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ABSTRACT o

Using the method of surface electromyography, covert

-

muscle activity in five body locales was recorded While sub-

jects imagined various activities associated w1th the locales.

_ e,

Prior research, particularly that of Jacobson (1938), had

-~

deronstrated electromyograms (EMG) to‘imaginal stimuli, but

'-_had not interpreted the amplitude variability between sub-

jects This study undertook an lnd1v1dual differences

-.approach in an attempt to account for subject varlablllty

in psycholog{cal terms. &
o Accordlng to many theorlsts, for example, Werner
(1948), mental development entalls progressrvely greater

lnvolvement of central mechanlsms and a decrease in the role

~of perlpheral events w1th maturatlon It was proposed that

the mental act of lmaglnlng human movement ought to take

place w1th less perlpheral (covert muscle) response at v

: hlgher ontogenetlc levels than at lower levels.

It was postulated that.the less myoactlve subjects
would also be the ‘more psychologically mature dndividuals.
Accordingly, both physiological‘(EMG) and_psychological
test data pertainlng to maturity were obtained on each
subject.' Whlle the study was exploratory 1n nature, it
was ant1c1pated that levels of psychologlcal maturlty would

predlct levels of myoact1v1ty in the’ aforementlpned direction.

»



The.imagfnal stimuli emploved were self- and bther—
_.reférent and neu%rél and'affective in content. It was hoped
that.speciﬁicity effects;might be found élong these dimen-

sions. For the psychological factors, maturity indices
were createﬁ by first employing tests\with good cdonstruct
vaiidity vis a vis maturity and then Q% havindg experienced
clinicisans weight them as a consensual valida£ionv

.The EMG survey vielded highly skewed distributions
in the positive direction, with a preponderance of zero
scores. ‘Factor analyses of the déta vielded interpretable
factors in terms.bf body regions, but not in terms of self-
other reference or neutralvafféctive content.

Multi%ariate analyses 6f variance were done on levels
of independent (psychological} variables, with summatéd EMG
_scores for eaéh locale as dgpendent variables. Tests of

differential effects of levels of maturity were negative.

On the basis of the statistical analyses, EMG differences

-
-

-weré not related to maturational differences. These results
were interpreted in terms of sampling limitations rather than
as an Outright disavowal of the relationship, since there was
observational evidence in the data that it did obtain in some

cases.

¥
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P) INTRODUCTICN

This study sets out to explore ;elétiqnships between
E ‘
covert muscle activity, movement imaging, aﬁdﬁcertain_psych—
’ EaE ol

L4 ]

ological charaqteristics of human subfecﬁs. The study arose
out of scattered suggestiqns in the literature on m;tor pro-
cessés and mental acti{zzé that while many subjects are
myoactive during imaging, not all are, and, further, that
tﬁere are large individual differences among those that are
myoactive. The literature is devoid of studies which att%@pt
to account for this wvariability. | |

In this s£ﬁdy it was contended that these individua%}
differences may be construed Withiq?the framework ofJorganis—
mic tﬁeories of development, such as that proposed by Werner
(1948)} which pgstulates progressive differentiation and
internalization of psychophysioiogical functions iq Ehe‘
maturation of the organism. As applied to muscle activity
and movement imaging, such theories would hold thqtnthé
maturing organism is progressively less motorically active
during mental activity and more reliant on an abétract mode
of cognition;‘ Covert musqle activify accompanying imaging
was proposed as a way of indexing the maturation status of
the.organism, as it is conceived in organismic terms.

The gtudﬁ has two parts. 1In the first‘part the

method of electromyographic measurement of discrete muscle

réspdnse was employed. EMG measures were taken simultaneocusly

<&
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from fiye'boay regions while the subject respended to move-
ment imagery instructions. In the secend phase, conducted
follow1ng the gatherlng of the EMG data, the same subjects
were glven a battery of psychological testﬁb Qn the assump—
tion of the self-consistency of human sub]ecte, it eas +
anticipated that the physioloéical (EMG) levels of subjects
would be paralleled by levels of ps&cholegical maturity,
with lower EMG levels corresponding to higher levels of
maturity. Accordingly, tests were employed which were
.regarded theo;etically as. measuring various aspects of
maturity. The task of the study was to survey the relation-
ship between magnitude and specificity of covert myoactivity
-end psycholegical maturity. |

Chapter I reviews literature from several fields and
arfives at a raﬁionale for the study. Chapter II presents
the experlmental methodology and descrlbes the p;;Ehometrlc 7“
instruments used. Chapter III reports on scoring methodsg&
and all statistical analyses. Finally, Chapter IV contains

interpretations and discussion of the results.

~



CHAPTER I

REVIE\}W OF THE LITERATURE

Al

The literature surveyed is from seﬁeral'different'
areas. Matgfial pertin;nt to £he role of motor processes
in psychological maturation is Presented in the'first
section. ‘THB‘second section reviews the earliest specula-
tions and'forpulations as to'the r&le of motor processes:
in thinking. The third section considers the peripheral-
central controversy with coverage of representative points
of view. The fourth section is a detailed review of the
expe;imental study of motor correlates of movement imagery.
A fifth section deals briefly with the role of emotionality’
in muscle ‘contraction. Lastiy, a section is devoted to a
syntheéis bf the material covered and éhe rationale fo;,£he

*

exploratory study.

The Role of Motor Processes in Maturation

An Organismic View

Werner (1957) describes psychological development
in ter@g of the biological principle of orthogenesis: all
development is in the direction of increasing differenti-
ation. The earliest levels of functioning are primitive in
that referent object and subject are one undifferentiated

,entity and thought processes are syncretic, consisting of

.



a.fusion of sensorimotor and affective functions’(p. 213).
As Werner says:
tﬁe function of representation is that much more
primitively constituted . . . the closer it is
to immediate bodily ,action; that is the more
thoroughly the representatlon is fused with some
motor activity (p. 253).
In Werner's terms, the maturational process entails increas-
ing hierarchization and subordination whereby the activities
at the motor, sensory, and emotional levels are sﬁbjected.to
the dominance of t%e higher functions of mentality. In
advanced forms, mental activity is detached from the concrete;
the more complex organization integrates'tﬁe lower-level
functions. To quote Werner, "the more completely detached
from the concrete course of events, the higher the genetic
level w1th which the mode of representatipn is identified"
(p. 253). Higher-level mentality is thus viewed as .'increas-
ing. centralization by means of superior ordering functions
which give form and direcfion to the lower activities”
(p. 253). By way cf illustration, there is Werner's concep-
tion of Ehe development of the naming function (p. 266).
Inltlally, the name is the phy51ognomlc aspect of the thing,
i.e., its 1mmed1ate concrete expression. WNext, it becomes a
picture of the thing. Later still, it is a schema by means
of which an abstract idea is made sensible and thus repre-

sented Ultimately, "this sensuous character of a represen-

tatlon can be lost, so that nothing remains but the name as

<



~a sort of algebraic sign no longer felt but simply 'known'
as the symbol of tﬁe object" (p. 266).

In a later workqgh the development_of symbolic
processes, Werﬁer and Kaplan (1963) speak of progressive
ﬁistancing between person and referent object. At the
childhood stage, objeéﬁs are defined in conative-pragmatic
terms; formed through the changing affective-sensory-motor
patterns of the individual. With developmént, a gradual
shift occurs whereby the  externalized sensory-motor pattern
by which aﬁ object is apprehended is transformed into an
internalized cognitive schema. Objébts hence become suscep-
tible to symbolic representation independent of particular
surféCe properties. Similarly, there is increasing polariza-
tion befween person and symbolic vehicle. The earliest modes
of representation are bodily movements and images which are
relatively undifferentiated from the individual's pragmatic
activity. With development, the dominant mode becomes vocal
speech and, presumably, other internalized and abstract modes.

Werner (1948) supports his orthogenetic position with
examples of de—differentiation; meaning incomplete or arrested
maturation. Obﬁiously such is the case in childhood. In
certain pathologigél conditions dynamization {affective-motor
processes) incre;ses to the point that perceptual and con-
ceptual processes ére disrupted. 1In the primitive mentality
as well, thought processes appear to be more .or less fused

with functions of a sensory-motor and affective type.



If, cftildhood, pathological, and primitive thought
is syncretic in nature, it would follow that at this un-
differentiated level the organism could not carry out

cognitive -activity -without the involvement of motor and-

,affective components. It is conceivable, therefore, that

high degrees of such traits as impulsivity, emotionality,
and other components of actlon-orlentatlon may bear positive

relationships to degrees of myoact1v1ty during thought.

a

Related Theories of Cognitive Development

—
The following viewpoints on cognitive development

have much in common with a Wernerian hypothesis.

Bruner (1964, 1966) describes the emergence in

‘'sequence of three distinct stages of representation in the .

cognitive growth of the individual. The earliest to appear
is the enactive stage, in which the child knows and deals
with the world in habitual action-patterne, patterns which
are intimately and rigidly tied to the concrete object or
event. 1In Bruner's (1964) words:

By enactive representation is meant a mode of
representing past events through appropriate

motor response . . . Segments of our environ-
ment, e.g., bicycle riding, tying knots, etc.

get represented in our muscles, so to speak '
{p. 2}.

.

The second stage is one of iconic representation

Y

whereby the world is represented in images which are

relatively independent of actions, but which are determined
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by thé surface sensory features of:objééﬁs. ,Tﬁirdiyﬁ‘theré“
emerges the symbolic stage in which language is the prin-

ciple mode. of céping with the world. Language progressively

 releases the organism from the earliest bounds of immediacy

‘and concreteness aﬁd forms the basis of abstraction. Experi-
ments reported by Bruner.(l964) show how language shapes.,
augments and supersedes the earlier modes of cognition.
Bruner (1964, p.nz) mainta%ns that the development
-of each st:age is dependent on the previous one, yet that all

three remain more or less intact for life. However, the

mannefr in which their fusion and interaction takes place is

YmnexBlained. He appears to be arguing for the integrative

role of verbal symbolic ﬁrocesses, since he states that"
maturation is a pfocess by which the component opérations
of earlier stages are combined into integrated sequences
(1964, p. 2). Enactive modes are retained, but their func-
tion and naturé in the cogﬁitively mature, ile.,,verbal,
individual, are not stated.

The motoric aspects of children's thought are central
(to Piaget's theory of cognitive development (Piaget &
Inhelder, 1971). For example, image formation in the stage
of concrete operations consists of internalized imitations, \:RCT\‘J
wherein experience with objects involves perceptual-motor

.expldfation that traces the contours of the object and is

then incorporated as a schema upon which more complex
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‘operations can be based. Although such a viewllehas itséif~
to the ‘role of eye movements, there is no iogicai reason why
it could not subsume other sensory modalities. Pidget and
Inhelder (p. ini) in fact contend thaﬁ a motor image con=
sists of inte;nalized imitation. ‘

The ontogenetic evolution of‘ﬁhought, in Piagetian
fheory, is characterized by a decrease in sensorimotor modes
and an increased ability in adulthocd to employ abstract
godes. Howevef, since late; representational thought evolves
from childhood schemas, motor components may be present in
thé thinking of adults.

The Russian school ©f Leonteve-Galperin conceived

of the development of intellectual operations such as Piaget -

A
"

) did (Rahmani, 1967). The process of internalization of
mental pp;ratidnsfis regarded as being linked to a continu-
ous narrowinngf action, a reﬂuétion of action to the level
of automatization, and an increasing abstraction of the
essential conditions of the aétion.

h Guilford (1967), in his structure-of-intellect model,
defines the concrete as basic figural information upon which
conceptual thought is buik%. He contgnds that sﬁch informa-
tion is retained in memory stdraée ig the same form in which
it was committed to storage--"things are stored much as they

are cognized" (p. 211)--and in connection with the same cués

present at the time of learning. It would follow that, where



f;;::;} iﬁformatioﬁlis concerﬁed, to tRe extent that the
concrete involved motor components, the MemMory encoding
would include these same components which could then be .
available for decoding under the relevaht stimulus condi-
tions, e.g., lmagining.

_ Humphrey's (1951) thoughts on:the connection between
~ thinking and motor.reacfion are pertinent. Phylogenetically,
aétion as a response to environmental danger is .dominant in
species lower on the evolutionary scale; Ontogenetically;
children make more use of overt, trigl-and-er;or behavior .
during problem—soiving tasks than do adults in whom thought
is implicit, although Humphrey states that the separation of
thought and action is never complete (p. 188). Elsewhere
(Humphrey & Coxon, 1963), he stateslthat where the CNS, the
"supreme integrafive‘apparatus," is inadequately developed,
locomotion plays a relatively large part. He reiterates his
coﬁtention that muscular tension is still to be found in
. much if not all thinking "where it now serves its 6wn special

function." What this function is and its mechanism of

-

operation are not stated.

Dashiell's (1925) earlier analysis is similar to

Humphrey's:

A



For an understanding of the process of thinking
it is essential to note one aspect of the further

. development of language: the gradual shift from
overt speech and gesture to covert forms. The
movements .and gross bodily acts that become con-
veniently abbreviated and delimited to vocal and
manual signs . . . gradually become furthexr con-
densed and more nascent (p. 69).

Finally, two important theoretical postulates of
Osgood deserve mention. In an éxﬁensive review‘qf the

peripheral-central controversy in thought, Osgood (1953)‘

¥
proposed a compromise position which is a virtual synthesis
»

of the views already presented: "the developmentl of sym—

bolic processes may regquire perlpheral mediation, which

becomes telescoped to a largely central -representation in
the~m§ture 1nd1v1duaI (p. 655). Later, Osgood (1957)
elaborated on this speculétioﬁ in discussing his representa--
tional medi%tion thebry. He suggesﬁed three stages of
progressive integration in-motor encoding, as follows:

(L) a very slow and uncertain patterning or
‘ordering of responses on the basis of
exteroceptive controls, as in imitating
the seen movements of another person; thlS
makes possible

. (2) a transfer gradually to proprioceptive 7
controls (feedback) accompanied by con-
siderably increased speed of execution;
and this more rapid and stable organization
in turn makes possible

(3) a transfer to central programming in the .
integrational motor system (p. 84).

lUnderlin;ng preseﬁt author's.

\
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It can be seen how Osgood's proposal pa?allels
Piaget's internalization model and how it is consistent
with Werner's orthogenesis theory. ' The ﬁroposed develop-
ment toward central integrational systems is also consistent
with Hebb's "(1968) position on perception and imagery. in
which peripheral activity, e.g., eye movement,is essential
to image fﬁrmation. According to Hebb, the production of
an image is a function of higher~order cell assemblies
which are independent of earlier senéory—based first-order
ia;semblies, hence are "pure" central events. a\hj

Early Hypotheses Concerning the Role of Motoxr
Processes in Thinking

In recent history, attention was first given to the
role of .motor processes in thinking toward the latter part
of the niﬁeteenth century. According to James {1890), Bain
gppeérs to have been one of the first to consider the rela-
tionship. On the recall of words or sentences, Bain is
gquoted: "a suppressed articulation is in fact the material
of our recollection, the intellectual manifestation, the
idea of speech" (James, p. 494).  Stricker claimed to have
a keen sense of kinesthetic imagery. Qhoted in James:

ﬁis recollection, both of his own movements and
of those of other things are accompanied invari-
ably by distinct muscular feadings in ‘those parts

of the body which would naturally be used in
effecting or in following the movement (p. 493).
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/Ribot is quoted.as saying, on the subject of motor images:

all our perceptions . . . contain as integral
elements the movements of our eyes and limbs;:

and that, if movement is ever an*es§ential factor
in our really seeing an object, it must be an
equally egsential factor when we see the same °
object in imagination (James, p. 492).

James himself stated, By way of an ideomotor theory of con-
sciousness, "we may then lay- it down for certain that every
representation of a movement awakens in some degree of actual

movement which is its object" (p. 792), and:

the consciousness of muscular exertion, being 5

. impossible without movement effected somewhere
must be an afferent and not an efferent sensation;
a4 consequence -and not an antecedent of the movement
itself. An idea of the amount of muscular exertion
requisite to perform a certain movement can conse-
quently be nothing other than an anticipatory image
of the movements sensible effects (p. 799).

Kulpe, in 1895, had stated, "Movements are everywhere impor-
tant. It is perhaps not too much .to say that voluntary
recollection never takes place without their assistance"
(Jacobson, 1938, p. 165). Pavlov contended that one had .
only.to think about hand movements for such movements to be
initiated and that it waé possible to record theﬁ“by means
of approp;iate apparatus (Bassin & Bein, lQGIi P. 196}.

In a volume of lectures entitled‘Experiméntal

Psychology of the Thought Processes {1909) , Titchener made °

certain statements that are germane to the topic in question.

He considered the crucial forms in carrying thought to be

2

2Underlining Present author's.
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kinesthesis and verbal images. In his words:

we are animals, locomotor organisms; the motor
attitude,-the executive type of attention, is
therefore of constant occurrence in our experi-
ence; and astlt is much older than the elaborative,
so it is the more ingrained. There would bé nothing
surprising in the discovery that, for minds of a
certain constitution, all non-veérbal conscious
meaning is carried by kinesthetic sensation or
kinesthetic image. And words themselves . .

were at first motor attitudes, gestures, kines-
thetic contexts . . . essentially akin to the
gross attitudes of primitive attention . .

There would again be nothing surprising in the
discovery that, for minds of a certaln constitu-
tion, all consc1ous meaning is carridd-either by
total kinesthetic attitude or by words (p. 176).

Titchener did not maintain that meaning must necessarily be
conscious. Rathexr, it may be physiologically based. To

“illustrate his point, he drew comparisons between preparing

N

a lecture and composing a letter to a friend. 1In each case,
sitting down to the typewriter inveolves different sets,

which are experienced as different feeling states throughout.

the body:

there are different visceral pressures, different
distributions of tonicity in the muscles of back
and legs, differences in the sensed play of facial
expressions, differences in the intervals between
striking the keys, rather obvious differences in
respiration, and marked differences of local or
general involuntary movement. It is clear that
these differences, or many of them, could be re-
corded by the instruments we employ for the method
of expression, and could thus be made a matter of
objective ‘record (pp. 180-18l).

These passages of Titchener's are relevant for
seéeral reasons. 1In the first place, there is implied the

assumption that there are individual differences in the use
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of motor processes in cognitive behavior--the "minds of .

a certain constitution® are presuﬁably diffefent than

.other “mincs" in this regard. Secondly, there is the
suggestion that the organism differentiates out of gross‘
motor activity (“prihitive attention") and becomes pro-
gressively less motoric, mo;e verbal. Thirdly, toe above
qguotation leads to speculation regarding localization versus
generality of activity. Are all Ehe citedlsensatiohs and
tensions reactivated during the recall or imagining of the

Al

activity? This guestion has not been adequately explored.
In an earlgcr lecture, Titchener (1909) did suggest a
differeﬁcé between kinesthetic images favoring localiza-
tiop: "actual movement always brings into play more

~ . . :
//muscles than are necessary, while ideal movement is con-

fined to the precise éroup,of muscles concerned" (pp. 20-21).-

Q—He sauggests that a comparison between an actual nod of the
head and a mental nod would illustrate the difference, the
sensed nod being “rough and coarse," the imagined nod being
"clearly and:éelicately tfaced." This distinction would
seem to imply that the internalization of the image is
accompanied by the elimination of the auxillary movements
that were present during fhe original overt performance.
Whether the covert muscle correlates of the imagined nod
were localized would have to be determined by means other

than introspection, as Titchener had foreseen.
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The Peripheral Theory of Thought

While the'earl@er psychologists such as Bain, James,
and Titchener had pointeq out the part played by motor pPro-
cessés in mental functibning, they did not accord them the
Preeminent statﬁs they were to have during the first few
decades of this cenﬁury when the ‘'so-called peripheral theory
of thought ﬁas in vogue. This theory had many proponents
sugh as Dunlap (1912), Langfeld k1927, 19335, Dashiell (1925,

e _
and Max (1934), and many variants, but

1926), Watson (1930{,
the common tenet was that mental &EE}vity was not purely
mental, but was functionally dependent on changes in the
peripheral musculature.

Perhaps the theory has been most ‘closely identified

with Washburn, whose publication in 1916 of Movement and

«

Mental Imagery was an elaborate treatment of it. The prin-
ciple hypothesis of the workgwas that "all cdonsciousness is
related to movement" (p. 20). In more specific terms:

The kind of consciousness which we call an "image"
or "centrally excited sensation," such '‘as remembered
Or imagined sensation depends. on the simultaneous
excitement and inhibition of a motor pathway. The
"association of ideas" depends on the fact that
when the full motor response to a stimulus is pre-
vented from occurring, a.weakened typre of response
may take place which we call “tentative movement."
These movements are actual slight contractions of
the muscles which the larger movements would
- involve (p. 26).

Washburn's posit;on,was that consciousness depended

on a certain excitation-inhibition ratio, i.e., when the
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motor response is partly but not fully made. It is this
partial discharge that constitutes the sliéht muscle :con~
fraction, hence consciouspess. EQery'stimulus was thought
to have its own unigue tentative.movement, héwever intri-
cately combined it was with others. By way of example, the
articulatory muscles were thought to contract slightly
‘during memorization (p. 32); the ocular muscles during
visual, image formation (p. 33). Complex mental activity
was regarde@ as aléest unasalyzable, given the number of
different implicit motor responses involved, e.g., in
listening to music. Kinesthetic imagery was thought to be
a matter of a peripherally excited movement sensation re-
sultiné from the slight actual performance of movement (p. 50).
While, for Washburn, consciousness always depended

'initialiy'on movement,rthe movement systems could undergo
change over time and practice, in some correlative fynction
to central nervous mechanisms. Consider the following
importantwstatement:

It may be that acguired movement systems become

after a while so thoroughly organized that a

direct connection is established between the

motor centres concerned, so that the excitation

of one immediately excites the others, withogt

the intervention of any kinesthetic processes’

{(p. 49).

Elsewhere (pp. 51, 216) Washburn contended that

easy, smooth, and rapid thinking is not usually accompanied

‘by imagery. To the extent that imagery involves motor



15

processes, as the theory maintains, such processes will
diminish as thinking becomes less effortful.

With the advent of behaviorism éame‘a disavowal of
conéciousness. Thinking was given an exclusively peripheral
locus. Whereas Washburn made room for centrally maintained
thought processes as skills developed, Watéon (1930} made
no such provision. His doctrine of implicit speech was well
kno&n; muscular habits acquired during speech learning are
retained as covert responses. These implicit habits con-
stitute thought; thought is impossible without subvocal
speech. . s
Watson's was a general peripheral theory, since he
maintained that thought was not necessarily locglized in the
laryngeal muscles. He contended that any bodily response
can become a substitute for any given word, and that
reactions to objécts'agé total bodily reactions.

Dashiell (1925) alsc favored a physiological-
behavioristic approach to thinking, although a less extreme
one than Watson's. Thinking is described as "a matter of
intéracting and mutually influencing motor sets.or responses,
not of intracerebral shifting of association impulses”

(p. 72).

At the same time, tacit recognition was given to CNS

proéesses, which were progressively more important with

maturation, as the following statement implies:
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&he integration of one's knowledge into a moré and

more inclusive concepfual organization is physi-

ologically paralleled by the integration of part-

reactions into higher level habits (Dashiell,

p. 72). '

The periéheral-tpeory of thought was not without

its detractors. Lashley (1930) argued that peripheral feed-
back was not essential ta\theught, but that peripheral
excitation was mérely the result of irradiating impulses
from central proceéses, a kind of "motor over-flow" effect.
In a later article (1951), Lashley criticized the peripheral
position on the grounds that it revealed an inadequate under-
standing of the central nervous system. Freéman;(l93l)
agreed with Lashley on the possibility of motor over—flow,
but did maintain that sometimes museular contraction
facilitated mental activity. Instead of rejecting the
peripheralist theory outright, as Lashley had done, he pro-
posed a model of central-peripheral interaction, the gist
of which was that muscular contraction irradiated excitation
which lowered the thresholds or irritability in the higher
cortical centers, thereby producing the essential conditions
for these centers to react to épecific patterns of internal
and externél stimulation. Freé;an claimed that the facili-
tation of higher mental integration that resulted from
nmuscle contraction was not a universal necessity, citing

evidence that the most efficient brain-workers used a minimum

of muscular tension (p. 437).
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Experimental studies of the Motor Correlates
of Imaging

" The Jacobson Studies P

.IE‘is generally acknowledged that the first techni-
cally sophisticated studies of the neuromuscular correlates
of menfal imagiﬁg were done by the physiologist Jécobson
(McGuigan, 1966). In the ihitial stages of his extensive
1nvestlgatlons, t+he methodology consisted of eliciting
verbal subjectlve reports from subjects traln%d in relaxa-
tion:as to their. feelings of tension in spec1f1c body
regions while engaged in imaginal activity (Jacobson, 1925).
As it turned out?\§his method was but a crude beginning to
the more refined studies that were to follow, hence results
obtained need ndt be considered. Suffice it to say that
this early work gave introspective evidence that during
ryelaxation, imagery disappeared. 1In Jacobson's words, "the
experience of muscuiar tenseness is a sine qua non of

imagery, attention and thought process" (1938, p. 186) . This

finding was to become a behavioral principle, in Jacobson's
view, by the time it was supported in several ensuing
investlgatlons (Jacobson, 1930a, 1930b, 1930c, 19304, 1931la,
1931b) .

In 1927,‘electrophysiological methods of measurement
were introduced (Jacobson, 1938, p. 189) providiné for the

first time the means for guantitative comparisons of the
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discrete contractions of the skeletal musoles qndo;‘various
men£al tasks. Since the oacobson studies employing these
methods are to a large extent the prototype of the present
investigation, they will be considered in necessary detail.

- . The experimental procedure, as outlined by Jacobson
(1932), entailed having the subject lie relaxed on a‘couch:
eyes closed, in a darkened, quiet, partially sound-proof
room. Distraction by the exporimenter was avoidod. Signals
were given the éubjectf%y means of a click of a telegraph
key. The first was to beéin imagining; the second, shortly
éfter,fto cease imagining.

Recordings of muscle action-potentials were taken

simultaneously by.means of a string galvanometer. Wires‘
of platinum iridium were inserted through the skin into
the muscle near tho motor end plates of efferent fibers.
These electrodes detected voltage changes {(potentials) in
the muscle. Potentials wére then fed through a vacuum tube
amplifier magnified many thousands of times and recorded on
ﬁoving photographic film. The greater the contraction of
the muscle in the vicinity of the electrodes, the greéter
the vibration of the galvanometer string indicator. With
this device, potential changes as small ég“one millionth of
a volt were detected. 1In 1937, the apparatus was replaced
by the more refined integrated neurovoltmeter (Jacobson,

1940), but'only after the foundation expetiments had been

completed.
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In one of the main Jacobson experiments (1932), the
signal to imagine was followed by the instruct%dns; “Imagine
bending your right arm." Readings from the galvanomete; 
indicated potential changes corresponding to, but smaller
than, the actual overt ﬁovement of the limb in gquestion.
Fﬁénty subjects weére used in this study. Once a sgbject

was given the experimental task, he then had seven control
tasks: imagine bending the left foot; imagine bending the
left arm; actually bending the left arm one inch; imagine

the right arm perfectly relaxéd; imagine extending the right
arm; @pn't bother to imaging. No myoaetivity was detected

in the right arm in any of the control conditions. Jacobson
(1'932) interpreted these results as ruling out the effects

of sound per se and a§'indicating that action currents

were localized in the particular region being imaged (p.' 68l).

In a related experiment (Jacobson, 1938), the task

of imégining lifting a l0-pound weight with the right fore-

arm yielded similar results. Action poteng}als were re-—
corded in 54 out‘of éz-tests with trained subjects, 41 out
of 63 with untrained subjects. On 24 control tests, resulﬁs
were negative for all trained subjgcts and with 80% of
untrained subjects; _EE/gﬁoﬁher experiment (Jacobson, 1932},
the scope of the treatment was extended to various other
imagineé activities, 28 in all, incluaing "sweeping the

floor," "writing your name," and other acts commonly’
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performed with the right arm. The galvanometer deflections
were "marked" in only half thefcases. Four trained subjects
were then selected from the original group and asked to
mention various acts that they would normally perform
with the right arm. Results were positive for potentials
from the right biceps-brachial region in 97.5% of the tests
(159 of 163).' All pontroi tests were neéative:
An adjunct to the above study had nine subjects
engage in recollection of activities comﬁbnly involving
the right arm. The testing procedufe was the same as for
imagining. Subjects were instructéd to recall such
activities as sweeping, hitting a tennis ball, lifting a
cup of tea, etc. Seven subjects had biceps-brachial move-
ments in 60 of 90 testsf The two other subjects reported
-eq?aging only in visual recollection, hence action-
potentials were absent for them in most cases. As a rule,
microvoltages were of smaller amplitude and brigfer dura;
tion than was the case with imagining, but activity
continued to be localized.
| Another study (Jacobson, 1932) described the testing
of visual imagination and recollection. Electrodes were
placed above the medial portion of the right orbital ridge
and over the right mastoid bone of the eye. It was demon-
strated that imagined visualization produced records corre-

spohding in pattern to the actual movement of the eyes. For
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example, instructions, "Imagine the Eiffel Tower," yielded
a myogram-nearly identical to that of the same subject
actually looking upward. The typical microvoltage was four
or five times that which obtained during relaxation.

Having obtained evidence for localized muscle
correlates of imagined activities of arm and eye, Jacobson
(1932) then did a test for the variation of specific muscle
contraction during imagination. He had three subjects
instructed to "visualigze bending the right arm." Action-
potentials were taken concurrently from the ocular region //
and right arm muscles. In "aISost all instancés" (p. 691)

L4
there were contractions in the former but not the latter.
Under instructions to "imagine bending the right arm" all
three subjects had arm muscle contraction, but in some
instances there was eye movement as well, as indicated by
both objective record and subjective report. Jacobson
offered this important comment:
In different subjects, then, the same muscles do
not always contract during the imagination or
recollection of a particular act or object. But
the results indicate that during imagination or
recollection, muscular corraction, if absent
from one region, will be found in another. It
is presumed that this principle explains why the
instruction to imagine using the right arm is
not invariably followed by the occurrence of
action-potentials in the right arm: in such
instances, we assume, subject merely visualizes

the act. FPurther tests in this direction remain
to be performed (p. 691). .

B ]
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A finél series of investigations on the role of the
speech musculature during imagination were done (Jacobson,
u1932). Measurements frdm the tongue and underlip muscles
were_ﬁaken from five subjects, all of whom were more or
less trained to relax, under various conditions of imagina-
tion, €.g., imagine counting, imagine telling your friend

the date, recall a certain song, etc. As in previous tests,

hl

the action-potentials were absent during the pre- and post-
relaxation pericds, present only after the signal to imagine.
Control tests were those that had previously been demonstrated
to involve no muscular contraction ("Don't bother to imagine"),
contraction of eye muscles ("Imaéine the Eiffel Tower"), and
‘contraétion of right arm muscle ("Imagine lifting a 10-pound
weight"). Regults were that there was localized myoactivity
in éhe speech muscies during imaginal activity,. but not in
contreol areas, with the exceptipn of one subject in two
imaginal conditions. These reéults wege therefore consistent

with those obtained from limb and eye muscle locales. =«

Critique of the Jacobson Studies

The results of the aforementiqned studies demonstrate
the correlation between the thought process of imagination
and implicit muscle activity in those subjects in whom the.

phenomenon was observed. All of Jacobson's reported fin-

dings indicate that muscle potential changes from baseline
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relaxation were localized in the body région involved in
the imagined action. Furthermore, the fact tha;“ﬁéntal
activity d4id not take plaée during relaxation appeared to
indicate that change of specific muscle tonus was essential
to it.

The evidence presented by Jacobson is interpretable
és validation for the periphefal theory of thought, although
he himself did not so regard it (Jacobson, 1967, p. 59).
Nevertheless, he was led to conclude; on the basis of his

accumulated findings:
every mental act of perception, imagination,
fantasy, recollection, reflection or emotion
at the moment of occurrence is a function measur-
able and recordable in neuromuscular action-
potential patterns no less than a function of
brain-spinal cord patterns (1967, p. 97).

The pioneering studies of Jacobson are, in light
of contemporary scientific discipline, open to criticism

udies, data are

on several counts. In all repo;tr
obtained from only a.very few subjec as the research
already cited shows. This is a serious limitation on inter-
pretation, considering the range of individual differénces
known to exist in the field of covert processes (Davis,
1957). In addition, statistical treatment has been virtu-
ally non-existent, consisting usualiy of simply tabulatiné
raw scores and drawing conclusions from the observed

differences between experimental and control conditions.

Equally relevant, negative results have not been e
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interpreted, beyond the assumption that if the myoactivity
is no£ in one region, e.g., the arm‘muscle, it will be in-
another, e.g., the ocular muscles.4 This may be the case,
but it is not proven. It is evident, from exceptions

to be noted in his raw data, that the.pattern of myoresponse
is not a fixed, invariant one acrosé subjects. Eoth
.Hé;haway {1935) and Osgood (1953, p. 650) have raised this
objecp{gn. Although of lesser imppftance, it should also

‘
be mentioned that, while the peripheral motor theory implicitly

assumed by ;;cobson holds thﬁt motor reépohse exists'somewhere
in the skeletal musculature (Humphrey, 1951, p. Zlér{ the
maximum number of regioﬁ;samplea to any one imaginel stimulus
was .two (arm and eye) {(Jacobson, 1932).

Explicit validation of Jaccobson's results are virpu—
ally absent in ﬁhe literature. One study -(Hathaway, 1935)
failed to detect action~currents in the action-relevant
muscles auring the anticipatory period of a reactien-time
experiment. The author hypothesized that if potentials
were present in the conditions employed by Jaccbhson, they
certainly should have been present inder conditions of
heightened ‘ to' respond. Results were interpreted, not
as a refutatlion of Jacobson, but rather that tegsions need
not be present in the spécific muscle during mental activity. -
However,_it would seem that the paradigms employed by
Jacobson and Hathaway are insufficiently similar‘to warrant

comparison.
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Related*Studieé Emp loying Electrophysiological
Methods i

Studies by Rohracher (1958) , Blumenthal (19%9) , Max
(1935, 1937), and Shaw (1938, 1940) employed designs com-
parable to those of Jaccbson. Rohrachexr's (1958) was 2
brlef report: statlng that in 40 subjects, imagining move-
ments such as clenching the fist, jumping, and sw1mm1ng
resulted in amplitude of microvoltages 69.9% highex than
in the "normal®” resting position. gecording was by surface
elect£odes, apparently from mépy bgdy regions,'bqt exactly
whiéh ones are not indicated.

Max (1937) recorded action-currents from the flexores
digitorum of deaf subjects during kinesthetic imaging
("Imagine holding a squirming fish," "Imagine telegraphing
an 508 signal," etc.}) and dﬁring abstract thinking (e.g..
multiplication, rearranging mixed sentences, memorization)..
In an earliér article, Max (1935) had eﬁplained‘the rationale
for the use of deaf subjects: the hands of the deaf are
the locus of oral, written, and gestural speech, hence
should be more motorically agtive during thinking, compared
to "hearing" controls.' The measuring apparatus was a system
" of two amplified string galvanOmeters,'similar to those-
employed by Jacobson, permitting:%imultaneOUS recording
from two sets of muscleg. Experimeﬁtal conditions were

contrived to maximize relaxation. Control records were
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bbtaineq from leg muscles of deaf subjects and arm muscles
of hearing subjects. |

Imagining kinesthetic activities was "usually
accompanied by actual cénfractiqn of the muscleé concerned"
(Max, 1937, p. 303). Data from 41 kinesthetic records of
seven deaf-mutes were 88% positive, i.e., indicated local-
ized peripheral action-potentials. Control records were
positivé in 73% of the cases. Abstract thought problems
eiicited manual action—currents in 84% of the cases in 18
deaf subjects but in only 31% of the cases in 16 control
subjects. .In simultaneous recordiné from arm and leg
(control) muscles of the deaf sﬁbjects, positive response
was 73% in the former, 17% in the lajter. (The abstract
thinking findings of this particular study are included at
this point to emphasize the magnitude and extent of the
covert effects that can occur during another form ?ﬁ mental
activity besides imaging.)

In synopsizing his results, Max (1937) concluded
that action-~current responses have some specific connection
with the thinking process itself, rather than being "the
adventitious effects of irradiated tensions?l(p. 337 . ﬁe
interpreted his results as support fof the motor theory.of'

consciousness.

‘Shaw (1938) investigaéed the distribution of muscle

action-potentials during various imagery conditions. Anywhere

/ !
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from seven to 15 subjects were used in each condition.
Action-potentials were obtained by means of a cathode ray
osdillograph-and'amplifier. As a preliminary-stegl measures
of overt muscle activity were taken (the squeezing of a hand
dynamometgr), which revealed that action-potentials were not
definitely localized, but appeared in several body regions.
The first imaéery task was to'"imagine sgqueezing a hand
dynamometer with the right hand." Different subjects were
used for this task than were used in the overt muscle task.
Procedure was similar to that employed previously bf Jacobsén
(1932), with the addition that subjects, following each
trial, reported whether they had successfully imaginéd as
per instructions.. The apparatus allowed for measurements

to be taken fromlonly two muscle groupings at a time. 'Each
subject had electyrodes placed on either the right or left
arm and either the right or leftlleg. Positive results,
i.e., muscie activity increases significantly greater than
baseline rest, were obtained for the right arm group!. The
successful imagers of the left arm group had a tendency,
approaéhing statistical reliability, to have greater-than-
rest action—pofentials, whereas the unsuccessful imagers’
did not. Thelright leg group also showed a tendency
approaching statistical significance to have more myoactivity
in that limb during right arm imaging than during rest. A

left leg group showed the same directional tendency, more
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so for the successful .imagers. Control subjects, who.
were instructed not to image, in ali cases had negative
results. The second imagery task was "imagine typing."”
With potentials taken from one arm of each subject, the
resdzgg\were that the-focus of activity was in both arms.
A third imagery task was "imagine singing." An increase
in action-potential described as "moderately strong" (??
211) was found in both arms. For this task potentiéls were
taken from both legs, but neither showed an increase above
~rest. The fourth image fask was "imagine playing a.wind
instrument" A "moderately étrong tendency" (p. 214) was
found for potential increases in the left arm and lég.

‘ Shaw's studies included an interaction between myo-
activity and quality of imagery, a feature which in effect
was a control condition that was absent from previous.studies’
Of this sort (Jacobson, 1932; Max, 1937). They also employed
slightly léss rudimentary statistical analysis. In summariz- -
ing his results, Shaw concluded that there was "no good
evidence of localization to the muscle groups commonly
Ehought to be involved in such performances" (p. 215). He
also offered a provocative interpretation that would fit‘
an organismic differentiation hypothesis:

The distribution of these action-potentials seems

to indicate that during the revival of vestigial ~

responses one can expect to be present any muscular

activity that- accompanied the original response
{p. 215). '
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In a related work, Shaw (1940) had three subjects
engage in the actual_lifting of.weights with the rigﬁt arm,
then, after‘a suitable period of relaxation to resume resting
potential; imagine lifting the weights. Surface electrodes
were placed on the right forearm only. Tﬁe weights‘used
were graded in heaviness. All subjects had numerous trials
with each magnitude of weight. For ali three subjects, the
degrees of ampllfled action- potentlals during 1maglnal llftlng
was found to vary directly with the magnltude of the weight,
as had beewnn the case with factual lifting. A chfgkfbn thé
vividness of imégery was added, whereby thezéabject rated
his imagery on a 4-point scale, from vague to vivid. Each
subject also classified his imagery as to modality. For all
subjects, the greater the reported v1v1&ness of the imagery;
the greater the muscular activity. Imagery was classified
as kinesthetic by all subjects in all but a few cases.

Blumenthal (1959) pretested 81 subjects and selected
11 who demonstrated superior tongue movements (EMG) during
thinking. BAmong other tasks, they had to imagine licking a
postage stamp, sucking a lemon, %nd‘saying words back to the
experimenter. Their tongue EMGs were significantly greater
to the motor image tasks than to control tasks. It should

be noted that the use of an extreme group in this experimept ’

limits the extent to which the findings can be generalized.



- Muscle Contraction and Emotionality

\\\f‘ Skeletal muscle tensicon has long been regarded as
a manifesfation of emotional arou;al {Duffy, 1951, 1957;
Goldstein, 1964). Gellhgrn (1967), in discussing the role
of the reticulaxr formation in peripheral activity, stated
thét muscle contraction’is not related to intelligence level
or pneblem difficulty, but to the emotional ;;;§?351veness
of the- subjecgﬂﬁﬁrécobSOn (1967) has held much ﬂhe same
position. Whatmore and Koli (1968) regard muscle contrac-
tion as effort response, prevalent in cases where strong
emotionality is a factor. | )

If emotionality is a causal factor in muscle con-
traction, certain gquestions are therefore fai;ed congérning
‘the nature of muscular involvement during thinking. re the
contractions involved during low-stress activity, suph as
responding to neutral imagery stimuli, of the samg _cgtegory
as those contractions evoked under high-stress conditions,
e.g., fear? Presumably tﬁé same physiological processes are
operative in both situations, e.g., reticular action, and
both are;adaptational efforts of the organism. It is henée
worth considering the role of emotionality and muscle con<
traction within the ﬁaturation—differentiation terms of
reference of this study.

There is some evidence that emotional expression

undergoes a shift from external to internal loci with
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maturity. Jones (1950) contended that the relatively un-

differentiated emotional-dynamic of infancy and Ehildhocd
is extraversive&-in nature, but that with maturity it assumes
an inner pattern of response. Adolescent high GSR reactofs
were found to have less motor activity, indicating emotional
processing through internal, autoﬁémic channels.' High GSR,
low EMG subjects (internalizers) were found to be less
talkative, constant in mood, generally more stable.’ ILow

Rs were regarded as being character¥zed by strong motiva-
tional str;vings suggestive of maladjustment. Jones cohpareg
them with Fenichel's "impulse neuro’ci‘c:'-l who discharges ten--
sién by a generalized motoxr procéss reminiscent of the mass
activity of tHe infant.“Goldstein (1964) cites findings
tha; the accompaniments of high-level muécle tension include
téaits of immaturity. Wengei (1943) found significant corre-
lations between muscle tension and energeticness, restless-
ness, and impuléiveness. Shipman, Heath, and Oken (1970)
investigated a small clinical sample and found tense frontalis
muscle patients tended to be repressed-and depressed on per-
sonality scales, while patients with high levels of-'calf
muscié“fension tended to be activity prone with prominent.
hostile urges, strong dependency cravings, and low self-

control.

Some investigators have demonstrated that certain 

:'subjects respond primarily with one organ system to various

-
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kinds of stimuli. In a number of studies, Lacey and his
associates have demonstrated autonomic respohse specificity.,
e.g., Lacey and Lacey .{1958). Goldstein, Grinker, and Heath
(1964) , Shipman, Heath and Oken (1370), and others have |
found that a substantial number of subjectééshow muscle
specificity effects where emotional stimuli are concegned.
For the most part, these studies employed aritificial stress
situations where the probability of some kind of affective
response was high. An important study, for the purpose of
this investigation,.was doné-by Luﬁdervold (1952) who found
that tense subjects had high levels of myoactivity not just
in single muscles, but in muscles which did not pargicipate
directly in.%hé movement, i.e., their responsiveness was
general, not specific. Malmo, Smith, and Kohlmeyer (1956)
found hostility themes were associated with increased forearm
tension and sexual themes associated with increased leg
muscle tenélon in a single subject during a clinical

interview. .
A
Summary and Synthesis

.

‘kTﬁis chapter has reviewed material from three areas
of psyéhological inquiry. Firstly, perspectives of impor-
tant developmental and experimentai schools of thought were
presented in an effort to demonstrate that the cognitive

maturation of the human"o;ganism entails decreasiné\

/
[ -
1\ .
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peripheral muscular involvement and progressively greater
employment of central mechanisms. It has been seen that the
differentiation theory of Werner has essential features in

’

common with Bruner, Piaget, Humphrey, Osgood, and others.

/

Even the early peripheral theorists, e.g., Washburn, Dashiell, (/;
assumed the operation of centrai factors with maturity. —
Before that, Titchener recognized the possibility of relative

. degrees of motor processing in thought, as well as anticipat-
ing later theories of %rogressive different}ation. It should
be mentioned that it is not the intent of this study to
attempt a resolution of the central—periphe:al controversy.,

but it is sugéested that these constructs are useful as
indices of the maturational state of the organism.

Secondly, the major experimental‘studies of the motor
correlates of movement imagery héve been presented. It will‘
be noted that these studies are hardly contemporary, yet they
remain the main reference works in this area. Despite the
emergence of a sophisticated electromyographic Fechnology,
investigations .utilizing it hgve been primarily in the field
of covert language proceéses, e.g., McGuigan (1969), Hardyck
and Petrinovich'(1970) and therapeutic biofeedback (Budzpyéki,:
Stoyva, et al., 1973) aﬁd not at all in movement imagery
studies. Therefore, one is left only with outdated works as
comparative models for this type of investigation. These

-

earlier studies, e.g., Jacobson, Shaw, left off at simply
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demonstrating the phenomenon and applying gross statistical
methods to the data. A major impetus to the current study

was the absence of any discussion of the variability of the

_results of these studies. The attempt will be made in this

investigation to account for myoresponse differences among
individuals in terms of psychological variables.

Thitdiy, the role of emotionality in muscle respénse
was considered, The general indication in the studies, re-

viewed was that muscle tension is frequently found in active,

-emotional, and "immature" individuals, although there again

wide variability ébulq be expected. The usefulness of these
studies for this éfoject i1s that they suggest dimensions on
which an individual's maturational state might be assessed.
This study will survey, by means of surface electio-
myography, the myoactivity of normal subjects to a wide range
of human movement imagery tasks. BAccording to the proposed .
matura£iona1 hypothesis, the low EMG scorers are conceived
of as the more cenfralized, biologically integrated indivié#;//’ﬁ
als.’ High scérers would, conversely, be more peripheralized
and iéés integrated. It is expected that the "centralized"
individuals will be able to imagine various familiar activi-
ties associated with certain muscle groupings with either a
minimal or non-existent involvement of the peripheral motor
system. That is, in these cas%? deyelopment would have

. & !
reached the stage of abstraction, meaning the attainment of
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a degree of differenbi;tion of self from object such that
verbal-abstract channels are sufficiently independent of
the earlier peripheral components to carry the thought.
"Peribheralized“ individuals, on the other hand, would show
iess differentiated EMG patterns, perhaps of greater amplf-
tude in task-specific locales or non-task-specific locales
ox both. : 9

The survey will also be considering\Ehe questioh‘of
what happens to the myoresponse if it is not detectable in
the action-relevant muscle. There are suggestions in the
literature, e.g., Ereeman, Shaw, that it may be found in
other muécles. If not detectéble in the gross skeletal
muscle, is it found in the ocular miscle, i.e., a shift
from motor to wvisual sygkems, as Jacobbon had maintained?
By simultaneously monitoring several body regions, it is
hoped that information pertinent to this questison will Qé
obtained. ' -

An important question wili be how to account for the
EMG variation among subjects. In what ways, related to myo-
activity, might subjects differ? Some possibilities arising
from the literature are as follows: ‘ . ‘

1. Does abstract capacity, meaning a developed
intellective skill, correlate with a low level

of EMG, as could be inferred from many theories,
€.g., Werner, Bruner, Piaget, Goldstein?
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2. Given that a muscle response, regardless of its
cause, is an effort response, are those subjects
who tend to be more action-oriented, extraversive,
etc., likely to have greater levels of EMG than
those who tend to be less so? :

3. To the extent that the myoresponse is residual
emotionality, do those subjects who are greater
responders tend to score higher on measures of
emotionality? Further, would they also score
higher on such psychopathological measures as
anxiety and neuroticism?

4, >'the extent that developed psychologiqal
differentiation is manifested by the presence
of

sitive psychological health, do measures
of sound personal adjustment ‘correlate with
lower EMG levels?

What.is proposed in this study is that the more
integrated, centralized imagers are also the more psych-
clogically mature. The above theoretically and empiri-

cally derived hypotheses suggest that indivighals may, in

fact, Be measured on significant componen of maturity.
An important task will be to formulate a/composite meausre
of maturity from existing instruments. sychological
profiles of maturity can Ehen be compared with EMG Profiles.
At this point, it should be re-emphasized that this study
does not have a typiéal hypothesis-testing design. Essen-
tially, two sets of data on each subject will result, but

the nature of the data will determine the experimental

design and statistical procedures to be used.



CHAPTER I

METHODOLOGY

The main methodological task was to devise a way of
detecting and measuring the muscle contractions that are
postulated to occur in response to instfuctions to imagine
activities. 1In an earlier pilot study (Barry, 1973), a
research team at the University of Ottawa had experimented
with surface electromyography (EMG) on a small sample
(N=24) of students.enrolled in the Faculty of Psychology.
Using a random assortment of movement imagery stimuli, the
researchers found covert EMG in'most subjects from arm,
leg, and lip locales. This pilot research demonstrated the
Physiological fact of myoactivity with the available recording
" ¢ymethods and was to a large extent the impetus for the present,

more extensive study.

A second metheodological task was to devise appropri-
ate indices of psychological maturity from existing psycholo-
gical tes%s. Two separate sets of data were obtained on
subjects in a repeated measurés paradigm. The first experi-
mental session (Part 1) tailed the recording of covert

-musgle response (EMG). ZZe second session (Part 2), con-
ducted approximately two weeks later, consisﬁed cf the

administration of a battery of psychological tests. This

chapter will present each part in turn.
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Suﬁjects
7/

The subjects for this study were 120 males, 90% of
whom were enrolled in English-language intréductory
péychology courses at the University of Ottawa. The
remainder were members of the Federal government civil
service recruited from French-language training courses.
The age range for the total sample was 18 to 4Q years,
with a meén age of 19.8 (median = 19.6;_mode = 19). 1In
the case cof the Unive:sity students, paréicipation was
rewarded by course credit marks. The civil servants were

each paid $10;00 for their participaticn.

Part 1 - Physioloéical Recording . —_',///
Apparatus

EMG was recorded by means of Beckman.silver—silver
chloride surface electrodes in bipolaf placement with a
separate ground. Signals were amplified by a factor of
1000, by means of an 8-channel Nihon-Kohden polygraph, model
RM-85, then coverted to digital.ﬁorm by integrating over
a 10 sec. interval and sampling at a rate of 1000 peﬁ sec.
using a PDP8-E computer. The digital signals were’feé
through an. 8-channel multiplexor which permitted the
simultaneous output of EMG from five leads. The resulting
~~~_analog conversioné were recorded on a 6-channel Wétanabe

multicorder, model MC61ll.
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Procedure

'Upon arrival, at the 1aboratory, subjects were
requested to put on a palr of tennms _shorts, t6 ‘allow for
electrodelplacement on the thlgh, apd to roll up,the sleeve
of the'Prefefée& arﬁ. Facial’efee acceesories,.such as
eyeglasses, were removed. SubjeEts were tﬁen seated in;e
pradded recllnlng chalr in a 12! X 6! darkenedd Foundproofed
room, which was located within the larger laboratory room

-
dantaining the EMG recording equipment. Figure 1l is a

schematic design of the 1abo£;;ory layout. Once seated,
subjects were issued .the general instructiOQS for the
experimental session. These are found in Appendix 1.
Surface electrodes were then applied to the five
body locales chosen~;3} this experiment. Placement site
and application parametérs as recommended by Davis (1959)
were followed whererpossible, augmented whefe\necessary
with deteils of muscle locaticon and structure from a
standard.anatomy té;t (Gardner & Osburn, 1967). Beckman
electrodes, 16 mm. in diameter, were applied to the fore-
arm flexor, leg quadriceps, and frontalie musclie. Elec- =D
trodes of 1l mm. diameter wére located near the endpoints
pf the orbieularis ofis (1ip) and the orbital ridge of each
eye. The ground elecErede was attached to the iqner surface

of the opposite knee. Appendix 2 cbntains a schematic

representatlon of the fully prepared subject.
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All electrodes were thoroughly cleaned in a saline

solution before and after each use. They were applied with

standard Beckman electrode collars and Beckman isotonic

electrode jelly. Surface skin resi;tance,was reduced by
abrading with a “Scotéhbrite" scouriﬁg pad and cleansing
with acetone-soaked cotton. The inferelectrode resistance
for each placement was checked with an impedence meter and
was in every casé less than 1.5 K ohms.

Once prepared, subjects ﬁére_instructed to relax,

following ‘relaxation instructions derived from Jacchbson

(1938). Thése instructions gppear in Appendix 3. Approxi-

mately five minutes- were allowed for relaxation and adjust-
. -,l .

ment to the presenée of the electrbdes. DuringethiS'time'

resting EMG, levels were monitored on a Nihon-Kohden oscillo-

' scope. Extra time was provided for those subjects slower

to arrive at a stable relaxation baseline. Image task

presenﬁgtion commenced once the subject was relaxed.

Image Tasks

L

fa ‘ The image tasks were presented by oral instructions

L]

to the subjects over a one-way intercom system. Approxi-
ﬁately 10 secs. following the instruction to image, the
subject was simply instructed to relax, which was the

-

signal to cease imagining. The intertask rest interval was

‘approximately 30 secs., although’'in some cases a longer

period was necessary for the response amplitude to diminish

’
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to baseline. The time reference points were carefully
indicated.on the reéording paper. The gate of.Speed of the
recording chart was 600 mm/hr. | |

The duration of the EMG recbrding session was, on
the average, about 12-14 minutes. Following the session,
subjects were }nstructed to postpone any questions about
their experieﬁéé until completion of the project and not to
discuss their experience with friehds or classmates who
themselves may serve as subjects at a later date.

The image tasks themselves consisted of a series of
15 different imagined activities. Order of image task pre-
sentation was ranéomized for each subject. Each image task
was intended, as nearly as possible, to maximize the pro-
bability of the relevant.muscle or muscle group being
activated. The experiment was so.constructed that EMG
could be recorded simultaneocusly from all five locales
while the subject was responding to each task instruction.
Thus, for example, forearm-specific image instructions were
presented while EMG was recorded from the forearm and con-
currently from the four other regions.

Sélection of image tasks was baséd, to a large
extent, on the exploratory and survey rationale of the study.
Accordingly, a wide range of image tasks was chosen. In
.many cases, the type of task selected had not previously

been employed in covert EMG studies. It was, therefore,



.43

decided to include images that were not only self-referent,
but other-refgrent as well and not just neutral images,
but alsc ¢hoge with more emotional content. Four categories

of imagery fere formed.

(a)  self-referent:  neutral
{b} self-referent: affective
(c) other-referent: neutral
(d) other—refgrent: affect;ve

‘These categories will be considered in order‘and items
representing each category presented.

| (a) The self-referent: neutral category is m-
prised of image tasks essentially similar in nature\to
those employed historically in covert myoacfivity reseéarch,
e.g., Jacobson (1932), Shaw (1938), Blumenthal (1959).
Tasks employed in this study., in the form as presented to

the subject, are:

1. "Imagine squeezing a tennis ball."

2. ‘“Imagine tightening your thigh muscle.”

3. "Imagine whistling a tune."

4. "Imagine moving your eyes from side.to side.”
5. "Imagine wrinkling your forehead."

(b) The self-referent: affective category is com-
- prised of items having an emotional loading, thereby
N ]

‘differentiating them from those of the prévious category.

To the extent that emotive stimuli evoke muscle tension
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(Goldstein, 1964), there may be a myoresponse difference

from neutral items. Examples used were:

1. "Imagine squeezing a girl's breast."
2. "Imagine kicking a small child."
3. "Imagine kissing someone.”

An eye-referent image is not included in this category.
While the eye is reactive to emotional stimuli, the re-
sponse is pupillary, no£ muscular.

{c) The other—referenf: neutral catégory is com~
prised of imagery items wherein the subject is instructed
to imagine another person engaged in a neutral activity.
The literature on thought processes and muscle response
contains no reference to a variation of this kind, although
Berlyne (1965) has commented on its potential theoretical
interest. 1In speculative.terms, it may be that there is a
response differéntial between self— and other-—initiated
movement imagery based on differences in such variables as
qgrtainty of ego boundaries, sense of separate identity,
field independence, etc., although these are not directly

investigated in this project.

The other-referent: neutral image tasks employed

were:
2
i. "Imagine someone squeezing a lemon."
2. "Imagine someone bending his knee."
3. "Imagine someone chewing."

4. "Imagine someone looking out of the corner of
his eye."
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(d) In the other-referent:affective category were

the following items:

1. "Imagine someone clenching his' fist in range."
le

2. "Imagine someone kicking a dog."

3. "Imagine someone vomiting."

In addition to the constraints on the usé of éye-
referent imagery, the frontalis locale was sampled specifi-
cally only once, in the self-referent:neutral category,
because of its limited motoric function. It was included
because of its known involvement in various experimental
tasks of muscular response specificity (Shlpment Heath &
Qken, 1970, Sainsbury & Glbson, 1954).

For both the neutral and affective categories, items
were selectéd initially on an a pribri basis. Twenty subjects
Lhot included in the main study then rated the items on a
series of 7-point semantic differential scales (see Appendix
5) as an objective validity check on the neutral-affective

-~

distinction. Results appear in 2ppendix 4.

Part 2 - Psychological Testing

This part of the study.consisted of the %gministra—
tion of various psychological tests to all those subjects
who had completed Part 1. Teéting &as done in small groups
of 10 -_gq subjects. Mean duration time of group testiﬁg

’

sessions was '2-1/2 hours. 1In order to avoid fatigue
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effects, order of test presentation was fandomizéd across
groups. .

The paramount concern in selecting the tests was
that they theoretically pertain to aspects of "psychologi-
cal matﬁrity," as described variously in the literature
(Heath, 1965). That is, they must purport to measure
variables that, by informed consensus, could comprise some
of the major dimensions implicit in "maturity." Given the
multidimensionality of such a higher-order construct, there
is no good reason to believe that any one. test would be a
valid ﬁéasure of the construct. Therefore, existing tests
had to be surveyed and selected on an a priori basis.:
Procedures analogous to this have been used in a study by
Witkin et al. (1962) of psychological differentiation, and
by Heath {(1965) in én_exploratory study of maturity.
‘Further requirements were that the tests be objective_and
readily administered to groﬁps.

Followinq a;e the tests selected by iﬁclusion in
the battery and a brief rationale for thg choice. A de-
scription of ho& they were'used will be found in the next
chapter. Test data forms are found in Appendix B.

The Cattell 16 PF (Cattell, Eben & Tatsuoka, 1970)
was selected on the basis of its empirical derivation of
factors representative of the total domain of personality.

It was at once objective and comprehensive. In general,'

<
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it_was regaraed as an adequate measure of personality
adﬁustﬁ g£. ' For .example, it was felt that more mature
individUaié wou;d have different score patterns than those
less so on'such‘léPF'scales s Emotionai Stabiliﬁy (high
vs. low ego strengthf, Ten; on {high vs. low ergic tension),
and the like.

The IPAT Culture Fair Intelligence Scale (Scale
3: grades 10-12 and superior adult) (Cattell & Cattell,
1959). This is a nonverbal tési which yields a single
score IQ. It was selected becauke of its high loading on
fluid intelligence (genetic endowment) , as opposed to
crystallized intelligence {learning and environment)
(Cattell, 1963). To the extent that psychological matur-
ity is a f&nction in part of "inﬁate" intelligence, this
test was believed to be a useful measure.

The Eysenck Personality Invenfory (EPI) (Eysenck
& Eysenck, 1968). This is;a factorially based test designed
to measure the dimensions of extraversion-introversion and
7neuroticism—stability, the two orthogonal dimensions which,
according to Eysenck (1967), account for most of the vari-
ance in the realm of personality. In view of the theory
underlying the test (Eysenck, 1967), onelhay conceptualize
the more mature or integrated individual located differently

on these scales than the less mature or integrated individual,

i.e., toward the introversion and stability poles.
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Parenthetically, it was anticipated that overlap
could potentially occur between the EPI extraversion-
introversion sﬁale and the 16PF second-order factor of ‘
exwla-invia, scales which have been shown to be statisti-
cally correlated- (Adcock, 1965). Should this be the case,
certain data reduction procedures could be implemented to
éccommodate the duplication. Both the EPI and lGPFlwere
felt to be intrinsically valuable tests to employ regard/\\\“’f/’
less of what correlations might, ensue. -

The Personal Orientation Inventory (POI) (Shostrom,
1966;. The POI is a self-report ‘instrument designed to
assess those values, attitudes, and behavior that define
self-actualization (Maslow, 1968). It includes 12 scales
(time competence, inner support, self-actualizing value,
existentiality, feeling reactivity, spontaneity,‘self-
regard, self-acceptance, nature oﬁ man, synergy, acceptance
of aggression, capacity for intimatelcontacti. This teét
hasIESSa apparent construct validity in terms of its

o

relevance to maturity. To the extent that the POI  does

in fact measure self-actualization, high scorexs may be:P

thought of as possessing a number of qualities commonly °

- {
regarded as indicators of maturity, e.g., an internalized

system of values which direct behavior, control, stability,

self- and other-awareness, empathy, psychological health,

etc.
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The HuttlAdaptation of the BenderFGest;lt Test
(HABGT) . According'to Hutt (1969), the Bender-Ggstalt
vi;ual—motor test offérs clues to the general style of
adaptation, cognitive behavior, affective states, and
maturational characteristics'of the organism. His adapta-
tion of the Bender-Gestalt test (HABGT) is designed as a
semi-projective test, the rationale of which is that
perceptual-motor style, as revealed on the Bender drawings,
reveals personality characteristics. These are.thought to
Eé often unconscious, in the sense that pe;ceptual—métor
modes of functioning tend to be established early in life,
before the development of languagé. This would mean, for
example, that emotional experience that can be expressed
only in action‘by the preverbal child remains encoded in
the perceptual-motor system. It is presumably these
idiosyncratic experiences that are tapped 5y-the test.

Hutt has devised an objective gcoring system based
on his projective theory. It.is called the Psychopathology
Scale. On this scale, 17 Bender "signs" are assigned
values of from 1 (least pathological) to 10 (most path-
ological), accordlng to object%ve scorlng criteria. The
maximum possible score is 163. i@; the minimum, 17.0.

This measurement scheme rests on the assumption

that perceptual-motor integration decreases, i.e.,

distortions in drawing occur, in relation to the severity

Il
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of the disturbance in the underlying personality dynamicsz
Optimum performance would demand a high degree of

perceptual-motor integration and would presume relative

freedom from functional and organic disorders.



o CHAPTg III »

RESULTS

Two distinct sets of data were obtained: the
physiological (EMG) records from Part 1 of the experiment,
and the psychological test records from Part 2. The task
at this point was to decide on appropriate procedures for
quantifying and analyzing these data. This chapter pre-
sents the procédure5/6;ed and‘reqults of the statistical -

analyses.

1
" The EMG Data

This sectio% presents a step-by-step account of the -
treatment of the EMG data, from the scoring procedures to /f”"//
statistical analyses. | .

One hundred and twenty scorable EMG records were
obtained. In appearance, the completed EMG record consisted
of 5 ink-drawn lines representing outputs from the 5 channels.

EMG amplitude change was indicated by.the presence of histogram-
shaped elevations from baseline. Onset points, that is the
locatioﬁs at which the stimulué tasks were presented, were
indicated with the appropriate task numbér (e.g., "imagine
wrinkling your forehead" was task #15). Cessation points,

where the subject was instructed to stop imagining, were -

also indicated. Instances of interval preriod EMG wexe
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also indicated. Instances of interval pefiod EMG 'were
designated "R" in those cases whefe they occurred in close
Proximity to task-period EMG so that a differentiating
indicator was necessary. Figures 2, 3, 4, 5,.and 6 are
samples of lower, medium, and higher amplitude EMG records
with varyiné degrees of specificity.

-

Scoring procedures

Each EMG record wag scored as follows; the distance
in millimeters beggeen pPre-image task ﬁrelaxation) baseline -
and the maximum amplitude Peak of the subsequent image-task
segment were measured. This was the raw scori ufed in later
data analyses. In.cases where two or more amﬁlitudé peaks
occurred in the‘image—task period the largest Qas scored.

In many cases, EMG occurred in the inter-task rest interval.
For scoring purposes these EMG's were excluded and measure-
ment restricted to the image-task period.

For each image-task there were 5 scores, one for each
of the simultaneously recorded body locales. WwWith 15 image
taské, there were 75-scores. A 15 X 15 raw data matrix was
tonstructed for each subject. The 15 image-task variables
were numbered, as shown in Table 1.

The varigbles are repeated across locales to make
up the total of 75. Variables 1 - 15 are arm varlables,

i.e., scores on the arm lead on all 1mage tasks. Leg
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Table 1

List of Image Task Variables ‘ K

1.
2.
3.
4.
‘5.
6.
7.
8.
9.
10.
11.
2.
13.
14.

15.

Imagine
Imagine
Imaéine
Imagine
Imagine
Imagine
Imagine
Imagine
Imagine
Imagine
Imagine

Imagine

squeezing a tennis ball.

squeezing a girl's breast.

someone squeezing a lemon.

someone clenching his fist in rage.
tightening your thigh muscle. '
kicking a small child.

someone bending his knee.

someone kicking a dog.

whistling a tune.

kissing someone.

someone chewing.

somecne vomiting.

Imagine moving your eyes from side to side.

Imagine

someone locking out of the corner

of his eye.

Imagine

wrinkling your forehead. ¥

e e it Ly drd .

— -
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variables are 16 - 30, lip 31 - 45, forehead 46 - 60, eye
61 - 75. These groupings are coded for class;fication
purposes: N = neutral, A = affective, S = self, 0 = other:
Table 2 depicts the coding and numbering arrangement.

With:the data so arranged, inspection of variables
for comparative purposes was faciiitated. For example,
affective-neutral comparisons could be made across.locales,
or self-other$comparisons, or locales could be compared over
tasks; These and other comparisons were made and will be
described.

Inspection of the raw data matrices révealed a pre-
ponderance of zero scores; that is, scores where there was
no EMG amplitude changéAfrom baseline. In fact, zero scores
obtained in every record, apg\in many were the most fregquent
score. Several regords had amplitude changes of only 1 or
2 millimeters. As a general observation, recording from
the body extremities {(arm and leg) yielded lower amplitﬁde
EMG:tﬁan from the bulbar a;ea (1ip, eye, forehead), with
zZero scéres occurring in greater proportion in the former
case.

Although frequent zero scores were not Unexpectéd,
the disproportiocnate number of them brought into question
the normality of their distribution and the possible
impiigétions for statistical treatment.' Accordingly,
descriptive statistics were obtained on 10 randomly selected

image-task variables and are presented in Table 3. Tt is



Tabkble 2

Classification and Coding of Image Task Variables

Variable number Locale
and classification Arm Leg Lip Head Eye
- 1N, S 1 16 31 46 61
2-A, S 2" 17 32 47 62
3N, O 3 18 33 48 63
4 7, 0 4 19 34 49 64
5N, S 5 20 35 50 65
6 A, S 6 21 36 51 66
7N, O 7 22 37 52 67
8 A, O 8 23 387 53 68
9 N, S 3 24 39 54 69
10 A, S 10 25 40 55 70
11 N, 0 11 26 41 56 71
12 A, 0 12 27 42 57 72
13 N, S 13 28 43 58 73
14 N, © 14 29 44 59 74
15 N, S 15 30 45 60 75

Note: For task corresponding to wvariable number, consult

Table 1.
Coding key: N = neutral, A = affective, S = self-referent,
0 = other-referent. Example: Variable 33 is

lip EMG to the neutral, other-referent image
task "Imagine someone squeezing a lemon."
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Table 3

* Descriptive Statistics of 10 Randomly Selected Image Task
Variables from 120 Valid Observations

. Standard

Variable Mean deviation Maximum Minimum  Skewness

9 .58 1.49 10.5 " 0.0 4.29
14 .54 1.64 13.0 0.0 5.36
22 1.61 . 4.50 ~ 38.5 0.0 5.97
28 73 "1.34 8.0 0.0 2.53
35 1.52 3.23 19.0 0.0 3.64
41 3.04 5.36  30.0 0.0 2.83
49 1.74 3.31 210 0.0 3.16
58 2.22 3.77 19.0 0.0 2.41
64 4.14 5.75 29.0 0.0 1.96
67 3.23 5.92 44.0 0.0 4.07

Note: Skewness = 0 when distribution is completely symmetrical.
Positive values indicate clustering of most values to
the left of the mean
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readily apparent from this table that scores were positively

#

skewed in all selected cases.

The noh—norm;lity of.the score distribution led to
the néxt step, which was a check on the linearity of the
correlations between variables. A sample of correlatioﬁ
scatter diagrams was obtained and is contained in Appenaix 7.

These diagrams graphically depict the non—linear (hetero-

scedastic) nature of the correlations. The use of the

statistical procedure of factor analysis was therefore
out, as far as empléying factor scores as independent
was concerne&. Nonetheless, it was decided to p
faétor analysis in order to observe the pattérning of the
data and determine ways in:which the EMG-scores could be

employed as dependent variables in subsequent tests of the

psychological—physiblogical relationship.

" Factor Analyses of EMG Variables

All the factor analyses to be presented were done at
the University of Ottawa Computer Centre using the programs
of Statistical Package for the Social Sciences (SPSS)., In -
all cases, the principal factoring with iterations and
oblique rotation method_was used, since there -were many
measures on the same_subject and the data were somewhat
correlated (SPSS A = 0).

Factor analyses weie performed according to the

following data breakdowns:
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1. Total EMG variables (Table 4)
2. Self~-Other (Tables 5 and 6)
3. Neutral-Affective (Tables 7 and 8)

4. Extremities (Arm, Leg) - Bulbar (Lip, Head, Eye) R
(Tables 9 and 10) ’

5. All five locales separately (Tables 11 - lea
The tables inéludé only those variables whose
factor loadings are ».3 in the factor pattern matfix, and
only those common factors extracted by Cattell's "scriee” test.

Appendix 8 contains the complete factor pattern matrices.

Results of Factor Analyses

Wwhat emerges on the factor analysis of Total:EMG.,
EMG:Self and EMG:Other, EMG:Neutral and EMG:Affective are
body region common factors. Table 4 indicates that when the
total matrix of variables is analyzed, those variables with
the highest loadings on the first factor are forehead vari-
ab;es. Factor 2 is primarily an Arm factor, although two
leg variables also have high loadings. Factor 3 is exclu-
sively a leg factor, and Factor 4 an Eye factor. Factor 5
high loadings are primarily on lip variables. The signifi-
cant loadingé on these factors appeared to be randomly .
related to thé categories of self-referent and other-refefenéﬁ'\
variables and to the neutral and affective variables as well.
In addition, a specificity effect could not be determiﬁed;

that is, the forehead task-specific variable did not load
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Table 5 {fﬁ\

Factor Pattern Loadings of ».3 for EMG:Self with Eigéﬁvalues
and Percentage of Variance

Variable Factor 1 Variable Factor 2 Variable Factor 3

40 .534 1 .330 61 .671
46 .784 2 .501 62 .610
51 .  .660 5 .607 65 .632
60 .649 6 .687 66 .337
61 .427 9 .809 69 .366

)/”f\\/«§7 .378 10 .391

' — _ 13 -648 .

' 15 .687
Eigenvalue 9.82 3.07 2.54
Percentage of ) :
variance 38.70 12.10 10.00

: Cumulative

Percentage 38.70 50.80 60.90
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Table 6

Factor Pattern Loadings of »>.3 for EMG:Other with,E‘igénvalues
. ¢ and Percentage of Variance :

Variable . Factor 1 Variable Factor 2 Variable Factor 3

8 128 ) 19 .345 33 .465
33 .336 22 .762° 34 .817
48 .768 26 .935 37 .710
49 .646 27 . 714 38 .670
52 .595 | ’ 41 469
53 .524 ) S 44 .782
56 .650 . 67 . .582
57 .456
59 .419
Eigenvalue 9.25 3.08 2.73
Percentage of hd
variance 39.20 13.00 - 11.60
Cumulative . ' ‘

percentage 39.20 52.20 63.80
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. - Table 8

Factor Pattern Loadings of >.3 for EMG:Affective with Eigenvalues
and Percentage of Variance

‘Variable Factor 1 Variable Factor 2 Variable Factor 3

,»-\ 4 700 2 469 19 .800

8 .813 4 .416 23 - 829
49 .494 10 -763 25 .708
53 511 12 .326 27 .589
57 .535 21 . .733
Eigenvalue - 8.01 : 2.48 1.14
Percentage of :
variance 41.60 12.90 11.70
Cumulative ;‘ :
percentage 41.60 . 54.60 . 66.2
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Table 10

Factor Pattern Loadings of >..3 for EMG:Bulbar with Eigenvalues
ind Percentage of Variance °

Variable Factor 1 Variable Factor 2 Variable Factor 3.

53 . 460 61 .510 33 .342
56 .349 62 .371 34 .854
62 .491 64 .335 35 . .746
68 .521 65  .733 37 .622
‘ - [66 . 469 38 . 490
41 .339
’ T 43 .915.
i? T . 44 - 795
' 45 .715
67 - .588
 Eigenvalue  14.09  3.63 ¢ 3.32
‘"Percentage : ‘ .
of variancelj§K70 -11.80 : 10.80
Cumulative . i -
percentage 45.70 57.50 . ' 68.20 -
— — ————
| ¢
» - ° -‘;l
v - ) .
. L
" /" : Py
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Factor Pattern Lioadings of >.3 on All Factors for EMG:Arm
with Eigenvalues and Percentage of Variance

Factor 1

Variable Variable Factor 2 Variable Factor 3
1 917 | 2 .321 2 .581
3 .583 - 5 .694 3 .639
4 .683 7 .554 .527
7 .399 9 <787 11 . 841
8 .694 . 13 . 406 |
10 , 540 14 o 551
12 .386 15 - .521
13 . 350
Eigenvalue 6.67 1.19 1.05°
Percentage of . N ‘
variance 74.80 13.40 11.80
Cumulative‘ ) .
percentage 74.80 88.20 A : 100.0
. .
]
\H\
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Table 13
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FPactox Pattern Loﬁaings of 3.3 on All Factors for EMG:Lip
with Eigenvalues and Percentage of Variance

Variable Factor 1- Variable

@

_Factor 2 Variable Factor 3
33 .416 32 .660
34 .790 36 .549
35 - .849 41 .453
37 .730 42 .713
38 .532 . s
43 .934
44 .916
45 .671
Eigenvalue 6.46 0.71 1.18
Percentage of '
- variance 77.20 8.50 14.20
Cumulative -
percentage 77.20 100.00 91.50

LY

Note: Where column is blank, no variable loaded >.3 on that

factor.
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Table 14

Factor Pattern lLoadings of >».3 on All Factors for EMG:Head
with Eigenvalues and Percentage of Variance

variable Factor 1l variaBle Factor 2

47 -798 )
48 .623
49 .639
40 .795
52 .576 | ﬁ
53 .474 '
54 .739 .
.55 . 840 4
56 .641
57 .361
58 .542
Eigenvalue 7.53 ' _ 1.21
Perxcentage of . '
variance 86.20 . 13.80
Cumulative
percentage 8a. 20 100.00

Note: Where column is blank, no variable loaded ».3 on that
factor. ’
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as'highly as some of the other, nontask specific forehead
variables. Specificity was not found in aﬁalyses of any of.
the factors emerging frqm any of the factor aﬁalyses.

rW_hen separate factor analyses were performed on the
self-referent and other-referent variables (see Tab@esls and .
6) , the forehead locale again contributed the highest loadings
on the first factor in both cases, but high’ lcadings were also
found for an eyé and lip variable in the EMG:Self analysis and
for a lip and arm variable in the EMG:Other analysis. Factor
2 was an Arm factor for EMG:Self and a Leg factor for EMG:
Other. Factor 3 was an Eye factor in the former and p{}marily
a Lip factor -in the !latter case.

Tables 7 and 8 indicate the heutral and affective
factor analysis patterns. In the EMG:Neutral case, factor 1
was a Lip factor, with smaller loadings on an eye and a leg
variable. Factor 2 waé an Arm factor, factor 3 Lip, and
‘factor 4 Leg, From the factor analysis of the affective
variables, the® first factor loaded significantly on‘botﬁ
head and arm variables. Since all these variables were (
other~referent, this factor cogld be simply labelled as
Head-Aém—Other. 0f all analyses done, this was ﬁhe only
case in which any kind 05\3 consistent pattern was detectable
and is interpréﬁed as a chahce phenomenon.‘!

Table 9 (EMG:Extrenities) indicates a mixed‘first

factor, with highest loadin

from the leg component. Facgtfors
]

2% '3, and 4 are legqg, 'Arm, and Le hrespectively. Factor
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analysis of the bulbar (lip, head, eye) region resulted in
the extraction of three factors. Factor 1l was a mixed Head-
Eye factor. Factor 2 was exélusively Eye, and Factor’'3
primarily Lip. It should be noted in comparing fabpgr
analyses that analyzing-in terms of body regions, as opposed
to self-other or neutral-affective, yielded prime factors
that accounted for considerably more of the variance. There
w;s reason, therefore, to suppose that factorlanalyses of
the five sets of locale variables separately would yvield
large general factors. As Tables 11 to 15 indicate, this
proved to be the case. The EMG:Head analysis, for examgie,
resulted in a first factor which accouﬁted for 86.2% of th&
variance. It was the forehead variables that had the higheét
loadings on the first three factor analyses performed.

The con;lusiﬂP drawn from the various factor analyses
is simply that the EMG variables intercorrelated solely in
gbrms of body region. Manipulating locale variables in terms
of self vs. other ~teference and neutral vs. affectlve quallty‘
had no effect. With the body factors clearly dellneated, and
having-no empirical basis from which to pursue the self-other
or neutral-affective differences, it was decided simply to
employ bédy locales in subseguent analyses as dependent
variables, summing raw scores over the 15 region-specific

variables to get composite scores for each locale.
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, -
The Psychological Test Data

The psychological test data were arranged for use as
independenttvariables. The data matrix was constituted as

follows: scores on 12 POI.scales,.all 16PF scales, 2 EPI

‘scales, 1 Cattell Culture Fair IQ score, and 1 score on the

HABGT Psychopathology scale, for a total of 32 test variables.
In order to reduce these data to more manageable proportions,
the following procedures were implemented.

1.4 a Principal component ﬁactor analysis with
iteratiOnS'and varimax rotation was done on the POI scales.
Re;ults of this analysis appear in Table 16. With 72.6%
of the total variance accounted for by the first of\three
factors, the first factor was regardea'as a general factor
and éstimated factor scores were deiived from it. This was

done by multiplying factor-score coefficients by the standard

scores of the variables and summing over all variables for

each subject. The resulting composite scale score became |
the POI variable in subsequent analyses.

The,genera; factor that emerged in this analysis was
highly 163Eed by scales having £o do with feeling and its
expression (numbers 5 and 6), with interpersonal contact
(11 and 12), and with self-direction (2). As distinét
from the more intel}ectual aspects of self%actualization

measured by.the P0OI, this factor appears to Be primarily

_ e ]
affective in nature and could be labelled "Feeling-

“r
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Varimax Rotated Factor Matrix of POI Scales with Eigenvalues

-

and Percentage of Variance

e
s

POI Scale, Factor 1, Factor 2 Factor 3
1 Time Cémpetence . 189 .614 .192
. 3 Inner Directedness .591 . 757 .231
3 Self-actualizing Value .427 .223 .730
4 Existentiality 376 .581 .039
5 Feeling Reactivity .773 .232 .064
6 Spontaneity .545 . 447 .228
7 Self-regard .138 507 ‘..ﬁ81
8 Self-acceptance .220 .588 -.109
9 Nature of Man -.163 .117 .563
10 Synergy .077 -.047- .525 .
11 Acceéptance of Aggression .681 .245 .095
12 Capacity for Intimate Contact.GfS ' 462 .162
Eigenvalue 4,78 1.21 0.58
'‘Percentage of variance 72.60 18.50 8.90
Cumulative percentage 72.60 91.10 100.00
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Interpersonal Sensitivity." The second factor seems.mainlf
éne of self-perception and the third, intellectual awareness.
o 2. The 16 source variable scores of the 16PF were

transformed into four second-order factor.scores according
to the 'formula given by the Institute of Pérsonality and
Ability Testing (1972). The original 16 - raw scores were
¥irst tranSformea int; sten scores and the second-order
scores were derived ftdm the sten scorxes. The four factors
were: (

Ql‘}ntroversion vs. extraversion

Q, low anxiety vs. high anxiety

Q3 tender-minded emotionality wvs. tough poiéé

' Q4 subduedness vs. independence

3. Factor analysis was performed on the combined
four 16PF second-order and two EPI scales, as anticipated
in the previous chapter. The method was principal,factof—
.ing with iterations and varimax rotation. Results of this
“analysis appear in Table 17. As expected, the 16PF anxiety
scale and EPI Neuroticism scale ére highly correlated and_'
load heavily on the first factor. The EPI and 16PF
introversion-extraversion scales are also highly correlated
and are highly loaded on the second facﬁor. It was, there-
‘fore decided to selgct thé scale with the'kighest loadings
on each factor for use in later analyses. These wexe the

16PF Anxiety and the EPI Extraversion scales.

L}
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Table 17

Varimax Rotated Factor Matrix of EPI and l6PF Second-order
Scales with Eigenvalues and Percentage of Variance

Scales Factor 1 Factor 2
1 /EPI Extraversion ' -.024 .864
2{~ EPI Neuroticism . 820 -.047
16PF Extraversion —~.343 .633
/4 16PF Anxiety . . 887 - -.155
16PF Tough Poise ' ~.419 .302
6 16PF Independence -.651 .249
. Eigenvalue 2.57 0.93
' Percentage of variance 73.50 26.50
Cumulative percentage 73.50 100.00
y f
Q N ‘
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Utilizing the anticipaéed déta reduc;ion procedures,
a final set of seven test‘QariableS‘was compiled, a POI
score, three 16PF second-order scores (Anxiety, Tough Poise,

\

and Independence),'EPI Extraversion, HABGT Psychopathology,
and the Culture Fair IQ. While thése scales were originally
selectedlon an a priori basis for .their potential value in
assessing the psychologifal maturity of the subjects,
decisions remainea as to their relatiye value in so doing.
Therefore, a method of ranking and-weighting the écales
was employed. Ten practicing clinical psychologists who

were familiar with the test scales were‘independently

given a descriptive profile of a prototypical mature

individual and asked to rank order and weight the scaleé

according to their relevance or importance in measuring

the construct: This profile was compoged from various-
theoretical and empirical'sourcés and appears in Appendix

9, along with instructions to the clinical judges. Table“

18 indicates'thé ranks and weights assigned by thé judges.

It will be noted that the POI received the heaviest mean
weighting by a considerable margin,_folloved by the 16PF
Independepce scale and so on. For purposes of compiling a com-
posite maturity score from all weighted variables, the raw

. . : A
scores of each scale - (factor scores in the case of the POI) were
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transformed into standard scores. The resultiqg % scores -
were théfi~multiplied by the average rated weight of the .

sgales and combined as follows: MAT = 32.TZ;+'20.3Z +

?.4.7Z - 14.5Z - 11.62'—,6.22.

Itiwill be seen that three of the scales are com-
bined additively and three subtractively. Tﬁus'scores on
the por, 16pF Independence, and l6PF Tough Poise are summed Fua.

‘and sﬁbtracted from them are scores on 1l6PF Anxiety, 3PI

Extraversion, and HABGT Psychopathology. While an argument

x

could be made that extraversion. is not necessarily inversely

g

related to maturity, on the theoretical point that less

extraversive individuals are more cortically aroused and

" cognitiveély active and less peripherally involved (Eysenck,

1967), it was judged thqt, except in extreme cases, lower

extraversion scorers were likely the more mature individuals, .

- EPI Ext;aversion was, therefore, deequ a subtractive factor

in the eqﬁation.
Having arrived at a composite index of maturity

(MAT) , it then became possible to categorize and group sub-

3

jects in terms of the magnitude of their composite MAT ‘ —_ Q;

score, the higher scorers being the more mature. Three

levels of this independent variable were devised: high,

medium, and low. The two.highest ranked and weighted scale

variables, namely, the POI gnd 16PF Independence, jwere also
independently divided into the same three levels according

to the ordering of their scores.
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Statistical Analyses of the Physiological-
Psychological Relationship

The research question at thisg point was whether ~

. : * ]
the criterion (EMG) measures were significantly related

- to the three igdependént variables. As an overall test

of the relationships, a multivariate analysis of variance
was first performed on the MAT variable and the five
dependent. variables. Three ‘levels of MAT were tested:

high, medium, and low, with contrasts made between’ both

the extreme groups and the miédle group. The_dependént

variables are represented in the analyses as follows:

arm, variable 2 = leg, variable 3 = iip,_

N

variablel4 head, ﬁariablé-5'=,eye. Tables 19 and 20
represent the results of multivariate anélyses of vari-
ance and regression and tests of significance. As Tablé
20 iI;dicates, there is no significance. in the overall
test of the null hypothesis of equal effecfs of levels

of the independent variabfe. Hénce, the null hypothesis

is retained and it is concluded that there are no signifi-

cant differences between categories of the independersp
variable in a multivariate analysis. The univariate
analyses, which release control of tkRr"ffects of the

other dependent variables, are also nonsignificant,

. although there is a trend to significance for variable 5

(eye) .

. -
s /

1
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Table 19

Regr‘ssion Analysis of MAT with IQ as .Covariate for Test of
Null Hypothesis of No Association between Dependent and

. Independent Variables (N = 120)
 variable: - R ngaie Multiple R - F p less than
1 0.0006 0.0245 0.069 0.792
2 0 0.9229 0.1515 2.724 0.101
3 ' 0.0096  0.0981  1.127  0.290
4 0.0040 0.0632 0.465 0.496

5 : " 0.0001 0.0072 0.006  0.938

df hypothesis = 1
df error = 116"

F for overall hypothesis of no association = 1:502, with 4f

= 5 and 112, and p<0.194.

Note: Tests of statistical power of F tests as follows:
Vgriables 1,3, 4, 5 = .05
Variable 2 = .32



7 ' Table 20
. . . )
Analyses of Variance of Three Levels of MAT for Test of Null
Hypothesis of Equality of Mean Vectors (N = 120)

- -

Variéble Mean Square Univariatle F P less ‘than
1 ' 381.50 ©1.279 0.282
2 450.09 ~ 0.681 \ 0.507
3. - 6490.65 1.893 0.155
4 2638.43 .1.832 ° 0.164
5 10541.09 2.652 0.074

df hypothesis = 2

df eryor .= 116 .

F- ratio for multivariate test of égquality = 0.845,
with df = 10 and 224, and p>0.585.

WA Caiie t L 4 AR me———— o
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; A seéond'ﬁultiVArﬁate aqélysis was éerformed, this
tiﬁe 65 a crossed design employing three levels of two
factors, PQI-and 16PF Independénce, wiEp‘IQ as covariate.
Table‘lecontains gﬁe statistics for the régrgssion{apalyﬂ_

-,8is .with IQ as covariaté\\ Tables 22, 23, and 2& indicate
the results of the multivafiq?e and univériate analyses
with the cov;;kéfé’ggﬁaved ugzng'the unbiased estimates of
both-independent variables. In all'cases, thg_évefall S
multivariate tests are nonsignificant. Uhivariate tests |
are.also nonsignificant, with a very_sl;ght trend suggested

. ’ Fa
on the leg variable in the case of the POI main effects

and on the eye variable iﬁ the' case of the 16PF Indepéndénce
main effects. Jhere iéealso a tkend toward significance.Ond
the eye vériaple with the interaction test.

In view of t%e nonsignificant resul£s obtained employ-
ing three levels‘bf the independent variables, it was conjec—
tured that‘by using extreme scores of the independent variables

~

any differences that existed on the variable would be maximized.
The MAT, POI, and lGPF;Independence variables were, therefqre,
divided into two levels, with thi levels comprised of.the

22 highest and 22 lowest scores, :éspeEﬁ&vely. MANQVAS

were performed- on these factors separately. Results appear
in Tables 25, 26, and 27. All multivariate.and univariate

'F ratios were nonsignificant. The only promising trends

occurred in the analysis of the 'MAT factor, where g.;afios
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Table 21
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Regression Anaiysis of POI with IQ as Covariate for Test of

Null Hypothesis of No Association between Dependent and

Independent Variables (N = 120)

&

~ with df = 5. and 106, and p <. 0.154}

Variable R Square Multiple R  F p less £han
1 ' 0.0015 0.0384 0.1625 0.6877
-2 0.0211 0.1453 2.3735. 0.1
.3 0.0077 0.0879 0.8570 0.3567
4 0.0086 0.0925 0.9487, 0.3322
_5°  0.0000 0.0069 0.0052 0.9428
df hypothesis = 1
df error = 110 : . :
. ¥ for overall hypothesis of no association = 1.644,



Table 22 i
Analyses ,0f Variance of Three Levels of POI for Test of Null
= 120)

Hypothesis of Equality of Mean Vectors (N
p less than

Variable _Méan Square eUnivariate F
1 116.71 © 0.381 0.683
2 1128.96 1.695 0.188
3 1631.90 0.462 0.630
4 8.25 .0.005 0.994
5 ) 1088.18 0.275 0.759
= 2 - Ty

df hypothesis
_df error " =110
F for multivariate test of equalidy = 0.552,

T wifh 4f = 10 and 212, and p <0.851.
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Table 23" R

Analyses of Variance of Three Levels of 16PF Independence for
_ Test of Null Hypothesis of Equality of Mean Vectors

(M = 120)
Variable Mean Square  Univariate F P less than
1 ' 300.95 0.983 £ 0.377
2 17.62 0.026 ©0.973
3 : . 3832.25 ~1.086 : 0.341
4 . 673.03°-  0.441 . 0.644
5 . 7850.03 1.990 0.141-

df hypothesis = 2

df error - =. 110 :

F for multivariate test of equality = 0.940,
with 4f = 10 and 212, and p<«0.497..

tL\

TN
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Table 24

Analyses of Variance of POI X 16PF Independence Interaction
_for Test of Null Hypothesis of ' Equality of Mean Vectors

(N = 120)

variaBle _ Mean Square’ - Univariate £ p less than:
1 - 266.48 - 0.871 0.483
2 " 420.35 0.631 © o 0.641
3 3438.95 0.975 . 0.424
4 826.54 0.542 0.705
5 8029.68 2.036 0.094

-

1

df hypothesis 2

df errxor = 110

F for multivariate test of equality = 0.831,
with df = 20 and 352.5, and p<0.598.

’ 3

L]
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" Table 25

Analyses of Variance of Two Levels of MAT (Extreme Groups)

.

. for Test of Null Hypothesis of Equality of Mean Vectors

(n = 44)
Variable Mean Square Univariate F ~. P iess than
' ‘hﬁ ) . ‘
. 1 - 504.56 1.549 0.220
e . . . .
~ 2 . 945.81 1306 0.242
3 10211.41 - 3.532 ©0.067.
4 160.36 - 0.467 . 0.497
5 o 8351.76 2.844 0.099
—
af hypwthesis = 1 .
df error = 42 .

F for multivariate 'test of ‘equality = 0.999; -
with df = 5 and 38, and p<0.431.

T -

-~ TR
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Table 26

analyses of Variance of Two evels of POI (E:-rt:_: me Groups)
for Test of Null Hypothesis pf Equality of Mé Vectors |

(= {14)
Variable Mean Square Univariate F p less than
1 47.05 10,147 0.703
<2 © 394.79 . 0.587 . 0.447
3 L 15.60 0.003 0.956
4 . 107.26 - o}(m/ 0.653

5 . 6514.82 2.075 . 0.157

df hypothesis = 1 .
df erroxr = 42 . i
F for multivariate test of equality = 0.776,

~ with df = 5 and 38, and p<£0.573.

4

My
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Table 27

Analysis of Variamce of Two Levels of.16PF Independence
(Extreme Groups) for Test of Null Hypothesis of
Equality of Mean Vectors (n = 44)

Variable Mean Square Univariate ¥ p less than-
1 748.68 2.178 0.147
2 116.18 0.149 0.701
3 7807.11 -2.728 . 0.106
4 1262.60 =  1.609 0.211

5 6410.60 1.628 . | 0.209

df hypothesis = 1

df error = 42 .

F- for multivariate test of equality = 1.010,
w;'Lth df = 5 and 38, and p < 0.425. '
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fos-the lib.ena eye were at the <« .l comfidence level. -
bf-d"three Qariables tested by, the extreme groups method,
.the MAT and 16PF variables showed more, general trends to .
significance than did the POI. g; i

A predominant - feature 5? these analyses was the
large within-~-cells error term which resulted in low F
ratios.” As Can be seeﬁ by consulting the data printoufs
in Appendices 10 = 12, levels of the independent‘variables
split.in the predicted direcfion when chserved meaps'were

coeggge;edffgaz the within-cell variation nullified Epe

differences to some extent.

¥
Using the procedures and tables outlined by Cohef

(1977) , the power of the statistical F tests in Tables 19

—"‘r

and 20 were celculated. An alpha of .05 was selected and
the effect size (f2) angd noncentrality parameter (L) cal-
culated for each of the‘hependens variables. As will be
noted under Table 19, very low statisﬁical power.obtained-on
ail'contrasts, all being .05, with the exception ef variable
2 Yleg) vhere power was .32. These findings saggest that
group differences may in fact exist, that there %s not
equality of mean vectors. In other words, there is-not'
sufficient evidence for é rejection of the null hypothesis.
‘Rather, the differences beiﬂg soﬁght were not detected with |
the design and'stapistical methods employed. This power

estimate indicates the theory was. far from beiné'ﬁut to

exhaustive test by this experiment. ' ‘ oY
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CHAPTER: IV

DISCUSSION

.\,
]

This chapter discusses the results of the explora- .
tory study and makes suggestions for future research in
the field. h \7«—\ ' &

.1" . .
General Overview of Results
' g Q

&
- As a general finding, there weré\statisticaliy non-
significant resﬁlg; on the test of the relationship between
the composite maturity variable andaige sufimated EMG logal
scores, and the POI and léPF variables and the EMG SCJC::‘
There is a trend to significance for a reiationship be-
tween tfé maturity score aﬁd eye*mbvément in both the
three-level (high, medium, low)‘MANQVA and the extreme
group MANOVA (p < .07, P «.09), suggesting the possibility
éhat the less mature subjects had more ocular activity }y/
when they imagined thén the more mature subjects. In the
absence of genuine statistical reliability, however, further
interprgtation of the relationship is not warranted.r On the
basis of the statistical analysis, the\differeace_in.myo-
acti%ity during movement imagery of a normal male population
was not found to be related to measures of psychological

maturity.

-~



EMG Data

The main source of difficulty in the.apalysis of the
psychological-physiological relatioﬁsﬁip was\the nature of'
the rawaMé scores. As previflisly indicated (Chapter III),
EMG scores on all the image-task variables were positively
skewed, with many zero ;cores (no EMG) in manyl ecords and
a few high scores in seveﬁel. The iﬂtercorrela ions of
thége Variables was demonsﬁrated to be nonlinear ) which
forced the abandonment of factor-scores as independent
variables anq led to the testing of the psychological-

, Physiological relationship from the other direction, i.e.,
with'EMG raw scores as dependent variables.

The five dependent variables turned out to be posi-
tively correlated in the MANOVAs, in some cases fairly
siénificantly 50, e.d., between arm and leg, leg and heéd,
iip‘and eve, iﬂ the MAT MANOVA (see Appendix 11). At tHe
same time, the wiﬁhin—groups variances, or error.terms, in
the various MANOVAsS were quite large because of the range of
scores’on the locale variables. The result was a lowering
of the F ratios and reténtion of the null hypotheses. Had
the data been normally distributed as had been hoped, the
anticipated relationships might have obtained.

Pre-experiment pilot investigation on normal college

males had demonstrated occasional zero amplitude scores, so

zero scores were not unahticipated in this survey. However,

e
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the extent of this feature of the data was surprising,
résulting as it did in the skewed distéibutions. This
writer is inclined to believe at this point that, in a
normal samplé of the size of the one employed
study, positive skewness is an inherent featurXe of the
phenomenon of imaginélly induced muscle contraction.'
Therefore, the suggestion is made that in further studies
what is needed is either an expanded sampling of the
same.population, or a survey of a more heterogeneous
sample, including clinical populaﬁions, or both.

Greater heterogeneity of the sample may also have
been obtained by increasing the ﬁumber of older subijects.
Practical constraints onlsubject recruiting had resulted
in only a few subjects over *he median age of 19.6 being
included in'thélsample. 0

In sp%culating about other possible reasons fér
minimal EMG amplitude, it is worth analyzing the context
of the EMG recording. Subjects were required to enter an
unfamiliar situation and rather quickly adopt a mental and
bodily set conducive to imagining, i.e., relaxation. It.
is possible and indeed brobable tﬁat for certain sukjects
this ideal state was not achieved, or was échieved only
patﬁially, and that irrelevant cognitive or somatic events

intruded to interfere with optimum recording. Future

research in the area should recognize the importance of

97
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pretest relaxation and take steps to assure it, sﬁchfas by
having.subjects in a prone position before end.during.recor-
Qing,.a condition that was not possible in this study. Aids
to relaxation, such as progreseive relaxation in training
ox hypnotic suégestion, could also be employed. In addi-
tion, a pestsession ehe&k-on the vividness and/or Quration
of the-subjects' imager§ could be cobtained and perhaps
should be done routinely in studies of this sort. Degree

of vividness of imagery could be used as a screening device
or may be an important variable in its own right in pre-
dicting change in EMG amplltude |

This study employed an -artificial laboratory situ-

‘ation %n which subjects responded to instructions to imagine
mdvemeﬁ% activities. These activities were presumed by the
author to be coﬁmon evenés within the range of experience

or at least capable of being conceptualized by adult subjects.
An alternatlve to this approach could be one in which the

EMG assoc1ated with the dreams of sleeping subjecfs is
recorded. While creating certain design problems, such an
'epproach would tap the idiosyncratic and‘presumably more
meEningful imagery of.subjecte and obviate the difficulties
inhegent in imposing contriwé& image tasks.

\\ The matter of recording sensitivity should also be
considexed. This study employed uniform amglification and
recordi:;\érocedures Eerss subjects and instrument

N

\'A
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sensitivity-wés checked for each'suhjec@ prior to recording.
Wpere.igsensiiivity may have resulted, however, was in the |
choice of body locales for electrode placement, with spgeific
reference to placemeﬁt on the extremities, where zero or/
minimal amplitude was most prevalent. For example, in the
casé of the arm, greater sensitivity may have been obtained
using a_ finger.electrode placement instead of the fotrearm
flexor. %p?ile groups of the leg oﬁher than the gquadriceps,
or different placings on the quadriceps may ﬁave detected
EMG changes. The author is of the opinion that future re-—

search undertake extensive pretestigg,n{\339y4§gcales to

assure choices of optimal sensitivity.

Psychological Data
Y

In this study, degree of maturity of the individual
was derived from existing psychological tests. These tests
were believed, on theoretical grounds, to measure various
aspects oxr components of "maturity." Whereas it was imprae—
ti;aiﬂin a normative, data-base study of this kind to employ
-instruments requiring individual administration and complex L*
" interpretation, it is conceivable that such instruments may
have equal or better va%fdity as measures of maturity.
Dynamically oriented te%pn%?ues such as the Rorschach would

be one possibility, as would cpen—-ended sentence completion

questionnaires. Lifé-style maturity questionniaires or
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From the standpoint of the tést of the psychological-

projective-type measurgs could be ortained. -

physiological relationship of this study, questions of the
validity of the measures of the independent variables are
academic, given the nonsignificZPt results that were found.

L) »
It is interesting to note, howeVer, that the composite -

maturity index (Mﬁ%) came closer to yielding significant 4))

w4 \\\\fesults than did the two tesé scales (Pof and 16PF) taken

;GA ) sinqu. o é;

Whereas psyahological test measures were used on tbis
study as indices of maturity., the author Qishes to suggest
that there are other ways to attain the same end. One would
be to categorize subjects on an age dimension, from mid-
or late-adolescence to old age and test differenees using
these categories és independent vafiables. As a possiﬁle
refinement, measures such as the POI (in this study th%
best singla_measure of maturity) ‘could be obtained on sub-

jects in each ‘category, and within-categorieg as well as

.\//

between-cat@gories differences tested.




SUMMARY. AND CONCLUSIONS

-This study set out to e?plore the relationship -be-
. Trgt T =
tween measures of psychological maturity and covert muscle
activity during human movement imagery. The rationale for
undertaking this investigation derivéd\from several sources:

L

the t?fories of human development that postulated decfeasing
motorlinvolvement in the couZZ?’bf'mental growﬁ?; the empiri-

cal evidence for a qofrelati between muscle tension and
emotionality; evidénce from the eafly motor theories of >
consciousness that loca'lized motor reaction sometimes |
accompanied thinking; the electfophysiological data krom _
Jacobson and othe:s'nhich showed myoactivity during imagin-
ing in some subjects. The thesis contended Ehat myoactivity
to @mgginafLstimuli ought to be of greater magnitude;in less
"mature" individugis, on the theoretical proposition that

the more mature, integrated individual could carry out the
mental task of imagining an éctiviby with minimal concomitant
involvement of the csréesponding muscle group.

In,order to explore this poééibility[ 120 male uni-
versity students were stﬁdied in a repeated measures survey.
Usiné surface eleq;romyography, bévert muscle aéﬁivity was
simultaneously recoxrded from'fivezbody regions (arm, leg, lip,
head, eye) while subjects imagined a series of 15 human
movement.activitiké,‘some'of which were self-reference, some

. : ¢
other-referent, some neutral in content, some affective in content.

Fy
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i . - .
n the second phase of the study, the-120 subjects were -

appraised as to their "maturity" ététu§. ""Po this end,
existing psychological instruments weré surGeyed and five
selected for use in the study: the Personal Orieﬂtation
Inventory, t%e Cattell XéPF, the Eysenck Persdnaliéy Inven-

. ‘ o Vs _

tory, the Hutt Adaptation of the Bender-Gestalt Test, an&*-’//
the Cattell Culture Féir Test of Intél;igence. All were
chosen on an-a priori basis as measures éf aspects of
maturity. Data reduction proﬁedures yieldedlsix test-scale

]

variables, each of which was rated by clinical jﬁdges'igqag

\_/"./

validity as a measure of matﬁrity. A composite maturity
index was devised frgm weighted scale measures for use as
the principal psychpiogical v§riable in analyses of the -
physiological (EMG)-psychological relationship.

| The EMG variables were positively skewed in their dis-

®
tributions and nonlinear in their intercorrelations. Factor

analyses Pf'thé EMG data maﬁrix were hoqe to see what, if
any, interpretable factors would emerge.. Factors were found
to load highly in clusters of b6ay region variables, but not
in termé of self-other or affective-neutral dist}nctions.

The nature of the EMG déta (nonlinearity) Precluded
their use as independent vafiables? ‘Instead, in view of the
body region factor patterns observed'to exist, these data -

were employed as dependent variables. Five dependent vari-

ables were created by summing all the scores of variables

t
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‘‘associated with each locale. Several multivariate.anaiyéeé
of variange were performed on these data. The first of
these.used three lévels—-high, medium, and low--of the
maturity measure as fhe independent Yéﬁ}able; High, medium,
and low levels of the POI and 16PF Independence factor

were also used in a crossed design. .The hypothesis in all
cases was that there'WOuid be significant differences between
the levels,. With‘high levels of the independent variable pre-

: ‘ .
dicting low EMG scores. The multivariate and univariate F
:\‘}?

ratios were’ nonsignifti
to‘significance for thdleye l-céle of the test of the maturity
factor. BAn attempt wa
the independenq variapkea~by testing extreme groups of the
distributions. fgo-factor MANOVAs were performed using
extreme group; for the maturity, POI, and 16PF wvariables
separately. Again, teéﬁs of the relationship were nonsigni-
ficaﬂé, with slight trends to significance noticed on the
'maturity and 16PF factors. |

The nonsignificance of the teéts of the relationships
was interpreted as due to the noncontinuous nature of the
EMG‘score distribution and heterogeneity of the variance of
the scores, which resulted in large error terms in the F
ra#ios. It was contended, however, that, consideriﬁg the '

observed means of the dependent variables in the various

MANO@AS, differences did exist in the anticipated direction,

\

Al
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—

déépite Zhe fdilure to attain statlstlcal validation for
the reasébns already mentloned It was also suggested that-
1ncrea51ng the number and/or kind of subjects might normal-

-

ize the distribution of Scores and homogenize the variances.

Y .



REFERENCES

Adcock, C. J. A comparison of the concepts of Cattell and
Eysenck. British Journal of Educational Psychology,
1965, 35, 90-97.

Bassin, F. V., & Bein, E.S. Application of\électromyography
to the study of speech. In N. O'Connor (Ed.),
Recent Soviet psychology. New York:  Liveright, 1961.

Berlyne, D. Structure and direction of thinking. New York:
Wiley, 1965.°

Blumenthal, M. Lingqual myographic respconses during directed
thinking. Unpublished doctoral dissertation. Univer-
sity of Denver, 1959.
L4
Bruner, J. 5. The course of cognitive growth. American
Psychologist, 1964, 19, 1-15.

Bruner, J. 8., et al. Studies in cognitive growth. New York:
Wiley, 1966. '

Budznyski, T., Stoyva, J., Adler, C. S., & Mullaney, D. J.
EMG biofeedback: A controlled outcome study. Psycho-
somatic Medicine, 1973, 35, 484-496.

Cattell, R. B, Manual for the 16 PF. Champaign, Ill.:
Institute‘fo; Personality and Ability Testing, 1972. -

Cattell, R. B., & Cattell, A. K. S. Handbook for the culture
fair intelligence test. Champaign, Ill.: Institute
for Personality and Ability Testing, 1959.

Cattell,. R. .B.’, Eber, H. W., & Tatsuoka, M. M. Handbook for
the 16PF questionnaire. Champaign, Ill.: Institute
for Personality and Ability Testing, 1970.

7
Dashiell, J. F. A physiological-behavioristic description of
thinking. Psychological Review, 1925, gi%/;4—73.

Dashiell, J. F. Is the cerebrum the seat of thi ing?
Psychological Review, 1926, 33, 13-29.

Davis, J. F. Manual of surface electromyography. WADC
Technical Report 59-184. Wright-Patterson Air
Force Base, Ohio, 1959.

2



104

Davis, R. C. Response patterns. Transactions of the New
York Academy of Sc1ence, 1957, 19, 731-739.

puffy, E. T;\)COncept of energy mobilization. Psxchologl-
cal Review, 1951, 58, 30-40.

Duffy, E. The psychological significance of the-concept of
arousal or activation. Psychological Review, 1957,
- 64, 265-275. : . .

Dunlap, K. A system of psychology. New York: Scribner's,
191z, :

Eysenck, H. J. The blologlcal basis of personallty., Spring-
field, Ill.: Charles Thomas, 1967.

Eysenck, H. -J., & Eysenck, S. B. Manual for the Evsenck
personality inventory. San Diego: Educational
and Industrial Testing Service, 1968.

N

Freeman, G. L. Mental activity and the muscular processes.
Psychological Review, 1931, 38, 428-447.

Gardner,»w._D., & Osburn, W. A. Structure of the human body.
Philadelphia: Saunders, 1967. ’

LI

Gellhorn, E. Principles of autonoﬁic?somatic integration.
Minneapolis: University of Minnesota Press, 1967.

Goldstein, I. B. Role of muscle tension in personality
theory. Psychological Bulletin, 1964, 61, 413-425.

Goldstein, I. B., Grinker, R. R., & Heath, H. A. Study in
psychophysiology of muscle tension: Response
specificity. Archives of General Psychiatry, 1964, -
11, 322-330.

AW

Guilford, J. P. The nature of human lntelllgence. New Yoxk:
McGraw-H111l, 1967.

-

Hardyck, C. D., & Petrinovich, L. F. Subvocal speech and
comprehension level as a functiom of the difficulty
level of reading material. Journal of Verbal Learning
and Verbal Behavior, 1970, 9, 647-652.

Hathaway, S. R.. An action potential study of neuromuscular
- relations. Journal of Experimental Psychology, 1935,
18, 285-298.




~

105

Heath, D. H. Explorations of maturity. New York:
Appleton-Century-Crofts, 1965. .

Hebb, D. O. Concerning imagery. Psychological Review, '

1968, 75, 466-477.

Humphrey, G. Thinking. New York: Wiley, 1951.

Humphrey, G., & Coxon, R. The chemistry of thinking.
Springfield, Ill.: Charles Thomas, 1967.

ﬁutt, M. L. The Hutt adaptation of the. Bender-Gestalt test.-
New York: Grune & Stratton, 1969.

Jacobson, E. Electrical measurements of neuromuscular states
during mental activities: 1. Imagination of movement
involv¥ing skeletal muscle. American Journal of
Physiology, 1930, 91, 567-608. (a) - 2

Y

Jacobson, E. Electrical measuregpnts of neuromuscular states
during mental activities: II. Imagination and
_ recollection of various muscular. acts. American
__ Journal of Physiology, 1930, 94, 22-34. (b)

Jacobson, E. Electrical measurement of neuromuscular -states
during mental activities: III: - Visual imagination
and recollection. American Journal of Physiology.
930, 95, 694-702." (c) :

Jacobson, E. Electrical measurement of neuromuscular states
during mental activities: IV. Evidence of contrac-

tion of specific muscles during imagination. ~ American

Journal of Physiology, 1930, 25, 703-712. (d)

Jacobson, E. Electrical measurement of neuromuscular states
during mental activities: V. variation of specific
, muscles contracting during imagination. American i
. Journal of Physiology, 1931, 96, 115-121., Qa)

Jacobson, E. Electrical measurements of neuromuscular states
during mental activities: VII. Imagination, recolleo-
tion and abstract thinking involving the speech
musculature. BAmerican Journal of Physiology., 1931, .
97, 200-209. (b)

Jacobson, E. Electrophysiology of mental activities.
American Journal of Psychology, 1932, 44, 677-694.

™



106

s

Jacobson, E. Progressive relaxation. Chicago: University
of Chicago Press, 1938. ' .

o

Jacobson, E. Thgfﬁiiect measurement of nervous and muscular
states with the integrating neurovoltmeter. American
Journal of Psychiatry, 1940, 97, 513-523. '

Jacobson, E. Bio Bgy of  emotions. Springfield, Ill.:
_Charles T3omas, 1967. '

James, W. Principles of psychology. 'Chicago: Greats; Books,
University of Chicago Press, 1952.

In M. L. Reyment (Ed:.), Feelings and emotions.

Jones, H. E. The study of patterns of emotional expression.ﬁ%;
" New York: McGraw-Hill, 1950.

Lacey, J.,.& Lacey, B. C. Verification and extension of the
principles of autonomic response stereotype. American
Journal ‘of Psychology, 1958, 71, 50-73. '

Langfeld, H. S. Consciousnegg\and motor response. Psych-
ological Review, 18927, 34, 1-9. .

Langfeld, H. S. « The historical development of respoﬁse
psychology. Science, 1933, 77, 243-250.

Lashley, K. Basic neural mechanisms of behavior. Psych-
ological Review, 1930, 37, 1-24.

Lashley, K. The problem of serial order of behavior. In .
1. A. Jeffress (Ed.), Cerebral mechanisms in behawvior.
New York: Wileéy, 1951.

Lundervold, A. BAn electromyographic investigation of tense
and relaxed subjects. Journal of Nervous and Mental
’/ Diseases, 1952, 115, 512-525.

Malma, R: B., Smith, A. A., & Kohlmeyer, W. A. Motor mani-
festation of conflict in interview: A case study.

Journal of Abnormal and Social Psychology, 1956, 52, .
268-271.

Maslow, A. H. Toward a psychology of being. Princeton, N.J.:
Van Nostrand, 1962. -

Max, L. W. An experimental study of the motor theory of con-
sciousness: I. Critique of earlier studies., Journal
of General Psychology, 1934, 11, 112-124,

-




h‘l

107

Max, L. W. BAn experimental. study of the motor theory“of
consciousness: II. Method and apparatus. Journal
of General Psychology, 1935, 13, 159-174.

Max, L. W. An experimental study of the motor. theory of
consciousness: IV. Action-current responses in
the deaf during awakening, kinesthetic imagery and
abstract thinking. Journal of Comparative Psychblogy,

: 1937, 24, 301-344. . f//,/
- McGuigan, F. J. Thinking: Studies.of covert language

behavior. New York: Appleton-Century, 1966.

McGuigan, F. J. Covert oral behavior during the silent
performance of language tasks. Psychological
Bulletin, 1970, 74, 309-326.

McGuigan, F. J., & Bailey, S. C. Covert response patterns
during the processing of language stimuli. Inter-
Amer§ycan Journal of Psychology, 1969, 3, 289-299.

Nie, N. H., Hul?\ C. H., Jenkins, J. G., Stenbrenner, K., &
Bent, D. Statistical package for the social sciences
(2nd ed.). ,New York: McGraw-Hill, 1970.

&

. Osgood, C. E. Method and theory in experimental psychology.

New York: Oxford University Press, 1953.

Osgood, C. E. A behavioristic analysis of perception and
language as cognitive phenomena. In Contemporary -
approaches to cognition. Cambridge: Harvard
University Press, 1957.

Osgood, C. E., Suci, G. J:, & Tannenbaum, P. H. The measure-—
' ment of meaning. . Urbana, Ill.: University of Illinois
Press, 1957.

Pia&et, J., & Inhelder, B. Mental imagery in the child.
New York:™ Basic Books, 1971.

Rahmani, L. Studies on the mental develoﬁment of the child.
In N. O'Connor (Ed.), Present day Russian psychology.
Oxford: Pergamon Press, 1966. ) .

Rohracher, H. Muscular micro-activity ("microvibration")
as an indicator of psychological tension. Perceptual
and Motor Skills, 1958, 8, 150.




108

Sainsbury, P., & Gibson, J. G. Symptoms of anxiety and

: tension and the accompanying physiological changes
in the muscwlar system. Journal of Neurology,
- Neurosurgery and Psychiatry, 1954, 17, 216-224.

Shaw, W. A. The distribution of muscular action potentials
during imaging. Psychological Record, 1938, 11,
195-216.

Shaw, W. A. The relation of muscular action potentials to
imaginal weight lifting. Archives of Psychology,
1940: ir 5"'55. '

Shipman, W. G., Heath, H. A., & Oken, D. Response specificity
amont muscular and autonomic variables. Archives of
General Psychiatry, 1970, 23, 369-374.

'Shostrom, E. L. Manual for the personal orientation inventorvy.
San Diego: Educational and Industrial Testing Service,
1966. :

Titcﬁener, E. B. Experimental psychology of the thought
processes. New York: Macmillan, 1909.

Washburn, M. F. Movement and mental imagery.: New York:
Houghton Mifflin, 1916.

Watson, J. B. Behaviorism. Chicago: Uhiversity of Chicago,

S “Press, 1930.

Wenger, M. A. An attempt to appraise individual differences
in level of muscle tension. dJournal of Experimental
Psychology, 1943, 32, 213—2%&,

Werner, H. Comparative psychology of mental development.
New York: International Universities Press, 1948.

Werner, H., & Kaplan, B. Symbol formation. New York: Wiley,
1963. )

Whatmore, G. B., & Kohli, D. R. Dysponesis: A neurophysi-
ologic factor in functional disorders. Behavioral
Science, 1968, 13, 102-124.

’ *

Witkin, H. A., Dyk, R. B., Fatterson, H. F., Goodenough, D.R.,
& Karp, S. A. Psychological differentiation: Studies
of development, New York: Wiley, 1962.




}(EFERENCE NOTES ~

Barry, W. F. Perxrsonal communication, October, l“973.




APPENDIX 1 ! 4

INSTRUCTIONS TO SUBJECTS

-,
S,



5

111

APPENDIX 1
AN
INSTRUCTIONS TO SUBJECTS

r
-t

This research involves having you imagine
certain thihgq.' What I will be doing is puttiﬁg
these surface electrodes onto various parts of your

body--your arm, leg, lip, forehead, and at the

corner of your efex_ This is a harmless, painless,

!

and widely used procedure. Once you are "wired uph

and relaxed, I will be §iving you some instructions

. over the intercom from my position in the other room
i will be asking you to imagine varifus things. When
'ybqfhear me say, "Imagine sﬁcﬁ-and—such," you are
‘do‘just that. Try to.sustain £ image for about a
lﬁ—second period. After 10 seconds, I will give you
the instrucfion, "Relax," which meéns you are to
stop imagining, let your mind go blank, just relax.-
After a half a minute or so, you will receive the
next imége'instruction, followed after 10 secénds by
"Relax," and so on, until-.all the images have been
completed. I will inform YOu when the session is

over.
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PREPARED SUBJECT
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APPENDIX 3

RELAXATION INSTRUCTIONS
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APPENDIX 3

LAXATION INSTRUCTIONS

At this point you have absolutely
nothing to do or think about. You can relax
conmpletely . . . . .-Keep your eyes closed
- - . . .‘Take fairly deep breaths, exhaling
slowly each time as you relax more and more
. « . ., Let your arm go limp as a rag.

Lét your legs relax completely . . . . . ILet
your whole body sink into the chair . . . . .
Put your head back and 1etlyour ;eck and face

muscles relaXx « « « . . Just relax . . . .

There is nothing to do but relax.

’
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RESULTS OF t TESTS OF DIFFERENCES BETWEEN NEUTRAL AND -
AFFECTIVE IMAGE PAIRS ON SEMANTIC DIFFERENTIAL
RATINGS :
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RESULTS OF t TESTS OF DIFFEREQEES BETWEEN NEUTRAL AND
TIC DIFFERENTIAL

AFFECTIVE IMAGE PAIRS ON SE
RATINGS

According to Osgood, Suci, apd Tannenbaum (1957),

descriptive semantic differential measures ingthe case of

replications over different individuals can be analyzed

with the usual statistical tests of §ignificance. SD scale

scores on six neutral-affegtive pairs of image tasks were

tested fgr significant differences using t tests. ' Results

are as follows (N = 20, 4f

Image task pair

Squeezing a tennis ball

vs.

Squeezing a.girl's breast

Squeezing a lemon
vSs.

Clenching a fist in rage

Tightening your thigh muscle

vs.
Kicking a small child

Bending your knee
vs.
Kicki a dog

Whistliing a tune
vs.
Kissing someone

Chewing
vs.
Vomiting

-4.10

-4.80

-2.46

4,001

 «.001

<.001

<.001

<.001
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SEMANTIC DIFFERENTIAL SCALES USED TO MEASURE NEUTRAL
AND AFFECTIVE IMAGES
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L]

'SEMANTIC DIFFERENTIAL SCALES USED TO MEASURE NEUTRAL

A\

AND AFFECTIVE IMAGES »

-

CONCEPT
) \
good : : : : \ : : bad
worthless : : : : : : valuable
nige : : : : s : : awful
distasteful : : : : e : : tasteful
T~ :
beautiful : : : : : : : ugly
. h
~dirty : : : : : : clean’ .
pleasant : : : : T, : : unpleasant
profane : : : : : :/sacred
fair : : S : unfair

119
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APPENDIX 6

QUESTIONNAIRES, PROFILE, AND SCORING FORMS CF THE FIVE
INSTRUMENTS COMPRISING THE TEST BATTERY



PREVIOUSLY COPYRIGHTED MATERIAL -

IN APPENDIX 6, LEAVES 121 to 127
NOT MICROFILMED.

fﬂsz - Personal Orientation Inventory by Everett L. Shostrom, Ph.D.
122 - Profile Sheet for the personal Orientation Inventory.
123 - Eysenck Personality Inventory.

MAY BE OBTAINED FROM:
Educational and Industrial Testing Service
Box 7234 San Diego
California 92107

-—

124 - The Hutt Adaptation of the Bender—Gestalt'T?st

MAY BE OBTAINED FROM: /
Grune & Stratton, Inc., N.Y. .

125 - Test of "g"; Culture Fair
Scale 3, Form A

126 .- 16 PF
127 - 16 PF Test Profile

MAY BE OBTAINED FROM:

Institute for Personality and Ab1]1ty Test1ng
1602 Coronado Drive
Champain, IT11inois
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RANDOM SAMPLE OF CORRELATION SCATTERGRAMS DEPICTING
NONIfINEAR RELATIONSHIPS 7"
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APPENDIX 8

FACTOR PATTERN MATRICES OF ALL FACTOR BANALYSES DONE
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APPENDIX 9

INSTRUCTIONS TO CLINICAL JUDGES FOR RANKING AND
WEIGHTING TEST SCALES AS RELEVANCE TO
' MATURITY

5

The research I am conducting . entails, among other
things, .- the measuring of individuals in terms of their
"psychological maturity." In the literature, this term and
others like it are abundant but are so multidimensional as
to resist operational definition and direct measurement.
What I am endeavoring is the formation of a composite index
of this higher-order trait using existing psychological
tests. :

Enclosed is a profile of the psychologically mature
individual derived from existing theoretical and empirical
sources. I would like you to consider the profile carefully
and then do the following:

1. Rank the following tests or test scales as to their
relevance, importance, or contribution to the measurement of
psychological maturity as here outlined:

Rank
The Eysenck Persoconality Inventory Extraversion
scale ( ).
The Cattell 16PF-2nd order Anxiety Scale ( ).

The 16PF 2nd order Tough Poise scale ( V.
The 16PF 2nd order Independence scale ( ) -
The Personal Orientation Inventory (Shostrom) (

The Hutt Adaptation of the Bender-Gestalt test (

2. In the bracket following the test or test scale,
assign a weight to your rankings in percentage terms. Thus,
for example, yvou may deem scale or test X four times more
appropriate than scale or test ¥, so X would be weighted as
40% ¥, as 10%, etc. Your weightings should total 100%.
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f there are any questions regarding this procedure,
Please call me at 237-5660, local 173, or evenings at 225-2903.
I thank you most sincerely for your cooperation.

>

Bill McElheran

—— emm e o m— ———

&

The mature individual is highly differentiated in
the sense that higher-order mental functions, such as
abstract ability, reason, values, and philosophies of life
subsume, incorporate, and integrate lower genetic functions
of sensation- and affect. The behavior of such an individual
is less likely to be impulsive and drivendetermined,.but
more under the control and direction of cognitive structures.
Thought is differentiated from action. Such individuals are
characteristically reflective, considerate of consequences
of their actions and usually exercise sound judgment.

The mature individual_increasing incorporates
reality-given (allocentric) schemas into his self-
Oorganization and is less need-dominated (autocentric) in his
Perceptions and representations of the world. He therefore
Possesses superior social adaptive and coping skills. He is
increasingly ore -autonomous in the sense that he is less
under the control of contemporary situational and motiva-
tional forces and less governed by historical and ilrrational
unconscious influences. Hence he is more self-determined
than past- or other~-determined. He also bossesses a high
degree of self-awareness and insight and is capable of high
levels of empathy, ,interpersonal sensitivity and love.

While he is not necessarily free from conflict, the integrity
of his personality maintains itself in the face of ‘emotional
'stress and life problems. :

The mature person is characterized as well by self--
consistency over time, with a secure and enduring sense of
pPersonal identity. Furthermore, he has strongly persistent
directly motives which assist in organizing goal-directed
activity over time. He is also likely to be open to experi-
ence, flexible, and continually seeking of new information,
knowledge, and chal lenge.
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APPENDIX 10

DATA PRINTOUT OF CODED PSYCHOLOGICAL VARIABﬁES AND
EMG RAW SCORES

Note: Levels of independent variable coded as
follows: High = 1, Medium ¥ 2, Low = 3.
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APPENDIX 11

DATA PRINTOUTS OF DESCRIPTIVE STATISTICS FROM MANOVA ON
THREE LEVELS OF THREE PSYCHOLOGICAL VARIABLIES (MAT,
16PF, POI)
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APPENDIX 12

DAT2Z PRINTOUTS OF EXTREME GROUP DESCRIPTIVE STATISTICS
' FOR THREE PSYCHOLOGICAL VARIABLES

L5
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