AN ELECTROMYOGRAPHIC STUDY
OF
ATTENTIVE LISTENING
by

Harvey Wallerstein

Submitted to the Graduate Faculty
of |
McGill University
in partial fulfilment of the requirements
for the degree of A
Doctor of Philosophy

May 1954



ACKNOWLEDGMENTS

The writer wishes to acknowledge the generous
assistance of Mr, A K, Bartoshuk, who operated the
recording equipment; and to express his gratitude

to Elfriede Herfert, who typed the manuscript,

For thelr continuous cooperation throughout -
this research, 1t 1s the writer's pleasure to record
his thenks to the entire staff of the Laborztory

for Psychological Studies, Allan Memorial Instltute,




TABLE OF CONTENTS

HISTORICAL INTRODUCTION 1 -21
Concerning Thought 1
On Muscle Tenslon 9

EXPERIMENTAL 21 - 35
Purpose 21
Problem 21
Method 21
Results 29

DISCUSSION 36 - Lb

SUMMARY 45 - 46



HISTORICAL INTRODUCTION

Concerning Thought

Muscle actlvity may seem a toplc far removed from that
- of attention, However, the recognition of motor phenomena
during thought pervades the history of experimental psy-
chology. In a recent review of this subject, Humphrey des-
cribes the recognition given to tensions in the muscles
during thought by both the Wurzburg and Cornell group of
introspective psychologists, Titchener's group, indeed,
interpreted so-called "imageless thought" as kinaesthetic
sensatlions proceeding from vestiglal motor responses,
Humphrey dbes not entirely agree with this extreme view, but
his emphasls on effector processes during thought is clear:
"Phylogenetically and ontogenetically adult human thinking
is born in a matrix of action from which it never wholly
escapes" (11, p, 188), Similarly, Woodworth has this to say
on the introspective studles of attitudes: "Psychologists,
so far as they have expressed themselves, are in pretty good
agreement on the motor character of the typical conscious
attitudes, The discovery of postural and gestural movements
in silent thinking may be called one of the maln achlevements

in this whole attempt to study thought introspectively" (32,
p. 790). |




Silent thinking may be examined 1n several aspects:
persistence, complexity, and content. It 1s primarily the
first two that concern our thesis., The persistive aspect
of thought 1mplies attentlion; complexity implies organi-
zation,

As to the understanding of attention, its importance
to a systematic psychology was clear to the introspectlonists,
Titchener, for example, analyzed attention into attributes
of degree, range, duration, and accomodation, for purpose of
experimental study., Measurement of 1its degree was regarded
as a major challenge: "The measurement of attention is one
of the most pressing problems in experimental psychology. If
we could measure a man's capaclty of attention, and could
discover at any moment what proportion of that capacity he
was using...then we should have a result of the greatest
scientific importance and of the utmost practical value" (28,
pp. 293-294), For Titchener, of course, attention was to be
measured In degrees of consclous clarity, introspectively
determined, The difficulty here, aside from the validity of
Introspective analysis, 1g that even tralned students of
introspection have been unable to distingulsh more than several
degrees of clarity. DMore accurate measurement had to awalt
objective methods; behavior analysis and physiological tech-

nigues were the answer,




The concept of orgenization 1is closely allied to that
of meaning, Meaning has been discussged in the framework
of learming theory by McGeoch and Irion, who regard meaning
ags a special case of transfer. Thus: "When one says that
Materizl A 1s more readlly learned than Material B because
Material A 1s the more meaningful, one implies that A re-
celves more advantage from transfer effects" (20, pp. 471-
L72), Three-letter words, for example, are learmned more
readily than corresponding nonsense syllables (19), To say
that one word, sentence, or article is more meaningful than
another, is to say that it arouses a greater number of pre-
viously learned associations, The greater the assocliative
value of a stimulus situation, the more fully organized may
be the consequent thought process,

In experiments on recall of completed and incompleted
tasks (such as doing a jigsaw puzzle or drawing a vase),
Zelgarnik found that her subjects recalled more interrupted
than conpleted tasks (34). Assuming the completed task to
have been more fully integrated by the performer, we might
say that, for simple tasks at least, luncomplete organization
hae a positive effect on memory. That organization, however,
acts positively to a certaln point was indicated by 1lnter-
rupted tasks being recalled more readily when the inter-
ruption occurred near the end of the task, This fits the

general finding of a positive effect of meanlingfulness on
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learning (20), But past a certain stage, memory may be
negatively affected; tasks too familiar, like brushing
one's teeth, are easily forgotten,

Miller and Selfridge (25) have studied the effect of
meanling on recall, definling meaning in terms of verbal
context, Subjects were presented verbal passages varying
in degree of approximation to English. Higher-order ap-
proximations led to recall of a larger number of words,
Words more fully integrated into a familiar language struc-
ture are more interdependent, selectively leading one into
another, Thus, 1f a sentence 1s broken up, and the words
presented in random order, the sentence will be better
‘remembered; since in conformity with the language pattern,
each word cuts down the number of possible words that will
follow it,

Experiments dealing with effects of organization on
learning and memory have been discussed; we shall later
have occaslon to describe work on the relation of muscle
tension to lntegrative processes,

First, it may be instructive to digress and consider--
though 1n rather limited extent--some views on thought in
literature dealing with this concept from a psychological
standpolint. Such consideration may help us to understand

both the directive and integrative attributes of thought,
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One definitive feature of thinking is its relative
autonomy; thought cannot be entirely described in terms of
sensory stimull and motor responses, Humphrey's review
(11) mentions this finding as a chief contribution of the
Wurzburg Introspectionists, Parts of thinking could not
be reduced to images derived from external or kinaesthetic
sensations. On the negative side, the discovery of "image-
less thought" hastened the downfall of classical intro-
spective methods, which were based on analysis of sensations
and images, From a positive standpoint, it furthered new
lines of research on the nature of thinking; these lines led
away from analysis of thought elements, and towards investi-
gation of the forces conditioning thought,

Introspective study of the conditions of thought was
undertaken by Watt (cited by Humphrey, 11, pp. 66-72) by
meang of a partially constrained association technique,
Thought was found to be directed, The directive influences
were of two kinds: the task, Aufgabe, initieted by the
experimenter's instructions; and the previously acquired
assoclations initiated by the stimulus word, Recently,
tagk-sets themselves were shown to result from prior learning.
Harlow (9) found that rate of learning (in both monkeys and
children) continuously increzssed with succeeding sets of prob-
lemg; that 1s, already learned approaches (sets) to previous

problemg were more readily avallable for handling new problems,




An assoclated response to a stimulus word 1s usually
elicited in a few seconds. Duncker (5) made a study of
thinking during the course of problem-solving, where
solution generally required several minutes, Subjlects were
presented with problems, and instructed to speak out all
that came into thelr mind while they were solving these
problems, By thus having his subjects "think out loud,"
and giving problems which took at least several minutes for
the solution to be realized, Duncker was able to obtain
much protocol material related to the course of human
thinking--more specifically, human problem-solving, His
experiments might be criticlzed for lack of statistical
analysis and stringent controls; the voverty of experi-
mentation directly bearing upon this toplc, however, warrants
conslderstion of Duncker's results., From analysis of the
protocols, Duncker concludes that problem-solving consists
of continuous reformulation of the problem--these restruc-
turations being gulded by the "essential" properties of the
problem itself, As with reversible figures in the field of
perception, new problem configurations may result from
gatlation of old patterns; thinking exhlbits both antici-
pation and backtracking in constant flux., Although Duncker's
monograph does not stress the point, the selective faclli-
tation resulting from previous thinking as well as from the

problem structure seems clear from the author's data,




So far we have discussed what psychology may have to
say about thought; we may now inguire briefly what our under-
standing of thought processes has contributed to various
fields of psychology. This brings us to examine the role of
set in experimental psychology.

Gibson (7, 1941) undertook such an examination, The
concept was found to play an extensive role in such diverse
areas as classlcal conditioning, learning, and perception,

In spite of ublquitous us; of the term set, the author could
not discover a meaning for it common across a number of
experimental areas, To illustrate, set in pérception experi-
ments may mean "expectation of the stimulus®"; while in con-

ditioning studles the concept may refer to "intention to

react," However, on reading Gibson's review, one is impressed

with the widespread use of terms llike "expectancy," "con-
ceptual schema," "intention," "tendency"--1i,e.,, words denoting
some central process, Gibson's 1lnability to present a unifiled
account of the role of set in psychology represents the faillure
of systematic theorles to come to grips with central processes
that sgelectively influence gensory stimull and motor responses,
Theoretical emphasis was on sensory-perceptual or conditioning-
motor phenomena wlth set as an intervening variable, A sys-
tematic account bearing more directly on thought processes

per se was yet to be undertsken,
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Such an attempt has recently been made by Hebb (10),
within the framework of neuropsychologlcal theory., Through
learning, certain brain cells set into operation by a specifilec
stimulus (e.,g., a corner of a triangle), interact to form a
higher unit, called an assembly, Whole assemblies may also
interact with one another, forming higher-order units (phase
sequences), These assemblies and phase sequences, once
established, may be set in motion by sensory stimulation or
by preceding_oentral neural activity (or both), Once activated,
these units may persist independently for some time throuéh
self-stimulatlion (reverberating circults). A single re-
verberatory assembly may lose strength quite rapidly (running
itself out in a matter of seconds). But phase sequences can
maintaln themselves for longer 1intervals by virtue of more
neural elements in reverberatory action, Systems of phase
sequences are influenced by and modify lncoming impulses,
facllitating some 1impulses, inhibiting others; likewise, phase
sequences activate specific motor responses, We thus have a
postulated central neursl schema--to some extent supported
by contemporary neurohistology and mneurophysiology-~-which may
underlie a stream of thought, This schema 1s of particular
interest to the present thesis, since muscle tension patterns
may be recognized as part of the selective motor facilitation
of centrsl activity. Muscle activity, under appropriate con-

ditions, may thus constitute an index (though certainly not




-9~

a complete measure) of the thought process, It is time now
to review some experiments on muscle tension, with a view
towards gaining insight into the precise psychological con-
ditions wherein muscle activity may reflect directed and

organized thinking,

On Muscle Tension

Thus far, our thesls has implied that organized thought
modifies muscle tension, But we are in fact handling a two-
edged sword; For everyday experience and the psychological
literature indicaste that conflict and disturbance modify muscle
tension, Further, both integrative and disturbing factors may
result in changes in the same direction; namely, in increased
muscle activity, The following sections describe representa-
tive experiments on stress, on mental work compared with periods

of rest, and on muscle tension changes during mental work,

Stress

Luris (18), investigated lrregularities of simple voluntary
movements during experimentally elicited conflicts, His tech-
nique involved word-assoclation combined with a simple motor
reaction, ©Specifically, the subject sat comfortably, with
each hand over a pneumatic bulb., Pressures on the bulbs were

recorded on a kymograph, When the experimenter spoke a word,
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the subject was to respond with the first word that came
to mind, and as he did so, to press the bulb under his
right hand., Results typlcal under normal, non-disturbing
conditions, showed minimal activlty of both hands in the
latent period following the stimulus word, ending in a
specific pressure reaction of the right hand coincident
with the response word, However, 1f the subjJect had com-
mitted (though not confessed) a crimingl offense, then
presenting key words related to the crime yielded distinct
reactions and tremors from both arms during the latent
period, Neutral words not related to the offence gave a
normsl response, Latency pressure responses to key words
may be seen eveh when the subject shows no other sign of
emotional disturbance (in facial expression, for example),
and when the time taken for verbal response 1s normsl,
Luria believed that "motor tension" here constitutes an
index of conflict, Low correlation between finger movement
score and muscle potentlals have been reported (22); which
Indicates caution in generalizing Luria's results to muscle
activity. On the other hand, more recent investigations of
muscle potentials have strongly suggested their direct
particlpation during experimentally induced conflict (21, 23),.
Malmo, Shagass, and Davis (22) studied muscle potentials
(muscle tension, electrically recorded), in psychiatric

vatients and normals, The forehead of each person was sub-
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Jected to thermal stimull of sufficient intensity to feel
somewhat palinful, Increased muscle potentials during stimu-
lation were obtained from right forearm and neck muscles,
Further, psychlatric patients showed higher level of arm
tenslon during pain stimulation, and greater cﬁange in neck
tension from rest to stimulation than 4id the controls;
though the resting level of tenslon before stimulation was
similsr for both groups. Perceptual tests requiring rapid
and difficult size discriminations for circlies flashed on a
screen gave like results, It appears that the muscle
potentials increase as part of a disturbance resulting from
pain stimuii or undue psychological pressure; and that this
disturbance 1lsg more pronounced in subjects less well

organized and more unstable; namely, in psychiatric patients,

Changes from rest to mental work

Freeman (6) recorded muscle volume (tension) changes of
the forearm flexors and leg quadriceps, by photographing the
movements of a system of levers resting on the belly of each
muscle, On instructing his subject to do mental arithmetic,
volume increases were seen in all muscles recorded, The
pattern of activity was, however, quite unstable; for example,
at one moment right flexors, at the next moment, left quadri-
ceps might show maximum tension change, This constant flux

was gulte distinct from the specific and consigtent tension
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increase obtained from the right flexors, on instruéting the
subject to respond with his right hand at a given auditory
gignal, Anticipation of movement thus involves greater
muscle pattern specificity than does a task not related to
particular overt movements, Also of interest here, 1s the
finding that tension during anticipation of the same overt
regponse spread over more muscles when the task difficulty
was increased by making the audlitory signal to react too
weazk to be easlly percelved, »

It should be noted, that the complicated system of
mechanical recording that Freeman used required the subject
to sit in a device ",,,.resembling an ancient pillory or
stock" (6, p, 480). It is possible that the distralting
effect of the apparatus was a positlive factor in the rise
of muscle tension during mental arithmetic,

Davis (3) recorded muscle potentials from the extensor
surface of the right forearm, in subjects doing several
minutes of mental arithmetic, memorization of a difficult
poetic passage, and multiplication, For mental arithmetic,
a religble increase from rest to work failed to obtaln,
Potentials during memorization and multiplication, however,
rose significantly over thelr preceding rest perlods. Thé
author suggested that mental arithmetic may have been per-
formed more easily and automatically than the two other tasks,

Davis also correlated rest to work increases with performance
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scores, For all three tasks the correlations were negative,
This finding was explained in terms of distraction and
practice factors. The more distracted subject may become
more tense and fails to perform as well, Indeed, when Davis
distracted a working subject by playing a phonograph record
of a "rhetorical exhortation," tension clearly rose in the
distraction period, Davis also showed that with practice,
both smaller increases from rest to work and better perform-
ance scores were obtained, However, he found that pretask
potentizals, correlated positively with performance sgores,
suggesting that higher readiness led to better performance,
It therefore seemg llkely that factors other than distraction
and practice enter the pilcture; like a stronger set to meet
the task, for example,

Two experiments have been designed to study the relation
between muscle potentials and degree of task difficulty.
Davis (4) used five sets of number series problems, varying
in difficulty. Amplitude of muscle potentials from right
forearm and neck variled directly and regularly with order of
task difficulty, Likewise, Hadley (8), using mental multi-
plication tasks and recording from left forearm,'found higher
potentials during more difficult problems, Of passing interest
is Hadley's faillure to note any changes with difficulty from

simultaneous records of the left-occipital and right—precentral
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electroencephalograph (EEG), This suggests that muscle
potentials and brain waves may to some extent reflect

different aspects of the mental work process.

Changes during tesk activity

Recent studles of muscle activity hsve ylelded results
bearing more directly on the concept of integratlion, These
investigations cover different tasks, but have one thing in
common; analysls of what occurs within the course of task
activity. We shall discuss them presently,

Smith (26) investigated the course of muscle activity
In the active arm during mirror-drawing performance, From
beginning to end of the task, a smooth, negatively accelerated
rise of muscle tension was obtzslned, Since all subjects drew
half the figures (circles and triangles) clockwise and re-
versed direction for the other filgures, the intratask tension
rise cannot be accounted for solely in terms of overt move-
ments, These results were confirmed in a2 similar experiment
by Bartoshuk (1), who in addition, found very regular increases
in the passive arm, as well as rising (though less regular)
gradients in the chin, These findings led to the hypothesis
that muscle potential gradients represented the motor aspect
of central neural events assoclated with progress in the task,
This recslls Zelgarnik's finding of better reczll with tasks

closer to completion (34).
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The question as to whether these risging gradients of

muscle tenslon would occur during thought involving no

overt movements, e,g., llstening activity, has not been
fully answered, So far, there has been one such study
which has proved both equivocal and provocative, Smith,
Malmo, and Shagass (27) had subjects listen to a six-minute
recorded article with instructions to remember,., Since the
purpose was to induce stress, the playback was made difficult
to hear in spots, by lowering the volume over a number of 4
short, random intervals, Recordings from the chin and fore-
head muscles reached peak amplitude at the fourth minute and
then declined, Left and right forearm muscles rose and
declined more quickly and sharply. Comments of the subjects
suggested a lack of interest in the presentation, rather than
distress with ites poor quality, The authors suggested that
-the rise and fall of the curves for the faclal muscles may
have been associated with the presence and decline of at-
tentive listening. Although this interpretation may'brove
to be correct, factors of disturbance and difficulty cannot
be ruled out entirely., A discussion of these variables in
relation to attention may be instructive at this point,

Many of the experiments thus far reviewed have been
concerned with or contaminated by factors of disturbance and -
*difficulty, Few studies dealing eiplicitly with attention

and integratlion have been examined, This 1is due in some part
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to the neglect of these problems in the experimental litera-
ture, On the positive side, however, the.studies of distrac-
tion and difficulty may help clerify our understanding of
attention and integration, Let us pursue this line of reasoning
a little further,

If we observe a man in his home, comfortably reclining in
an armchalr beside a glowlng fireplace, and reading a favorite
novel--on seeing him thus sbsorbed for severesl mlnutes, we
would say he 1s attending to his story. Suppose we observe the
same man next morning, He may be seated at his deék, poring
over a not too fasclnating thesis upon which he is to pass
judgment, Phone calls have been coming in with all too irrita-
ting frequency-—yet he feels obliged to read this thing tlrough,
Again we would say this man 1s attending. But there is iittle
sign of pleasant engrossment; instead there appears to be
willful application to a task,

It is important to distinguish these two forms of attention
in scientific as well as popular terms, One form suggests a
natural absorption of a person into the characteristics of hils
environmental setting. The other points to attention by force
of obligation; attention under difficulty; attention despilte
distraction,

Review of the recent psychologicsl literature Bearing on

this distinction shows little expliclt appreciztion of this

problem, Titchener, however, glves a lucld introspectlive analysis
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in his distinction between "primary" and "secondary" attention
(28, pp. 265-276), He also extends our argument regarding
continuous attention to include intense or mnovel events which
attract us only momentarily. Closer examination of his analysis
may prove enlightening at this polnt, An excerpt on primary
attention follows, The author first describes the powerful
effects of intense, sudden, and moving stimuli, He continues:

Novelty, too, arrests the attention, The novel lmpression
1s, in psychological terms, the lmpression that finds no as-
soclates when it enters consclousness; that stands alone, in
isolation, Such an impression, if it is at all intensive becomes
clear in its own right; it is startling, Just as the sudden
stimulus 1s surprising and the moving stimulus 1is disturbing,
And lastly, paradoxical as 1t sounds, lmpressions that are in a
sense the reverse of novel claim the attention,--impressions
that fit in with, are associated to, the present trend of cons-
clousness (28, p. 269),

Again, on secondary attention:

There are however many occasions when, so far from the
impressions drawing and rivetting our attention, it seems that
we are holding our attention by main force upon the impression,
A problem in geometry does not appeal to us as a thunder-clap
does, The thunder-clap takes unquestioned possession of cons-
clousness, The problem has only a divided claim upon us: there
is constant temptation to wander away from it and to attend to
something else, We contlnue attendling; but we have to make our-
selves attend, In meny of the psychological experiments that
we have descrlbed, the object of attention--an obscure organilc
sensatlon, a minute qualltative difference--1s something which
of 1itself, so far from attracting notice, would seem to be
eminently fitted to escape it, Attention to such an object is
usually termed active or voluntary attention; we shall call it
secondary attention (28, pp, 271-272).

The matter of the above described experiments on mental
work and muscle tension is more pertinent to secondary attentiom,

Many studies on momentery effects of primary attention--sgtartle
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reactions to loud sounds, for instance--are to be found in

the literature, But experimental psychology has yet to

examline the continuous attentlion of the man comfortably reading
beside his fireplace,

To anticipate somewhat, the present experiment seeks to
determine (by means of muscle tension analysis under appropriate
conditions) some changes which may occur during primary attention,
Before doing so, a brief summary of some work on muscle tension
as related to thought content 1is in order,

Though mainly concerned with persistence and complexity
of the thought process, some effects of thought content will
be dliscussed., The former operate on content, and are influenced
by content, Also content per se may affect muscle activity,

Jacobson has published a series of papers on the lmmediate
influence of specific thoughts on muscle activity, electrically
measured (13, 14, 15), Subjlects were trained to relax thelr
muscleg to a poilnt where electrical activity was reduced to
zero, or very close to zero., His subjects were thus more relaxed,
than those relaxed in the popular sense (who still show signs
of muscle tension), The purpose of reducing the base line of
muscle tenslon was to prevent masking of specific effects of
thinking, however slight and fleeting these effects on muscle
potentials might be,

After relaxation had been induced, the subject was instructed

to lmsge or recall, at a given signal, some specified event,
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Some examples are: "Imagene lifting a ten-pound weight with
your right arm"; "imagene the Eiffel Tower"; "think of infinity."
As the subject carried out these instructions, small but distinet
potentials were recorded by deflections of a sensitive string
galvanometer, Furthermore, the increase of muscle activity was
specific to the muscle functionally related to the overt counter-
part of the lmagined event: lmagining weight-1lifting ylelded
activity 1in the right biceps; lmagining the Eiffel Tower, re-
gulted in ocular muscle activity; thinking of infinity (abstract
concept) involved potentials from the tongue (speech) muscula-
ture, Again, the pattern of muscle activity observed, corre-
sponded, though not identically, to the rele%ant overt movement:
Instruction to "imagie reading this morning's newspaper" gave

an ocular muscle pattern similar to that effected by actually
moving the eyes to the right (though the overt response was of
shorter latency and higher magnitude). In reviewing Jacobson's
work, Humphrey (11) feels that these results may be an artifact
of Jacobson's relaxation technique, which requires intensive
concentration on particular muscles (16), Jacobson, however,
reports similar results (though not as clear cut) from a few
untrained subjects, Also, Max (24) obtained like findings with
untrained subjects (deaf-mutes and normals, selected for ability
to relax naturally); lmagined "typewriting" brought activity

to the flexors of right and left arms, Though such activity

failed to be seen 1n every case, kinaesthetlic lmagery clearly
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involved the appropriate musculature in a majority of instances,
0f specilal significance 1s the findlng that abstract thinking,
e.g., working out sylloglsms or mental multiplication, produced
action potentials in the arms of deaf-mutes more frequently

than in the arms of hearing subjects, Since the former had
learned to speak with thelr hands, 1t again appears that
abstract thinking psrticulaerly activates the muscles of speech.
Evidence further showed fewer responses from legs (gastrocnemius)
as compared with arms of deaf-mutes, To establish a high degree
of speech muscle specificity would, of course, require simulta-
neous muscle recordings from many widely distributed bodlly
areas,

The findings of Jacobson and Max strongly suggest that
diverse thought contents specifically activaete diverse muscle
patterns, Though of some concern to an investigation of sustained
attention, 1t is worth noting that the tension ohénges generally
last a few seconds only; no longer than the given thought.
During actlvity lasting for several minutes or longer, attentilve
and Integrative aspects may play a dominant role,

Continuous thought may be regarded as a broad stream of
actlvity, shifting fleetingly from obJject to object, yet on
the whole maintasining a steady course, Take the example of a
spectator watching an exciting game:

Not for an instant does his mind wander from the game,

For all that, his attention is as nimble as ever, His eyes
foliow the movements of the players, He keeps pace with the
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game which 1s certainly moblle and changing., Sustained
attention, then, is not rigld and motionless but consists
rather in movement within a certaln field of interest, It
does not wander outside that field nor yield to distrac-
tions, The liveliler 1t 1s within its proper field, the
more surely it resists allurements to wander outside (33,

p. 407),

EXPERIMENTAL

Purpose
The present experiment was deslgned, brosdly, to de-

monstrate the applicatlion of electromyographic technigue
to the study of thought., DMore specifically, 1t was hoped
that muscle potentlal analysis would throw light on central

neural events during sustained sttention,

The problem

In view of the data on muscle potential changes during
task activity, a working hypothesis was put forward, It may
be stated in this way. Continued attentive listening will
be reflected in regularly rising gradients of muscle tensgion,
In addition, a study-was made of: 1) materials differing
in ease of comprehension; 2) repetition of the meterials--

with particular reference to thelr influence on muscle tension,

Method
Materlals,--A situatlion was arranged in which a subject

was to listen to some recorded material, A hospital bed with
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foam-rubber mattress was provided, This bed was adjusted
for each subject, Two selectlons were usged: a detective
story and a philosophical essay. The story--"Coroner's
Inquest"--was written in dialogue form, and was therefore
recorded by two voices.l An excerpt from Emmanuel Kant's

Critique of Pure Reason was recorded by the person who
2

played the major part in the story. Both selections were
10 minutes long, Each was presented three times,

A questionnaire concerning the subject's attention and
feelings was devised, to be filled out when the session
ended, A sheet was also prepared for noting movements during
testing, and their time of occurrence,

A Magictape recorder (Utah Electronics) was used both

for original recording and playback., Paper-backed "Scotch"

magnetic tape was the recording medlum,

Subjects,--Nineteen male subjects heard the detective
story. Of these, 15 were university students, three were
RCAF persomnnel, and ore was a universlty graduate, Sixteen

male individuals listened to the essay; thls group consisted

IMarc Connelly, "Coroner's Inquest." In the Ellery Queen
edition To the Queen's Taste, Boston: Little, Brown, 1946,
Pp. 472-477,

2Emmanuel Kant, Critique of Pure Beason, In C,J,Friederich
(Ed.), The Philosophy of Kant, New York: Modern Library, 1949,
Sections I and II. Pp. 24-27.
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of 15 univerelty students and one RCAF men. All the RCAF
recrults had some secondary school training, The group

who heard the story ranged in age from 18 to 31 years, with
a mean age of 21,6 years, Ages of the "essay" group ranged

from 18 to 25, with a mean of 20,9 years,

Recording apparatus,--Musculer tension was measured in

terms of electromyographic potentials between bi-polar
electrodes, continuously amplified and recorded on an Edin
ink-writing electromyograph, An ink-writing integrator,
designed by J.F, Davis (2), continuously averaged these po-
tentials over half-second intervals, Both devices were
equipped with appropriaste time and signal markers,

Surface leads were placed over musclegs of the forehead
(frontalis), chin, and over both forearm extensors, The
electrodes were 1,5 cm cubes of cellulose sponge, soaked 1in
thin electrode jelly with the end of the lead wire passed
through once and doubled back, All lead placements were
gsecured with lastonet bands, The precise locations of the
placements were as follows:

Frontalis--one electrode was placed 1,5 inches to the
right of a line drawn through the center of the forehead
from nasion to hairline, This electrode was approximately
one inch sbove the eyebrow, The other electrode wasg placed
in the same position, but to the left of the dividing line,

Hence, both leads were in the horizontal plane of the fore-
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head, three inches apart, Placement in the horizontal axis
of the muscle cuts down artifacts from the vertically
directed eyeblink potentials,

Chin--the first electrode was placed 3/4" above, the
second electrode 3/4" below the point of the chin, on the
midline, This placement records from & complex of muscles--
mainly from depressor-labii inferioris, genilo-glossus, di-
gastric, and platysma--which function in such diverse acti-
vities as speech, faclal expression, and swallowing,

Right and left forearm extensors--the forearm was placed
on a teble, palm down. The first electrode was on a point
one-third of the distance from the lateral humeral epicondyle
to the styloid process of the ulna, A point two inches distal
to the first, marked the placement of the second electrode,
Maximum palpation of the muscle with extension of the middle
finger was obtained at this point,

An electromyogrephic and integrator record was taken
from all four muscle leads, In addition, throat movements
were electrically transmitted to a separate channel of the
electromyograph by means of a double-carbon throat microphone,
(secured by a loose-fitting cloth band), Muscle potential
artifacts (particulsrly from chin) produced by swallowing,
or coughlng, could thus be accounted for,

The subject was connected to ground through a 10 cm
square German sllver plate strapped to the right wrist; this

helped to reduce electrical interference,
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Procedure,--The subject was prepared for recording and
tested 1n one part of a double-room sulte, the other room
being reserved for recording purposes, Information as to
what would follow was informally given by the experimenter,
(In all cases, the pfesent writer placed the leads and
served as experimenter,) The subject was told that the
purpose of the experiment waé to investigate the electrical
activity of his muscles whlle he listened to some recorded
material to be presented him, Assurance that there would
be no shock from the equipment was also given, The leads
were then placed, their resistance checked; and fhe subject
made comfortable on an adjustable bed3 and connected to the
amplifiers, Before starting the test proper, a sample of
the subject's muscle potentials and throat movements were
taken on the EMG to ilnsure against loose leads and other
defects making for poor recording,

The experimenter now told the subject about what kind
of material he was soon to hear, (a detective story or
philosophical essay), its approximate length, and that a
rest period would precede and follow its presentation,

This was not a test of intelligence, memory, or the like,
The subjJect was merely to lie quletly, relax and listen,
ag he would to a radio program, He would be asked to close

his eyes when the test commenced--in order to reduce dis-

3Five subjects réclined in a leather-cushloned arm-
chair,
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traction, as well as eyebllink and eye-movement artifact,
The experimenter was to stay in the same room to run the
playback machine; and also to keep a record of the sub-
Ject's movements, which should be minimsl, Formal in-
structions to this effect would be announced when the
test proper began, It should be noted that the experi-
menter tried to present these lnstructions in a cheerful
(though not too casual) manner,

Having indicated his understanding of what was ex-
pected, the subject was asked to close hls eyes, Recording
of muscle potentials (EMG) commenced and formal instruc-
tions played on the tape: "You are about to hear a story,
told by two voices. An interval of silence will precede
this recording, so we may get a record of your resting
condition, The story will be followed by a rest period,
Please do not talk, move, smile, or swallow, Remember
to keep your eyes closed, Just relax, and listen care-
fully . "

If the essay was to be played, the first sentence of
the instructions read: "You are about to hear a selection
from an essay on philosophy." The remalning instructions
were identical with those above, except that "essay" was
substituted for "story."

These instructions were followed by a one-minute rest

interval; the story or essay then presented (10 minutes);
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and the presentation ended wlth a two-minute rest perilod,
For convenience, these perlods will sometimes be desig-

nated as Pre, Listening, and Post. During the listening

period, the playback machine was operated by the experi-
menter, who also watched the subject to note if and when
any movement occurred, Faclal expressions and postural
tone, e.g,, whether the subject appeared "serene," "stiff,"
"peaceful," and so on, were recorded; but this impression
of the subject might well have been colored by the experi-
menter's own feelings at the time, Lastly, the experimenter
activated signal merkers at start and end of Instructions,
begimning of article, end of article, and end of test. The
signals appeared on both the EMG and integrator records,
which were handled by another operator, Since this equlp-
ment was in a separate adjoining room, running nolse was
minimal,

At the end of the presentation, informal questions
were put, concerning the subject's comfort and attention
to the material, DMlnor adjustments, e,g., of bed 1lncline
or pressure of electrode attachments, were made 1if required,
This intermission took approximately five minutes,

The procedure was repeated, Before running through a
third time, the subject was informed that this would be

the final presgentation,
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After the third repetition, the leads were removed and
the subject was seated at a table, He then formally rated
his own attention and feelings during the three presentations
on a given questionnalire, Finally, he was asked to write a
brief summary of what he had heard, As the subjJect was pre-
viously told that no test of memory was involved, the ex-
perimenter did not press the subject to recall as much as

possible; he was just to put down what easily came to mind,

Treatment of data.--The primary (EMG) record was used

only to gain general lmpressiong and to determine artifacts,
All quantitative measurements were made on the integrator
records,

Since an integration occurred every half-second, there
were 120 pen deflections per minute, For the instructilons,
and for each consecutive minute thereafter, the average
height (in mm) of the middle 20 seconds (i.,e., 40 spikes)
was marked off and calculated, All four Iintegrated muscle
channels were treated this way, Thus, the 20-gecond sample
from the 20th to 40th second represented the one-minute Pre
perlod, Likewlse, 10 successlive 20-second samples repre-
sented the 10 continuous minutes of presentation; and simi-
larly for the two-minute Post period,

The calculations were made in the followlng way:
determination of the area of each sample by means of a

compensating polar planimeter; then division by the base
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line, giving an estimate of the average sample height in
millimeters, This height was converted to its correct
microvolt value by reference to standard celibration
curves. (These curves were obtained by feeding into the
integrator a 45-cycle sinusoidal wave at different voltage
levels, generzted by a Hewlett-Packard sudio-oscillator,
and controlled by a microvolter,) 'So that from each sub-
Ject, one microvolt value for the Pre, 10 values for the
presentation, two values for the Post period--for each
of the three presentations and for every channel, wsas

obtalned,

Results

 Events on each of the four muscle channels will be
discussed 1in turn. Any event with a2 probability of a
chance occurrance less than five times in one hundred 1is
regarded as statistically significant. Also, the terms

muscle potentials and muscle tension are used interchange-

L

ably,

Frontalis (Table 1, Figs, 1 and 2).--For both materials

heard and for sll hearings, there obtalned a significant
rise from first to last minute of listening, The Iincreases

were consistent and regular from minute to minute,

“Under lsometric conditions, the electrical activity as
measured by electromyography parallels the muscle tension as
measured by pull on a strain gauge (12).
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Comparing the last minute of listening with first minute
of postrest, a significant fall occurred after every hearing
of the story; whereas no significant fall obtained for any
hearing after the essay was presented. Indeed, for the
second and third presentations of the essay, there was prac-
tically no change of potential level with termination of
listening,

A small but significant rise from prerest to initial
minute of listening occurred for each curve,

The essay and the story groups showed a consistent fall
in prerest tenslon from first to second to third hearings,
The drop from first to third hearings was statistically sig-
nificant for both groups, It is pertinent to note here
that the rising gradlents during listening falled to decrease
from first to third hearings; and that the gradients during
the essay in fact showed an orderly (though not significant)
increase with repeated listening,

If correspoﬁding‘hearings of the story and essay were
directly compared for slze of 1increase from first to last
minute of listening, larger gradients appeared durlng the
story. Though none of these comparisons are significant,
that for the second hearing may be regzrded as suggestive
(P<.,10),

Two subjects fell aslieep during the third presentation

of the story. Their tenslion changes are illustrated in Fig, 3,




Note the fairly regular fall of tenslon beginning some time
before the approximate onset of sleep. No other subjects

tested ever showed a fall of such magnitude,

Chin (Table 2, Figs, 4 and 5).--A rise from first to

last minute of listening to the story occurred during each
presentation, Thilsg rise was close to significance for the
first hearing (P<,10), and reached significance during the
second and third hearings, Listening to the essay, on the
other hand, ylelded only slight and insignificant changes
from beginning to end; except for the third presentation,
where a substantial and significant increase was obteined,
When corresponding hearings of essay and story were directly
compared, a significant difference was found for the second
presentation: chin tension rose more when listening to the
story (P<,05),

In general, the gradients glven by chin were not as
consistent and regular from one minute to the next as were
those shown by frontalls, As was previously mentioned in
the section on lead placement, the chin records exhibit
activity from a complex of muscles, some of which partake
in swallowing, Although records of hearings containing
gross swallow-related tension changes were omitted from
group analysis, finer instabilitlies of thls sort may con-
celvably have made for more irregularity in the group

curves, Data from the subjects whose prerest chin tension
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was lower than average lends support to this conception:
for both materials and all presentations, a significant
increase appeared from first to last minute of listening,

Coming back to the group as a whole, no significant
chin tension differences were observed from last minute
of listening to first minute of postrest, But a tendency
to drop occurred after all three presentations of the
story, whereas the essay showed a slight rise after both
first and second hearings,

There was only one significant change from prerest
to initial minute of presentstion: a rise with the first
minute of the story.

A fall in prerest tension of the chin from first to
third hearings was found for story and essay, reaching
statistical significance for the latter group. Again, as
with frontalis, the rising gradients during listening
failed to decrease, There took place instead an orderly
increase from first to third presentations of the story;
and as already indicated, the essay group rose signifi-
cantly within the last hearing only,

One of the subjects failing to keep awzke showed a
continuous decline of chin tension, starting before the
onset of sleep and continuing to the end of the record,
The curve for the other subject was more irregular--due,

perchance, to rather vigorous snoring,
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Right and left extensors.--Inspection of the electro-

myographlic records gave the following overall impressions:
(1) Low tension (under three microvolts) present at
the start and persisting through to the end of the record,
(2) Bharp increases of muscle tension lasting any-
where from one second to a minuée or more, then falling
Just as abruptly back to a low background,
(3) Appreclable individual differences in the number,
magnitude, and duration of these tenslon bursts,
Considering that these bursts might have resulted from
slight arm movements, as in small shifts of position on the
bed, the decision was made to analyse a hearing of any sub-
Ject, only if the hearing showed minimal burst activity,
Results for right arm are given in Table 3, Skewed
distributions indicated the use of medians rather than means,
as estimates of central tendency. For the same reason,
significance of differences was tested by a non-parametric
technique for paired replicstes (31). Almost no signifi-
cant differences of any kind appeared, (An exception was
the rise from prerest to inltlilal minute of the filrset essay
presentation,) These negative results were further attested
by the flat, low, and somewhat irregulsr curves of Fig, 6,
Left extensor showed essentlally negative results,
similar to those from right extensor (Table 4, Fio, 7).
In summary, the muscles recorded from yleld the fol-

lowing picture, Rising gradients from beglmnning to end of
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listening occur in frontalis and chin, The magnitude of
the gradients 1s larger when listening to the story,
especiglly for the first two hearings, Such gradients

do not appear 1In right and left extensors,

Betrospective data from the guegtionnzire,--Twenty-

four subjects reported being most sleepy on the third
playing of the material, whereas only five were most sleepy
during the second, and three during the first presentation.
The probabllity of such an answer pattern occurring by
chance 1s less than one in a 1000 (X =25,1, with two degrees
of freedom), Also, the decrease in alertness (or increase
in sleepiness) 1s orderly; a majority of subjects estimating
themselves less alert during the second hearing, and still
less during the third hearing, Both story and essay groups
follow this pattern.

The material listened to does, however, affect other
aspects of thought: such as interest, attention, anticipation,
Table 5 indicates that when story and essay are compared,
these aspects occur to a stronger extent at later hearings
for the essay. In other words, it requires more hearings
to produce maxlmum interest, etc,, for the essay, than it

doeg for the story.

Memory .~-From the experimenter's crude impression of

the written summaries, the detective story was Judged to
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have been better comprehended than the phllosophical essay;
a fact not surprising to any lover of Sherlock Holmes,

The materials were compared more objectively by counting
the number of words and sentences written, Average number
of words written in recall was 150 for the story and only 65
for the essay (P<«,001). Recall of the story also yielded
more sentences--8,3, as compared with a mean of 5,7 for the
essay (P¢.10)., Again, the average sentence lengﬁh for the
story (18,1 words) was significantly higher than the mean
of 10,5 words for the essay (P<.OOl).

Thus, the retrospective and recall evidence indicate:
1) More intense listening to the.story during earlier, and
to the essay during later presentations, 2) Better memory
for the story, 3) For the group as a whole, decreasing
alertness with repetitilon,

One final note, The cubjects were asked to rate the
first preseuntation of story or essay for degree of interest,
Seven subjects rated themselves as uninterested, 28 as
interested, Now, from the retrospective evidence obtalned
in the listening experiment of Smith et, al., previously
described, seven subjects were classed as uninterested and

only four as interested (27, and personal communlcation),
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DISCUSSION

The occurrence of regularly rising gradients in frontalis
and similar, though less regular, increases in chin, would ap-
pear to confirm our hypothesis--namely, that continuously
rising muscular tension, occurring under nonstressful hearing
of organizéd verbal material, indicates a state of continued
attention, This rather hasty statment must be clarified,
which returns us to the consideration of certain historical
questions: to the distinction between primary and secondary
attention, and to the problem of organization,

Let us regard the findings of the present experiment 1p
the light of results obtained by Smith and his co-workers (27).
On presentation of poorly recorded and rather dull material,
which the subjects were instructed to remember, significant
changes occurred in the muscles of right and left arms, Both
extensors rose abruptly, reached their peak in two or three
minutes, and then declined, Our 1nvestligation, on the other
hand, failled almost entirely to show such changes when the
story or essay came through. It seems, therefore, that in a
comfortably positioned subject, increased arm tension with
onset of verbal material reflects application to a dull and
difficult task, 1,e., secondary attention, Such a conclusion
is further supported by the single arm change from prerest to
listening that does obtain in our study: a significant increase

of right extensor potentials with first presentation of the
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esséy. No increase occurs for the second and third present-
ations, where the essay 1s presumably easier to take and
where most subjects report grezter interest,

From both chin and frontalis, Smith and his co-workers
obtained a rising gradient to the fourth minute of listen-
ing, then a fall to the end of thelr six-minute article,
Interpretation presented, was that the subjects attended
for a few minutes; this attention being reflected by con-
tinuously rising muscle potentials, After the fourth minute,
the individuals became bored and tension fell, This view
was supported by some retrosgpective reports of boredom and
sleepiness setting in before the article finished, Frontalls
and chin curves in the present study showed a rise throughs
out listening; and our subjects falled to report a loss of
interest during the record. Agaln one might say that con-
tinuous attention was reflected by rising gradients in
particular muscles. But why should this be so?

It may be that sustalned thought per se, 1.e,, attentlion
by 1tself, would lead to increasing muscular activity. Suoh‘
an occurrence might conceivably take place if a person were
deliberately persisting along certain lines of thought, de-
spite increasing difficulty, distraction, or fatigue, The
gradients would thus represent compensatory effort for de-
creasing efficiency in carrying through a task, Though such
a possibility cannot be entirely ruled out, its likelihood

is questionable, Distractlion was minimal, end the subject
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was not forced to listen; witness two subjects who fell
asleep, As for difficulty, one might expect listening to
the story to yield gradients of smaller magnitude; in fact,
these were larger, Further, the size of the gradient showed
an orderly (albeit small) increase from first to last
hearing of the essay. Finally, only the last presentation
vielded a significant gradient on the chin when the essay
was listened to., It would appear that ease rather than
difficulty 1s & positive factor here, Greater famlllarity
with and comprehension of the material seems to make for
larger increases of tension durlng the course of listening,
(A1l this, admittedly, within the narrow range of our experi-
ment; only three successive hearings may not have allowed
for extreme familliarity to take place,) Now terms like com-
prehension bring us to grips with the orgenizing functions
of the thought process, But to face this aspect more fuily,
a slight digression is in order,

So far, we have considered the persistive aspect of
thought; keeping one's mind on a problem, or one's ear tuned
to a recorded program, We have seen, when tuning in is 4if-
ficult because of poor recording, a relatively sabrupt in-
crease of muscular activity in the arms, The more gradually
rising slopes of frontalis and chin, on the other hand, do
not appear to reflect difficulty--rather, they show greater
prominence when subject and material are more compatible or

gynchronized,
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This puts forward the question of what happens when an

adult human being 1s tumed to a recording, An observer,
preferably one who has known this person for some time and
has a thorough knowledge of his likes and dislikes, might

say elther of two things: the program is heard by the subject;
or the subject 1s listening to the program, Analysis of
these two alternatives may enlighten our understanding of

what 1s meant by orgenlzation,

The term hearing implies passive reception of the incoming
auditory stimull; the term listening, active integration of
these stimull, In our experiment, these stimuli, organized
Into an already learned language structure, constitute 1ltems
of information. The present thesis holds that these ltems
did not merely impinge on the subject's suditory receptors;
but were actively selected and organized by the subject, The '
individual's attention involved a set to understand, that 1is,
to integrate the information, As the'record played on and
the number of items Increased, the extent of the subject's
organization also increased, Rising gradlents of tension from
chin and frontalis muscles may thus reflect increasing com-
plexity of psychological organization,

We now arrive at the question of mechanism, By what
means does the unity between particular thought processes
and muscular vrocesses take place? To attempt an answer leads

one into neuropsychological theory,




Lo

As partly described in the introductory history, such
a frame of reference has recently been propounded by Hebb
(10), Through learning (especilally during early 1life) numbers
of nerve cells interconnect to form distinct groupings
(assemblies) more or less permanent, A single assembly may
denote a simple item in physical space--a triangle, for
example, These simple items become organized into larger
units, through sequential actlon of a number of assemblies
firing in proper phase, A phase sequence might underilie a
patterned geometrical mosalc, composed of simpler assembly
units like triangles, clircles, and squares, Now for our
bresent thesls, the discrete stimull are not concrete objects,
but word symbols, Word items referring to simple objJects or
events are corresponded by cell-gscsemblies, Patterms of
such ltems, 1.,e.,, higher-order structures like sentences and
paragraphs, involve higher-order neuronal action, viz,, phase
sequences, Through reverberation (self-stimulation) these
units may maintain a course independent of sensory stimulation
and motor response, This process 1s, however, only relatively
autonomous. Central and sensory processes may reinforce each
other or come into conflict, Similarly, central and motor
components interact, leading to central facilitation or in-
hibition of muscular and overt action, A directed system,
involving a degree of central independence in congruence with

a degree of central-peripheral interaction, may constitute
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the thought vrocess, Increasing complexity of such a
system may constitute increasing organization of the
thought process,

Lest the sight of our problem be lost in speculation,
we shall once more return to our half-forgotten subject,
secure in a hospltal bed--and attempt to state, in neuro-
psychological terms, what the subject is doing,

First, the subject is asked to listen to a recording
of a certain kind, which will soon be presented, Such
instructions set into motion a number of previously ac-
quired cell-assemblies and phase sequences related to
listening; and more preclsely, listening to detective stories
of phiiosophical essays., So that the recorded material does
not begin to play on a diffused system, The subject is
already set to listen,

Onset of the materlal, since 1t 1s clearly audible and
in a language familiar to the subject, lmmediately strengthens
this set. A sensory-central interplay begins. Items of in-
formetion, more or less congruent with this listening set,
keep flowing in and reinforcing it, The greater this con-
gruence, the greater the unity of the phase sequences and the
larger number of assemblies controlled, In other words, the
more the subject listens, the more organized his listening
becomes,

Finally, the material comes to an end; the stream of

information ceases, Losing thelr sensory support, the




Lo |

phase sequences tend to lose direction, and become more
random,

All through thils, our electromyograph has recorded
from the frontalis muscle: a rise of tension with onset
of listening, a continuous increase with the course of
listening, and (for the detective story) a decline of
tension with end of listening, The frontalls muscle may
thus constitute a motor aspect of the phase sequence,
reflecting its rise, ofganization, and decline, Chin muscle
actlvity has supported this pilcture, whereas muscles of the
forearms have proved negative, It may well be, that during
thinking, muscles of faclal expression and speech are par-
ticularly prone to direct centrsl facllitation. Close con-
nection of thought and speech 1is favored by early cultural
conditioning, though socisl conventions (and the wish to
maintain friends), often keep an adult from thinking aloud,
Myographic examination of tongue activity during thought
might gain considerzbly through study of the more voluble
child, As for faclal expression, changes with emotion have
long been tasken for granted, We must not overlook, however,
alterations that often occur during thought, e.g., a ten-
dency to knit the brows,

Before leaving the discussion of directed listening,

one other finding deserves inspection, We have sald that



43

the phase seguence tends to becpme more rendom when sensory
reinforcement ceases, Thig appears only partly true in the
light of obtalned results, Frontalis tension falls the
minute after completion of the story, but not upon completion
of the essay, The.poorer memory scores and smaller gradlents
suggest that the essay was not as well understood, When an
interested subject does not fully comprehend the magterial
listened to, he may continue thinking about it after 1t has

ended, Whereas more fully undersgtood material may fall to

occupy hils attention to the same degree, Neuropsychologically,

the better organized phase sequence "short-circuits" more
rapidly (10, pp. 227ff).

This brings to a close the consideration of our main
problem: the neuromuscular basis of directed and orgaenized
thought, We might well adjourn discussion -but for some
interesting results on what may be another aspect of the
thought process: the "wakefulness" aspect, or the state of
élertness.

The results have shown an orderly decrease in level of
frontalis tension from first to third hearings during the
prerest period., Frontalls tension gradlients during listening
falled to show & similzr decrease, Also, retrospective
reports 1indicated en orderly decrease of alertness from one
hearing to the next, These same reports, however, did not
show a similar decrease of interest, attention, and antici-

pation,
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It may therefore be that changes 1n the prerest level
of frontalils activity reflect changes in wakefulness; that
differences in magnitude of the rising gradients reflect
changes in the attentive and antlcipatory states--and that
within the major limlts of our experiment these two states
are independent,

Not within the entire limits, however; as indicated
by the two subjects who falled to keep awake, and the
frontalls tension decline prior.to actual onset of sleep,.
Falls of frontalls potentials preceding sleep have pre-
viously been reported by Travis and Kennedy (29), whose
subjects also showed poorer motor and reactlon-time per-
formance with decreasing frontelis activity (17, 29, 30),
It might be that attention and anticipation are more
intimately bound to alertness when a subject is nearing
sleep, and less so when he 1s wide awake,

At present, however, thils distinction between waking
level and the more dilrective aspects of thought 1s only

suggestive, and awalts the test of further research,
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SUMMARY

An experimeht was designed to investigate muscular
activity during sustained attention, in a situation which
kept overt movements, distractlon, and difficulty to a
minimum, This was done by requesting subjecte to listen
to some recorded material, while reclining comfortably in
a quiet room, and under no obligation to memorize the
materlal,

Nineteen subjects listened to a detective story, and
16 to a philosophical essay. BEach presentation lasted 10
minutes, and was given three successive times, Potentials
from forehead, chin, and both forearms were recorded and
integrated electromyographically., At the end of the ses-
slon, each subject answered a questlonnaire about his
interest in, and alertness during the successive hearings,

Results from frontalis showed a contlinuous minute-to-
minute increase of potentlals from first to last minute of
listening, These tension gradients held for both essay
and story, and for the three successive hearings. The story
tended to yield gradients of greater magnitude, durlng
listening, than did the essay--and the rise of tension for
the essay zppeared to persist into the postrest period,

Results from chin also showed gradients during listenlng,

but were less smooth and occurred less consistently than




those obtained from frontalis, A rise from first to last
minute of listening was found during all presentations of
the story, but only for the third presentation of the
essay. This mey be related to the fact, that most subjects
who heard the essay, reported greater interest and antici-
pation during later presentations; in contrast with sub-
jects listening to the story, where maximum Involvement was
reported during earller presentations,

As with frontalis, chin gradients tended to be steeper
during listening and to fall more sharply after listening,
when the story was heard,

Unlike frontalis and chin, the forearm muscles did not
show clear variations of tension during listening,

It was suggested that the tension gradients are associated
with increasing organization of incoming verbal msterial--
organization which may occur during continuous attentive
listening, ©Such an assoclatlon was considered in terms of

neuropvsychological mechanisms,
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TABLE 1

Mean Change of Frontalis Potentials (microvolts)
with S8tart (1'-Pre) Duration (10'-1'")

and End (10'-11') of Listening

Hearing nT Pre (1'-Pre) (10'-1') (1l0'-11"')

Story 1st 18 8.3 0.8" 7 0.8
Group
2nd 18 7.6 0.7" 2.6 0.6
3rd 16 6.4 0,65 2 4 0.6
Essay lst 15 7.5 0,97 1,2 0.5
Group
ond 14 6.7 0,3T% 1.4 0.1
3rd 13 6.3 0,7 1,8%% -0.1

Note,-~-Probabllities determined by t test.

t variations in N, result from omissions due to recording
artifacts, and two subjects falling asleep during third
hearing of story.

¥ Distribution skewed, Probability determined by non-
parametric test for paired replicates (31),.

*P¢.05

**Pe,01




TABLE 2

Mean Change of Chin Potentials (microvolts)
with Start (1'-Pre) Duration (10'-1')

and End (10'-11') of Listening

Hearing NT  Pre (1'-Pre) (10'-1') (1l0'-11')

Story 1st 15 8.3 1,2% 2.5 0.3
Group .
ond 16 11,2 -0.3 3,97 1.1
3rd 12 7.3 1.8 b7* 2.5
Essay 1st 14 10.9 -0.,1 0.8 ~0.,5
Group
2nd 13 10.9 -0.9 0.4 -0,2
3rd 13 8.8 -1.,5 3.5%% 0.5

Note,--Probgbllitles determined by t test.

T variations in N, result from omissions due to recording
artifacts, and two subjects falling asleep during third
hearing of story.

*P (.05

**p¢,01




TABLE 3

Medlan Change of Right Extensor Potentials (microvolts)
with Start (1'-Pre) Duration (10'-1')

and End (10'-11') of Listening

Nt  Hearing Pre (1'-Pre) (10'-1') (10'-11"')

Story 9 lst 2,0 0.0 1.4 1.4
Group

2nd 1,4 0,6 1,1 1.3

10 3rd 1.4 0,0 0.3% -0.,1

+*

Essay 9 1lst 1.3 1.0 0.9 1.4
Group

9 2nd 2,0 -0,2 0,0 -0,7

9 3rd 1,8 -0.,3 -0.5 0,0

A

Note,--Probabilities determined by non-parametric test
for paired replicates (31),

T Variations in and reduced size of N, result from omis-
sions due to recording artifacts, two subjects falling
asleep during third hearing of the story, and burst-like
activity,

*P<,05

**pe.0l




Median Change of Left Extensor Potentials (microvolts)

Story
Group

Essay
Group

Note,-~Probabllities determined by non-parametric test
for paired replicates (31), fall to show any significant
differences,

T Variations in and reduced size of N, result from omis-

Nt

11
10
10

10

and End (10'-11') of Listening

1st
2nd

3rd

1lst
2nad
3rd

Hearing Pre

1.7
1,6
1.8

1,2

1.5
1.2

TABLE 4

with Start (1'-Pre) Duration (10'-1t%)

(1'-Pre) (10'-1")

0.1 1.0
0.2 0.7
-0,2 0.1
0.0 0.3
-0.3 0.1
0.1 -0.1

(10'=11"')

0.6

0.7
0,2

0.3
0,1

-0,1

sions due to recording artifacts, two subjects falling

asleep during third hearing of the story, and burst-like

activity.




TABLE 5

Subjective Comparisons of Successlve Hearings

along some Dimensions of Thought

Number of subjects more 1interested Story Egsay
in 1st hearing than in 2nd: 12 3
in 2nd hearing than in 1st: 5 12

Story vs. Essay x* =8,19; P¢,01

Number of subjects more attentive Story Essay
in 1st hearing than 1in 2nd: 13 3
in 2nd hearing than in 1lst: 5 10

ry
Story vs, Essay X =7,29; P¢,01

Number of subjects thinking ahead more Story Essay
in 2nd hearing than in 3rd: 14 5
in 3rd hearing than in 2nd: 5 8

Story vs. Essay 7(?=3.97; P< .05

Note,--Particular hearings compared are those splitting

the reports most closely into equal groups,
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Fig. 1. Effect of listening to a detective story

MEAN FRONTALIS POTENTIALS (UV)

—2

LISTENING POST

40----0'

4
4

om0

L

on frontalis muscle tension, Approximately five minutes

intervened between each presentation,




PRE ' LISTENING POST
12b
;u-
"
-
I
= o}
2
w
.—
5 _
m9' r'/k\“_"' ‘
3 z “a
- A/ O _o-"'o.-h-.o"-"o
S 8t ST
@ -~ _.-0
=1/ V..
o

2 e Hearing
Y il Ist. o—e
s O/‘,’ 2nd. O----0

‘{ 3rd. &—-—A

6 ESSAY

L | | } | | ] | | 1 1

0O I 2 3 4 5 6 7 8 9 10 u 12

TIME in MINUTES

Fig, 2, Effect of listening to a philosophical essay
on frontalls muscle tension, Approximately five minutes

intervened between each presentastion,




presy—

T, e

PRE LISTENING POST
.‘.
- Subject (A)
> -
a% 'I'D. -Q\\ ’ )
; 1 oo’ N\,  Asleep
.J \
2 o _Q\l
=L g A
w \\ "l \Q
= \
o v \
a \
n or \
|
=
3’/ \O_\‘
~0
STORY
] ] | 1 | | | | \.I—.
0 | e 3 4 5 6 T 8 9 n 12
TIME in MINUTES ’
Fig. 3. Changes of frontalls muscle tension in two

subjects who fell asleep, during the third hearing of a

detective story,.




PRE

MEAN CHIN POTENTIALS (UV)

POST

Hearing
ot Ist. o—e
/ 2nd. O---0
[ 3rd. A—-—A
/
8} /
1 STORY
1 \ | 1 1 1 ] | 1 |
0 [ 3 4 S5 6 T 8 9 100 N 11
TIME in MINUTES
Fig. 4, Effect of listening to a detective story on

chin muscle tension,

Approximately five minutes intervened

between each presentation,
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