy tacke. In order to randomize the order of

presentation of the sumes the following procedure was adopted.

(S

The suns were numbered from 1 = 6 and called L, 3, or
~£1;

’\

C depending on their lengthj A was the o~figure, 3 the

1l-figure, and C the 2l-figure suns. These code numbers

v

were written on pieces of paper and piclked st random until
three of each length had been chosen, a total of nine.

The order of choice gave the order in which the Tirst

subject wrs to attack the nine M type sums These chosen

nunbers were now pult back and the procedure repeated for
the N and then the P type sums. As these two conditions
were to be worked together it was now necessary to mix the
IT amd P type sums thoroughly and to select them again to
deternine the order in which they would be worked.

A repetition of this procedure determined the order
of work for each of the other nine subjectse. Table Vile.

on the next page shows the order in which the sums were

addeds



Table V.1.
SI S2
1a 6a
kA 5A
2A 1A
P36 4c
P2A P3C
PAC P2B
2C 5B
P6B 3B
P4-A 6B
2B P3A
5B 30
PAB P2A
~NC 2C
P2B °?5A
P2C PIC
P3A pitC
6C P6B
4B PIB
hrA oc
5A 6a
6c 2B
1A 9:]
5C 4B
iB 2A
30 5A
6b 1C
3B 30

S3

5B

30
2A

6A
2B
1C

6C
Pé6c

oc
P2B
4c
P2A
4B
50
2A
©oB
PAA
PIC
P3C

P3B
P6A

5B
P*B

Sh

2C
PIA
P2A
P6C
6S
2B
PIB

1c

P*B
P3C
PIC
P6A
3A
P3B
IB
hA

20
5A
5B
itB
1C

3B

S5

P3A
30
kB
3B
6c
P*B
PIC
P3C
2A
PAA
P2B
IB
P3B
P5A
kA
1C
P~CC

6B
6C
~C

50
2B
5B
5A
2A

1:%6 -

86

5A
kA

2B

50

IB
P3C
3B
P4A
~A
5A
P6A

PIB
2B
M-C
2C
P4B
1cC
PIA
PIC
P2B

6B

s7

PIA
33
P3C
4-A
6c
P3A
B
5A
P4AC
P2B
50
2C
5B
P5C
3A
P2A
P4s
P6B
5a
1a
2B
3B
4A
oC
53
4c
50

9
]

Order of presentation of sims=*

88 s9
kB 5A
53 2B
50 2A
33 2C
6C kB
22 6B
1A 1Cc
6A 6A
2C 30
P33 54
6A 30
P2B P3A
50 33
2B P6A
53 kA
4A 1C
P*A VkA
P3A P6B
33 P4c
2C 50
PIB P”B
PIC P3B
oc P6C
P6c 3A
P2A PIC
P4c 1B
3Aa hB
P type

M type

310

53
6C
“B

3A
6A

ke
33

2C

PIC
33

PIB
ke
P6B
1A
P30
P*A
P*B
P2C
2A
B
P2A
PIA
53
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Procedurece.

The experimentsl session began with an explanation to
the subject of the purnose of the experiment. she was told
that the tension in her forearm muscles would be recorded
while she performed addition sums, and that two further
electrodes attached to her chin would give an indication of
the moment of speakingc, In order to nrevent electrical
interference she was going to be asked to lie down inside 2
shielded cabin. She was asked whether she disliked the idea
of being in a small enclosed space. (Mo S renorted such a

o

fear.) She was then told that full instructions would

P
Q
}‘J
}—a
Q
)
=
—

ater, but if she had any preliminary queries they
could be answered.

She was now asked to sit on the couch outside the cabin
while her right arm and chin were prepared for the electrodes.
The arm was cleaned with methylated spirit and the bipolar
electrodes attached with the zinc plaster, The electrical
resistance between the electrodes was checked, and a trisl
recording made, partiy to see that the machine was functioning
and partly to reassure S. During the electrode placement
E carried on a conversation with S and reassured her that
there was no possibility of an electrical shock.

The second pair of electrodes were then attached and
S8 lay down on the couch. She was asked to count slowly

and a recording was taken. It was unusual for the placement
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of this pair of electrodes to be correct the first time,

and they were adjusted until a burst of sctivity could be
clearly observed on the record whenewer S svoke. S was
agaln reassured and told the reason for this trial-and-error.
tost subjects appeared more concerned about these electrodes
than the pair on the forearm, presumablg because of their
proximify to the brain.

The headrest of the couch was now adjusted and S was
made as comfortable as possible. The couch was then slid
into the cabin and the interior light switehed on. It 8
felt comfortable, the apparatus for exposing the sums was
shown to her and its operation explained. A practice sum
was then put in place and she was asked 1if she could see it
easily. She was asked To count aloud and the tape recorder
was switched on and the volume adjusted.

S now put her hand on the spring-balance and pressed
down as hard as possible. She was told to keep up a steady
pressure for half 2 minute. AT the end of 30 seconds I
noted the reading on the balance in kilograms.

S was now asked to relax for ten minutes and to 1gnore
the various noises from the switching gear which would occur
from time to time. During this time E observed the
oscilloscope until the level of activity dropped below L
microvolts. To simplify this observation two strips of

Sellotape were gummed on the tube face 1.5 mm. apart. When
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peak voltages did not exceed this height the recorded
potentials were of Y% microvolts or less in intensity. All
subjects were able to achieve this degree of relaxation, and
most of them within a few minutes. Those who remained
tense or'whdkept moving were urged to get really coufortable
and then to relax completely. liost subjects sounded sleeny
when spoken to after the ten-minute period and one S
apparently fell asleepe

During this time the calibration signal was switched
on and a short tracing taken.

The following instructions were then given:

"You will be asked to add up a column of figures under

various conditions. The columns will be of wvarious

lengths and I want you to add them successively, that
is, one figure after another from the top to the botton,
not missing out a figure or combining two figures to
nake, say, a ten. Is that clear? DBut instead of adding
the present column in the normal way + (E added the sum
normally) = you are to take no notice of the tens but
only add units. Instead of saying 8 and 6 make 1k,

- yould say 8 and 6 make 4, and then carry on with, say,
and 3 make 7, and 5 make 2, and 9 make l. To show you
this more clearly listen while I add this column the
new way - (E added the sum in the required manner).

Now try this onee" ~ (Another practice sum was put into

position for S to add).

The reason for this procedure was to ensure uniformity
of response throughout the sum. If normal addition had
been employed the later additions would take longer to say
because they are polysyllabic numeralse Tgis might have
led to a slowing down. Another factor complicating the issue

seens to have arisen from Katz's work (1951) when he found
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subjects took longer to add tens or hundreds possibly because
of the "“value" of these digits, although the mechanical
operations were identical with those required in the addition
of unitss If then we were to employ ordinary addition and
were to find a work decrement in the present experiment it
could be due toteither or both of these factors. It was
decided to refine the process and to accepy further
artificlality rather than confused pealisme.

Svbjects appeared to find the task a simple one and coon
grasped the mechanics of the procedure. No obvious practice
effect occurred. (See Appendix III.)

Instructions now differed depending on the order in
which S8 was given the three types of work. For the M type,
instructions were as follows:

"I want you to add these sums as quickly as you possibly

cane Try to be accurate, as everything you say will be

recorded and checked later. But the main emphasis is on
speed; go as fast as possible. I will time you over
each sum. Now if you make a mistake carry straight on.

Don't go back to correct it. Is that clear?!

For the N type, instructions were:

"I want you to add these sums at an easy speed. That is,

disregard how long the sum 1s, just add at a speed which

you could keep up for ten minutes at a stretche. I want
you to be accurate, as everything you say will Dbe
recorded and checked laters There is no rush and no
emnphasis on speed. Just add at an easy pleasant rate.

If you make a mistake, please carry on. Don't go back

to correct it. Is that clear?"

For therPukype, instructions were identical with those

for the N type, but were preceded by the following:
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"3efore beginning a sum you will be asked to pull on
the spring-balance and to keep up a steady pull
throughout the addition until I tell vou to relax.

You need not worry about the steadiness of your pull.

I shall be watching the pointer on the spring-balance

and will stop you if wour »ull begins to fluctuate.

I will show you how much to pull at the beginning and

then you just keen that up."

The N type instructions then followed.

These detailed accounts of procedure were only given
befork the first sum of that type was added.  For later
sums 1n the series abbreviated instructions were given, such
as, "Once again as quickly as you can," if an M type was to
be added.

After the instructions had been understood the card was
put into place, the recording apparatus started, a "get-ready"
signal given, and the work exposed to view. As soon as the
sun was completed, the calibration signal was switched on
for a few seconds, then the recorder was stopped, a new sum
put into place and covered, and S told once again to relax.
About two minutes elapsed while B tore off the recording and
labelled it. The next addition followed as soon as possible
after a calibration signal had been recorded on the new

tracing. Occasionally a delay as long as ten minutes

occurred, as in ho case was 8 allowed to start a new sum until

the residual tensions from the previous sum had reached the

control value again.

After the block of M sums, or after the P and N sums

if these were given first, the couch was pulled out of the
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cabin and 5 allowed ten minutes' reste. During this tine
she was reassured and congratulated in general terus on her
pefformance. Three Ss requested a drink of water at this
Tiwe, and five Ss mentioned. the heat frowm the lamp in the
cabin. Une S, 58, comnlained of a headache but readily
agreed to continue. (It is of interest that this S found
wosT difficulty in reiaxing and remaiﬁed very tense throughout
the work period.) | |

Other pauses occurred when it becane nedessary to change
thé tape on the tape recorder, when people began talking in
the corridor, and when noises came from the workshop nearby.
Cnly once did an extraneous noise occur during the éetual
work period, which was continued in spite df thise

The whole session lasted aﬁproximately two and a half
hourse. During this time each subject addéd three sums of
each of three lengths (6, 11, and 21 figures in a column)
undér three condifions (physical tension, "mental" tension,
and—normal éonditiohs). Each subject then was required
ﬁo adé 27lsums in all. | '
After the‘séssion subjects generally asked to‘see the

recordings and these were discussed. As the tape recorder

was run all the time, all comments were recorded.
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T tme the Res .

' ent e _Trec

Initially we are confronted with many yards of record
with two parallel tracings, the E M.G. from the forearm and
the voice record. Any quantifying procedure is somewhat
arbitrary, but certain criteria such as repnesentativeness
and mesningfulness need to be fulfilled. |

. The following procedure was finally adopted.
(1) The first obvious spike (of more than two millimetres in.
height) of a cluster of spikes was taken as the moment of
verbalization.‘ A line was drawn at right angles through
this point to cut the tracing of the E.M.G. of the forearm.
This was done for each verbalization on the record, and
resulted in the E.M.G. tracing being divided into five
intervals in the case of the six-figure sums, ten intervals
in the case of the eleven-figure sunms, and twenty intervals
in the case of the twentyaone-figure sums.
(2) A pair of dividers set to 2.5 mm was used to step off
small divisions of this size working from the beginning of |
the interval to the line drawn to mark the next verbalization.
As the trace moved at 5 Clie per sece this represented l/20th
of a second. ‘ These 1/20th sec. divisions were numbered.

If the end point of the interval oecurred less than halfdway
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through a division, that division was counted in that
interval, but in measuring the divisions in the following
interval we once again began at the very beginning; in
other words, in this case these two divisions overlapped.
(3) Tﬁ?e 1/20th sec. divisions were now sampled. Although
ideally all divisions should have been measured this would
have been a marathon task, and instead it was decided to
choose one quarter of the divisions for measurement. In
order to do this in a random way, Fisher and Yates' (1938)
tables of random numbers were used. If there were 20
divisions in an interval between one verbalization and the -
next, the numbers in the table would be divided by 20 and
the first five (i.e. ene quarter of 20) chosen. The
numbered divisions corresponding with these five numbers
would now be singled out for measurement.

(%) All spikes were measured within these chosen divisions
to the nearest 1/2 mme This was done with a transparent
ruler under ammaghifying glass in the light of a powerful
reading lémp. The left-hand edge of a spike was always
chosen for measurement at right.angles to the base line and
so the ruler was always placed vertically and the measurement
made either above or below the base 1ine ‘to ‘the paak of the
spike. ‘

(5) The mean of these measurements was calculated for each

division and the mean of the several division means gave a
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€igure representative of the interval as a whole. This
value was converted into microvolts. (O.3% mme = 1 mm.V.)

S8everal assumptions are made in dealing with the records
in this way.

(1) It is assumed that the tracing moves at a constant speed.
(2) It is assumed that there are no errors in amplitude
measurement due to the characteristics of the pen recorder.
(3) It is assumed that the experimenter is capable of valid
and reliable measurement with the ruler. ’

With regard to (1), the calibration voltage which was
recorded at the beginning and end of each tracing represents
a 50-eycle flﬂctuatidng it thus serves as a convenient
time-marker. In no case was a measureable difference found
between the first and second calibration signals, nor did
the speed of the trace vary perceptibly from the stated
speede It seéms that the first assumption is jJustified.

In the second-case we need to know if the pen responds
linearly.  Acéerding to the maker's hamdbook the amplitude
error is in faet megligible and only amounts to 0.2% at
7.5 mm. &mplitude. R

With regard to the accuracy of the measurement technique
we have no means of knowing the "true® microvoltage other
than ‘through the measurements of an observer. This does
nct*mean'the”teeﬁﬁiqﬁe’is a very subjective one, any more

than the reading of any physical scale. However, by having
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another person repeat the measurements, we obtain an
indication of the accuracy of the experimenter. This was
done for three records chosen at random with the results
shown in Appendix II. There is no difference between the
two sets of means calculated from the measurementse.

The question of reliability does not really arise as a
problem separate from one of sampling. It is necessary
initially to decide on the size of the sample to be taken;
the larger the sample, the greater the aeccuracy. We are
able to estimate the population mean and scatter from the
sample mean and scatter within certain degrees of accuracy
and, of course, by enlarging the sample we increase our
confidence in its resemblance to the whole population.
Such statistical inference renders the taking of further
samples and the éomputation Qf their correlation with the
original samples a completely unnecéssary and indeed
pointless procedure peculiar to psychological studies and
possibly a carry-over from mental testing. Many workers
in the electromyographic field have thought that it was
necessary (a) for another person to repeat all the original
measurements, and (b) to repeat the sampling procedure in
search of validity and reliability, but this would seem
partially to stem from a need to bolster up the data for
reasons of scientific insecurity.'

This particular technique for quantifying results is
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extremely laborious and would become impossible if the tasks
were made any longer or the number of subjects increased.
It was though desirable to make an intensive study of a few
subjects with a meagurementftechnique more exact than that
usually employed in studies of this kinde As it was, more
than 30,000 measurements were necessary beside the labour
of ruling and randomizing the divisions.

The complete results (i.e. the means representative of
each interval and the time taken) for all sums for all
subjects are included in Appendix V.
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S ic t .

Several problems are posed by the raw data and by means
ofl statistical techniques we can summarize these data and
calculate probabilities of association and difference.

The first questioh that arises concerns the different
experimental procedures. What différences were brought
about by the induction of muscular and mental tension, by
the use of tasks of three different 1ehgths, and by the
employment of ten different subjectst Ig Part l“we shéll
attempt to answer these questions. |

In Part 2 the evidence for the assbciatiqn between
muscular tension and work output is discussed.

In Part 3 the work curves are examined to see 1if there
is any evidence for starting and end spurts in men&al output,
and any concomitant changes in the electiromyogram.

Finally, in Part 4 the differences between individuals
in their response to the experimental'varigbles are examined
in greater detail.
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In the first place we wish to discover if our “mental
tension" instructions were effective in leading the'subjects
to adopt a more vigorous approach to the work and to add
more quickly than under the N conditions, and whether there
were changes in muscular tension accompanying this difference.

Secondly we want to know whether the subjects really
became more tense in the relevant muscle group when they
pulled on the spring-balance, and, if so, whether this
induced tension affected their work output.

In other words we wish to know whether there were reai
differences between the three conditions of work in both
time and tension levels and in the number of errors made in
line with the instructions and with expectations based on
earlier experimental worke. |

A series of analyses of variance should give the
required information. It will be remembered that owing to '
‘psychological considerations it was necessary to design the
experiment in such a way that the M type sums occurred
together and were worked in a block either before or after
the P and N types which were intermixed. This is unfortunate
from the point of view of analysis as a comparison of the M
type with either of the other types is rendered less precise.
In the N v P analysis the within-types.varlance can be used

= T i ;ﬂ‘_.f
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as the error term against which t& evaluate both the main
effects (types and subjects) and the types-X-subjects
interaction. But in the M v N and M v P analyses, where ‘
random assignment of sums had not proved possible, the
types-X=-subjeects variance must itself be used as the error
term.

The short, medium, and long sums were treated separately.
The values from which the variance tables were calculated
will be found in Appendix V. The following table gives the

mean values for the different conditions.

Table VI.1l. Mean values of time and tension under different

conditions.
Short Medium Long Means
P 12,0 4.1 15.6 13.9
Tension N 7.2 = 8.7 9.2 But
M 10.6 13.0 13.9 12.5
Means 9.9 11.9 12.9 11.6
P 40,0 5243 548 49.0
Time N 4649 6149 63.1 58.3
M 39.1  53.2  55.2 4942
Means k2.0 5648 57.7  52.2

e

N.B. Throughout this chapter time values will not be given
in fractions of a second but in millimetres of trace.
(50 mm. = 1 sece.)
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M _type v. N type.

Table VI.2. Analysis of variance. Comparison of time taken
over M and N type additions.

SHORT SUMS MEDIUM SUMS LONG SUMS
Source d4f Mean Square  Meap Square  Mean Sauare
Types 1 303.42% 687.96" " 319.2
Botween 9 181,257 278,657 45,3
e |
ggpes X 9 53433 32,0 78475
+ = p=.05
++ = p=. 01
e p=.001

:i‘”TIn the comparison of the time taken over the stms
added under M or N conditions it can be seen from Table VI.2.
that all the F ratios are significant except in the long
sums.  With regard to the type difference, examination of
the original means reveals that in most cases the longer
time was taken over the N type sums. Some subjects did
not add faster when urged to do so, but on the whole Ss
obeyed instructions, except in the case of the longer sums
where thé difference has dwindled and could be due to chance
with a probability of 10%.

The variance attribﬁtable to subjects is significant
in the short and medium length sums and almost reaches the
5% level in the long sums. Differences between subjects
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.then in their speed of addition are large and unlikely to
be chance fluctuations. The mediium length sums appear to
discriminate between types and between Ss better than other
lengths.

Table VI.3. A4nalysis of variance. Comparison of tension
recorded during M and N type additions.

| V SHORT SUMS MEDIUM SUMS LONG SUMS
Source df  Meap Square  Mean Square  Mean Square

Types 1 ss.att 91.59** 111.86™F
getween 9 11.88" 18466 6
S |
gypes X 9 2.73 L6 : 1.83
y | .

.. Significance levels in the case of tension are surprisingly
more econsistent than in the case of speed. All differences
in Table VI.3. are significant amd most of them highly soe

With regard to the type difference, from the original
means it can be seen that the M type sums have a consistently
higher tension level than the N type, and this difference
1s likely to have occurred by chance less than once in 100
times for all length sums. One S (Sﬁ) does not show the
offect during medium length addition, but for other Ss the
change is substantial; 510, for example, has three times as

large a mhcrovolt reading during M type addition.
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Generally differences between Ss are well marked, some
8s are more tense than others whichever length sum they are
working ate In the long sums the differences are very
reliable although this is not due so much to comparatively
greater variation between Ss as to a small interaction

residuale.

M type ¥. P type.

Table VI.le Analysis of variance. Comparison of time taken
over M and P type additions.

SHORT SUMS MEDIUM SUMS LONG SUMS
Bource df  Mean Square = Mean Square Mean Square

Types 1 )'l'o 32 ‘ )+005 0068

ISBetween 9  207.35"7 282,37 172.5
: | | .,
8

A very different state of affairs is found in the M v.
P analysis. Table VI.%. shows that in no case is the
difference between the P and M types‘significant, and the
direction of the effect is not consistent. Althoﬁgh the
inétructioné‘preéeding the P type made no reference to speed,
Ss apparently added as fast as when they vere told to add
quickly. Thesereﬁulys appear to confirm the common finding
that indueed tension facilitates.mental worke
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i

Subjects differed very much between themselves. As
in the former comparison the difference is less marked in
the longer sums and could occur by chance 10% of the time.

Table VI.5. Analysis of variance. Comparison of tension
recorded during M and P type additions.

SHORT SUMS MEDIUM SUMS LONG SUMS
Source df  Mean Squares Me.an Squares - Meap Squares
Types 1 10.51% 6.27 13.61"
Between 9 19,28+ 50,48+ 20.38%**
S
gypes X 9 1.54% 3.53 1.98
S .

~ The effects are falrly consistent in the case of tension
too. In Table VI.5. although the type effect has disappeared
in the medium length sums, it is signific#nt at the 5% level
in the short and long varieties. = A non-parameiric tést
gives much higher significance levels in these cases, as thg
mean tensions of subjects working at the P type are
consistently higher than the tensions recorded during the M
%ype except in the medium length sums where four of the ten
subjects show the reverse effect.

In sums of all lengths the subject differences are

clearly signifmcant,‘theAtension level from some Ss being

as much as twice that of others.
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Table VI.6. Analysis of variance. Comparison of time
taken over P and N type additions.

SHORT SUMS  MEDIUM SUMS LONG SUMS
Source d4df  Mean Square = Mean Square = Mean Square
Types 1 4100.0° T 2386.4 99349
getween 9 ko5.91H 76242 312.5
S

gypes X 9 123.7 190.é+*+ 291.5*++
S

Error 40 S 7269 ' )'|'303 6.1

“-  In the analysis of the P v. N types we must first test
the interaction term, as if it is significant our ability
to conclude anything about the direction of the main effects
may be modified. | |

Table VI.6. shows that in the short sums the interaction
is only significant at the 10% level, and the variance from
this source is completely swaﬁped by the main effects, both
of which are significant at the 0.1% level.

Looking at the means we see thét the P type sums are
added more quickly than the N type and that this‘etfeet is
consistent for all subjects.

In the medium == ¥wEg sums the interaction terms are
highly significant at the 0+1% level. . If now the main
effects are compared with thelinteraction effect we find
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they are significantly larger, the type effect at the 1%
level, and the subject effect at the 5% level. J

(The F ratios are computed in this‘way with the interaction
effect rather than the within-types residual as the denominator,|
aS'otherwise we would be in no position'to.generalize from
the results of this experiment to other human‘beings.
That is, we consider our ten subjects as a random Sample
from a population of subjects in whieh the variable 1s
normally distibuted. If on the other hand the residual
were used in the'calculation of the F ratios, we would be
assuming that the subjects resembled the types, i.e. in
being"rixed“, and no genéraliZations to people other than

those resembling the present subjects in eertain unspecified
vays would be justified.) |

It eeeﬁs safe te conclude that the main effects are so
large that it is unlikely that the type effect is variable
from one S to anether. The totais for each S show the P
type sums are always added more quickly than the N type, and
only in the case of 87 does the difference shrink to a small
valuee. . :

In the case of the leagf;ums although the type and
subject effects are significant at the 0.1% level when
compared with the error variance, compared with the
interaction va:iaﬁce neither effect reaches the 10% level.

The suggestion is strong that subjects behave differently
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with regard to the two conditions. An examination of the
totals for each S shows in fact that $2 works more slowly
at the P type than the N type, that in the case of St the
difference between the types has disappeared, and that all
the other 8s work more quickly at the P type. The reversal
of the effect then only occurs with one 8, and if we examine
the matter more closely and look at the means for each sum
instead of the total for each 8, we find that in 24 out of
30 sums the P type conditions lead to faster work.

It is of interest to see if the interaction effect is
significant when 82 is omitted from consideration. The
variance from the other nine subjects is only 162,0 and the
F ratio 3.5 which is not significant. It seems fair to
conclude that most of the interaction springs from S2's
behaviour, and that if we leave her out of account we can

interpret the main effects diréCtly.
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Table VIe7. Analysis of variance. Comparison of tension
recorded during P and N type additions.

SHORT SUMS MEDIUM SUMS  LONG SUMS
Source df  Mean Square  Mean Square  Mean Square
Types 1l 340.8 43749 606.7
g:tween 9 - 51. 65.9 49,6
Iypes X 9 8.6 19.2"7 13att
Error 40 0.7 23 - 1.6

When the tension variance is analysed in the P ve N
type comparison, the interactions are found to be highly
significant at the 0.1% level in all cases. Once again it
seems more appropriate'to compare the main effects with the
interaction term rather than with the error. In the short
sums the type effeet‘is significant at the 0.1% level and
the subject effect at the 1% level. In the médium sums
also the type effect reacheé significance at the 0.1% level
although the. subject effect is mot so certain (5% coﬁfidence).
In the long sums the significance levels are the»same, types
at o.l% and Ss at 5%

Examining the short sum means we find that in all cases
the P type sums gave rise to a higher average tension level
than the eorresponding N type, and so all Ss showed the
effect in the same direction.
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In the medium length sums four out of the thirty
possible comparisons of sum means showed a reversal of the

expected effect, three of these sums being added by S4 who

is the only S to show a reversal. The other nine subjects

became more tense during the P type additions as expected.
However, Sk contributes very little to the interaction
variance and if omitted makes no difference to the
significance of the effects Unlike the earlier instance
where one subject could be held responsible, in this case
several subjects appear to react in differing amounts to
the change in experimental conditions. SkW stands out as
she shows a reversal of the effect, but other Ss, such as
88, contribute much more to the total interaction variance.
On the averageﬁf?ggibzif gfff physical tension during

the P type additionib and out of thirty comparisons there

was only one in the other direction.

We can conclude that generally speaking the P condition

has the expected effect in leading to greater physical
tension whatever the length of the sum, although subjects

differ a great deal among themselves in their average tension

levels and in the way they react to the P condition, Sk,
however, being alone in showing a drop in tension rather

.than an increase.
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The analyses of variance have treated the different
length sums separately and no direct comparison of lengths
has yet been made. It seemed to be of considerable interest
in the light of Katz's work to compare the mean time and
tension levels for the different length sums. The relevant
figures were given in Table VI.l. on page 150 and these

values are plotted on the following two pages.
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Graph VI.1* Mean times taken over each addition of the
three different type suras at the three lengths.
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Graph VI.2. Mean tension levels during the three different
type additions at the three lengths.
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From inspection the values cah be seen to increase
with the length of the sum; that is, the long sums are
added more slowly and with more tension. Testing these
differences statistically we obtain the following table:

of comparisons:

TIME TENSION

Medium Long Medium Long
, Sbort (.01) .01 === (.05)
Medium 005 ——
Short —— - —— ——

N
Medium —— ——
Short «02 (.01) —— «02
8 Medium vao ——

= not sipnificant
( ) = almost significant
at this level

Table Vi.8. P values of comparisons.

The time differences are well marked. All the P and
two of the three M comparisons are significant, but the
differences in the case of the N type are all too small.

These results appear to support Katz's thesis that the
tiﬁé taken over each addition increases with the length of
the sum, but the effect appears to be limited to the induced

tension comditions. The instructions to add at a
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“"comfortable™ speed (N type) seem to have been effective in
causing S to add sums of all lengths at approximately equal
speede.

There seems a tendency for the time differences to be
accompanied by tension differences as the trend is in the
same difection, but there is much more individual variation
in tension which leads to the low significance levelse.

Once again in the N type sums the differences are smaller
and the ﬁsual trend is not seen. The only ¢wo comparisons
which reach the generably acceptable levels of confidence
are found in the induced tension conditions and both of

these are the extreme comparisons of short with long sums.

Errors.
The number of errors has not been considered either in

the analyses of variance or in the comparisons of lengthse.
Very few errors were made, this according with the accuracy
set presumably induced by the instructions. Table VI.9.
on the following page shbws the total number of errors made.



- 165 -

Table Vi.9. Total numbersof errors made.

S M L S M L

P 1 - 1 P 1 -
S1L N - - 1 S6 N - - =
M - = 2 M - - 3
P - - - P - - 1
2 N - - = 7 N = = =
M = = M = 2 -
P - 2 = P = = =
S3 N 1 - 1 S8 N - = 2
M - - 3 M - - 1
P -« 1 = P - - 2
Bt N = « = S99 N = o« =
¢ M 1 1 1 M - - 1
P - - = P = = =
85 N = = = 810 N - - =
M - = = M = - =

On the hypothesis that an equal number of errors is
to be expected for each type of addition the fellowing
contingency table was formed:
Table VI.10. Tokal errors obtained in each type of addition.
PP N M
Total errors obtained 11 5 15
Totai errors expected lo0 10 10
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The X value calculated from Table VI.10. is 5.1 with
2 degrees of freedom which is not significant.
A comparison of the total number of errors made in the

different length sums gives the following table:

Table VI.lle Total errors obtained in each length additione.
8 M L
Total errors obtained b 6 21

Total errors expected bt 848 1706

In Table VI.1ll. the expected frequencies were calculated
by taking respectively 5/35ths, 10/35ths, and 20/35ths of
the total number of errors made (31)e The X value of 3.13
with 2 degrees of freedom is not significant.

We can conclude that there is no change in accuracy
with increase in sum length and from the former analysis it
can be seen that the different methods of addition employed
did not affeet the number of errors made.

These results do not agree with Katz's, but a strict
comparison is not possible for several reasons: Katz's
~ sums did not entail pairs addition; he used as many as
60 digits in a column whereas the present experiment did
not include tasks longer than 21 figures; he recorded errors
only in the final totals whereas we recorded errors in: -
addition throughout a column. It seems likely that Katz's

long sums showed an increase in percemtage errors because
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of the value of the digits concerned; that is, it was not
the lncrease in length per se which was responsible for the
lack of aecuracye.

Subject differences in accurécy were to be expected
but are not very markeds There seems to be no tendency
for the more rapid workers to make the greater number of

€Ir'TOTSe



- 168 -

PART 2.

In Part 1 it was found that high tension tended to
be associated with the greater work output found in the
M type sums, and similarly work was performed more efficiently
when tension was indueed as in the P type sums. This being
so, we should expect time and tension to vary together
during work, and an analysis of this relationship has now
to be attempted.

The total time and total tension recorded for all
subjects for each adding operation of the sums have been
graphed on the following pages in order to give a picture
of the variation in speed and tension during a}task.

(N.B. The scale on these graphs is similar, but the

origin of both time and tension scales is never zero.)



-.169 -

TEMO/OM

KD =30
100

I T @

IN'ITtKYAO-s .

Graph VI,3* P type addition. Short sims. Variation in
time and tension during work#
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Graph VI . N type addition. Short sums. Variation in
time and tension during worko
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Graph VI«5. M type addition. Short smis# Variation in
time and tension during work.



- 172

COTRE A
o —1

L=k



- 173 -

O % o/Q.no_lu. SA

e o

gl o



- 1M -

5%@%\/

‘g 8 o3 Om

*s5on 29

TPy

O T

Ny i



- 175 -

?

o e

=



- 176 -

O



- 177 -

—H©

vt o

~“ES#



5 3 g—_y
e N Bl o opA 5 O 0T e INE G-l

- 177 -

H®

Eh1l



- 178 -

From an examination of these graphs there appears to
be a marked tendency for the slower additions to be accompanied
by increased tension. A measure of this apparent relationship
could be most directly achieved by the calculation of product-
monment correlation coefficients between the average times
taken over the intervals of a sum and the average tensions
recorded during those intervals. This means that in the
short sums the coefficients are calculated between two sets
of five figures, in the medium length sums between two sets
of ten figures, and in the long sums between two sets of
twenty figures. These averages are taken over the three
sums of each type added by each subject. The 90 correlations
obtained in this way are given in Table VI.l2. on the
following page with the appropriate levels of significance.
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Correlation coefficients between the average
time taken over the intervals of a sum and the
average tension recorded over those intervals.
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It is not possible to take the significance levels
in Table VI.12. literally as the coefficients were calculated
from sets‘of figures that were not independent of one another.
That is, the time or tension at one point of a sum is likely
to influence the time or tension at a later point. However,
the coefficients obtained are extremely high. Sixty four
of the ninety values are stignificant at the 5% level or
higher, and it can be seen at a glance that these cluster
in the long sums. These facts seem wobthy of attention
becausé of the éitent of the Agreement, and so, in order to
obtaln a more precise indication of subject, type, and length
differences, an analysis of variance of the table of
coefficienté ﬁas carried outs This was not possible as
it stands, because of the nature of the correlation
coefficient which is (a) "bounded", i.e. it can only vary
between +1 and -1, and (b) non-normally distributede To
overcome these difficulties it can be transformed imto "z"
scores. This course was adopted and an analysis of variance
carried out, the results of which are presented in Table VI.1l3.
6n the following pagee.

Only two sources of variance are significant in this
tabke, that due to lengths (at the .0l level) and that due
to types (at the .05 level)s The mean "z" scores are given
in Table VI.1l4. also on the next page and it can be seen
that the medium and long sums are alike and differ fiom the
short sums, the difference being significant at the .01 level.
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Similarly the P and N conditions resemble one another but
differ from the M type, this difference again being
significant at the .01 level.

Table VI.13. Analysis of variance of "z" scores.

Source 4af Mean Square
Lengths 2 1458377
Types 2 .8696 "
Lengths X b « 0469
Types '

Groups 8

Subjects 9 «1197
Subjects X 18 1722
Lengths

Subjects X 18 2705
Types '

Subjects X ,

Lengths

Interaation 72 216
Total 89

Table VI.1l%. Mean "z" scores.

) - Short = Medium Long Average
P type 1.049 = o743 «620 804 806
N type 1.007 «753 «666 «809
M type 1358  1.133 813 1.101
Average . 1.138 .825——~vg~:Z90 905
.78
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We can conclude that the relationship between time and
tension is most marked in the short sums and in those of
the M type, and this relationship seems to be independent of
subject differences. The correlation between speed, or
rather lack of speed,and degree of tension is extremely
high. The average coefficient over all sums is 0.72 as
can be seen from Table VI.1l5. This table of average
correlations has been obtained from the table of average "z"
scores which have been transformed back into correlation

coefficients.

Table VI.15. Average correlation coefficients.

Short Medium Long Average
P type .78 «63 55 66
N type .77 M4 .58 .67
M type  +88 o8Bl .67 480
Average .81 o71 .60 o72

So far the relationship between time and tension within
a sum has been discussed but no attention has been paid to
the relationship between the total time taken over a sum
and the total tension exertede It is conceivable that the
tendency for slower additions to be accompanied by higher
tension levels is an intra-sum phenomenon, and that a

different type of relationship may exist when totals are
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compared. Two levels of analysis are possible- (l) the
total time and total tension values within a subject can be
correlated, and (2) the total time and total tension between
subaects can be correlated.

With regard to thevfirst possibility, if the individual
records in Appendix‘v are examinod it can oe seen that the
association varies‘enormously from one subject to the next.
However, the correlations of these totals for each subject
were computed for the short length sums of the three types,
and are given in Appendix IV.F They vary from +l 0 to =-1.0,
and approximately half the subjects show a positive and half
a negative correlation. | _

When the association between time and tension is
examined between subjects a more consistent picture is
obtained. Table VI. 16. reveals a jgndgnny for time and
tcnsion to be positively correlated- ‘that is, those subjects
who have added slowly tend to be more tense.‘ This
association is not nearly as marked as that of she earlier

analysis when the moment-to-moment variation within a sum

W&S exanuned.

- Short Medium  Long = Average
P type - 39 - 615 . 06 .21
"N type - 45 o71 032 052
M type . o120 426 .22 420
Average - - o33 -~ 38 ¢ - e21° - 32

Table VI.1l6. Correlations between total time and total
tension.
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To recapitulate. An analysis of the relationship
between performance and tension has been attempted at three
levels: (1) within a sum, (2) between totals within each
subject, and (3) between totals and between subjectse

It was found in the case of (1) that a high correlation
existed between time and tension, i.e. slow additions were
accompanied by high tension. 1In the case of (2) no
consistentvrelationship was apparent, and in (3) a low but
consistent :elationship‘(i.e. a Jow positive correlation)w
was found. In other words although high tension is closely
assoclated with slow performance during work it is not
possible to compare tension levels from one sum with those
from another. Each subject behaves differently. . Some
subjects show a higher average tension level during their
faster sums, whereas other subjects show lower average
tension levels during their faster sums. It is as though
a random level of tension is achieved at the beginning of
a sum, on the longer sums this will be higher than on shorter
sums, and in the case of the poorer subjects the level will
tend to be higher than for the better subjects, but for sums
of the same length it will vary in an unpredictable manner
from one subject to the next. When once work begins the
fluctuations in performance and in tension become closely
associated.

Some difficulties arise when the general role of tension

is considered in its relation to efficiency. For, as we
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have seen in Part 1 of this chapter, induced physical tension
leads to more efficient work, and higher tension levels are
to be found in the efficient M type worke And yet, in
apparent contradiction, when the association between
efficiency and what might be called "endogenous" tension is
examined in this section of the chapter, a marked inverse
relationship is found within a sum, and a slight inverse
relationship between subjects. This apparent discrepancy

can best be discussed later in Chapter 7.



From the review of the literature the conclusion was
reached that a starting spurt is frequently to be found in
mendial worke The discrepancies between investigators seem
partly to have arisen from differences in definition of the
term and partly from differences in recording techniques.
Only by an exaggerated conception of the original Kraepelinian
starting spurt could Thorndike conclude that it was a rare
event. ' His statement to the effeet that a starting spurt
implied that the subject worked at greater efficiency at
the beginning of a task than ever again was a distortion of
Kraepelin's view of the spurt as a temporarily-sustained
flux of “"will-tension" which generally led to an objeetively
discernible decrement in the work curve scon aféer the
beginning of the task, although later fluctuations might
produce peaks of more efficient performance.

Secondly, the spurt appears to be a phenomenon which
occurs over a short interval of time and unless a suitable
method of recording can be devised it may well be overlooked.

It would seem to be in accord with the earlier view
if a trend in the direction of greater efficiency from the
beginning of work were taken as the criterion of an initial
spurt. A similar trend towards the end of the wotk curve
could then serve as an indication of an end spurt. Our

definition is not as extreme as Thorndike's although equally
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objective, for»the problem becomes one of defining a trend
in terms of its steepness and its extent.

It was thought most meaningful to take the highest
peak of a work curve (i.e. the interval over which the
longest time was taken) as the end point of the period over
which a spurt may or may not oecur. In the long sums it
was decided to confine the examination to the first half of
the sum, as otherwise the phenomenon could hardly justify
its name. 1Ina similar manner the tension curves were
examined and the highest peak of tension taken as the end
point of any trend that might accompany the spuet in the
| work curvee.

The end spurt was defined as any improvement which
occurs in the work curve from this same high peak to the
end of the task. In the case of the long sums the highest
pealk occurring after the half-way point was taken as the
beginning of the spurt. This is perhaps an unorthodox
conception of the end spurt which is commonly thought to
occur nearer the end of the task, but as we are dealing
with very short tasks it does not seem inappropriate.

The following tables (Table VI.17 - VI.20.) show the
intervals in which the peak occurred. Each figure refers

to the mean values over three sums for each subject.
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Table VI.1l7. Intervals in which peaks occur (i.e. slowest
performance and highest tension). Short sumse

STARTING SPURT
Lime lension

P N M Total P N M Total
s1 e 3 3 10 " 4 3 11
82 3 2 3 8 3 b 3 10
83 3 3 4 10 3 3 4 10
Sl b 5 k4 13 4 5 5 1k
85 4 4 3 11 L 1 5 ~33
6 5 2 3 10 3 2 3 8
87 3 b b 11 3 3 4 10
88 b 3 3 10 b 3 3 10
19 b 3 1 8 b 4 1 9
510 4 4 3 11 3 4 3 1o

Means 3¢8 3¢3 3.1  10.2 3¢5 3e6 3 10e5
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Table VI.18. Intervals in which peaks occur (i.e. slowest
performance and highest tension). Medium sums.

STARTING SPURT
Iime Iension

P N M Total P N M Total
s1 6 8 5 19 6 7 6 17
s2 8 5 7 20 L 4 7 15
83 6 10 9 25 5 6 L 15
Sk 6 6 7 19 6 8 7 21
ss 2 8 8 118 6 8 9 23
86 6 5 8 19 3 1 8 12
87 6 7 8 21 6 7 8 21
58 8 5 b 17 8 4 L 19
89 8 é 9 23 8 6 9 23
slto 9 7 8 2% 6 8 8 22

Means 6e5 6.7 7.3 2045 5.8 6.2 7.0  19.0
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Table VI.19. Intervals before half-way point in which peaks
occur (i.e. slowest performance and highest
tension). Long sums.

Iime Iension
P N M Total P, - KN M Total
81 8 7 Y4 19 8 9 8 25
S2 8 10 L 22 9 k L 17
83 9 10 27 9 3 7 19
Sk 7 L 17 6 3 6 15
85 7 5 17 2 5 6 13
86 3 é 5 17 6 6 5 17
87 10 10 L 24 2 10 5 17
88 10 6 6 - 22 6 6 3 15
89 § 12 1§ 13 g 18 19 2§
810 3 10 5 18 7 8 3 18

Means 73 7.0 5.7 20.0 6.0 6okt 507 18.1
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Intervals after half-way point in which peaks
occur (ie.es slowest performance and highest

tension). Long sums.
END SPURT
Time Tension
P N M Total P N M Total

51 13 17 17 47 % I+ 17 45
s2 18 18 14 50 13 1 17 51
3 15 11 15 41 15 16 15 46
sl 13 17 17 47 15 12 20 49
s5 1% W 12 41 13 1+ 12 39
56 13 12 11 36 13 12 12 37
s7 ™ 11 12 37 13 11 12 36
s8 16 1% 13 43 1 16 16 43
9 15 12 16 43 16 12 11 39
si0 16 16 13 s 12 16 13 41
Means 14.8 14e2 14.0  43.0  13.5 134 14e5  klok
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In none of these tables is there a significant
difference between types. The conditions of the task do
not appear to influence the extent of the starting or end
spurts.

With regard to the effect of sum length, it is not
possible to compare the short and medium length sums as
only five intervals occurred in the short sums, but a
comparison of the medium and long sums seems feasible, since
by definition we restricted the length of the spurt to not
more than half of the long sums.

A series of "t" tests were applied but none of the
differences were found to be significant.

The time and tension curves appear to reach a peak
simultaneously in many cases. The total number of times the
two high points coineide is recorded in Tables VI.2l. and
VI.22. on page 19%. The problem now resolves itself into
one of the probability of coincidence of these two points.
In the short sums there are five possible positions for each
péék and so the probability of coincidence of the time with
the tension high point is 1/5. In the case of the medium
and long sums the probability will be 1/10. From Fisher
and Yates! tables it can be found that six (eight)
Acoincidences are needed in the short, and four (five) in the
medium and long sums to reach the .025 (.005) level of

significance. Those values which exceed chance expectation
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at this level'are starred in Tables VI.2l. and VI.22.

Besides these measures of the extent of the spurt in
both curves it is necessary to obtain some indication of
the slope of the graph up to that point. The occurrence
of a peak at a pafticular place in the work curve is of
itself no evidence that the curve mounts steadily to that
point rather than fluctuating at random beforehand.

The criterion for a trend can be simply the number of
increments, from one interval to the next, that occurs
before the high point. The probability of any one interval
having a larger value than the preceding interval is 1/2.
Therefore, by chance, we should expect hal§ the total number
of intervals before the high point to be increments and half
to be decrements. The number of increments occurring
before the high point is given in Table VI.2l. and is
expressed as a percentage of the total number of infervals
concernede This was done for both time and temsion curves.

In a similar way the trend of an end spurt can be
estimated by counting the pércentage of decrements after the
high point. Again both time and tension curves were
examined in this way, and these percentages are given in
Table VI.22.



Table VI.21.

- 19% -

Evidence for starting spurt in time and
tension curves.

Percentage of
+3 before high
point in time
curve

Percentage of
+s before high
point in
tension curve

times time and
tension peaks
coincide

Total number of

Short Medium Long

P’ N M P N M P N M
++

89" 70 95" 80 68 763" 80
HTH e b e s

96 96 100 73 70 75 72 79" 79

++ +
8 6 8 5 3 9 2 4 2

Table VI.22. Evidence for end spurt in time and tension
curves. |

-3 after high
point in time
curve

Percentage of
-3 after Bhigh
point in
tension curve

Total number of
times time and
tension peaks
coincide

Percentage of

Short Medium

, Long
P N M P N M P

N M

100**82*?8#*f74**73**81**73??63f 65*

. + + -+
106710092 75" 73 86 65 65 73

++ + 4+
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With regard to the coincidence of time and tension
peaks, an examination of Tables VI.2l. and VI.22. shows
that in most cases they occur together. In the case of
the starting spurt the numbervof coincidences drops below
the 025 level of significance only in the medium length
sums of the N type and the long sums of the P and M types.
The peaks that occur in the second half of the long sums
and mark the beginning of the end spurt likewise tend to
occur together in the N and M types, but do not reach
significance in the P type. However, the type of addition
and the length of the sum do not appear to affect the issue
unduly.

The trends up to and down from these peaks are very
markede. In all cases the percentage number of increments
(or decrements) differs siggificantly from the 50% expected
by chance, and in 28 out of the 36 cases this is ;ignificant
at the .01 level. It can be concluded that there is a
consistent increase at the beginning of work up to the high
point in both time and tension curves, The tendency is to
slow down and to become more tense. Towards thé end of the
task subjects begin to work more quickly and to become less

tensee.
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Bart t.

The discussion of results has so far largely been
limited to group trends, although large differences have
been noted between individuals in both their speed of work
and level of muscular tension in response to the experimental
variables. |

The variance in time and tension attributable to
subjects was generally significant in the original analyses
of variance and perhaps the most interesting aspect of these
subject differences lies in the tendency towards consistency.
Some subjects appear to be more tense than others irrespective
of the type or length of sum, and similarly some subjects
are more efficient than others at addition under all
conditions.

A comparative index of consistency can be obtained by
drawing graphs of each subject's performance and tension
levels throughout work, and by then recording which individual
graphs remaln above or below the graph of the mean values.
This is expressed in tabular form in Table VI.23. on the
next page. (In this table + means that the individual
graph is consistently above the mean graph throughout the
sum; - means that the individadl graph is consistently
below the mean; O means that the individual graph crosses

the mean graph and is neither consistently above or below

the mean.)
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This table should be read in conjunction with the table
of individual means which follows it. (Table VI.24. on
page 198.)

Table VI.23. Comparison of individual tension graphs with
the graph of mean tension.

Iotal number

Short Medium Long of signs

P NM PNM PN + 0 =
81 + 4+ + + * ¥ + 9 - =
s2 + 00 +# 00 00 - 261
83 0 ~+ + - 0 + 00 3 b 2
sk - - = -0 = = =0 =217
85 # + + + 4+ + 0 + + 8 1 -
86 0 =0 =~ = = =0 = =368
87 - - = = == 0 -0 - 217
S8 + + + + + 4 * + + 9 = =
59 - - = = = = 0 - - 2 7
s10 - - = 0 -+ 0 -0 1335




Table VI.24.
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Mean tension levels per addend for each subject.

81
s2
53
Sk
S5
s6
57
58
59

Short
P N M

4.5 11.9 1h4.l
12.9 7.4 10.3
11.9 4.9 10.3
6.9 5.5 649
13.7 9.2 11.2
11.9 5.7 99
8.3 6.3 7.9
19.7 11.1 14.9
906 6.3 6.8

$10 10,7 4.1 11.1

Medium

P N M
17.5 14%.6 17.5
4.6 9.1 11.6
15.0 5.8 12.8

6k 7.8 7.7
16+0 11.6 17.6
12.% 6.9 11l.4

8.tk 6.6 9.kt
21.4 12.0 17.0
15.3 747 9.k
13.7 4.6 15.1

17.8 13.3 17.9
4.2 7.9 11.0
17.5 746 146
10.1 7.8 13.1
17.1 13.2 16.0
14,1 8.9 12.0
15.0 7.5 12.4
23.1 12.5 19.2
113 7.6 9.8
15.7 5.8 13.4%
Overall Average

M Averages

15.5
11.0
114

8.0
14.0
10.4

9.1
16.8

9.3
10.5
11.6

It can be seen that three subjects (Ss 1, 5, and 8)

remain consistently more tense than other subjects, while
Ss 4, 7, and 9 generally give tension levels below the mean.
This is admittedly a erude measure of consistency,.but it
seems pointless to seek further refinement in view of the
lack of othér data about the subjects. A few qualitative
observations @b personality differences may not be out of
place in this connection.

We have already mentioned S8's complaint of a headache

after work in the confined space of the cabin. This subject
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found it most difficult to relax to the required level
before work began. Under the N conditions she always gave
a high level of tension, but with induced tension of either
kind her tension level farcexceeded that of other subjects
especially at the beginning of the task.

It might be presumed that the situation appeared
threatening to her. She asked several times, "How am i
doing?" and appeared to be "ego-involved" in the task.

The headache could be considered a sympton of over-anxietye.

The following table {Table VI.25.) expresses individual
differences in performance compared with the mean, and
Table VI.26. on the next page gives the mean times taken
per addend.

Table VI.25. Comparison of individual performance graphs
with the graph of mean performance. ,

Totgl number

sShort Medium Long  of signs

P NM PNM PNM *+ 0 -

S1 0O 00 +# 00 0 O0O0 1 8 =
s2 0 - = 000 0 = = = 5 L4
83 - =0 = =« = 0 - - =27
Skt 0O 00 00O 000 -9 -
55 o+ + 0 00 000 2 7 =
S6 -0 -« 0 -« 0 000 - 6 3
87 0 = =« 000 00O -7 2
88 + + + 0 0 0 0 0 0 3 6 =
89 + + 0 - 00 0+ 0 3 5 1
S10 # 0+ - - 0 0 0 0 2 5 2
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Although there is much more variability in Table VI.25.
than in Table VI.23. it can be seen that S8 is a poor
performer. S1 and 85, the other two tense subjects, also
tend to work poorly. This is not clear from Table VI.25.
although it is apparent in the following table of meanse.

Table VI.26. Mean times taken per addend for each subjecte.

Medium Long
P !N M P N M P N M Averages

S1 L45.2 56.5 46+ 81le2 84.0 8342 57.6 64t 67.4 65,1
52 37.0 49.1 234 45,6 61.0 45.7 55.7 45.0 3649 Lokt
83 22.2 5045 3063 34e9 4247 372 42,8 L7.4 36,0 38.2
St 4047 5709 47¢3 53e1 714 53.9 60s0 60.4 83.5 5847
S5 L40e3 63.8 U43.2 52.6 6946 59,8 57.0 70.8 60s6 5745
86 24e7 5843 30.6 49,3 60.5 SHel 50.4 62.1 49.7 L48.9
S7 4.0 45el 2349 5948 6063 50.6 6349 65¢1 55,0 5049
S8 5841 6645 4648 59.9 67.8 42,0 60.2 70.8 56.5 58.7
S9 51.1 65.2 49.5 394 79¢2 57.8 51.6 83.1 58.7 59.5
810 46.3 52.1 #9.2 46.7 52.3 47.2 U48.6 60.1 47.2 50.0

Overall average 53.2

| The relaxed subjects ¢Sk, 87, and 89) did not appear
particularly at their ease during the experimental sessions,
except for 87 who seemed interested in the procedure and

discussed the experiment éfterwards. This subject was an
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efficient worker, relaxed quickly in the fore-period and
generally gave the impression of poise and confidence.
Sk and 89 on the other hand were both slow workers.

The most efficient subject (S3) is interesting as she
had considerable mathematical ability compared with the
other subjects. She worked quickly and effibiently, but
disliked the electrodes and appeared anxious to escape from
the situation. Her nervous giggle meant seweral false
starts had to be made, but when once work began she seemed
to become more confiident about her performance. Although
outstanding from the point of view of performance this
subject did not give an unusual muscular tension record.
Under normal conditions her level was a little less than the
mean and a little higher under tension.

These observations were only incidental and their
significance is doubtful. There is need for research into
the personalities of both the muscularly tense and the
extremely reiéxed, and into theif response to strees
conditions even of this mild kinde.

| Earlier work (Bills and Stauffacher, 1937; Stauffacher,
1937) suggests that better workers are generally more tense
and that induced tension does not facilitate the work of
these better subjectse. Although as we have seen in Part 2
of this chapter there appeared a slight tendency for the

better workers in the present experiment to be less tense,
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it should, nevertheless, be of interest to separate the
better from the poorer subjects on the M type sums where
they were urged to work at maximum speed, and then to
examine the effect of induced physical tension on these two
groups of subjects.

Table VI.27. shows the mean time wvalues for each S on
sums of the three different typese

Table VI.27. Mean time wvalues under different conditions
for each subject.

P N M P N M
81 61l.3 69.0 65.7 - 86 41.5 49.1 4.8
82 46,1 51.7 35.3° S7 52,6 53,1 43.2
83  33.3 469 3He5 S8 58.3 65,6 L48.4
St 51.3 63.2 616 89 W7+ 711 55.3
S5 5000 60.2 S5 S10 47.2 529 47.9

The three most efficient subjects under "mental tension"
conditions are S3, S2, and 87, and the three weakest subjects
are 59, Sk, and S1.

If the performance of these extreme subjects on the
P type task is now examined we find that there has been the
following improvement over their working level for the N

‘type sums (See Table VI.28. on the next page).
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Table VI.28. Total improvement of begt and worst subjects
under physical tension conditions.

Improvement Improvement
(83 13.6 (S9 23.7
Best ( Worst(
Groupész 5.6 Groupgsk 11.9
(s7 0.5 (81 7.7
Total 19.7 Total 43.3

This apparent tendency for the poorer subjects to
improve more than the better subjects is not however
significant. It seems necessary to take into account the
original working level when dealing with an increment of
this sort. Ig these figures are expressed as percentage
improvement over the original N type pérformance the better
subjects are seen to have improved 17.4% compared with 23.7%
in the case of the poorer subjects. Tﬁis difference is R
also non-significant.

These findings cannot be interpreted as a contradiction
of Stauffacher's U=curve hypothesis. In Stauffacher's
experiment the relative improvements calculated as percentages
appear to be 7.2% and 19.5% respectively. But in that
case the effects'of induced tension were examined on subjects
who were working at their maximum speed. In the present

experiment the comparison is between subjects working at



- 204 -

an easy pace (N type) and at a similar pace with induced
physical tension (P type)s The difference between the

two conditions (see the variance analysis in Part 1) may be
due to the independent experimental variable, induced tension,
but it may equally well be due to a change in set, since 1%
may havé proved impossible to maintain an easy pace while
the spring-balance was pulléd. Such an indirect effect,

as we shall See, may also be offered as an explanation in
Stauffacher'!s experiment, although it seems more plausible
in the present cases In view of the dissimilar conditions,
and particularly the tendency for our better subjects to be
more relaxed, it is not surprising that there was no

differential effect with induced tension.



- Chapter 7.

Interpretation of the Results and Theoretical Discussion.

The central problem of this investigation has been to
study‘the relation of muscular tension &odefficiency.

This entailed (1) tracing perférmance carefully during work
to see whether an analysis in terms of starting and end
spurts was justifiable, and (2) tracing the moment-to-moment
variétions in tension dﬁfing worke. The question was: were
these Vafiéfidns’in performance and tension closely related
and, if so, would it prove possible to heighten any such
relationship by the induction of "mental" or physical tension?

The effects of the different conditions (P, M, and N)
under which work was performed were on the whole clear-cut.
Under “mental tension" subjects added more quickly and
became more tense. Thus more efficient work was accompanied
by greater tension. Indeed the tension differences between
the M and N type sums were more significant than the time
differences.

The increase in the length of tasks under tension
conditions led to an increase in the mean time taken over
each adding dperation.' This finding is in complete accord
with previous work (Bills and Brown, 19293 Katz, 1946), but
no increase in errors with the longer tasks was found.

The discrepancy here is probably’due to the non-cumulative
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nature of the present task, which entailed pairs addition.
There is also a tendency for higher tension levels to
accompany the longer tasks under induced tension, but the
large amount of subject variation prevents a clear-cut
difference. It is as though subjects approached the longer
tasks in this way in order to overcome the more difficult
task before them, a task which would require a greater
expenditure of energy. '
The cts induced tens .

Undef physical tension conditions all except one subject
became more physically tense in the muscle group étudied,
but there was a considerable amount of variation between
subjects. We cannot conclude,therefore, that we have ihduced
the same amount of general tension in each subject for all
the sums, in spite of our attempt to use a standard pull on
the spring-balance. All subjects worked more quickly under
these conditions and approximated to the speed shown under
M conditions. At first glance this fihding would seem to
be in agreement with earlier work. Induced physical tension
of the same amount as in the piesent investigation has been
found to facilitate mental work of the simpler kind, although
it will be remembered this was generally only true of the
poorer workerses When the three best and three worst
performers are sepérated out in the present ézperiment no

such differential effect can be observed. What is more,
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contrary to Stauffacher's U-curve hypothesis, the three
better workers do not tend to be more tense than the three
poorer workerse. It is not surprising, therefore, that the
differential effects expected from induced tension do not
arise.

We have mentioned in the previous chapter that a striect
comparison with the work of Stauffacher and others is not
possible. In other work the effects of tension have been
superimposed on maximal mental effort. In the present
experiment tension has been induced in subjects who were
working at an easy steady rate. The changes in the speed
of work may be due to either (1) a direct physiological
effect of induced tension, or (2) an indirect effect due to
failure to retain the set to work slowly. This failure
might be due to a misunderstanding of the instructions,
especially in the shortened form in which they were given
after the first trial of the P type, or to a real difficulty
in working slowly while tensing the forearm.

Unfortunately no opinions were offered by the subjects
about the number of different types of task they considered
they had been given, and it did not seem necessary to ask
for this information at the time. This might have shed
light on whether subjects realized that succeeding sums were
to be added in the same manner as the first ones.

If the second alternative is true and a change of set

occurred, we can fairly conclude that induced tension
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facilitates mental work in this experiment although not
perhaps in the manner supposed by earlier workers. The
replies of two subjects when questioned some time afterwards
support this idea. Both said it was difficult to add
slowly when tense and that they had to keep reminding
themselves not to go too fast.

Robinson (1934%) suggested three possible ways in which
induced tension might lead to improved performance.
(1) The induced tension might lead to a mére constant
proprioceptive feedback and this more stable afferent input
should prove beneficial to the performance of a cbmplex
skilled task which is by its very nature easily disturbed
by environmental‘variation.
(2) The inereased proprioceptive input might raise the
general level of excitement in the cortex and this might lead
to a more efficienﬂapproach to mental worke.
(3) The induction of tension in one muscle group might lead
to fairly widespread increases in tension and therefore a
greater readiness to react in other muscle groups. Since
even the “purest" mental work demands some form of muscular
response before it can be measured this readiness to respond
might be the basis of the facilitative effect.

The first possibilifty does not appear to have been put
to experimental test. Robinson suggests that the facilitative
effects of music on mental work (e.ge Diserens, 1926) may

be brought about in a similar way. The evidence from the
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present experiment suggests that fluctuations in tension
occur equally readily when tension has been induced in
antagonistic muscles, and this makes the hypothesis slightly
less tenable. ‘

Freeman has attempted an elaboration of the second theory.
He thinks the proprioceptive feedback lowers the thresholds
of excitability for both cortiéical and lower levels of the
nervous system. This is essentially a theory of "vigilance"
as a function of peripherally supported excitation. It is
far too simple an "explanation" in view of the complexity
of the probable neurophysiolog&. ~If an interpretation is
to be sought on this level, criticisms such as those of Meyer
(1953) must be given their due. There is very little
evidence for the widespread effects‘mentioned by Freeman.
Proprioceptive feedback is only one kind of input and although
it must certainly alter the level and distribution of
excitation within the motor system it is unlikely to have
wider effects. Meyer believes it is possible to combine
the clgssical concept of spatial summation with modern
knowledge of the organization which occurs within the motor
system. The convergence of impulses is thought to take
place on‘thelgggg;_pgggggxg, and the theory entails the
belief that tension canldnly facilitate performance by an
alteration in either the magnitude or latency of a response,
and in this respect bears resemblance to Robinson's third

hypothesis.
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Meyer's»thedry must encompass the détrimental effects
of very high levels of induced tendion. He believes these
results can be accounted for by the postulate that irrelevant
responses are facilitated b& gross amounts of tension
induétion. In other words there must be some differentiation
of the input to favour the selected response. One can think
of a pool of activated neurons, surrounded by a fringe which
is brought to firing point'by‘the induétion of small amounts
of tension. If further excitation is supplied by the
inducﬁion of more ténsion, more remote neurdns w111:fire, and
these may be irrelevant and indeed detrimental to the required
performance. o |

In line with this theory are the results obtained from
the induction of temsion at various stages of practice.
Bills (1927), Freeman (1938), and Courts (1942) all found the
greatest amount of facilitation occurred early in practice.
As performénce becomes more efficient and an optimal selection
of motor neurons takes place, the recrultment of further
neurons to the pool will no lohger facilitate performance,
but, in so far as they‘afe iﬁappropfiate neurbns; they will
tend to give rise to irrelevant responses. None of the
eiperimentél work has repOrtéd'an actual reversal after
préétice'of the usual differential effect in favour of induced -
tenéioﬁ, but perhéps practice has not been continued until

a well-marked plateau has been reached.
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The differential effect in favour of the poor performers
could presumably be brought within the same explanatory
framework. Increments of tension only Succe% in recruiting
inappropriate neurons in the case of the'effi;ient worker
with his optimal motor organization, whereas there is
facilitation of appropriate responses in the case of the
poorer worker.’ o

The theory insists on the facilitation of speed alone
with no change or a deterioration in accuracy. The
facilitative effects are indeed more marked when speed is
used as the criterion in simple mental tasks. ' In fact if
performance is thought of in terms of quantity alone results
are most impressive, whereas if accuraecy or quality is taken
as the criterion Bills (1927) is almost alone in supplying
supporting evidence, and a repetition of his experiment by
Bourne (1955) does not offer any confirmation of his results.
Russell (1932), Freeman (1933), Bills and Stauffacher (1937),
and Klein (1952) are among those who find a detrimen&al
effect on accuracy. In the present experiment twice as many
errors occurred in the P type additions as in the N type
additions which seems to be in agreement with the bulk of
previous evidence. This distinction between speed and
accuracy is a useful one as it helps to clarify the conclusions
reached in Chapter 3.

A different type of explanatory hypothesis on a ‘
psychological level was put forward by Block (1936).  She
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considered the induced tension might act as a "distractor®.
Facllitation by distraction may seem a contradiction in
terms, but quck believed that work output was increased in
order to overcome the distraction due to the induced tension,
and in doing so subjects tended to overcompensate; thus in
an indirect way the induction of tension led to facilitatione.
It is_diffiéﬁlt to dispfove this hypothesis, but reports

from Block's own subjects do not support it. She found no
corfelation between the effects of induced tension on
ﬁerformance and the degfee of distraction‘g;perienced. Some
'subjects became unaware of the presence of the localized
tension. On the other hand results from distraction
experiments do tend to resembie those derived from work with
induced tension. An inversion of Block's argument seems

a more satisféctory and parsimonious way to deal with these
facts. Resistance toidistraction 1eéds to induced tension
(Morgan, 1916; Davis, 1937) and in subjects not previously
doing théir best induced tension leads directly to improvément
beyond what is needed to counteract the effects of the
disfraction. Given motivation to continue thé task, the
sequence in this view is: distfaction - tension - improvement,
instead of Block's: tensiqn -’distraction - “effbrt“ -
improvement. This does not entaii a coﬁplete dismissal of
motivationalvdiffefences from consideration, for expectations

6f‘what is required and interpretations of experimental
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procedures must be of the utmost importance. These
psychological factors presumably have their muscular
concomitants, but in the present experiment it is probably
necessary to invoke them om a psychological level to explain
why similar results were obtained from the presence of
"mental" or physical tension.

It is of interest that Klein (1952) induced tension in
two wa&s,.indirectly by experimentally induced failure and
directly by weight-lifting, and found both methods had the
same effect on performance (an increase in the rate of
muscular work). Although the present finding is similar,
once again no strict comparison is possible, as Klein used
maximal effort as Bis base-line condition.

We are led to the conclusion that the induced tension
procedure in the present investigation differs from those
used in earlier work, and that, although facilitation occurred,
the mechanism may have been a more complex one. In the
other work Meyer's theory serves as a partial explanation,
but it may be necessary to include psychological variables,
such as change in set, to explain the present results.

In the analysis of the variation in output during work
and its association with muscular tension a highly significant
correlation was obtained between low output and high tension.
This does not necessarily throw doubt on the beneficial
effects of experimentally induced tension. The discrepancy
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may be resolved if the high tension is considered as an
outcome of an affort to gvercome the difficulty. In support
of this idea the fluctuations in tenmsion can occasionally

be seen to lag behind the fluctuations in speed. (See

graphs in Chapter 6, Part 2.) This self-induced tension
would have to be regarded as a compensatory mechanism brought
into play whenever a difficulty was encountered. As subjects
were not generally aware of their fluctuations in speed

during work, an unconscious homeostatic tendency would have

to be assumed.

Further support is offered for this view whem the results
from the different length sums are examined. On the longer
additions of all types subjects generally became more tense,
and this as we have mentioned agrees well with earlier work
on the effects of increased difficulty and again suggests
that the increase in tension is a device to cope with the
difficulty.

This viewpoint would likewise maintain that the higher
tension levels generélly'obtained from the poorer subjects
in the present experiment are a result of this compenéatory
mechanism being bréught into play. The poorer subjects
have to put out a greater effort in order to achieve a
satisfactory level of worke.

On the other hand the bulk of previous work summarized

in Chapters 2 and 3 suggests that better workers are generally
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more tense than poorer workers. But a general statement
that tension is facilitative meets the objection that
psychotics and neurotics with high tension levels are not
notably efficlent, their tension appears neither to aid the
solution of everyday problems, not to improve performance
at psychological testse. (See, for example, Shagass and
Malmo, 1954; Sainsbury and Gibson, 1954.) Jacobson's work
on the therapeutic value of relaxation supports this
contention, and an experimental demonstration is to be found
in Dufffs research (1932) which appears to show that highly
tense children were not the most efficient performers.

But the phenomenon of "trying too hard" is not mnknown,
and it is coneceivable that the poorer workers were putting
too much effort into the worke This view would maintain
that the mentally ill are over-tense, that is, they are at
the extreme end of Stauffacher's U-curve, where such large
amounts of tension are disruptive. A reduction of their
tension to a more normal level leads to an improvement in
performance. However, this seems unlikely as very large
amounts of tension mnst“be induced to bring ahout a
deterioration in performance, and comparatively much lower
levels are found in abnormalse.

Another possible résolution of the seeming contradiction
might lie in thé suggestion that these people's high energy

mobilization is unconsciously directed to some other task,
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€+«ges warding off threat, and is not available for daily
activities or laboratory tasks. The better workers in the
majority of previous experiments may have been those who

put a more directed effort into the task in hande Whereas
in both Duffy's experiment and in the present one the poorer
workers were putting out more effort, but this may have been
diffuse and directed elsewhere.

Alternatively, we might consider Bills' suggestion of
two different kinds of tension, "one due to emotional upset,
the other reflecting effort." This view conflicts with
theories which equate degree of emotion with amount of
energy release (e.g. Woodworth and Schlosberg, 1954).
However, objections have been raised to these theories, as
if a comtinuum of activation is envisaged with unconsciousness
at one end and strong emotion at the other, then it is
difficult to see where intense non-emotional activity should
be placed on the same dimension. As Magda Arnold (1955)
has put it:

"Degrees of energy mobilization cannot be readily

differentiated either in experience or by observation:

extreme effort and emotional excitement, for instance,

may have the same measurable energy output, but as

experienced, effort is laborious while excitement #siheot."
(p. 167.)

These qualitative differences are at present
‘indistinguishable at the level of bodily physiology, but it
does not necessarily follow that it will nevér be possible

to differéntiate a useful from a disruptive king of tehsion.



- 217 -

It would seem most likely that there exist differences in
spatial or temporal pattern. At the present time temsdon
is almost invariably measured in terms of amount, and locus
1s involved as a secondary factore. The degree to which
tenstion is focused in certaln muscle groups and the
consistency with which‘the tension in these musc¢le groups is
maintained provide two more dimensions to assist the
investigator in the search for patterns of bodily tension,
whieh although elusive are not necessarily will-o'-the -wispse.
Such a programme must await the advent of much more complex
recording techniques, able to deal with a large amount of
simultaneously available information.

Variation during worke.

Mental performance has frequently been shown to drop
in efficiency at the beginning of work and this phenomenon
has been called a starting spurt. In view of the occasional
discrepancies that have arisen an operationai definition
was suggested for this research. When the highest peak of
a work curve was taken as the end point of the period which
was to be examined for a trend (in the case of the long sums
the highest peak before half-way), results were cleam-cut.

A trend occurred up to this point with some regularity, and
neither the type nor length of the task appeared to affect
the length of the period or the ceconsistency of the trend.

There is more agreement in the literature about the end

spurt which is very frequently observed, and attributed on
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common-sense grounds to the subject's expectatioh of the
approaching end of the task. In the present e;periment

1t was defined in a similar way to the starting spurt, the
same high peak being taken to mark the beginning of the end
spurt, except in the long sums where the highest peak after
the half-way point seemed more appropriate. Once again the
conditions of work did not appear to influence the trend.
With some confidence, then, one is able to say that subjects
began this type of addition rapidly, but also began to slow
down from the very beginning of the task, and did not show
improvement until they had added a little more than half

the sum. From this point until the end of the task an
improvement occurred. The curves for both the short and
medium sums have this inverted U shape. In the long sums
it was possible to identify two or three peaks in the work
curve although the initial and final trends were as marked
as in the shorter sums. '

When the tension curves were examined a very similar
state of affairs was found. "Spurts" of tension seemed to
occur and accompanied the variations in the work curve to
a striking degrée. The highest points of the two curves
coincided significantly often under most conditionse.

When the long sums are examined (Graphs VI.9, 10, and 11.)
the correspondence of the two curves throughout the task

can be clearly seen and reflects their Bigh correlation.
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In the review of the literature concerned with the
variation in tension during work, the conclusion was reached
that when work begins a marked rise in tension occurs,
posslbly to be followed by a further increase, which is
succeeded in turn by a decline in tension towards the end
of the task.

The initial rise and final decrement were substantiated
here and furthermore thése phenomena appeared to be "tied"
‘to concomitant variations in work output. This finding
stresses that it is meaningless to examine changes in tension
without some simultaneous indication of performance; in
this respect the present analysis over short time interwvals
appears to have been fruitful.

The peripheral theory of thought.

The relevance of these results to the peripheral theory
of thought is problematicals The earlier statements of
this theory were concerned with the role played by muscular
processes in relation to conscdous thoughte In its barest
essentials the theory is an hgpothesis to the effect that
muscular tenseness is a sifie qua non of mental process.

Any rigorous attempt to test the theory must obtain indices
of both muscular tension and psychological activity. It
is nop difficult to sample bodily tension so long as it is
borne in mind that it is a sample whose representativeness

is unknown. The difficulty lies in the apparent
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impossibility of measuring the psychological activity
independent of muscular phenomenéa‘ The familiar difficulty
of measurement in psychology generally necessitates recourse
to behavioural indices, and so in the present experiment
verbal output served as an indication of mental effort.

But the amount of mental work accomplished is only a partial
indication of all the subject has been doing during the
experimental session. It is introspeetively absurd to
identify the two, but perhaps no more absurd than to expect
accuracy from the introspective vagaries of Kraepelinian
analysise

In our ecase a high correspondence was found between
speed of addition and muscular tension levels during work,
and the behavioural index seems to have been a good measure
of mental efforte Whether this is because distraction, and
other factors which might be thought to modify the effort-
output correspondence, were at a minimum it is difficult to
say, although the physical conditions of the experiment make
this highly probable.

How are these results relevant to the peripheral theory
of thought? The strong tendency for muscular processes to
parallel mental ones could as easily be due to "overflow"
from the centre as “reinforcement" from the periphery, and
I do not believe that this type of experiment can possibly
settle the apparent issue. The second approach, the study

of the effeets of induced tension on mental events, seems
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a more profitable one, but, as pointed out earlier, there
may have been no direct effect in this experiment owing to
the use of less than maximum working effort as the base-line
condition., No theoretical development has therefore been
achieved, and any advance that may have been made has been
in the demonstration of a closer correlation than hitherto
imagined. In any case, when formulated in a cause and
#ffect relationship_the issue is not a real one. The
nervous system is best considered as a whole with no
artificial dichotomy between “centre® and "periphery".
The cortex in its service as an integrator of lower levels
is in intimate connexion with both visceral and somatic
nerve complexes, a system designed for "action" and "back-
action®. The level of cortical excitement may be controlled
by a hypothalamic pace-maker (Lindsley, 1951) which in turn
is partially controlled by afferent stimulation including
kinaesthetic feedback.

Such knowledge as is available emphasizes the wholeness
of the nervous system, indeed of the whole body. We can
do little more than "sample cortical activity" by electrical
means, but in view of the compplexity of such central analysis,
which has become remote from any underlying physiological
or psychological meaning, it may be more rewarding to devote
future research to peripheral change especially if the
instrumentation for simultaneous recording from several loci

becomes available.
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Summary of Conclusions.

Under a set to work quickly subjects became more
muscularly tense.

Under conditions of induced physical tension subjects
worked more quickly. This effeet could be ascribed
either to the direct result of the induced tension, or
to an inability to retain the set towards working "at
a comfortable speed®.

There was a tendency (over all the sums) for poorer
workers to be more tense.

No differential effect in speed of work between good
and poor performers was brought about by induced
physical tension.

A high correlation was found between tension fluctuations
during a task and variations in performance. Slower
additions were accompanied by greater tension, and it
is suggested that the tension may be self-induced when
a difficulty is encountered. This seemed to occur
under normal conditions and was not disturbed by the
induction of physical tension. A closer relationship
between speed and tension was found to ocecur under &he
set to work quickly. The length of sum was also
relevant, a significantly higher correlation being
obtained in the short sums.

No consistent relationship between the time taken to

add a sum and the total tension exerted during its course
was found from one subject to the next, neither were
subjects consistent from one condition to another.

The mean time taken per addend increased as the length
of the task increased, and the longer tasks tended to
be accompanied by higher average tension.

Starting and end spurts occurred in the type of mental
work employed, and were closely paralleled by “spurts"
in tension. it is concluded that although earlier work
had described these speed and tension increases
separately, moment-by-moment analysis appears to show
that they are conjoined.
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The results are not considered directly relevant to
the peripheral theory of thought. Any value they may
have lies rather in the suggestion that peripheral
analysis may be a more rewarding programme for future
research than one restricted to central eventse.
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The results are not considered directly relevant to
the peripheral theory of thought. Any value they may
have lies rather in the suggestion that peripheral
analysis may be a more rewarding programme for future
research than one restriected to central eventse.
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Appendix I.

Addition sums employed.
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(1a) 3 (2a) 1 (34) 3 (44) 1 (54) & (éa) 8

(1B) 3 (2B) 2 (3B) 9 (4B) 7 (5B) 7 (6B) 5
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5

2 (5C) 4 (6C)

8 (4C)

(iIc) 6 (2c) 6 (30C)
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Appendix II.

Accuracy of the megsurement technigueo
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Record: 1C
Types:s P Mean values for each interval.
Subjects 89

Interval 1 2 3 4% 5 6 7 8 9 10 11 12 13 1% 15
El 11 1111 12101011 111011 11 10 12 10 1%
E2 11 11 11 12 10 10 11 11 10?11 11 10 12 10 14

Interval 16 17 18 19 20
El 1+ 10 11 10 11
E2 1+ 10 11 10 11

Records 4B
Types M
Subject: S10

Interval 1 2 3 4% 5 6 7 8 9 10
El 12 12 15 15 16 14 1% 16 14 13
E2 12 12 14 15 16 1% 14+ 16 14 13

+ disagreement

Records 4B
Types M
Subjects Sk

Interval 1l 2 3 4 5
El 7 8 9 § 5§ 8 107 8 7
E2 7 8 9 55
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Appendix LIT.

The effect of practice on speed of work and muscular tensione
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The tables give the mean times and mean tension levels
per addend for the sums in groups of three in the order in
which they were added. That is, the first figure in the
table is the mean for the first three sums added in the
session, the second fipure for the second group of three,
and so on. The nine values obtained from the 27 sums added
during the session are graphed for each subject separately
on the following pages. The mean values over all subjects

are also graphed.

Mean time taken per addend during experimental session.

Order of
Addition
S1 g2 83 s 85 86 87 88 89 510 Mean
1)

gg 56;5 49,1 2846 4942 5848 3605 51e3 4706 5049 U48¢7 4747

i)
5) 64.5 53¢3 3609 751 68ekt 4545 474 5102 5909 4741 54e9

gg 71e2 6140 3840 555 59¢8 5245 5941 4646 5542 #707 5le6

I
113 7847 4343 UBel 57.5 50ek Ulel 6462 625 764 5249 575

12)

1
1&3 58e7 4060 353 5007 5640 4605 5506 70e3 602 4943 5243

15

1g) 593 h6.7 L8t 6262 60s6 5640 51e6 610 5342 5169 55.1

20; 61e7 30e9 3247 7047 6e2 5342 330kt 6648 5642 4842 5148
21)

22
2&; 66el 453 41e0 628 504 47:2 4100 6349 5209 51kt 5242
24) ' :

§g§ 69¢2 3547 3540 51e2 4849 6105 5563 58.9 7048 52.5 51.1
27 :
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Mean tension per addend during experimental session.

Order of
Addition

81 82 83

Sl 85 86

87 88

89 S10 Mean

1)
3

2)
)

‘11.9 74 13.2

76 127 947

9.0 17,6

8olt 1te5 1162

)
2)
)

O\

166 116 13.7

8elt 148 12.0

70)'|' 1507

849 12.0 12.0

&
9)

1467 961 1443

646 15.0 11.5

947 14e5

8e7 13,1 11.7

10)

11)
12)

159 11e7 9.l

8el 13¢5 10,7

8el 1745

7.9 8.3 11,1

1648 12,0 11.2

7ot 12¢5 749

98 12,3

7¢5 82 10.6

13.9 14e5 549

6ot 12.4 8.1

8el 1746

962 840 10.k

15¢8 90 1lek

9e1 1643 11.6

8¢6 1448 10.7 13.8 12.1

22

)
)

1643 11.6 1346

9.6 14.0 11,2

9el+ 194 9.9

8e3 1203

2
523
27)

17.4 123 11.5

9.0 14.5 1060

11.6 17.7

et 84l 1201
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83
Sl
85
86
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59
810
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«38
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.61

«60

*95
«83
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«36
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«50
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Appendix Vo

Raw _data with totgls and means.



RAW _DATA

Type of addition: P | Time in nillinetre of trace

Tension in mv

F Intervel | 1 | 2| 3| 4% | 5 § Total| Mean

’24 Tine 3 | 42 36 7 bs 35y, 70'9 

“Fension |14 | B {2 |16 | 16] 102

St 4A| Tine 21 |36l 421646 |30 195 | 350
p ¢ I

Tension |y |1S|IS| 19 | 15 74 Is-2

3A| Tine 23 1251 4% 29| 24| l4q 29-%
Tension | j2 (3| 16} 15| 14 il 70 l-0
ine ' 1ozl nnéla2s2iuql b1¢
TO-'balJT 7? 9 L

-}Tension Yol 41| 43|48 l,.S" 21y

Interval | 1 {2} 3| 4% | 5 || Total | Mean
3A| Tine 30 (34| 45| 84| kq| 243 | 4E-6
| | Tension |13} 12| 13| 15| 12| 64 13-2
Sg,/ EZA' Tine 20 33 41| 21 | 20| 141 28-2
Tension 13 (12} 131 12| 12 b2 12:4
\ﬂlﬂ Tine - 23 | 24| 69 €| 1&| 1y | 342
Tension |13 |13} Mg} 13|12 | bs | 13+0

ine | gy | £55

Tine IS$ 3 |
Totals 7"— '46 L !
Tension |34 {3@ 40 ! 40|36 | 193




RAW _DATA

Type of addition: P Tine in nillinmetre of trace
Tension in mv
Interval | 1 | 2} 3| % | 5 || Total| Mean
24 | Tine I5 [/5107122 126 | 95 | 19
Tension [fZ Wz (12|13 (M| 63 | 12-¢
4-A| Tine I8 130129115 (17| 109 (2-8
| Tension |/o |fy M 12 (10 bo | 12-0
AL Tine 19 126 131 |33 (2o | 129 |25-§
Tension |fo (M {12 |12 {10 | 55 n-o
-
rotatd 521 117 o 631 333
Tension [32 |37 3% 37 34 ; 178
Interval | 1 | 2 | 31 % | 5 | Total | Mean
1 A
JA | Tine 39 |53 4y |4k | 3) | AT |43-F
Tension' |§ |7 |8 |§ |5 | 30 6o
§2A Tine 28 |4l r[,, 53 145 208 | 41-6
Tension |§ 17 {7 7 9 37 ) s
\é4 mine 132 (34|30 |47 |01 | 154 | 368
Tension | & |6 | & |10 ?i 37 7 4
——— "
Tine |98 |2gng | M 123| 1! | ho-)
fotals Tension | /b 20,2/ |24 |23 Joy 7




. RAW__DATA

Type‘ of addition: P Time in nillinetre of trace

Tension in mv

e

I
!

Interval { 1L {2} 3| 4| 5 {; Total | Mean

3ATine g 36030 (40|36 | 1CC | 332
Tension (Mg B (13|13 |13 G | 13-2
A Time 28|3¢(3¢| 54|51 | 205 | hto
Tension |3 |Mp|3 |15 (M| 69 | /3-8
5A| Tine 3943|8271 (28| 233 [ 4te
Tension |3 (M| ISt/ (73| 70 | -2
rora1d e |90\ ms |08 s 5| bok

Tension [fpo &) |40 |ty lo! 206

55

Interval | 1 | 2] 3} 4 | 5 || Total| Mean

| 4A Tine I7 s I?-, 28 .Zi m 22-2
w Tension |Jf \M | M (10 |10 | 63 |/10-€
| \(A| Tine 21 (201282027 | NC |23-2
Tension ()2 (/213|172 {m | 6o |/12-0
VAl mine 115 (32|34 (32 |28 | 14y |28-8
Tension (M BB |31z &z | 124
Tine 56|70 |81 |80 |8y 3
Tension {3fp136.37!35 |33} 175

Totals

———r——_— ———



RAW DATA

Type of addition: F Tine in nillinmetre of trace

- Tension in v

Interval | L § 2| 3| &% | 5 i Total| Mean

A Tine 3213413821 | I8 | 139 |2)-§
57‘ | Tension (€ [§ |8 | 7 | 38 |26
3| Tine 19 1R€\ 1165 21| 1722 (344

Tension 4 7 9 /o {10 | L& 7—2.
RA| Tine 2) |38181129 |26) 199 |39 -%
| Tension |2 [$|l1O|® | & I £-2
Totard |78 |98\/5€/113 (€5 S0
Tension |23 |25(2)125 125 125

Interval | 1 | 21 3| 4% | 5 || Total | Mean

EY's YA Tine 50 5115857161 2N |s5-4
| Tension |14 119 [0 (2024 | 99 | 19-¥
3ATime |4k lpelyz |yl bo] 295 | 59-¢
| Tension |]q (20|20 |22 (22| Ioh | 20-§
A Time |56 (€0|61 6653 296 | 59-2

| Tension (1) [)8|sg120 (19| 93 | /8- ¢

e

Tine  YS2 Usyqr 192101 821
Tension |§5 15716016262 | 296

Totals




RAW DATA

Type of addition: P Tine in nillinetre of trace

Tension in ’zn.v

|

Interval | 1 { 2} 3| % | 5 i Total| Mean

3A| Tine 4485753 |84 |57| 299 | 598

s Tension ? oo n (10} 50 10-0
? Kﬁ Tine 51 |62 L b2 be) 285 $).0
Tension | & |Jolto | m (12| 5/ Jo-2

yl.ﬂ, Tine 30 |33 37 {40 183 | 3€-6
Tension (419 |9 |8 |8 | b3 A
Tine  |/24|/50/40/831063| 765
Tension {2¢& 2912913030} /ll-l/

Total

‘ Interval | 1 1 2] 3| 4% | 5 || Total| Mean

l/{-ﬂl Tine 36 |38 | 448 Ys5\38 | 208 | U)-0
Slo [ Tomsion [MZ [/2[M3 [ [12] 62 | 124
2A| Tine  |29|30|5) | £F|SC | 241 | 482
Tension [JOo (/e{M |G (10] §0 | 100
pplmme  polszinelag|éz| 249 498
| Tension (lo {fo| G| /o{/0| LG | 7-§

- Tine 105 (1201150 | 163]156| €695
P rension 132 3233132132} /6/




RAW _DATA

Type of addition: /Y Tine in nillinetre of trace

Tension in mv

(# Intervel | 1§ 2| 3| & | 5 || Total| Mean |
A rme (69|04l 80 [0a|ns] 280 |5¢.2
51 Tension (/2 (/5 (13| Jo\n | &F 12-2
ip| Tine 61 (449|52|8¢6 50| 2¢8 | 53.6
Tension |J3 | m|23|Mpiro| & | /12-2
Jz/, Tine 58 \64{59|76 (2} 299 | 59-8
" rension /o lto| 0 |mp| #| 5¢ | w2
rotald e (88 IS\ 12| 16 /35[" S48
Tension |35 (3£137|358.82; /178 -
Interval | L {2} 3| 4 | 5 || Total| Mean
kA Tine P2 |5)| 48|37 |33 | 217 |34
52 " | Tension |7 7218172 & | 35 | 70
§S’A Tine 8155y 61 | 48| 21 | 5kh-2
Tension |6 | 9| € |8 (€ | 37 74
\'A Tine S) |soiu2|ls |0 14‘7 b9.5
Tension [ (D12 O |8 39 ]- 5
Totals ﬁ: i) /o4 %) "‘5 221 757
Tension |26 -2.5},25 251201 IN




RAW _DATA

Type of addition: N Time in nillinetre of trace

Tension in mv

Interval | 1 { 2| 3| % | 5 | Total| Mean

A tine ML L IEL |50 |58 | 262 (52-4
Tension |4 15|15 |8 |5 | 2 -8
53 12/’3 Tine 50 |5h\5k |50 | /8| 256 | 5)-2
Tension (& |6|€ |8 |4 26 S-2
A Tine Boh2i56\ o (41| 239 | 4r¥
Tension |Jt |y |L 16 |3 | 23 4-€|
Lfine 136 a2\ nz| e M) 7€)

{Tension .[5 5107 (/6 | 12 : /3

Total

Interval | L | 2] 3| 4% | 5 || Total| Mean

6A|Tine |y |59| 48|49 | 50| 250 | Se0
5[’- _ Tension |6 |S1 616 | € 29 | 5§

ES” Tine 5052158 62 ‘4- 251 5}2
.| Tension |44 |l it |6 2¢ S-2
WhA] Tine Lo |8 kol 63D | 332 | by
Tension (§ |5 |54 |7 | 28 56

Tine - |/581N9 4| Isv|I85| 68
Totals ’ ‘ 7 3

Tension {J§ 1M : 1)} 18119




RAW _DATA

Type of addition: N Tine in nillimetre of trace

Tension in mv

ﬁ Interval | 1 { 2| 3| % | 5 i Total| Mean

[Zh rine |6 |651691€8 |55 349 (634

55 _jTemsion o\ |h il |to] 83 |lo-¢

YA Tine 5816010116l (5] 310 | 2.0
Tension |7 |91 9| & ? L2 f‘lf
LA i &) [60|723 |81 | 19| 330 | b€.0
Tension 7 °4 j 10 9 43 &,i
Total fine 186|184 2¢2 210 I73n 957

Tension LZ4 L‘g! ,Z?’ 29 28 )i 138

Interval | 1 | 2] 3} 4| 5 - Total | Mean

'[I,h! Tine 36 615, 6y L15| 25> §¢.o
5¢ i Tension | & 715 |6 (& | 28 S-6

5| Tine bl [62]68 |58 5¢ | 30l | bo-2
Tension [ L (&1 8|5 6| 3/ £-2
A mino 58 165|625k (55 | 2194 | 588
Tension |5 |L |6 |85 |5 | 2) 5
" Tine 1251188159 122156 875
Tension | 1) {14114 /6| 15| §¢




RAW _DATA

Type of addition: N Tine in nillinmetre of trace

Tension in mv

ﬁ Interval |1} 2} 3| 4% | 5 gTotal Mean

4 rime |39 136 2| ho|ne) 203 | a0
57 Tension |6 |§ |7 |§ |€ 27 | §-%
5| Tine 33| 48/52|5b |ns| 23¢ | i)z
Tension | §|P [P | 6|5 | 3o | 60
Ba|mime  |52|n0|3759|47] 237 42 %
Tension | { 717 5| 8| 3¢ 7-Z
Tine L25i/24(/33 | g 1y || €45
Tension 'I7 19i21 | 19 9 }' ¥

Total

’ Interval | 1 | 2} 3| 4 | 5 || Total| Mean

A 1o (70| [83]58]79| 364 | )22

S¢¥ ﬁ Tension /2. 12 1131 | N &7 79-
4p mime 63|60\ W [P |72 3o | k80

Tension | M {m {J2{Mpi13 ) &4 (122
BAlrine  |58[50| ¥ 51 [sh]| 297 594
Eiqsion Ninjsining sq9 | ns
Tine | )9¢|189| 238| 183|205 19¥
Tension |3 134 4#0!36¢ |35} 179

Totals




- RAW _DATA

Type of addition: N Time in nillimetre of trace

Tension in mv

1
t

|

Interval | 1 | 2| 3| & | 5 i Total| Mean

5” Tine |86 18890 |80 |63 | JoS 81-¢
Tension |35 | § 718 3) -2
59 A Tine Ho|43(8) |83 | 42| 229 45§
Tension |4 |6 |2 |7 (4] 28 | s¢€
SA Tine 75 |62 Yo 74. bo| 3t | 65 2
rension | L1618 19 17 ) 3¢ | 2z
e Laopl 193l 292 207) V5] 778
Tension [/§ 11712212100 95

18~

Total

Interval | 1 | 2| 3| 4 | 5 || Total| Mean

"A Tine Mrin2l56i6) | bo) 261 | 522
5o Tension |3 |13 1 5143 | I | 3-6

. ![H Tine 55 37 L3\ L6 43 ,Z.z? 45 8
Tension {3 13 |4 |5 ({8 | Qe 4-0
RAl1me |50 |64]55] 62| 59] 297 | 582
Tension [ 4 151415 |5 | 23 4-€

Tine | g\ M /5 69| 167 751
Tension | /o { )} %I3 AN RN

/

Totals




RAW _DATA

Type of addition: M Tize in nillinetre of trace
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