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Abstract:

This study concerns itself with the effect of skeletal -muscle tension and the ability of college students
to think abstractly. It used an Autogen 1700 Electromyograph (EMG) to measure muscle potentials
produced during a mathematics test designed to elicit abstract thinking in college students. Two
specific muscle groups were measured during the abstract thinking ability test. They were frontalis and
trapezius muscle groups.

The Pretest-Posttest Control Group experimental design was used to collect the data. Statistical
analysis was performed on two dependent variables: mathematics test raw scores and test item indices
obtained on the EMG during the mathematical test administration. A Student's "t" was used to analyse
the difference between group means of the experimental and control groups. This method was chosen
to determine whether or not the "treatment" (autogenic relaxation exercises and biofeedback) was at all
related to observed differences in the group means. Further statistical treatment was performed on each
dependent variable in conjunction with five biographical variables. These biographical variables are:
gender, age, marital status, GPA, and handedness. Multiple-regression analysis was performed to find
out if either abstract thinking or skeletal muscle tension could be predicted by the five independent
variables operating jointly and/or individually.

The study found that the treatment was capable of significantly increasing abstract thinking ability in
the experimental group. It was found that differences between experimental and control groups' posttest
measures of abstract thinking ability were also significant.

It was discovered that the control group increased their abstract thinking scores significantly. However,
an analysis of gain scores between the experimental and control groups shows that the experimental
group increased their scores by a group average of 3.16 scores while the control group increased their
scores by a group average of 1.32 scores. The study found that only the independent variable "gender"
was statistically significant when used to predict abstract thinking ability or skeletal muscle tension. A
review of the control group raw data shows that men tended to gain .987 on the item tension indices
scale while women tended to gain .282 on the same scale.
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ABSTRACT

. This study concerns itself with the effect of skeletal -muscle

- 'tension and the ability of college students to think abstractly. It
used an Autogen 1700 Electromyograph (EMG) to measuré muscle potentials
produced during a mathematics test designed to elicit abstract think-
ing in college students. Two specific muscle groups were measured dur-
ing the abstract thinking ability-test. They were frontalis and tra-
pezius muscle groups. - . < '

The Pretest-Posttest Control Group experimental design was used
to collect the data. Statistical analysis was performed on ‘two de-
pendent variables: mathematics test raw scores and test item indices
obtained on the EMG durlng the mathematical test .administration. A
Student's "t" was used,to analyse the difference between group means
of the experimental and control groups. This method was chosen to
determine whether or not the "treatment" (autogenic relaxation exer-—
cises and biofeedback) waslat‘all related to observed differences in

. the group means. Further statistical treatment was performed on each
dependent variable in conjunction with five biographical variables.
These biographical variables are: gender, age, marital status, GPA,
-and handedness. Multiple~regression analysis was performed to find
-out if either abstract thinking or skeletal muscle tension could be
predicted by the five independent variables operating jointly and/or
individually. '

The study found that the tréatment was capable of significantly
increasing abstract thinking ablllty in the experimental group. It
was found that differences between experimental and control groups'
posttest measures of abstract thinking ability were also significant.
It was discovered that the control group increased their abstract
thinking scores significantly. HoweVer, an analysis of gain scores
between the experimental and control groups shows that the experimen-
tal group increased their scores by a group average of 3.16 scores
while the control group increased their scores by a group average of.
1.32 scores. " The study found that only the independent variable
"gender" was statistically significant when used to predict abstract
thinking ability or skeletal muscle tension. A review of the control
group raw data shows that men tended to gain .987 on the item tension
indices scale while women tended to gain .282 on the same scale.

[P ——




Chapter 1
INTRODUCTION . o <

In September, 1968, two researcher/educatofs published their

fpolgmical tract" entitled the Teaching-Learning Paradox: A Compara-

tive Analysis of ‘College Téaching Methods. Robert Dubin and Thomas

Taveggia under a contract with the Division of Educational Labora-
tories of the Office of Education and under the auspices of The Center
for the Advanced Study of Educational Administration, University of
Oregon at Eugene, produfed. this state—of—the-art.review of some four
decades of studies done on the compaﬁgtive college_teachiﬁg methods
" .in the United States. These studies began with the period just fol-
lowing World War I and continued through to the 1960's. The authors
proceeded not to merely present a ¢ollection .of "findings" and "con-
clusions" of past studies but rather to restudy all the available
"data" and draw their own conclusions.
It has only been in the current decade that

recognition has grown apace that we really do not know

what the linkage is between teaching and learning. . .

This monograph will have made significant contribution

if it does nothing more than fortify the conclusion that

we have not yet established adequate theories of the

linkages between teaching and learning. (Dubin and

Taveggia, 1968).

The findings of this study do not hold many sufprises-for most

educational practitioners. '"We are.able to state decisively that no
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particular method of college instruction is measureable to be pre-
ferred over another, when evaluated by student examination perfor-
mances" (Dubin and Taveggia, 1968, p. 10).

The fundamental conclusion of this study implies that educators
cannot afford to ignore the teaching-learning link. The authors go
on to extend their conclusion by stating:

We do, however, believe that anyone working or doing
research at the college level of instruction can most

readily make useful contribution when this linkage between

teaching and learning becomes the center of their atten-

tion. (Dubin and Taveggia, 1968, p. 8).

It is the abundance of evidence that is presented in the Dubin/
Taveggia study as well as the author's own experience and observations
regarding adult college level teaching that prompts the writer to take
the exhortation of the Dubin/Taveggia study and '"make useful contri-
butions" by taking a small step in the direction of removing some of
the myths and persistent traditionalisms which have prevented the
empirical determination of the learning-teaching process.

If one conceptualizes the teaching-learning process from a

systems analysis viewpoint there are two basic models which become

most evident. The first is the familiar "black box."

Figure 1.
First Variant: Learning Process Model

Teaching-

Input =) [earning ee=————————pp Qutput
"Black Box"
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The "inputs" are whatever particular teaching methodologies have been
employed by the instructor. The "outputs" represent measurable
changes in the student as determined by examination performance. The
assumption that is made is that "learning' has taken place within the

domain of the 'black box."

Figure 2.

Second Variant: Learning Process Model

Inputs Outputs
Method A =—————p Teaching- —————p Exam A

Learning
Method B = "Black Box' % Exam B
In Figure 2, the "inputs' are designated as two teaching methods
covering the same subject matter and content area. The "outputs' are
student measures of "learning." Without attempting to explain what

' one can conclude that when "outputs"

happens inside the "black box,'
A and B are compared, they will either produce the same result or
differing results. Should the results, as measured by the examina-
tion, differ by a statistically significant amount, two assumptions
can be made. Either there is a concomitance between teaching
methods A and B and the "outputs'" and/or that the examination used to
measure the student performances was unreliable enough to produce
such random differences (Dubin and Taveggia, 1968, p. 4). Regardless

of the interpretation of the "outputs', the process within the 'black

box" remains a mystery to the investigator.
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The. second basic learning model is a variant of Figure 1. This
model somewhat elaborates the first since the instructor is not the

only source of system input.

Figure 3.

Third Variant: Learning Process Model
Teaching-
Teacher Input =9 Learning <«&————— Learner Input
"Black Box"

Learner
Output

If one applies the same scrutiny to the interpretation of the system
output in Figure 3, differences between methods may be, in part,
attributed to student knowledge of the subject area. This second
model is more applicable to college level teaching since it is very
clear that college students are adults or near adults who bring with
them an experience base and a body of knowledge which far exceeds
that of learners younger than they (Knowles, 1968, pp. 62-68). Dubin
and Taveggia see three factors characterizing the teaching-learning
experience at the college level.,  The first is voluntarism on the part
of the student in choosing not only to engage in a learning activity
but also the particular subject matter of the learning activity.
Secondly, adults possess a knowledge base from which judgments of
content and assessments of the quality of instruction received can be
made. This ability to make judgments often is influential in the

voluntary choices made by the adult learner. Thirdly, the adult has
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a much more complex system of "culturally derived expectations and
behaviors" (Dubin and Tavéggia, 1968, p. 7). It'is for’these reasons
that a'ﬁofe accurate characteriéation'of fhe adult learning model
should look like the model represented in Figure 3.

Both Figures 1 and 3 present plausible ﬁodels for the'learniné
process.i Both, however, ignore the inner—fuﬁgtioning or‘proceésing
that occurs within the teaching-learning "black box.h To attemp; to
modify ”input" implies that methodology énd its manipulatioﬁ/vgria—
tion can be a factor effecting ﬁoutput.vl The Dubin/Taveggia sfudy
presents evidencé and aéserts that such a "cause and effect" rela-
tionship between methd?ology and measurable outcome cannot be,éup— ‘
ported witﬁ data collected over fhe.paét forty years.

To attempt to refine the process of evaluation is seemingly the
only other alternative when dealing with the "black box" paradignm.
Refining the ability to secure '"true measurements' of student Perfo;—_
mance will ﬁost.always be limited by the‘ability to instrument meas-
ures of hypothétical constructs such as mathémétical abiliﬁy, intel-
ligence and the like. Because of the nature of these constructs it
is difficult to determine_all of the factors which colleétively be-
come the construct being tested. Therefofe,'it becomes,highiy.liké—
ly that conditions which may not be relevant to the purpose of the
test will represent error variance (Anastasi, 19?6, p. 103). It is

our imperfect way of knowing what specific nature and constructs
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these hypothetical entities-are which cause our attempts to refine
measurements of them to fall short of the end goal: true measures .

Although such strivings in which skills are sought to further
refine the ability to obtain "true measures'" are necessary and plau-
sible, they speak only to the periphery of the main effect. The main
effect is to determine what can be done educationally which has a —
confirmable, observable effect upon student performance as determined
by measurable outcomes.

The approach that will be pursued in this study is the notion
that electromyographic biofeedback can be used as a technique for
providing~relevant information regarding the adult "teachihg—learning"
process and that knowledge of the relationship between ﬁyoneural
phenomena and the output (measurable product).of the educational

environment can provide the educator with tangible and applicable

means by which the ability to learn may be strengthened or enhanced.

STATEMENT OF THE PROBLEM
A research investigation may be said to concern itself with é
general problem. A general problem is one which is encountered in
many.situations and at various times. Thé purpose of solving the
problém is not to’échieve the goal indicated in.any pgrticular situa—- ~

tion, but to discover or identify methods which are "effective in

~ that regard and which will be effective in similar problem situa—
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tions".(Crawfor&; et al, 1968, p. 6). 'Thereforé,'thepﬁroblem_of this
study was to determine if there-are'éignificant differeﬁcés.$egwe;n‘!
cbntrbl and experimental groups randomly aséigqed from coilege‘stu—
dent vqlunteers?at Méptana State.Univers;ty gi;zn that the experi—r
mental group received electromyogfaphic‘feédbacg'training utilizing
the frontalis‘and trapezius.muécle groups and.tﬁat the.cqntrol grouﬁé
received no electromyographic féedback:training, When.their:ability
to fhink abstractly .is meagured by the number of correct reéponses

to mentally solvéd mathematical problems 6fiyaryigg degrees of

difficulty..

NEED FdR'THE éTUDY N

Curriculum.planniﬂg'and student'e&aluation procedurés often |
constitute gﬁe majority éf'teaching préparation time. The'choice'
;nd prescrippion of teaching methodologies comprise fﬁe ﬁaidf por-
tion of curriculum planniﬁg unéertakeq by the teache;. Cur?iculum~
planning or progfam‘planning, as it 1is ofteq referred fp, may.be
said to be constituted of numerous discrefe'entitiés.. Among those. .
discrete entities are (a) an attemét to relate the progfam'plén to
" current social aims, forces and probléms, (b) the utilizétion of
knoﬁledge of hﬁman develobmentai theories and learning froceSSes, (c)
and knowledge.of the nature of knowledge (Haés, Bondi, Wiles, 1974{_-:

p. 15). These three statements may be distilled into simpler étatej
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ments. ‘Curriculum planning is comprised of (a) curriculum environ;
mént, (b) the teaching-learning 1ink, and (cj the structure and-tax—
oﬁomy of knowledge. This study éoncerns itself ?rimarily with the
aspect of invesfigating the teaching-learning link and how knowledge
of ;he myoneural process and. its propfioceptive control can be util-
ized to enhance the ability to think abstractly. It éannot,'however,
be left unsaid that.there is an interdependence émong all three of
the aspects and that acknowledgment and considérétion of this fact
must be taken into account in an investiéatioﬁ of- the teaching-learn-
ing link. Since there is a sizable.investment_of'teacher energy and
time in curriculum planning processes, it follows that research which
is directed toward the éursuit of answers to questioﬁs Which attempt
to expléin the teaching—learning phenomepa will be relevént, necessary,
and profitable for the éducatorr |

With many decades of prior research as a data base from which to
begin aﬁ investigation of the tegfhing—learning link, the summative
"study of Dubin and Taveggia provides the educational community with
evidence that no methpdology can be shown to be preferable when the
learning outcomes are ﬁeasured by én.examinafion._ If, in fact, the
method of instruction is an essentially moot consideration whenApur—
sued along the traditioﬁal rubics of educaﬁional research, it fecomes

clear that an investigation of methodologies and their comparative

values as teaching tools is an exercise in redundancy.
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Inutheir summarization‘of Ed&in Guthries' persopa;ity theory:as;_
it relates to‘learning, Hilgard'anijbwers‘make the point-thét-"A:E |
student.does‘not 1éarn'what was in a’ieqturevor a book; 'Hejlearns
only What the leéture'or,boqk caused him to do" tHilgard‘gndeéwers{’
1966, pp. 86-87). The poin;‘made by Guthrie:anamreintefpreted 5y:
Hilgard aﬁd Bowers is that from theZBehaviorists' view of thélieafn4
ing;procéss thé bghavior.(learhing Quté@me) which one Wiéhes fp eﬁ; ;
coufége or discourége is as mu;hra:fﬁnctibn of'£hé eduéafional envi-
ronmént as well as or ra?her‘ip‘spite'of the méthodbiogg'used to ﬁ;ef
sent tﬂe material or elicit the‘behéviér; :InAJeaﬁ Piaéetfs;mpnpméﬁ—
"tal work oﬁ tﬁé\déVelépmental stageé of the"child he concludés tﬁat:
learning is more a result éf geﬂéticélly'iﬁhéritéq scheduliﬁé which
rangeé over developméntal periods'con;rolléd 1argely.by.the.§hyéio4
logical matﬁration-of the orgénism rgtﬁer.thaﬁ by a series bf'Fféud;
ian psycbological impresses (Miller,.1§62, ﬁ.'299),‘ Psycholpgis; ‘
Donald Hebb who fbrcibly~caiied attenti;n to- the necessityﬂéf relat-
‘ing behaviors (learning outcomes)‘to neural mechanisms, coﬁéludes
that if psychology is to bé'é "5aéié'scignce"'§f ﬁan-gndruseful as a.
tool for explaining innate processes (i.e; the leafning,p?ocess), it:‘
is inescapable'that this sciénce shoﬁld-correlate_fﬁﬁctiéné (bef
haviors, learning outcomgsj~with strﬁctﬁre. Névérthéless;‘ﬁébb

asserts that: -
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* Psychology cannot become a branch of physiology. We
cannot escape the need of large-scale unity of analysis,
nor the need of the special methods of behaviorial study
on which such analysis is based. To discuss what goes on
inside a rat s_head as he runs -a maze, for example We use-
such terms as 'hunger—drlve 'expectancy of food,' ‘'stim- ) , |
ulus time,' and 'the stimuli of the choice point.“ Such ’ .o ) '
constructs have little direct reference to neural function. '
(Hebb, 1958, pp. 262-264). :
What Plaget and Hebb seem to be saying is that if the ‘study of
how the human being learns is to make impact upon educational enti-
ties which govern the research and'develdpment of learnihg theory
and especially those agencies which engage in the professional train-
ing of educators, the educator as well as the psychologistiﬁg the
applied level of the research spectrum must use organic struetures
for models in attempting to explain how the human organism negotiates
" environment, takes in data, makes decisiqns about the data, and trans-
forms- decisions into socially relevant behavior. Hebb summarizes
his view of learning as "reduction of resistance of a synapse" and

3 : .

of inhibition, inattention, or absent mindedness as '"neural drainage."
In physiopsychologieal terminology these two definitions constitute
the antithetical positions of learning and non—learning; Learning
occurs when resistance is low enough for a synapse.to occur and non-
learning occurs when .neural interference occurs and inhibits synapse.
Hebb's theoretical structures are based upon hypothetical constructs .

called "cell assemblies" (groups of neurons) and ''phase sequences"

(groups of cell assemblies). In presenting his view concerning the
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relation of psychology of learning to the biological sciences, Hebb
concludes his thoughts by saylng. T . : ' -

. .the basic science of psychology—phy31ologlcal
psychology — differs from physiology in that it operates
on a molar level: that it must nevertheless 'devise phys-—
iological hypotheses about the nature of some of psychol~",
ogies intervening varlables', that the barrier between
psychology and physiology is one of communlcatlon, and
that this barrier can be removed by ‘a sort of 'adult
education' whereby the psychologist and biologist do
homework on each others subject. (Esper, 1964, p. 284).

Unlike the theorists such as Thorndike, Hull, ']_foim;ln and Gagne

‘who believe that learning' can occur by means of arranging conditions’

that -are e#ternal to the learner (epvironment), thé'thSioiogicél
psychologist believes thét ény léarning~theory must bégin‘with the
human physioiogy as ;hé pgradigm for gxp;éining behévior and tﬁat
learning theories which deal with only exte;nél gonditibné treat the

"symptom" of the disease and not the "cause." This analogy trans— .

formed into educational terms states that instead of manipulation of -

external condition (curriculum environment) and the manipulation of

the delivery system (methodology), the most efficient and accurate

way to effect changes in behavior or learning is to find out the phys- - -

iological conditions for the behavior. Then prescriptions for meth-

odologies can aﬁdiwill‘enhance.the teaching-learning link." To re-

'state the position of Dubin and Taveggia, any research dealing with '

college level instruction can make the most useful contribution if

the teaching—leérning_link is investigated. 'Thé physiologicalvpsy—

% -




) 12
chologist. underscores and generalizes this conciusioﬁ to include all
of the learning processes. - . -
As Donald Hebb.exhorts the psychologist aﬁd biologist to do home-

work on each other's area, so may this be extended to the educator

wishing to do research in learning theory.

RESEARCH QUESTIONS

In a laboratory environment utilizing biofeédback instrumenta-
tion and autogenic :elaxati&n'exercises: |
_'l. can a group of adult learners' ability'to;think abstractly be im—
proved so that.emﬁirical Valid;tion'can occur utilizing scores from
a posttest designed to measure abstract thinking ability?
2. ﬁhat will be the effect of the presence of absence of autogenic
exercisés on the abstract thinking ability scores when the group means
of botﬁ the control and experimental group are analyzed so as to re-
veal differences between pre and posttest administration?
3. can the average muscle tension in the'frontalis‘and trapezius
muscle groﬁpé be made to decrease so that'empirical véli&ation can
occur when average posttest tension readings from a biofeedback in-
strument (EMG) are used as indices of muscle tension?
4. what will be the effect of the aﬁtogenic exercises' presence or
absence on the average level of muscle tension in the frontalis and

trapezius muscle groups when group means of both the control and ex-
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perimentél group are analyzed so as to.reveal differénces between pre
~ .and posttést‘readingsz T ' -  _-:: -
5. can selected biographical variablés such as gender, age, marital
statué, undefgradqate GPA; or haﬁdedneés be psed“to predict the
abstract thinkiﬁg ability of adult'léafners when the;raw sgores-from
their pretest measures argiﬁéed"as the dependent-yariable?'
6. can selected Biographical‘ﬁariables sﬁch as gender, ége, marital
status, undergraduate GPA, or‘hanaedneés.be:ﬁsed‘to predict'tﬁe aEe-
stréc?-thinking abiiity’ofladult learners when the raw scoresifrpm ‘
. their posttest measures are used aé.the'dependent‘#ériable?
7. .can éelected biographical variables éuch as gende;; égé, marital -
status, gndergréduate GPA, of handedness be used to pré&iét the éver—
age muscle tension levei in the frontalis and t;ape;ius mqscle grqﬁps
‘of adult learners when- the average tenéion‘readings.from their pre-
test EMG measures are uéea‘as the deﬁendent variablé?
8. can selectea biographical VariableS'such asigender, age,-mafital'
status, undergradpate GPA, ér handedness be used to'predicf the
average muscle tension level in the frontalis"andltrapezius mpscle
. groups of adult learners when the aﬁéraée tension'readings from the

posttest EMG measures are used, as the dependent variable?

_GENERAL PROCEDURE

‘Subjects were solicited from the Montana State Uhiversity cam-
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pﬁé to participéte’iﬁ.the biofeedback"exPériméntf This recruifment
was abne under the guidénce and_auspices:of 5r. William'Jankel of '
the Psy;ﬁolqu_Depaffment.‘ A minimum of fiftyﬁ(50).$tudent-subjeéts

were chosen to participate in the experiment. The entire'gréup was

~

scheduled to be‘pretested._ When the pretesting was complefe, the

sﬁbjects were matched and divided into two groups; a control group °

and an expefimental grqﬁp. The randomly assigﬁedvexperimental group '

was’ contacted individually and appointments made by the experimentor

to receive autogenic training in deep muscle relaxation using the

Autogen 1700 electromyograph. On completion of the treatment phase

of the experiment both the control and expéfimental grdups were post- -

tested. 'This_complefgd the scheduled activities‘involving‘the sub-

jects.

During the pretesting of the individual'subjects;-the following

. i< ’ . 3 i R )
data were collected: (1) whether the solution was correct or. incor-

rect, and (2).fhé magnitude of the muscle potentials (frontalis-and
trapeéiﬁs); Thé ﬁuﬁﬁer gf correct reéponses to the pretest and the
magnitude of muscle potentials és they corfespond to each test item
was used to détérmihe the comparability of béth control and experi-
méntal groups and served as_a means of Validaging the level of diffi—
éulty of the test problems respectively.

The_Sigma—7 computer was used to generate a series of mathemat-
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ical probleﬁs. Twenty proBlems weré chosen ffom thése-generated and
'tfped onto 3 X.5 cards. The éssigpgd'degrees of diffipplty wére iﬁi—
tially ascertained by~tﬁe levei of difficﬁlty.of‘the algofithﬁ uégd..

to generate the problemé. An administration of- the ‘test to a Montana = ¥
State Uﬁiversity Coliege class was alsd_ﬁsed'td'"de—bug" the test,’
verify that the verbal instfuctions were clear, and-allow vaiidation

-of item difficulty utiliziné thelnumber of corfect responses‘té each -
item. - ' | -

‘Eéch subject was interfécéd wifh‘the‘eiecfromyograph‘(Augogeh '
1700) by a series of six electrodes. Three were atiached t6 the fron- .
talis muscle and three Were_attached’to_thé trabeziué muscle. Each - -
sﬁbjegf was seated iﬁ a reclining chéir wiﬁhin a,shieldéd booph. Thg,
electrode; were inserted into the electrode input cognéctérs and the
 EMG activity scale was equaled out. The subjeét Was_éfesented the
problems, on the 3 X 5 index'cards, one at:a time and aékedAto soive”
tﬁe problem menfally. Each subject Viewed‘the”series of tﬁgntyiprob* )
lems in a pré—determined random ordef so as to minimi?e"whatever ef-
fects might follow the presentation of a consistép;‘ordéf. The sub-

" ject was ﬁold to begin solving the problgﬁ and to answer Verbally .
'when he/she had éomputed an énswer. If the subject could not solve
the problem he/she was instructed to allow the time limi; toféiapsei -

A small rest period was observed between each problem. A twenty (20)

L
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_second maximﬁm:ﬁés observed for the timé given éach participéﬁt to’
- solve each problem. | _ e : . 2 , --‘i- -

Duriﬁg the posttest, the ekperimentor recorded tﬁe.ﬁagnitﬁde of .
-muséle potenfials and whether the éubjécts' respoﬁsé was correct, in- -
correct, or_wﬁethep no response was given. The‘postteétvfbr:the ex—
perimentgl gfoup did not differ ﬁrom the control group pgéttéétf Bofh.”
the ekperimgntal-group aﬁd the control group received audio feédﬁack o
:from the Auﬁogeﬁ_1700 While sol&ing:the mafhematicai‘bfoblems;

- The data were recorded by the gxperimentof in terms of the num-
ber of correct responseé for each problém; and thelmégnitﬁdé;of mus—,
cle potentials as expressed units of microvolts of electricity
(mv). Tﬁese data were subsequéntly énalyzed ané intérpretgd accord-’-_""-%i
ing to the hypotheses iﬁ Chapter Three, general'questions Withiﬁ

Chapter One and are reported in Chapter Four.

LIMITATIONS OF THE STUDY
The "bretest-posttest control group design' W#s used to collecF-'
the data from the experiment. This des?gn ﬁés chosen for its abili;f:
to control for all of the major sources of internal invalidity,_ané-‘ .
because the use of a pretest activity'allows for‘the cont;o; group
equivalency (Cameell‘anq Stanley, 1963, p. 3).
. Sources of external validity which affect this desigh such as

interaction of testing and "X" (treatment), ‘interaction of selection
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and "X", .and reaétivé"grranggments were control;éd; -Iﬁteractigﬂ
.of testing and "X" was ﬁot potentially a hgzarddus factor 'since feét—'
ing sens%tization (feéf wisdom) Was'avoided.as the'subjecté did not
receive the'answers to the tést probléms.‘-Thié,~it Was‘hoped,’&id
not increase the educational eﬁfect of "X" and cdnséquentiy 6bscgré-
ény gains tﬂat could be attributed to "X".  Should the‘pértiéipants-
have chesen to work out any problem af;er‘the pretest, thié obporf
tunify was gqually_proﬁébie.for all participants. Thps, thé.éfféét -
can be judged to be equal‘acrosé both fhe control and experimental
groups. The effect of the prétest upon "X" as it'restricts.egte;nal:_-
validity is a function éf the extent to which reéeafed meésurémentsrl
and charactériétic of thé_uﬁiverse one wishes to gené;aiige'tof
Testing was not unique to the subjects in theﬁeﬁperimené:ééltﬁey
were students; therefore, éeneralizatibn to the éducationalisefting o
. shoula be possible (Campbell and Stanléy;‘196é, p. 18). : Adverﬁising
for subjects caﬁpus—wide.should have elicited responses from a closg
representative sample of college étudénts. Thié abrogates-fﬁe
pbssibility‘of seléctipn of subgroups such as'classeé‘wiFhin‘the
studént populatioﬂ (Campbell and Stanley, 1963, p;'i9). Reactive
arféngements are also a source of external invalidity.‘ Howevef, ”tﬁgn
more obvioué the connection between:thefexpérimental treétﬁent and

the posttest content, the more likely this gffect becomes" (Campbeil_

and Stanley, 1963, p; 21). . The treatment consiéfing of autogenic
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exercises designed to teach the experimental subjecté to control pro-
prioceptivg tension did not’éonfirm an obvious connection, “in tﬁis
experimentor's mind, between the treatment_and the content of the
posttest which is performance on a set of mathematical problems. The
treatment and posttest were enough dissimilar as to discoﬁrage connec-
tion between it and the pésttest content.

While use of the randomizedlpretest—posttest control group de—
sign keeps to a minimum the effect of jeopardizing intermal validity -
"the Basic minimum without which any experimént is uninterpretable" -
(Campbell and Stanle&, 1963, P 5) there is .some Qahger of threat to
exterﬁai validity which asks the question of generalizability: speci-
fiéally "to what populations, settings, treatment variables, and
méasﬁremeﬁt variables can this effect (treatment) bgigeneralized?"
(Campbell and Stanley, 1963, p.'S). Thé author also»believes'phat the
limitations of the method of £écrﬁitment of subjects will constitute
va sample, althoﬁgh not random, which may not be as %epresentative as
it might be of the population from which they are drawn because of
.their choice to participate iﬁ the experimentation. It is possible,
however, to delimit the scope of the population and thereby“modify
subsequent‘inferences by the knowledge that errors implicit within
the sampling brocess may nqt allow an extensive scope of generaliza-
bility. However, these iimitations in random sampling procedures

should not curtail the experiment. .
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DEFINITION OF TERMS ,'

acetylcholinesterase: an enzyme which breaks acetylcholine down into

acetatg.and qholine fﬁereby inactivatiné the tfaﬁsmifting
ﬁrocess'of the presynaptic celI'and initiating,the_activa—

tion of the p&stsynaptic céll.'

acetylcholine:L a chemical transmittér molecﬁle found in the termi-
nal ends.of neuron.axbnal fibér.

axon:- aﬁ extended single fibef emanating‘from the cell bo&§
which is interruﬁfed at regular intervals by nodes called
fno&es of Ranvier.ﬁ The axonal'fiber consisfs of twé
coverings: a thin membrané on the outside caiied "neuri-
lemma" and between it and'éhe‘axonai fibér a fat£y shéath
called the ”myélin sheath." Axons deli?er'éléctricalhﬁof
tenﬁiéls from receptor to:receptor and from receptor to
effector éells.~

biofeedback: the technique Whereb§:one seeks to consciodsly regﬁlate
a bodily function thought‘to be -involuntary, by using a de-
vice to monitor the function and to signal changes in the
function. ' . _ o -

dendrites: branch-like fiﬁers‘which extend from the cell body and

connect their parent neuron to other neurons or body re-
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. ceptor cells. Dendrites "reCeivé" impulseé from othér
neurons or'receptor.cells. ‘ . 4 -
eiectrical potential: the électricﬁi dischargé given off by mneurons

during the depolarization,procéss.

«® -

electromyograph (EMG): an electronic device .used to amplify neuron

electrical discharge by use of a series of metal electrodes.

frontalis muscle: the frontalis musélé or forehead ﬁuééie is-fre—‘ |
‘quently used in EMG’ﬁonitoring'becausélit acts as a générai
"barometer" of muscular tension thrdughout the head, neck
and shoulders and is also uséful for studying ;ttentioﬁ'and
anxiety due to its extreme‘réspéhse‘to'physioloéicél arousé;
mechanisms.

micro vol;} an -expression of units of éleétriéity in#o milliénths
_of a volt; - -

motor unit:. a single motor nerve cell (moférneuron) With’its.mic?o—
scoﬁicfbody'ldcated in the séinal cord, its enlongated
nerve fiber (axons) rupning'aﬁong the multitude of others -
and the variébie number of muscle fibers thét the axon
suﬁplies.

myoﬁeural jﬁnction: the point of contact Between neuroﬁs and musclé_
£issue. myo = muscle /nneurai =4nervé

neuron: a nucleated cell body consisting of a cell body (soma), one.

or more dendrites, and an axon.




.proprioception: the stimulation of ﬁuécles, tendons , glapds,'brgans | ‘
and joiﬁts_wﬁiéh arrives from within the organisﬁ-and éqnsé—
'_quently is.not recognized at a cognitive 1e§el Ey the
organism.

'-Schwann cell: the bulbous swelling terminal'branch_of an.axon ip'
which acetyléholine is housed aﬁd where the neuron and
ﬁuscle cells are conjoined in a series of synaﬁtic clefts;"
‘junctional folds, and active zonmes. ’

synapse:. thetpointlof near contact betwéeq neurons and effector

| éellg and other neurons. |

éynaptic cleft: the,intefvening space which separates the axon'frbmj-
fhe_linked cell.

,frapezius muscle: the trépezius or éhoulder mgéclézwhich runs from .

the base of the occiput to the_ﬁiddle of the back. It is

sensitive_to head, neck and shoulder tension.
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SUMMARY
" In this‘cﬁapter the author haélp?esented the setting'fsr.the
study as an experiment desigqed to gi;e evidence.of physioiogical
processes énditheir subééquent proprioceptive control as ppésible
appiied tééhﬁiqUes fof the.enhapcemenf 6f college étuﬂents' ability
to.think abstraétly when meésﬁred by their correct respoﬁsés to a
set of mehﬁally solved matﬁéﬁatical problems; General'quesﬁions have
begn"réised, a'generai procédure.outlined, limitationé_of the étu&y
. discusséd, and a.set'of ;erms défined. Thg next chaptér Will'présent
a brief-ﬂistoricai and conceptuai discussion. on psychologiéal
théqries ;s they relate to thé éxpefiment and‘a‘necessary'discussion
of tﬁe state-of-the-art of physiological psychbiogy and its rélation—

ship to électrbmyography. The second section will present a detailed

"summary of related research. - . S ’ o S S




Chapter 2
REVIEW OF RELATED RESFARCH

The purpose of this chapter is to present to‘the reader an his-
torical and conceptual discussion of'psychological theories. The
discussion deals with how .the theories relate.to the'experimeﬁt along
Wlth a brlef presentation of a. state—of—the—art d1scu551on of ‘the re-
1at10nsh1p of phy51olog1cal psychology and electromyographic feedback
as well as an explanatlon of the use of'electromyographics within the
context of phy81olog1cal psychology The secohd eection of Chapter 2

will contain a detailed summarization of related research

HISTORICAL AND.PHILOSGPHICAL BACKGROUND

Historical Background

The psychological oqder—pinning of educational practice haa for
too long beeh a‘"ohe—tool" variant. The universe within Which the
. educational practitioner operates has long been-recognized as being
multivariant not only by the educational practitioner but.also by the
psychologist (Ornstein, 1968, p. 11).‘ However, certain useful and
productive products‘have resulted from the "ohe—toolh viewpoint.
Behaviorism as a psychological theory and as an educational paradigm -
produced a'mechanistic model of human behavior and 1earnihg prihciples
which, beyond the vagaries of ”Associationism”’(Woodworth, 1931,

p. 45) provided the paychologist and educational practitioner,with
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quantifiable and experimentally controllable variabieé. John Watéon's
attempt to make that which he percéivéd as "iﬁtangibles“'and'"unap—‘ a
p;oachables" subject to quantffication, as in the natural scienceé,
became known as Behaviorisim. Behaviorism began_aé an intélieétuai.
objection to-the Associationist's view of psychology as ?l"science of
consciousness and to iptroépection as a method fd? usé-iﬁ the stﬁd&
of man (Woodworth, 1931, p. 43). . The Associationists, on:the othér 7.
hand, attempted to distill all mental processes into a sinéle process
of'association aﬁd proceeded to apply their Qiews directlyito,moréis;
economics, and tﬁe social scienées>in general. .This doétriﬁe highly
influenced. early nineteenth centufy psychologisté and by the mid—ninéf g
teenth century had-clearly dominated the establiéhéd order (Woo&ﬁogth;
1931, p. 47). N

The conflict that existed bet&een the Aséociationisfs énd ﬁhé
Behaviorists in the mid 1800's predated the_persiétent'gtrﬁggig be437{ i
tweén a iater diviéion within the psychologicai éommuhity. That di; i
vision can be defined as those psychologists who sﬁbsc;ibéd:to-fhé
" "mechanistic model" of psychblpgical an& learning theory aﬁq'thosé'

who propounded the antithetical "organismic model." In his text,

The Adult Learner: A Neglected S@ecies, Malcolm Knowles defines the
"mechanistic model," to which Behaviorism and Associationism belong,’

as representing:
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. « . . the universe as a machlne composed of
discrete pieces operatlng in a spatio-temporal field.

These pileces - elementary particles in motion - and

their relations form the basic reality to which all _

other more. complex phenomena are ultimately reducible,
 (Knowles, 1973, p. 17). ’

Withiﬁ ;his'definition is the inference that the 6rganism'(human)
is péssive and at rest and that the active forces which cause changes
to the homeostatic state of the organism are solely the result of ex-

- ternal forces (enviromment). It then.follows that all such activities
as thinkihg, willing, percéiving are nothing more than simple phenomena -
by efficient causes (Knowles, 1973, pp..17-18). Change, or learning,
as it were is the product of behaviorial change and not change in the
structure of the organism.
- The appearance of qualitative changes is con—

sidered either as epiphepomenal'(cauSed by another

phenomenon) .or as reducible to quantitative change,

since the organism, like the elementary particles

of classical physics, does not exhibit basic quali-

tative changes. - (Reese and Overton, 1970, pp. 131-132).

"The 'organismic model' represents the universe as a unitary,
interactive deveéloping organism (Knowles, 1973, p. 18)." Unlike the
"mechanistic model," the organism is a functibning, purposive, active
menber within the'pfbceSses of change or learning. It sees man as an
active organism who is a source of acts as opposed to a collection of

acts precipitated by environmentai forces. Simply stated, the whole

is greater than the sum of its parts. Reese and Overton summarize

the views of the "organismic model" and compare the major points of
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contention with the "mechanistic model" when they.state:
The individual who acéepts this model (organis—
mic) will. tend to emphasize the significance of pro-

. cesses over products and qualitative change over
quantitative change. . .In addition, he will tend to -
emphasize the significance of the role of experience
in facilitating or inhibiting the course. of ‘develop-
ment. (Reese and Overtom, 1970, p. 134) .

Theories which.represent the organismic orientation-are;
Functionalism (Dewey,:Woodworth, Carr, McGeogh, Melton, Robinson, and

Underwood), Purposive Behaviorism (Tolman), Gestalt (Wertheimer,

Wheeler, Koffka, Kohler, and'Leﬁin), Developmentalism’(Piaggt, Shel-

don, and Brungr) (Knowles, 1973, pp. 23-28).

.Cdnéeptual Background ,1:‘- 4 _‘ -1 - i .-

Physiological psychology incorpofates aépects of botH'the me—

chanistic and organismic models. While sharing a common denominator,

the human organism, human psychology and physiblogyﬂshate'many other’

similarities. In their respective develdpmental phases, bofh grew in
size that, though still "yoﬁng" sciehces,'they had grown sufficiently
to leave their respective parental roofs. Physiology grew from al-

chemy to biology to physiolog?:.a differentiated field marked by a

.body of knowledge, professorships, and a departmént established with~

in a university. So psychology grew from,mental'chemiétry to associ-

ationism to psypholbgy. It too.had,an expanding bddy df’knéwledge,

professorships, and départments within universities- (Woodworth, 1931,

“p. 7). Both psychology and physiology find .their -roots in‘the labor=
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atory setting. Experimencal'psychology had taken its' direction from

" such scientists as W. Wundt who in 1879 founded the first active psy—A

chologlcal laboratory in Le1p21g It is no surprize'to see that’

phy51olog1cal psychology 1s the receiver -of that tradition and dlrec—

. tion begun almost 100 years ago (Esper, 1964, p. 46).

Currently, physiological.psychology is defined as the "sfudy of.

the physiological basis of hﬁmaﬁ_ahﬁ aniﬁal behavior." Within the

..context -of its beginnings it is primarily a "fundamental or pure

sciepce;~concerned with understanding the physiological events that

underlie behavior" (Morgan, 1965, p._ 7). The.major divisions, like

'physiology, concern themselves with the.sehses, the peripheral and .

central nervous systems, neuronal physiology, the organs and the

. glands. Behavior is interpreted as a simple response mechanism to

afferent stimuli or a series of complex multiple electroechemical
chains; What'this ‘branch of psychology can bring to'the lacger body>}
of knowledge that is called psychology and what it can brlng to
learnlng theory in the way of clear cut, emplrlcal and blologlcally
con31stent answers can be beoeflclal to the f1eld'of Education as Well. -
There are, however, others who:haye taken their'acadeﬁic preph;a— |

tion in the physiological sciences into another dimension. As Abraham

‘Maslow warns us,-"If the only tool you have is a hammer, you tend to

'treat everything as if it were a nail" (Ornstein, 1968, p. 3). Clear- -

ly, an approach based entirely upoﬁ‘empirics may stifle other produc-
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tive answers to complex questions about human behavior. William

James in his classic The Principles of Psychology, defines psychology -
. as- the science of "mental life" (Ornstein, 1968, P. 4). .Thét is to
say, regarding consciousness, certain amounts of vagueness are. appro-

priate to the state of knowledge.

In their joint paper, Psychology and Scientific Research, Cantril;"
Ames, Hastdff,.and Ittelson echo the concepts of James' when they in-
sist that we must not:

. . . foreclose the possibilities, must always'attempt
. to maintain a broad and open view of the field and to build
science toward the limits, not inward from the "sure and-

hard facts."  (Ornstein, 1968, p. 4).° e
,Cantril; et al, stregs that quantification is but one function of -
science, one that has currently over dominated psychological inquiry
to the detriment of a full scope and an open view of the possibilities.
The physicist Robert Oppenheimer underscored this feeling when he com-
mented on the scientific and mystical ways 6f’knowing:

' These two ways of thinkiﬁg, the way of time.and

history, and the way of eternity and timelessness, are

both part of man's effort to comprehend the world in

which he lives. Neither is comprehended in the other

nor reducible to it . ... each supplementing the other,

neither telling the whole story. (Ornstein, 1968, p. 5).

This crossing of both scientific and cultural forces may catapult .

. the study of learning theory to a position where both the intellectual

and the intuitive modes can be recognized as performing complementary

functions. The blending of scientific and cultural forces can be
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extrapolated to the blending of both the eastern and western philoso-

phies as well as the blending of the two ways of knowing. -

'In his book The Nature of Human Consciousness, Robert Ornstein
uses an example of how science and direct experience can he used in a
complementary manner. It involves a Sufi character named Nasrudin.

Nasrudin was made a judge and listened to his first
case. When the prosecution rested its argument, he stood
up and said: 'I believe you are right!' When the defense
had finished its summation, Nasrudin again stood up and
said: 'I believe you are right!' The clerk of the court
came in front of the judge: 'Your homor, they canmnot both
be right!' 'I believe you are right!', said Nasrudin.

While it is easy to understand this juxtaposition of forces :in-
tellectually, it.is not nearly so easy to put it into operation when
pursuing actual séientific inquiry. John Dewéy‘oﬁce remarked,

It tends to go against the grain of the psychologist's
working procedures to regard any formulation merely as a
certain 'connection of condition' . . . The interactional
treatment, as everyone is aware, entered psychological in-
quiry just about the time it was being removed from basic
position by the physical sciences from which it was copied.
(Murphy, 1949, p. 213). ‘

Dewey defines '"transactional psYchoiogy" as a process which, from
birth to death, every human being is a party.

So that neither he (humankind) nor anything done
or suffered can possibly be understood when'it separated
from the fact of participation in an extensive body of
transactions, to which a given human being may contribute
and which he modifies, but only in virtue of being a par-
taker in them. (Ornstein, 1968, p. 17). ' '

Biofeedback, in all its variant forms, is an attempt to involve
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the ofganism-in‘that "exteﬁsive body_of transéctionsh which allows an
1nd1v1dual tralned in using biofeedback. and autogenlc exerc1se.to 'cpn;
tribute" @nd modlfy the "body of transactions." Biofeedback'can prﬁ—‘
.Vide the opportuﬁity to pursue actual scientifié_iﬁquiry within the
~area ofltﬁe study'of human‘conscibgsness'ana still.ﬁéintéin a.bglaqce

between the empirical and intuitive ways of knowing.

Definition.of Biofeedback

Eeedback is the return to input of some of the ouﬁput of a system.

An indefinite modification of input and output results from this ﬁro—
cess even when the feedback is damped. The system acts on information
‘gathered by itself. Biofeedback occurs when the system acts on infor-

mation gathered by itself, on itself.

Biofeedback is simply the feedback of biological in-
formation to the person whose biology it is. Feedback is
‘a shorthand term for something being 'fed back' to .the
same something. The expression developed in the field of .
engineering to define control ‘systems which operate by
their’ ablllty to detect changes in the environment of’
their operationm, then to make internal adjustment so. that
their functions remain both optimal and contiruously -appro- -
priate to the demands of the environment. -(Brown, 1974, p. 4).

Definition of Eleétromyog;gphy

Electromyography interest centers on the tension of skeletal
muscles. It can be defined as'the';ecording of electrical'reéponses
from.muscleé (Greenfield and Sternback, 1972, p. 329). The‘electrical.
responses are direct.indices‘of musqle,tension pfesent Within the érea

being measured. Muscle tension, as Jacobson refers to it, is "a
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vaguely defined stafe of nervous hyperténsiop or hyperexcitabiiity"
(Jacobson, 1938, p. 4). Some of the later Wfiters.term tﬁis state as
"tonus" while others.such as Freeman, -clearly distinguish between tﬂe
two by -defining "tonus as susfained_contraction caused by continuous
barrage of nerve-impulses".aﬁd differentiates the word "tension" for
certain events coming under cerebral control" (Freeman, 1931-b, p. 480).
Where complete relaxation occurs, there is no muscular contraction,
and consequently, no-tension (Greenfield and Sternback, 1972, p. 329).
Therefore, stimuiation of the muscle or muscle group leads to its con-
traction ‘and to the simultaneous electricai, chemiéal, structural, and
thermal.changes that result in the muscle action potential.' The record
of these electrical eveﬁts within a gpecific nuscle group makes up’ the
output of an_electromyograph (EMG).-

Muscle Action Potentials

The typical muscle is an elongated_mass of tissue éonsisting of
millions of separate muscle fibers bound together by a-sheet of connec-
tive tissue. Each time an action potential passes along a musc}e
fiber, a small portion of electrical'activi;y spreads from the muscle
to the skin. The number of muscle fibers_involved in the contraction
is proportional to the amount of electrical activity Which'is_given
off. During the resting.state each fiber within the muscle maintains g
" negative intracellqlar'potential of between 50 to 100 mv. ‘This negative

poteﬁtial is the basis for the phenomenon of the muscle action poten— °
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tial. ?Witﬂin each cell there is a selectively péfmeable ﬁembrane
and a system for active trénsport of ions" (Greeﬁﬁield ans,éternbach,_
1972, p. 331). 1In the restiné state, ﬁeéaéive chloride ions and posi-~
tive potassium ions méve freely.in and 6ut of theJmuséle cell keeping

the cell in a homeostatic state. Sodium ions are less capable of dif-

fusion in and out of the cell although they, in the resting state,‘pass

both in and out of the cell. Because-of.thé low reentry rate of sodium

ions into the cell, there is a consequent build up of poéitivél&

charged ions on'the outside of the cell and of ﬁegativéIy cﬁérged'iqns-'

inside the cell. :A muscle action potential is a-briéf reversal of the
polarization of the ions within the cell or depoiérizatiép Which caused
‘ the cell to become aétive:kVenablétgnd Martih; 1967, p._2495.: Wheﬁ the
mﬁsclg cell bgcomes active, fhe'permeébility of.£he cell membrane
‘changes to alloﬁ tHe sodium ions to reente? Fhé cell at such a fate
that the resultént concentration of the sodiﬁm inside the cell returns
the muscle cell to a state of rest. This whole procedure occurs with;

in milliseconds of ihitiai activation (Venables apd Martin, 1967,

p. 251). When the membrane senses that the potenfial,is at zero with- .

in the cell or becomes internally positive, permeability to potassium
increases and the permeability to sodium decreases. The combined in-
crease in permeability to potassium and the -decrease .in permeability

to sodium causes a rapid fall of the potential to the original resting

level. This sudden excitation of the cell results in a traveling,
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self—Propagated area of excitation on the'cell membrane;
.This is'accompenied by a wave of contraetion~that'-'

spreads over the fiber with constant velocity and dimin-

ished amplitude. The contraction of the fibers exerts

a force on the tendoms. If the force is suff1c1ent

. shortening of the fibers occurs. (Greenfield and

Sternback, 1972, p. 331). '
Motor Units

Since muscle fibers do not contract individually but rather in
groups. It is necessary to understand the'functioh of the motor unit.
Muscle'groubs are "innervated" by single'nerve fibere ealled‘neurons;
Innervation ie the conjoining of the axonal endingé ofjthe neuron ton
the muscle fiber (Venables and Martin, 1967, p. 249) _Just before
reachlng the muscle flbers, ‘axons ‘of the nerve f1ber (neuron) d1v1de.
into a number of small branches, or axon flbrllS. .This state_reeembles' .
the finer gradation of a tree trunk to the emallest twig. Eachiexon v
fibril ends on a muscle fiber so that there is-usuaily.a'one—on—bne.
relatienship between nusele riber and axon.fibril.‘ A complete motor
unit consists of the nerve cell body, its axon, the axon fibrils, and
all of the muscle fibers innervated by these fibrils. |

' There is an "innervation ratio" which exists between the muscle

fibers_to nerve axens. The size of the motor unit is directly'related_
to the precision of movement of the particular:muscle group involved. -

For example, the slowly moving postural muscle groups may. have as‘meny

.as 3000 individual muscle fibers to one neuren, while muscles that re-
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trol the eye, have very low innervation ratios, and some as-low as ten
muscle fibers to one neuron (Basmajian, 1967, p. 34).

Neuronal Anatomy and Functions

cells éxhibiting action potentials can be classified into tHree'groups:"

" envirommental stimuli such as heat, light and pressure receptors. Ef-

. juncture is called the mybneurgl‘junction (Morgan, 1965, p. 19).

Thus far the discussion has been centered around the anatomy of

the muscle fiber and the process by which it contracts or relaxes. All
receptors, adjustor neurons and effectors. Receptors.sense afferent

fectors are the ‘cells by which an organism responds to the énvironmenﬁ'

or is'a part of the efferent s?sfem such as muscle tissue. The adjus—‘ f‘, ';
tor neurons, which are found in a greater number than tﬁe receptor and
effeétor-cells, connect the effector and receptor celis.-'ihe adjustdr

neuroﬁ has three-parts: the cell body (soma), the axon, gnd‘fhe den;

drites. In most discussions, the axon and dendrites.ate callgd "Ei~

bers" and are not differentiated unless their chéracfériétic fuﬁctioné o .~A En
;re mentioned (Morgan, 1965, pp. 16-23). Dendri;es éré found in posi—“

tions ar&und the cell'body so that they can be stimulated by enyironr

mental stimuli. The déndriteé are the receiving end.pf'tﬁe adjustor . L
neuron. The axon is connected to effector cells and other-ngurons énd

delivers the stimuli or passes it on to the next adjustor neuron.

Where the axonal fiber inmnervates effector cells which are muscles, the |
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Generical%y tﬁe poiﬁt of contact Eetﬁeen adjustor neﬁron aﬁa.effector_'
neuron is'calied a "sypapse"-(LeSter, 1977, ﬁ. 107). Lgste:-éxﬁlains
that, B |

At the nerve-muscle synapse the motor-nerve fiber
lacks its fatty myelin sheath and branches into fine ter—
minals. ~Each terminal lies in a shallow gutter-like de-
pression on the surface of the muscle cell. As an impulse
arrives at the presynaptic nerve terminal it causes an in-
flux of calcium ions across its membrane. This induces-
several hundred synaptic vesicles to fuse with the .presyn-

-aptic membrane at specialized regions called active zones,
liberating the vesicles' content of acetylcholine molecules
into the synaptic cleft. The transmitter diffuses rapid-
ly across the cleft to the muscle—cell membrane, where it
combines with the receptor molecules.

Within .3 milliseconds after each package or vesicle
load of acetylcholine is released it causes some 2,000
channels in the muscle-cell membrane to open . . . The
flow of these ions (sodium into the céll, potassium out)
gives rise to a net electric current that short-circuits
‘the normal potertial of -90 micro-volts across the rest-
ing cell membrane; this brief depolarization is- known as
end-plate potential or the excitory postsynaptic poten—
~tial. Under normal circumstances the end-plate potential
exceeds the threshold value for initiating an impulse
that spreads through the entire muscle-cell membrane and
causes -the muscle-cell to contract (Lester, 1977, p. 109).

Aﬁ enzyme called acetylcholinesterase bréaks down the acetylcholine
into'molecules of écetate and cﬂoline. The épEed with which acety-
choliné is passed from the axon to the muscle cell and inactivated
makes~it possibie for the entire process of éeurompsculér transmission
to Bé repeated up tb several huﬁdredytimes a sgcond (Lester, 197?,

p. 109).

It was this phenomenon of motor units which brought about.a new
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direction, in ;he field of psychology which directed expefiméntofs to

" the inner bodily sysﬁems and their place and function withinm the frame-

work of human behavior and learning.

SUMMARY OF RELATED RESEARCH
For many years it was a commonly held be11ef that 1ntense mental

work was accompanled by set fac1al express1ons, furrowed brow, and
tense posture The 11terature tends to JUStlfy the oplnlon that a o
hlgh level of bodlly ten51on accompanles concentrated mental aét1v1ty
(Grins;ed, 1947, p. 379). | |

. Early experimentors, who worked-with-the knée jerk as aﬁ inaex bf
muscular tension leve;;invariably obtained an increase in tension when
work begun (Eorrest, 1960, p; 325). .More_fééent research h%gfin;éé;4
eral confirmed this findiﬁg (Jacbbson, 1950, 1?51; i932) (Davisé 19385.
IE was Jacobson who was the first to use electfqnics and to come té
the conclusion that no mental activity.occurred WitﬂouF céncommitant'
measurable tension and Davis who further elabofatéd théée.findihgs Ey

demonstrating that particular patterns of muscular activities are, as-

sociated with certain mental tasks (Davis, 1938;'p. 158)..‘Theie’Was”3"

general agreement in the 1930's among the many investigators that a
" steep initial rise occurred in muscular tension during a work.period -
but there was little agreement as to the later course of tension'as

the work period progressed (Forrest, 1960, p. 325). Tension has been
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found to increase, decrease, and remain constant while work proceeds.
Dévis in two separate’e%periments,.found thét ;ensién increased (Davis,
1938, p. 158). Other experiments by Golla and Antonovich (19265,-
Freeman (1930), and Geldreich (1953) found tension to decrease and
Bills and Brown (1929) found that tension reﬁéined constant while
work proceedea'(Forrest, 1960, p; 326). The Bills and Brown expefif
ment, it is generally thought, lacked a sensitive enough metﬁod for |
recording muscle £ensién since the work Was‘déne beforé'the‘uée of
electronic equipment coula enhance the reéeption and amplificapion of
action potentials.. The major differences between the group which .
found tension to decrease and Davis who féund that tension incieages
was twofold: (a) the length of the prescribed task, and (b) the mus-
cle groups\that-wére measured. The-tasks given by Da&is were no more
than five minutes in length (Davis, 1938, p. 139). While thé task
length for the group who found a decrease in tension lasted between
ten to tﬂirty té 55 minutes pér tésk.“‘The protracted‘lengths of- time
" assigned for the completion of each task méy alone account~for the
decrease in muscle tension due to diminution of concentration neéded
to complete the tasks (Forrest, 1960,ip. 327). Frederick Courts in

his article entitled "Relations Between Muscular Tension and Per-

formance," summarized the research. from 1930 up to.and including 1942
in the area of changes in muscular states of tension accompanying per-—

formance by confirming that:
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(1) .Iﬁ general, cohfinuous mental work is accompanied by'an in-
crease in muscle tension as ﬁeasured in various wayé over the level
maintained during ?gst (Davis, 1938; Freeman, 1931).w

(2) Only farely are individuals found who show no qhange-or de-
crement from their resting tension when work is intrbéucedv(Davis;
1938).

(3) At the onset of work there is an initial increése in tension
which rapidly drops -to a level somewhat. above that of the rest condi-
tion (Davis, 1938).
| (4) There is an initial spﬁrf of tension éfter which fension
gradually inc?eases as work increases (Davis, 1938).

A number of attempts havé been_mgde to show thaf there is‘a demon—
stratable'correla?ion‘between level of performance and muscular ten-—
sion. Courts (1942) reports that Davis (1938) and Hadley (1941) both
have reported an increase in muscle potentials from the foréarm and
neck respectivel&, with increase in difficulty of arithmetical tasks.
Thesé findings were later confirmed by Shéw and Kliﬁelwho concluded:

(1) When children attempted the solution of a series of arithme-
tic probléms, muscle action pétentialé in their 1oﬁer right arms in-
creased as the problems increased in difficulty;

(2) When the problems weré arranged to take account of the time,
and of the number and kind of errors made in the solution of the prob-

lems, the tendency for muscle action potentials to increase was' more
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marked (Shaw and Kline, 1947, pp. 157-158). Davis also found that

muscle potentials accompanying successes and failure reported and ac-

.tual were not significantly different. The level of muscular activity

for failure on a given problem was not significantly higher than that
ﬁor success.(Davis, 1938, p. 157). He also made an important dis-
coﬁery when he reported that muscular tensions are not evenly distrib-
utéd ove? the organism during a ﬁeriod of labor. This finding is-also
reported by'Shaw (1938). D;vis found that the neck and afms fo be -
most yielding of action poténtialsl In a later study reported by
Greenfield and Sfernback (1972) of a study which was donezble. Voas
dealing with generalization and consistency of muscle tension levels,
it was confirmed that when mental wqu was the ‘task, the'areas which
yielded the highest incidence of muscle potentials, based upon a test-
retest situation, were the forearﬁ extensors (.93), frontalis (.90),
masseter (.87), and the trapezius (.69). Voas believed that these
were the best chéice for representative muscle-potentials dﬁring men—'
tél work (Greeﬁfield'and Sternback, 1972, p. 332).

The research which has been sﬁmmarizéd has mainly dealt Wifh the
influence of effect of tension as mgasured by muscle action potentials-
on problem solving, mental activity. Prior to the 1930's aﬁé contin-
uing somewhat after Jacobson;s work, résearch done on skeletal muscle

tension was limited to observation of tension and quantification

‘through such devices as a "dynomometer" designed to measure optimal
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levels of‘skelétal:mgscle tenéion inducediby_squeeéing thé dynomometer
handles. Fréémaﬁ and Staffachér-bdth suégested that EXtreme.deéfeés
éfhfension_interfere with certain performénces aﬁdlthat mentaliécfiVi;
ty was Qifficult; if not impossible, under extreme relaxation.- It’waé‘
also demonstrated that-there were optimal le§els of'tensidn which -
could be'identifié& using the dynomometer.

Concqmmitaﬁt'with this particulat "strand" of résearchers W?S‘:.:
andther important groﬁp éf researqheis'whose emphaéis laz iﬁ ?ufsuing
the‘céncept of "single motor units" and tﬁeir effect on the skeletgl.
musdlés as a whole. Some.researchers pursued the pﬁysiéloéicai eﬁ—_‘
" fects of fsingie moto£ uﬁits" beéinniﬁg with 0. C. Smifﬁ (1934);when
hé dealt with the coﬁcept of the reiation between vdluntary'muscie
contraction and muscle acfion potentials. |

It was not, however; ‘thoroughly understood wha£ mﬁécle{adtioﬁ
potentials were much léss hoﬁ to record them with any degrée of'accg—-
racy~until Jacobéon utilized thé eledtromyograph (EMG) to ?ecord:the:
"spike waves" with paper and ink. - It‘was not'éntil-therwérks'of-
Harrison, ﬁortensen, aqd Basmajian and the advgnt of the Qscilliscope
that accurété "pictures" of. the "spike" phenomeqon was underétooﬂ'and
measured with any degree of accuracy. Harrison and Mortenééﬁ found’
that'single_spike potentials (1) could be interpretéd as muscular
activity of single motor'unit'pqtenﬁials, (2) that thg'activity of

individual motor units could be identified and isolated to a variable.
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degfee_by‘voluntafy effort,.<3) and ‘that eithef audi£;ry'o; visual
feedback was essential-tq selection apd controlled céntréction of
siAgle motor units (Hérfison and Mortensen;‘l962, pp._1154116). Bas-
ﬁajian further .discovered fhatl(l) single motor uﬁits not oniy éan be |
rgcruited in isblatién but also that 'in doing éo, its neighboring uﬁits
are’inhibited, (2).sﬁbjects at first depend omn aural—and visﬁal "féed—:.
backs" from.muséles, hpWéygr,'"éhe controls are 1earﬁed'so quickly, -
are so éxquiéite'ané are éo'well retained aftef artifiéial feedbacks;
. are eliminated that one caﬁnpt help believe thdt'fuﬁdamental procésseé
are involved,a (3) prop?ioceptors éxist wifhin the ﬁofof units which
are senébry receptors that respond to stimuli from "within" thé or-
génism (Basmajian, 1963; Basﬂajiag,-1967, p. 485). Basmajian's dis- .
cévery that not only do recruitéd neurons (motor units) inhibit their
neighbors but also thgt one can "learn" to control without bioféedback
(artificial) systems leads one to the inescapable.concluéion that mugh
more coﬁtfol is possible oﬁer the bédily functioning than Qas‘previ—
ously anticipated. The concept of "proprioception" drives the crea-
tivé possibilities of application of biofeedback training to even
more complex conclusions. Basmajian demonstrated that not only can
one learn td selectively control motor uqit'firings but~;iso that
these units respond to not just "external" sfimuli but some "internal " .
stimuli." AThe literal "thinking" of an act can and dées trigger the

motor unit "prior to conscious or kinetic awareness." This is called

:
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"proprioception."” The wérk of Wagman, Pierce, and Burger further
elaborafes the function and rble of the proprioceptive éystem and its
essential sensory information for coordination of motor ﬁerformance°
Three basié observations are herein reported: (1) there is a demon-
strated importance of peripheral input (aétqgl-muscle movement):in
establishing control over individual motor units, (2) during any
sihgleltraining period, less ana less effort from other muscles was
necessary to activate specific uni ts which were qriginally_dependent
in part on contraction; and (3) as the ability Sf a subject to coﬁ—
trol motor units became progressively refined and accurate,nﬁhe'sub—
jéct was able to activate certain higher-threshold units by using less

tension than had originally been required to activate the lowest

‘threshold units (Wagman, Pierce, Burger, 1965, pp. 957-958).

In the selection of the ﬁroblems and hypotheses, the research
from both "strands" was considered. Béth control of single motor
units and the relation between skeletal muscle tension and abstract
performance are.important. The sﬁmmarized.rééearch 1eadslthié author
to these cofnclusions:

1. mental work is related fo muscle tension,

2. the relationship of mental work and muscle tension is posi~-

tively correlated; as work increases, tension increases,

3. mental work of varying degrees is.related to muscle tension,

4. the relationship between mental work of &arying degrees and
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muscle tension is positively related. As mental work be-
comes more difficult, mﬁscle tension ‘increases, . |
5. ?erformance time is_related to muscle tension,

6. the relationship of performance time to muscle tension is

positively correlated. As more time is taken for performance, -

muscle tension increases, -
7. 1if muscle tension "interferes' with mental performance, mental

performance can be improved by lowering muscle tensions.

With these conclusions in mind,‘phe author has pursued answers .to
the reséarch questions stated in Chapter One (pp. 12 and 13) and;
subsequently tested the Hypotheses listed in Chapter Three (pages 57
and 58).

SUMMARY

This chapter has presented an historical and philosophicél back—
ground of psychdlbgical theories and attempted to relate them to a
state-of-the-art discussion of the relationship of physiological psy-
chology and electromyographic feedback.’ The second sectién has pre-
sented a summarization of the related research as it directly regardé
ﬁhe experiment. —

Chapter Three will outline the procedures used to organize,.

collect, and analyze and interpret the data generated by the experi-

ment.




AChapter 3

PROCEDURES

This study was designed to collect data to detérminé»if signifi-
cant' differences existed between a control and ekperimental gréué of
randoﬁly assigned Montaﬁa State Uﬁiversity volunteer students, given
that the experimental groupireceived electromyographic'feedbaék'from
the frontalis and trapezius muscle groups and the ééntroi group fé—
ceivea no feedback when their ability'té think ébstracp;y was.ﬁeasured.
by the number of chrecf_reéponsgs to ﬁeﬁtaily-splved ﬁathématical
problems of varying degreesiof difficulty. Also, the'study was deéign—
ed to collect data relevant to détermining the predictidn of abstract
%thinking aBility an&lmuscle:tensioﬁ'Py utilizing selected biographical
data. Chapter Tgree contains a description of the population and

sampling procedure, defines and describes- the tréatment, describes the

'

.method for collecting the data, its subseguent organizétion and dis-
play, the statistical hypothéses, and the speéific statistical tools
used to analyze the data. Precautions for accuracy are also outlined.

POPULATION DESCﬁIPTION AND SAMPLING PROCEDURE |
The sample used in this study was téken from the population of
éummer students at Montana State University. Summer students are

’defined as those who were enrolled in the 1977 Summer seséion at the

University. The population contained both undergraduate and graduates.

-
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No attempt was made to stratify the sample to reflect the percentage
of undergraduates. to graduates.. - ‘ i -

" The éuthor began'the week of July 18th to advertise for subjeqté
who, in order to be used in the experiment, were required to meet the
population parameters described above (see Appendix A). Fifty appli-
cants were selected; those being the first fifty volunteers who met
the population parameters. Fifty-three volungeers responded tolthe
advertiéement. Two did not meet the population parameteré gnd lacking
" another volunteer to ﬁatch, the remaining -volunteer was not used.
After the pretest had been given to all applicants, the samﬁle,was
_matched using the number of correct responses on the pretest and the
average tension reading téken at rest prior to the pretesé. In cases
where there were more than two subjects with thé same.scqre on the
pretest; the average tension reading was used to match the subjects
(see Appendix B). Matching was done so as to insure a greater degree'
of equivalency bétween the control and experimental group. Using
ﬁatching as a device to control for extraneous variance is based upon
the notion that:

Matéhing is not limited to the matching of subjects.
If we think of matching in variance terms, we can readily
apprehend this point. When certain subsets of the total
set of sampled units are more alike than other subsets the

variance due to the differences between the subsets is
probably present. (Kerlinger, 1964, p. 335).
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Ma;ching‘precipitates several design pfoblems which-must be addressed.
Unless it can be shown that a "fairly"sﬁbsfantiai" felatiBﬁship existS"
‘ bet%een fhe dependent variable and the®variables chosen for ﬁatching,
this procesé beéomes a wasted.effor; és well as being misleading.
Secondly, matching places seyére 1imitétioﬁsAon the-design.' Ihe more
variébles which are chosen fof-matching the less chanée'there'will be
of flndlng subJects who possess like attributes or measures (Kerllnger,
'1964, P- 311) Thirdly, in the pretest—posttest control group de31gn,
the téchnique of matching should be adJunct to randomlzatlon and not
ﬁsedkas a sﬁﬁstitute for rgﬁdomiéation (Campbelliand Stanley,_1963;
p.'4é; Kerlinger, 1964, p. 311).

. .The author beliéves ;hét-the dgsigﬁ.sufficiently answérs all-fhese'
major queétions raised about the advisabilipy_of using‘the'Fééhniéué
of matching. There is a sﬁbstantial relationship betﬁéen the dependent
variéblé (abstract thinking ability) and the two variableé éhosén for
matchingywhich are (1) the individuél's,ébility to think4abstractiy“a$ '
measured by the number of corfect respénses on the pretest,uand'(Z) thé >
amount of muscular tension exhibited by two muscle gyoﬁps whb'are ;ST
sociated Witﬂ meﬁtal work; those-being the FrapeziuS'and-thg frontalis
(Greenfield and Sternback? 1572, pP. 339)ﬂ. Each subject had-boﬁh
measures used.for the matching variables as they were taken iﬁ the

préfest prior to any‘attempts to match the subjects. Randomizapion'

through a volunteer process as well as matching was used to- insure an
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equivalency between the control and experimental groups through con-
trol for extraneous variance.

After the matching was complefed, the pairs were then raﬁdomly
assigned to the control or experimental group. Group means were sub—
sequently computed using the total scores on the pretest and the.pre—
test item tension average of the subjects to further Validéte the simi-
larity of the control and experimental groups. A Student's "t" for
independent samples was -used (Nie; et-al, 1970, pp. 270-271) to deter-~
mine whether the group means of both the raw scores and pretest item
tension aﬁerages were significantly different. .This test was perform-
ed with the following results:

TABLE 1.

t — Test Independent Samples
Pretest Raw Scores

Experimental Group Control Group
No. of ) ] : .
Cases 25 ‘ ) 25
Mean . 9.60 ' 9.40
Standard
Deviation 3.77 ' 4.14°
"t" Value : .178
df 48
2—-Tajiled
Probability .859
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The Qifferences found between the group means of the control and
experimental groups eubsequentiy obtained to matching and random
assignment shows that they are eignificant at tne_.85-alpha level.
The probability of such diﬁfefences in group means, fof that degree of
freedom, -occurring by chance ie 85 out of 100 times. This may be in-
terpreeed to indicate that the matching and random assignment to
groups produced twerlosely equivalent groups in regards' to their abil—
ity to think abstractly as measured by the raw scores en the pretest;

The following table shews the result of the Student "t" performed

on the pretest item tension averages.

TABLE 2.

t — Test Independent Samples
Pretest Item Tension Averages

Experimental Group Control Group
No. of
Cases 25 25
Mean | ' 3.32 - | 2.63‘
Standard
Deviation ‘ : .365 . .796
~ "t" Value 1.71
af | 48
2-Tailed

Probability .092
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The differences found between the group means of the control and.:

‘experimental groups subsequeptly obtained to matching and rgﬁdom
-assignment shows that £hey are significant at the .09 @ level. The
proBability of suéh differenées in group means, f;r'that aegree'of
freedom, occurring b§ éhance is 9 odt-of 100‘times. This may be inter-
‘ preted to indicate thatlthe matching and raﬁdom assignment to groups,

done primarily on the baéis_of the pretest raw score data, produced

two closely equivalent groups when the pretest item tension averages

‘were used to match subjects when more than two possessed the same raw'’

score.
DEfINITION OF TREATMENT
The tfegtment occurred when the experimental group of .25 gubjeéts

were identifieé, cohtac;ed by the exferimentor, agd"scheduled for the
treatment session. At the same time, tﬁe control group was séheduled
for the pbsttes#. Tﬁis scheduling was done to insure thaE the Fime‘
' span was as close to being the same for £he control group and éxperi;
mental group with regard to the taking of fhe pre and posttest.

| The treatment was administered in the Coftiﬁai Fdnc%ion Laboratory
on the caﬁpus of Montana State:University. The treatment consisted of
autogenic exercises as outlined by Dr. Wolfgaﬁg Luthe, M; D. in his

Volume I of the series "Autogenic Therapy,'" (Luthe, 1969b) entitled

Autogenic Techniques. The autogenic treatment comnsisted of an intro-

" duction of the method of relaxation, a-portion of which was broken

LY

[P —




50

" down into_the following segments:

(1) reduction of afferent stiﬁuli; ’ o .

(2) training ﬁatterq and.passive coﬁcentration:;'

s o '(é) a standard exerciselinvolving tenéion—reiaxation of
the frontalis and trépezius muscle.grpups.

The first segment (reduction of afferent étiﬁuli) was in part .-
accomplished by the physical_eﬁvironment in which ﬁhe éubjects_wére
tested. The booth used'fof the.experiment was'séund—proéfe& so as to
promote #he reduction of afferent (in-coming) stimuli. - This "closing
off" of afférent stiﬁuli'frqm the physical enviﬁbnment-is the essential.
first step in the reducfion of tension. Withdut‘fturning‘gff" exter—Il
nal stimuli, the reticular activatiop system (RAS) wiil not allowléh

.internal reduétion of stimuli (Ornstein~an& Naranjo, 1971; p. 143).
The bo;£h briﬁgs the gffect‘of stabilizing‘images td a.degree.that
awareness of external stimuli can be reduced. Without the variety
of visual stimuli nofmally available, large eye movemerits gélled
"éacades" are reduced. AThese grogs eye movements-which%are fingions_
at various points in the visual field along Wiﬁh‘very small involuﬁtary
movements called “optical nystagmus' help keeptthe_retipa in éonstant
métion. The efféctAis‘théf awareness of afferent sfimuli'ié maintain-
ed_éf a level sufficient to keep the body and mind at a éteady state
of read&ness (Ornstein and Naranjo, 1971, pp. 165—16?).' There is a

documented contiguity between stabilization of visual images and the
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production of alpha rhythms. Alpha rhythms are:
. . . usually thought of as representing a state of de~-
creased visual attention to the enviromment. It is increas-

ed almost always when the eyes are closed or-when the eyes

are rolled up into the head - when vision is turned down.

(Ornstein, 1971, p. 165)

Lehmann, Beeler, and fender ip.their investigatioﬁs intp brain
states evoked by stabilizing:images (Lehmann,.et al, 1967) found tﬂat
the alpha rhythm was ;ike;y to'appear at the time when fhe subject
reached a stéte of visual stabilization. Other ways'to produée this
'reduced state of awareness are closing the eyes or concentration on a
patternless visual field called a "ganzfeld" (Ornstein and Naranjo,
1971, p. 166).

The second segment of the treatment called for the establishﬁent
of a training pattern and passive concentration. This simply means
that a pattern be established which‘can be used by the subjects when
they employ the autogenic exercises to reduce muscular tension or
anxiéty. Passivé concentration is the application of the training
pattern or regimen so that unconsciousness does no£ occur. If,"as in
segment one, the'subject reduced all afferent stimuli, éleep or un-
consciousness Would occur. This, for obvious reasons, is mot a de-
sirable state for the experiment when a specific degree of alertness
will be-required to solve the mathematical problems; The use of the

training pattern keeps the subject "alert'" enough so as complete (un-

consciousness) relaxation does not occur. .




52

The third segment (muscle exercises) is designed to focus'on.thé
specific muscle group or groups which are identified for intensive and -
deep relaxation. This process involves "tension—relaxationﬁ of each
muscle group. Each subject was asked to tense and relax the two mus-
cle groups (frontalis and trapezius), first each muscle group'éeparate-
ly and then together. Theée structured exercises are designed to in-
crease the subjects awareness of what tension and relaxation "feels"
like relative to each specific muscle group. During the tension—fe—
" laxation exercises thé subject was ”hearingf the analogue feedback
froﬁ the two ﬁusclé groups so that aufal as well as kinetiq.feedbéck
heightened the experience. |

Utilizing these three segments, the subjects{ feedback was
"shaped" by'using an audio threshold—seiectér on the Autogen 1700.
This device allows the experimentor to adjust the audio threshold level
of the incoming signal (muscle potentials). When activated, the Aﬁdio
Feedback Threshoid Selector determines the minimum or maximum absolute
level of EMG activity required for any of the audio feedback signals
to be present. 'Shaping is then performed by either raising or lower-—
ing the absolute level of EMG required to produce the audio feedback
signal. |

' As each subjecf went through his/her exe;qises under the guidance
of-the experimentor, an absolute level was found. The subject was

then told to maintain the audio signal which meant to retain the level
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.of relaxgéidn necéséary to mainfain the feedback audio éignal;“ Tﬁé
threshold selector was set so that-if the sdbjgé; bécéﬁe ;eﬂéé in.the
trapézius or frontalié musélé groups, the auaiq fee&back:sigﬁal would »~
cease. - Thé experimentar, oﬁ the subject's maintenance of fhe.éignal |
sﬁbsequent‘to the setting’pf'an absqlute léﬁel of EMG feedBack;'woﬁl&
then leave thé,booth'instructipg the subject to maiﬂ&ain_fhe'signal;

After ten minutes had elapsed, the experimentor would again.reenter

the booth and, if possible, adjuét the threshold selector -downwards

so that a deeper state of relaxation was necessary in otrder to con-

tinue the .audio feédback'signai. Thé entire traininé session lasted
no more than thirty'minuteé for each'subject in the experiﬁentél'ggodp,‘

The treatment ééésions were carried out in the'labsratéry té
attempt to insuré tﬁe most similar gnvironmenﬁal-factors_fdr ali sﬁb;
jects. Each seésion“occufred.in the Cortical.Functién Léboratqu
where each subjgct was seated in a reciining Ehairvsituated in,é
shielded, sound—broof booth. All tfeatmenf sessiéné, as wéil as pre =
and posttest sessions, were carried out by the experimentbr in orde;
to reduce the amﬁunt of possible intervening variables ﬁhich could
contaminate the treaément session and-célléction of data.

The Autogen 1700, an electrqmyogfaph machine was used to supply
the experimental grbuf with audio—feedback aﬁd mégsure tﬁe musple.pé—'

tentials (tensibn indices) for the experimentor (see Appehdix C). The

experimentor recorded the data on a pre-printed data sheet (see.Appen-
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dix D) and performed al; treatment regimens utilizing an exact step-
by-step presentation (see Appendik~E) for each subject.attempting to
insure a high degree of uniformity for-each‘treatmeﬁt épplication.
METHOD OF DATA COLLECTION-

As the subjects arrivgd at.the iaboratory, they were given an
exﬁlanation of the general procedures.of phe pre and poéttest seésions.
They were not told the épecifics of the research aeéign nor were théy'
given the hypotheéis of res;arch questions. "This procedure was_folloﬁ—
ed so that such knowledge would not bias their response to.the expe;i—
ment. Each subjéct was then asked to read and fill out the waiver and
data sheet supplied by the experimentor. (see Appendix F). The sub-
ject was then placed in the booth ap& seated in an overstuffed reclin-
ing chair ané given the inétructions for the pretest. These were:

(1) mentally solve the mathematical problems given you oﬁ each
3 X 5 card. I will hold the cards for you.

(2) you have twenty seconds to solve each problem.

-(3) respond with your answer or if you cannot solve the problem,
give no response.

(4) I will not.verify the answers for you.

(5) the probleﬁs are addition, subtraction, multiplication and
division of fractions. Each problém will vary in degree of difficulty.

(6) a rest period will beiobserﬁed between each problem.

(7) do not make unnecessary movements during the solution period.
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(8) , do you have any questioﬁs concerning the directions I have
just given you? .
An attempt was made to-not vary the presentation of directions nof the
suBséquent test proéedures by using an experiment checklist (see Ap-
pendix E) designed by the experimentor.

The test procedure then began By interfacing the sﬁbject'to the
Autogen 1700 by attaching the six electrodes. ‘Three.were attgched
to the frontalis and three to the trapezius. The Autogen batteries
were checked using the Ba;tery fest Function scale. The microvolt
meter was éentered to'insﬁre a variance for deflec;ioh. The Averaging
Time Selector was set for twenty (20) seconds. The Audio Feedback
Mode Selector was set to AN-1 which.is_the "variable pulsated‘analog
tone feedback." This audio output coﬁsists pf "a pulsating tone which
varies both in pitch and pulsation rate in logrﬁythmic proportion to
the EMG activit& level" (Autogen 1760 Instructional Manual, 1975,
p. 24). During the pretesf, no audio feedback was given to the sub-
ject. It was observed, however, by the experimentor on the microvolt
meter on the Agtogen. The subject could not see the front of the EMG.

-The posttest was conducted in the same manner with the exception
that audio feedback was present. ‘During the treatment, the same gen-

eral checklist was used to interface the experimental group subjects

to the Autogen 1700.

The experimentor used the Autogen 1700 to provide accurate mea-
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sures of muscle potentials in units of miqrovolfs. The respomnses to
the pretest énd postfest were recorded on pre-printed, individual sus—
ject forms by the exberimentor. A stop watch was’used by the experi-
mentor on the posttest.to measure the time needed by each suﬁject to
solve the problem. |

The mathematicél-teét involved a twenty item,—mentally solved
mathematical tést involving the addition, subtraction, multiplicafion,
and division of fractions (see Appendix G). These problems were
generated by the Sigma-7 computer utilizing an interactivé prdgram.'
The level of difficulty for each item was~aSSes§ed by item analysis
of the pretest results. The level of difficulty was theﬁ assigned to
each proﬁlém by the experimentof. Twenty problems were preordered for
each session using'a compufer program which generated fifty random
orderiﬁgs of the twenty problems (seé Appendix H) so that no consis-
tent patterning would affect the test results. Each problem_?as
placed on an individual 3 X 5 card for presentation.

The experimentor had feceived'training on the Autogen 1700 by
Dr. William Jankel, head of the Cortical. Function Laboratory and con-
tinued throughout the experiment to be under the laboratqry auspices.

METﬁOD OF ORGANIZING THE DATA

.The data are presented in graphic and tabular form under two

méin divisions in Chapter Four. The first division concerns all data

related to the statistical hypotheses which -concern measures of dif-
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ferences and the second concerns the'statisfical'hypotheses whiéh ané—
lyze the results of thé multiple regression analysis. This division

facilitates the presentation in that a différéng Statistical treatment

of each’'division will precipitate a particular format for each treat—

ment.

The-first division shows différent graphs and tabies while the
secon@ division displays graphs and tébleé dealing with ﬁultifle re~
gression values.

STATISTICAL HYPOTHESES

The probleﬁhgtatemept when transformgd into statistiéal hypo-

theses is: |

"1. There will be no significant difference. between control and

“ekperimental group posttest means based upon.abstréct thinking ability-

raw scores.

2. There will be-no signifidant difference between the pre-test
and postteé§ group means of thé expériméntal group based upon ébétréct
thinking.ability raw scores.

3. There will be no significant difference between the pretest
and posttest group means of fhe boﬁtfol group based upon abstrac£
thinking ability raw scores. o

4, There wili be no significant difference.bétween controi and

experiméntal group means based upon average posttéét item tension

7

readings.




58

5. ‘Thére will‘be no significant difference between the pretest
and posttest group means of the experimental group baséd‘upon ave?age
item tension readings.

6.  There will be no significant.difference between the.prefest
and posttest group means of the control grpup.based upon aVeragé item
tension readings. | |

7. Selected biographical independent.variaﬁles‘(gender, age,

marital status, undergraduate GPA, or handedness) cannot be used to

" predict abstract thinking ability using'pretest mathematics test

scores as the dependent variable.

-8. Selected biographical independent variables (gender, age,
marital status, undergraduate GPA, or handedness)_cannot be used to
predict abstract thinking ability ﬁsing posttest mathematics test
scores as the .dependent QariaBle.

9. Selected~biographical independent Variables'(gende?, age,
marital status, undergraduate GPA, or héndedness) cannot be used to
predict-éverage muscle ﬁension in the-frontalis and trapezius muscle
groups using pretest EMG temnsion readings as the dependent variable.

10. Selected biographical independent variables (gender, aée, |
marital status, undergraduate GPA, or handedness) c;nhot be used to

predict average muscle tension in the frontalis and trapezius muscle

groups using posttest EMG tension readings as the dependent variable.
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ANALYSIS OF DATA

Hypothesesrl.— 6 in their -null form were tested and reported in
Chapter Four using the;StpdehE's "t statistic for ‘independent and
dependént éamﬁles. Student’'s "t"_is’a stétisfic in which‘sample means
are used to_estimate populatioﬁ means. The "t" distribution is Well.l
suited from the standpoint of its ébility to perform well when‘sméli
"n" samples are used (Snedecdr and Cochraﬁ, 1967, pp. 5§-60). An
'alpha level of ;05 was used as the level of significance fo% the "t"
tests. ’This means that the null'hYpbthe;is can be reﬁécfed if the sfaf
tistic ("t") is equai to or g%eater-than thé table value (two;téiled
test) at the éppgﬁpriate-degfeé of freedom (df) and-alpha level of
(.05).

.The null form of hypotheses 7 - 10 were tested using multiple re—

gression. Multiple regression is a statistical procedure designed to

’_produce an equation to predict a value of one variable (éepeﬁdent
-Va£iable5 from values oﬁ two or mo;e.other variables (independent var-
iables), to make'suchuprediction, aﬁd to‘test the‘réliébili£y of this
prediction. |
PRECAUTIONSVTAKEﬁ FOR ACCURACY.
Ail statisti;al compﬁtations'wére done oﬁ the Sigma—7 computer
on the éampus of Montana Staté University utilizing.the Studgnt's e

and Multiple Regression subprograms within the‘SPSS (Statistical

Package for the Social Sciences).
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SUMMARY

Chaptef 3 presents the pfocedures usgd to-coilect supportive'da;a
.of the ﬁoti&n that eléctrqmyographic feedback coupled with autogenic
training of college sfudent subjects can elicit stafistically siénifi—
canfldifferendes between an equal grgup~of éollege students who.havé
not received feedback or autogenic_training. The popglationﬁp;rameters
have been described as well as the sampling procedure used to.oﬁtéin-a'
randoﬁ sample-of:fiftf gtudents. It describés the procedure that Will
be used to insure the control and experimental gro;p's equivaiencé.
The treatﬁeqt is defined and_sourcé for the‘autogenié exercise
is cited and use of the Autogen 1700 electromyogréph pfdposed'é% the-.
measuring device for muscle potentials‘and‘as the means 6f feedbacki'
. for the subjects. Coliection and orgaﬁizatiqn p&'the'data iSrou;lingdﬂ
Hypotheses fdf the restatement of the problem'an&-general qﬁésf
tions are ﬁreseﬂted in their null form. Ahalysis of the data is disj
cussed.explaining that Student's "t" was used to fest differenégs in -
:HO 1 through 6 and that multiple regression'anélysis was used to tést
the alleged reiaéionéhiﬁs between éelected dependent variablés épd in-

dependent variables in Ho 7 through 10.




Chapter 4

DATA ANALYSIS .

Chapter Four presents Fhe data .analysis in two major sectioﬁs;
The first sec£ion pfeséqts the ‘data -and analyses of the Student's "t"
stétistic relating to the tésting qf hypotheses 1 fhrough 6. The
secoﬁd section presehts the Aata and analyses of a sefies of fi&e
variable multiple regression equations produced to.test ‘hypotheses 7
fhrough 10. The chapter énds.with a général summary of tﬁé findings
and analyses.”

SEéTION ONE: STUDENT'S'"t“
Tﬁis section concerns allldata collécted to test statistical
hypotheses 1 through 6 fsee pp.‘57 and 58). Section one relates the
measures of difference between experimental and control group means of:
1) raw scores obtained on a mathematics test designed to
yield measures of abstract thinking ability, and

.2) test itém tension indices recordg& during the pre and post
administration of the_mathématics test utilizing an electro-
myograph (EMG).

Hyfofheses 1 through 3 relate to mathématics test scoreéiand
hypotheses 4,throuéh 6 relate to tésf item tension indiceé.

The following diagram represents the basic résearch paradigm used

in the analysis of the data.




Experimental Group

Control Group
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Pretest

Posttest

Hypothesis 1, Table 3, is a Student's "t" test for independent

~samples and -Hypothesis 2 and .3, Tables 4 and 5, are Student's "t™

tests fqr dependent éamples.

The following diagrams should simplify the relationship between

the three hypotﬁeses and their statistical table format.

Hypothesis 1/Table 3

Experimental Group'

Contrél'Group

Hypothesis 2/Table 4

'Experimental Group

Control Group

Hypothesis 3/Table 5

Experimental Group

Control Group

- Preteést

Pretest

(E) PRT

Pretest

(C) PRT

Posttest

(E) poOT

(C) poT

Posttest

(E) POT

Posttest

(©) POT-_I

The identical paradigms and statistical treatments also occur

for Hypotheses 4 through 6.
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Hypothesis 1

There will be no significant difference between control and’
experimental group posttest means based upon abstract thinking ability
raw scores.

TABLE 3
t-Test: Independent Samples of

- Raw Scores of Abstract Thinking
Ability Test/Posttest

Experiﬁental . Control
Group Group
Number of Cases e -25 o 25 -

- Mean ‘ ' o © o 12.84 10.72
Standard Deviation . : 3.51 . - 3.74
Standard Error .703 T .749
F Value - - 1.133 ' ‘
2-Tailed Probability - .761 B

Pooled Variance Estimate

"t Value . 2.06
Degrees of Freedom 48
2-Tailed Probability = .045

‘ Separate Variance-Estimate
t Value : 2.06
Degrees of Freedom 47
2-Tailed Probability .045

When comparing means of independent samples given that their popu-

- lations have unequal variances, a Student's '"t" cannot be computed for
‘the difference in sample means. . Instead, an:apprOximation to”Student's

"t" can be computed. However, the probability for Student's "t" may be




64

' appfoximated by treating it as "t" even though the statistic is not
distributed as Student's "t". An F test of sample variances may be
performed to ascertain whether the two sample meéns haye the same
variance (Nic{ Hull, et al, 1979, pp. 2697270). fhe_nuil hypothesis
(sample variances are equal) with alternative (sample variances are
not equal) and a.significance level alpha is éhosgn. For purposes of
this investigation the researqher has chosén .05 as alpha level. The
F value is computed by dividing the larger sample variancevby the
smaller sample wvariance. - |

Should the probability for F be greater than thg a;pha, the null
is retained and the Student's "t", based upon the."poole& variance
estimate," is used to determine the gignificance of the difference be-
tween sample means. Should the probability for F be less than or
equal to the alpha, the null is rejected and the Student's "t," based
upon the "separate variance estimate' is used.

Table 3 disblays an F value (1.133) whose probability (.761)
is greafer than .05 a;pha. Therefbre, the null ié retained and the
"pooled variance estimate' is used in the analysis.

The differences found between group ﬁeans of thé experimental and
control groups yields a Student's "t'" statistic which is significant
when tested at the .05 level using a two-tailed alterngtive. The
probability of obtaining such differenﬁes b? chance, between group

means for 48 degrees of freedom is 4.5 times out of 100 times. There-
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fore, siﬁce thé hijthesis was testéd‘at the .05 élphé level ghe.nuii
hypothesis is rejected. 1In operational terms of. this- research studj
it can be statgd that, based upon the evidence cbllected‘ébncerning‘~
Hypothesis 1, a significaﬁt difference in abstract éhinking ability |
occurred betWeen_experimental and control group samples. It éaﬁ be
infer;ed from this evidence that the differerce may most p;obably be
the result of the "treatment“ which‘consiéted of autééenic'rélaxation
exercises ;aught to the experimental group-sampie.‘.Baged Qﬁ the data
analyzed for Hypothesis 1, it can be stated that fhé experimental
group scored significantly hiéher on the abst;act thinking ability |

than did the’ control group..

Hypothesis 2
" There will be no significant difference between the pretest and
posttest group means of the experimentél'group based upon abstract

thinking ability raw scores. ‘ .
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TABLE 4
t—Test: Dependent Samples of
Raw Scores of Abstract Thinking
Ability Test

Pre vs. Posftest/Egperimental Group

2-Tailed Probability

- Pretest o Posttest

-Number of Cases - 25 25 .
Mean ' 9.60 12.84
. Standard Deviation 3.77 " 3.51
Standard Error .754 , C 425
. Differenée

Mean -3.24

Standard Deviation 2.14

Standard Error .429

Correiation

Correlation Coefficient ‘.829'

2-Tailed Probability .000

t Value -7.54

Degrees of Freedom 24

.000

‘The differences which were measured between the experimental

group sample's pretest mean and the posttest mean yields a Student's

"t" statistic which is significant when tested at the .05 level using

\

a two-tailed alternative. This does-not imply absolute certainty

about the deéision to reject or retain the null hypbthesisi' The alpha

level is a sub-routine function of the SPSS program used in the com-

pﬁter analysis and prints the significance level to only three places

to the right of the decimal. Any significant number past -the third
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place does not appear on the'printbut.. Theréforé, with the available
datd, the probability of oﬁtaining such group mean differences, by
chance, for 24'degrees‘of freedom is .06 times out of lOO'times.
Therefore, since the.hypothesis was tested at the .05 alpha level, the
null hypothesié is rejécted.

Operationaliy this means that, based.upon the evidence collected
coﬁcerning Hypofﬁesis 2, a ététistically significaﬁt_increase in ab-
stract thinking ability occugred‘as evidenced by the difference in
means of the experimental sample'é‘pretest scores and posttest séores.
Table .4 showé an increase in group meaﬁs from 9.60 to 12.84. It can
be inferred from this evidence that the difference ﬁay most probably
be the'result of the "treatment" which-consisted of autogenic relaxa-
tion exercises faught to the'experimentél group sample.

Based on the evidence collected for Hypothesis 2, it can be said
that the experimental group scored significantly highe£ on.the post-
test administration of the abstract thiﬁking ability than thé? had on

the pretest administration.

‘Hypothesis 3

There will be no significant difference between the pretest and
posttest group means of the control group based upon abstract thinking

ability raw scores.
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TABLE 5
" t-Test: Dependent Samples. of
" Raw Scores of Abstract Thinking
' Ability Test

Pre Vs. Posttest/Control Group

Pretest . Posttest

Number of Cases- ' 25 25
Mean . : - . 9.40 10.72
Standard Deviation 4.14 o 3.74
Standard Error .828 ) .425

Difference .-
Mean . ‘ -1.32 -
Standard Deviation . 1.79
Standard Error . . . 359

Correlation . "j -
Correlation Coefficient .901
_2-Tailed Probability .000
t Value : . -3.67
Degrees of Freedom . . 24
2-Tailed Probability .001

" The differences which were mea;ured between fhe control group
sample's pretest’'mean and the posttest mean yiel&é é'Séudent's "t" sta-
tistic which is significant %hen tééted étlthe .05 level using a two-—
tailed alternative. Based upon this statistical évidehce concerning
Hypothesis 3,.a‘statisticallyrsignifiéant’increase in,abstract:thinking
ability occurred. The probability of oﬁfaining‘such grouﬁ mean differ—
ences, by chance, for .24 degrees'of freedoﬁ is .00l times out of ;OOO

times. Therefore, since the hypothesis was tested at the .05 ‘alpha

level the null hypothesis is rejected. Tdble 5 shows a signifi-
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cant increase in group'means,ffom 9.40 for the pretést to 10.72 for-
the posttest. This sfatistically significant difference in.means be-

3.

tween the control grouﬁ pre and posttest was ﬁot anticipated as“an
,effecf by the‘investigator. Somelincréase,in_means was expected; how-
- ever, an increase oflétgtistically significant proﬁortions was ﬁot
é#ﬁected.l Thié increase may bring-onevto the conclusion that fhe two
groups, both the control and experimental samples, Were'ndt "equal"'iﬁ
their abilities during‘the administration of the bretéét. ‘As is de- :
tailed in_Chapter 3, Procedures, subsequent to the administration of "
thé pfetest to all subjécts regardless of a division'into céntrol.and
experimeﬁtélisample groups; each spbject was'then matched Qith aﬁqther
subject.. The matching was based upqn‘tﬁeir preteéf mathematical”
scores. In the caég of multipie liké scores, the averagé item tension
indices Wefe used to insure that both control ané experimental samﬁleé
disp;ayed similar attributes ovéf the two indepehdenf\vériables in

thé reseérch iﬁvéstigation. A Student's "t" statistic for independent
samples was calculated by'the.researcher betweenhthe méthemétical raw
score pretest means for both the control'and experimental group samj'
ples. It was found that the difference between group means (experi—
mental = 9.60 and control = 9.40) was not staﬁistically significant.
The calculations resulte& in a Student's '"t'" of .866 with.a two~tailed

probability of .395,'or 39.5 times out of 100 times such an observed

" difference in means could occur by chance. This difference does not
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meet the criteria set by the researcher of .05, or 5 tiﬁeé out of 100
‘times.- The two diétribﬁtibns of_raw scores of both the control and A
expefimentai groups yielde& a Pearson Product Moment Correlation cbj
effiéient of .961 with a two-tailed prqbébility of .000. " This demon-
strated,'to'the.satisfaction of the reséarchef, that‘aécor&ing to the
two main dependeﬁt variable effects in this‘in&eétigation,_fhe coﬁtrol
-and experiﬁental groups were successfully ﬁatéhed and £hat éubsequent
posttest meésﬁres of these  two dependent variablés would Be accurate
measures of increase of.degrease of abstract thinkiﬁg ability or skele—
tal muscle_tension.

Relévant internél validity factors suéﬁ as maturation and testiné
(Campbell and Staﬁley, 1963, p. 5 aﬁd P. 14) may in facf‘be thé cause
for the observed»differénces between‘control pre and postfgst'means.
However, within the "pretest-posttest control group design" eﬁpioyed_
for tﬂis inve;tigation, controls . for iﬁtefnal vélidity regarding matu-
ration and'testing "a;e controlled in that they should. be manifested
equally in experimental groups and controi_groﬁps" .(Campbell and
. Stanley, 1963, p. 14)p

Given tﬁé evidence of the expérimental design'; capability to
control for the-effects of maturgtion and testing, any differences be-
tween expefimental group pre and posttest méans and control'éroup pre

and posttest means are 'manifested equally," that is to say, such

effects manifest themselves equally in both control and experimental
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groups and do not abrogate any differences found between.experimenfél:
and control groups. Iﬁ this light, it -can be observed that although
there were statistically significant differénces'between éxperimentél
-pre and bostﬁest'meahs'aﬁd control group pre and ﬁosttest means, it
does‘not necessariiy cast déubt‘on the validity of differeﬁces.observed
between ekperiméntal and control group posttest means.

.Ihe folléwing table shows the4relationship between the group means‘
" of the éxpeiimental and control-groups and the pre anduposttest admin-
istration of the mathematical test of ébstract thihking ability.

TABLE 6
Group. Means: Raw Scores of

. Abstract Thinking Ability Test

Pretest Mean Posttest Mean
- ' -difference
Experimental Group 9.60 - 12.84 "43.24
. ' ' difference
Control Group 9.40 ‘ 10.72 41.32
difference _ difference -
-.20 - -2,12-

Hypothesis 4

There will be no significant differénce between control and ex-

perimental group means based upon average posttest item tension read- .

.

ings.
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‘ TABLE 7.. -
. t—-Test Independent Samples of
Item Tension Readings/Posttest

- 'Experimental Control
Group : Group
Number of Cases 25 : 25
Mean 2.36 3.08
Standard Deviation ' 747 1.80

Standard Error _ , .149 ) .699
F Value 1.70 :
2-Tailed Probability .100

Pooled Variance Estimate

t Value . ~1.56

Degrees of Freedom 48
2-Tailed Probability 124

Separate Variance Estimate’

t Value ' . -1.56
Degrees of Freedom 47

2-Tailed Probability . .129

When comparing means of independent saﬁélés giveg that'their pop-
ulatiohé have unequal variaﬁées, a Séudeﬁt(s."y" cannot be computed
. for the difference in sample means. Instead, an‘approximétion to
‘Student's "t" can be.computed. However, the ﬁrobability for Student's.
"£" may bé approiimated by treating it as "t" even though the statis-
tic is ﬁot'distributed as Studené's "t Aﬁ F test of sample variances
may be performed to ascertain whether the two sample means have the
sa&e variance (Nic, Hull, et al, 1970, pp. 269—é70)."The null hypo-

thesis (sample variances are equal) with alternative (sample variances

e
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are not eguél) and a signiﬁicance'level alpha is chosen. For purposes
of this investigation the researcher has chosen .05 as the alpha level.
The F value is computed by dividing thé lafgef sample vafiance b& ﬁhé
smaller sample variance.
Should the probability for F be éreater than the alpha, the null
is retained and the Student's "t", baséd upon the 'pooled variance es-

"is used to determine the significance of the difference be-

timate,'
tween sample means . Shoul& the probability for F be less than or
equal to the alpha, the null is rejected and the Student's "t", based
upon the 'separate variance estimate" is used.

Table 7 displays an F value (1.70) whose probability (.100) is
gfeater than .05 alpha, Therefor¢,<the null is retained and the |
"pooled variance estimate" is used in the analysis.

The differences found between:group means of the experimental and
control groﬁﬁs‘yields’a Studentfé "t" statistic which is significant
Whén tested at the .05 level using a two-tailed alternative. The
probability of obtaining such diffefendes; by chance,’between éroup

means for 48 degrees of freedoﬁ is 12.4 times out of 100 times. There-

fore, since the hypothesis was tested at the .05 alpha level, the null

hypothesis is retained.
In operational terms of this research investigation it can be

said that, based upon the evidence, a statistically significant dif-

ference was. not found between posttest group means of item tension
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measures of the experimental and control groups. It appeared that .the
treatment had no effect on skeletal muécle tension when experimental

and control group posttest item tension indices ‘are compared: .

Hypothesis 5

.'There ﬁill be no.significaﬁt diffefence between fhe pretést and‘_'
posttest group-meéns of the experimentél group based upon average item’
tension readings.
- . : ' TMﬁE8”

_t-Test: Dependent Samples of
ILtem Tension Readings

Pre vs. Posttest/Experimental Group

Pretest E . Posttest

Number of Cases . . ' .25 ' : 25
Mean , ' ‘ ©-3.32 - . 2.36
Standard Deviation o ‘ .365 - 7147
"Diffgfence
Mean S L .958
Standard Deviation 1.917
' Standard ‘Error ' .383
i Correlation
Correlation Coefficient .078
2-Tailed Probability .710
t Value . 2.49
Degrees of Freedom ‘ 24
2-Tailed Probability - .020

The differences which were measured between the éxperimental .
group sample's pretest and posttest mean yields a Student's "t" sta-

tistic which is significant when tested at the .05 level using a two-
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tailed élternative; The proBabiliFy of obtaining such group mean
differencgs, by qﬁance,'for 24 degrees . of f%eedom is 2 times out.of
100 times.- Tﬁerefore, siﬂée the hfpothesié'was tested at .05 alpha
‘level,'the null.hypdthesis is rejécted. |

Operationall&, it can be stated.;hat, based ;pon'the evidence
collected concerning Hprthesisié,_a stétisticaily significant de—
crease in skeletal muscle tension occurred bétween the pre and postt,‘
test administrapibn of thé‘abstract‘thiﬁking,abilitj-test.. Table‘S
shows a sigﬁifiqant decrease in itemvtéﬁsion readingé betﬁéen'the pre-
test and the posttest expérimental gréuﬁ mean which is moét.probably
the result:of the treatment. |

Hypothesis 6

" There will be no significant. difference between -the pretest and
posttest group meansof the control group based upon avérage item

tension readings.
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TABLE 9
t-Test: Dependent Samples of
Item Tension Readings . - .

Pre vs. Posttest/ControiAGroup

Pretest ', Posttest
Number of Cases . " 25 . 25
Mean : : 2.63- - . 3.08
Standard Deviation ' .796 1.80
Difference
Mean ‘ - . —.450
Standard Deviation - . 3.37
Standard Error o .360
Correlation
Correlation Coefficient " .263
2-Tailed Probability ..203
t Value . ~-1.25
Degrees of Freedom . 24
2~Tailed Probability . < .222

The differences which were measured between the control group
sample's pretest and posttest mean yields a Student's '"t" statistic

which is significant when tested at the .05 level using a two-tailed

alternative. The probability of obtaining such group mean differenées,

by chance, for 24 degrees qf freedom is 22,2 times out of 10Q times.
Therefore, since the hypothésis was tgsted'at the .65 level, the null’
hypothesis is retained. . ‘ |

In operational terms of this researcﬁ study it cén be sfated,
based upon the statistical evidence, a étatistically significant dif—'

ference was not obtained between pre and posttest item tension read-
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ings. Howgver, the-differehce did indicate an increasé”in skeleta; |
~ﬁuscle‘tension wifhip théAcontrol group, Whiéh did not fecei%e £he
autogenic relééatiqn éxe;cise tréininé; 'Table‘9 shows this increase
to be .450 ugits of tension from the pretest to:posftéét adm%nistra—

tion of the mathematics test.

SECTION TWO: FIVE -VARIABLE MULTIPLE REngs_éiéN
This éectiOn p?esents the dat@_énd subsequeﬁt apai&sis of Hypoé—

heses 7 through 10. Each hypothesis is aﬁalyzed‘using é ﬁultipleﬂ
regressionAequafion consisting. of five independenf Qariaﬁles. :Sebtian
Two uses the following five (5) indébeﬁdent variables iﬁ the regression
equations: | | ”*
. .gender
age _
.. marital status

. ‘undergraduate GPA
. handedness .

LW N e

The following four (4) hypétheses (7, 8, 9, and 10) have twb 2
sets of tables for each hypothesis. These tables are presented in

the fbllowing ﬁdrmats.
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Sunmary Table

Multiple-R XXX  Analysis of Variance ., DF SS MS. F
R-Square . XXX . o . -
Standard Due to Regression - XX X.XX X.XX X.XX
Error X. XX About Regression - XX X.XX X.XX -
: .Total XX X.XX
Standard Error Student's Partial
Variable : - B of Beta ! R BETA

) 0.0.0.0.0.000.0.00.08 XXX~ X.XX . X.XX - XXX XXX
Constant: . (X.XX). : N -

.In the above-Summary‘Tablé forma£ egample, there are two (2) divif~
sions of Ehe data. The first diyision deals with.the dependent'vari—'
a?le and its five (55 independeht variables as if the ﬁroblem wére a
bivariéte.correlation analysis. It is concerned wifﬁAdetermiﬁihg the
_st&ength‘df depen&éﬁcy or, equivalently, thé.amount.of Vériation in:
the &ependehf variable that can be explained by linéar‘aependence )
upon the five-(5) indépendent variables operating joiﬁtly.’ Multiplé—R
and R—Sqﬁare are interpreted és if tﬁéy were the products of bivariate
correlation analysis. The R-Square represents the percentage'pf vari-
ation within:the dependent variable which could be accounted for by A
the five (5) independent variables opergting jointly. The Standard
Error is-interpreteé’as being‘thg average error ;n predicting a de-
penden# vafiablé value from the five (5) independent variableé, The
Standard Error represent; the avefage deviation By predicted scores
from actual scores. Thé use of the Analysis gf Variance sub-routine

allows for inferential analysis of the regression statistics. These
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statistics allow the researcher to appiy statis£ical inference proce-
dures in the Aetermination of éonfidenéelliﬁité‘for estimafés'and in,
testiﬁg hypotheses. This steb was taken in thé analysis tg perférm
hypothesis testing, known procedurally as the "overall" test for -good-
ness of fit of the regression equation. Thé "F" ratia allowé'one to
determine whéther or not R-square.is zero (0) in the pdﬁulatién:from

which the sample was drawn. "DF" is the degrees of freedom, "SS" is

F
the Sums of Square, and "MS" is fhe_Mean Square.

The second division of each'm#ltiple regression tablé_aeals with
" the influence of each iﬁdepehdent variable on the depeﬁdent‘variabler
while Holding constant thé effect of the rg;aining foﬁr indépendent
variables. The columnvlabeléd "Variable" contains the indépquent
.vériabies entered into the mﬁltiple regressioﬁ eéﬁation. The cdlumn
labeled "B" ié the ﬁnstaﬁdardiéed'regression coefficienté "Standafd
Error of Beta" is the-amount of errér fﬁat occurs between the sample's
Beta and the popﬁlation value of Beﬁé’due to sémpliné va?iability}v
"Studenf's et is computed“és é-test of significance for Beta‘which
is used as an alternatiVe.to éxamihing the confidence interval. ™Par-
tial R" is a regression coefficient -which expresses the relationship
of the dependent variable and a selected indepenaenf variable when all'

other independent variables are held constant or otherwise controlled

for. A partial regression coefficient~standé for the expected change

in the depeﬁdent variable with a change of one unit in a selected in-
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geﬁenden; variable. "BETA" is the standardiééd regression coefficient,
aiso referred to as the "beta ﬁeight." Beta weights are preferred as
eiémépts Withip a prediction formula because of their straightﬁorwafd
-ihterpretatidn. The "beta weight" also éllows the researcher to com--
{pare the relative effect on the dependent variable by-eééﬁ indepen-
dent_variable when the indefendeﬁt.variablés are.gomprised of différ;
" ent uqits of measurev(i.e,‘aéeg sex, GPA).
The following Table 10 displays the,mean;lstandard déviatidh,-and

number of cases of dependent variables (mathematical raw éqofes)

e . Y, . " N .
entered into the multiple regression equation. (Hypotheses 7 and 8).

. TABLE 10
Dependent S " Standard Number of -
Variable . " Mean Deviation .. Cases
Pretest~Experimental 9,60 3.77: 25
Pretest—Control 9.40 .~ 4.14 25
Posttest-Experimental .12.84 3.51 . 25

Posttest-Control 10.72 3.74 . " 25
The following Table 11 displays -the mean, stgndard-deviation, and
number of cases of dependent Variables (item tensioﬁ indices) entered

into. the multiple regression equation. (Hypotheses 9 and 10).




Variable

Pretest—Experimental

Pretest—Control

Posttest-Experimental

Posttest—Control
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TABLE 11
Standard Number of.
Mean Deviation Cases _
3.32 .365 . ' 25
2.63 .796 25
2.36 747 25
3.08

1.80 - 25

The following Table 12 displays the mean, standard deviation, and

number of cases for independent variables entered into the multiple

regression equation.

(Hypotheses 7, 8, 9, and 10). T -

TABLE 12

Independent Standard Number of

Variables Mean Deviation Cases )
Gender 1.40 49 . 50
Age ] 31.04 7.15 .50
Marital Status 1.26 47 ) _ 50
Undergraduate GPA 2.96 .43 50
Handedness 1.14

.35 50

The values in Table 12 were encoded from the data sheets filled

out by the researcher on each subject in the following manner.

Variable

Gender
Age

Marital Status
Undergraduate GPA

-Handedness

Encoded Value Equivalents

1 = Male. / 2 = Female

Actual chronological age °

1 = Married / 2 = Single
-Actual grade point equivalents

1 = Right Handed / 2 = Left Handed

The raw data summary may be more closely reviewed in Appendix I,
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Hypothesis 7
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Selected bﬁographical independent variables (gender, age, marital .

“status, undergraduate GPA, and handedness) cannot be used ﬁo~predict .

abstract thinking ability using pretest mathematical test scores as

the dependent variable.

Multiple Regression: Pretest Raw Scores

of Abstract Thinking Ability Test/Selected Biographical

Independent Variables-Experimental and Control Groups

- TABLE 13

Pretést—Experimental/Summary Table

constant: (9.564)

- .03 -.006

Multiple-R .469  Analysis of Variance DF 'SS . MS F
R-Square .220 . : . B
Standard " .Due to Regression 5 .75.46 15.09 1.08
Error 3.745 About Regression -19 266.53 14.02
’ - Total 24 342.00.
) ‘Standard Error Student's Partial
" Variable B of Beta ! R BETA
Gender -3.78 1.91 -1.98 . -.414 -.,501
Age ' ) .16 .13 1.27 - .280 .337
Marital Status - .81 1.72 - .47 -.107 -.102
Undergraduate GPA .40 2.07 .20 - 044 .043
Handedness - .08 2.74 -.007

When' the fF" ratio for the "ovéf@ll” test of goodness of fit of

‘the regression equation is analyzed, it shows that an "F" of 1.08 is

not equal to or greater than the "F'" ratio table value of 2.74 needed

to be statistically significant at the .05 alpha level. It can there-

fore be concluded that the five (5) independent variables cannot
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‘jointly be_used tb pre@ict abstract thinking‘ability using'experi—'
meﬁtal grouéipretest‘mathemafiqal test scéres as the dépeﬁdent4véfij
able. Therefore, the null hypothesis is retained. éiven an R-Square
of .220; it cah be said that 22 percent of‘the'variatidn in the pre-
test—experiﬁéntal sample group can be explained by the five (Sj:inde—‘
pendent variables operating jointiy. The probébility fhat aﬁ actual
score will not diviate greater than 3;745 units on the mathematic test
écale is .6826.

"TABLE 14

- Pretest—Control/Summary Iable

Multiple-R .615 Analysis of Variance DF. - S8 MS F

R-Square .378 ) T

Standard . Due to Regression 5 155.97 31.19 -2.31

Error 3.670 . About Regression . 19 256.02  13.47.

: Total - - . 24 412.00
_ Standard Error Student's Partial

Variable B of Beta " R BETA

Gender "-3.39 1.64 S =-2.06 . -.427  -.409

Age I S S 19 .047 - .037

Marital Status -3.78 - 2.02 . —1.87 ‘ - =.393 =.373

Undergraduate GPA  3.36 '1.70 : 1.97 412 .385
. Handedness 1.75 2.16 .81 .182 .158

Constant: : (5.854)

| When the "F" raﬁio for the ?overallh test of goodnessjof fit of
the regression equation is analyzed, it shows that an "F" of 2.3l is
not equal to or greater than the "F" ratio table value of-2.74 néeded
to Be étatisticall& significant at the‘.65 alpha level. It can.there—

fore be concluded that the five (5) independent variables cannot
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joiﬁtly be used to:éredict abétract thinking aﬁility using control
. group Pretest'mathematiéal tést scores-as the dependént variable.
Therefore, the null hypétheéis is retained: Given an'R—Square of .378,
it can be said that'37;é percent of the variation in'thg prétest—con—:
tral_sample group can‘bevekplained by ;he five indepéndent variables.
operating jointly. The-probability'that an .actual scdfe_will nét de-
viate greater than 3.670 units on~tﬂe mathematical test scale is .6826.

Hypothesis 8 _ B : ' -

Selected biographical independent?variables (ggnder,_age,~marital
stafus, undergraduate GPA; and handednesg) cannot be uséd to predict-
'abstract thinking abilit§-using posttest mathematical test.sdores as
the,deﬁendent Variable.

| ﬁultipie Regression: Posttest Raw Séores

of .Abstract Thinking Ability Test/Selected Biographical
Independent Variables—Experimental and Control Groups

TABLE 15

" Posttest~Experimental/Summary Table

Multiple-R  .488 Analysis of Variance DF ss MS 'F
" R-Square .238 o ) .
Standard . Due to Regression 5 70.89 14.17 1.19
Error - ~ 3.452  About Regression 19 226.47 11.91
: . Total 24 297.35
C ; Standard Error -Student's Partial -
Variable - B . __ of Beta " R BETA
Gender - =4.01 1.76 -2.28  -.463  -.570
Age 21 120 © 1,76 -.375 .462
Marital Status = .10 1.59 - .07° - .015 ° .0l4
Undergraduate GPA .58 1.91 ' .30 . .069 .066

Handedness .74 : 2.52- ,30 . 067 - 2070
Constant: (8.989) : : : . :
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When the "F" ratio fo? the "overall" test of goodness of fit of
the regression equatiog‘is analyzed, it shows that an "F" of 1.19 is
not eéual to or greater than the "F" ratio table value of 2.74 needed
fa bejstatistically significant at the .05 alpha levei; It can there-
fore be concluded that the five (5) independent variables cannot joint-—
ly be used to predict abstract thinking ability using experiment group
posttest mathematical test scoresgas the dépendent variable. Therefore,
the null hyﬁothesisnis retained; Givén an Rquuafe of 238, it can be
said that 23.8 percent of thé variationﬂin the posttéét—experimental
sample group can be explained by the fi?e (5) iﬁdependent variables
6perating jointly.  The probability that aﬁ actuai~score Wiil not de-
viate greater than 3.452 units on the mathematical test scale is .6826.

TABLE 16 .
Posttest-Control/Summary Table

Multiple-R .674  Analysis of Variance DF ss . Ms F
R-Square 455 :
Standard - ' Due to Regression 5 153.46 30.69 3.18
Error 3.108 About Regression 19 183.57 9.66
' Total _ 24 337.03
Standard Error Student's Partial
Variable . B - of Beta ] ! R BETA
Gender -4.15 1.39 -2.98 -.564 -.554
Age .02 " .10 .20 - .045 .037
" Marital. Status -2.99 1.71 -1.74 -.370 -.325
Undergraduate GPA 2.93 1.44 2.04 423 .372
Handedness v 1.73 1.83: - .94 .211 .173

Constant: (8.631)
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. Whéﬁ the "F" ratio_fbr the "overall" test 6f:ggodness of fit of
thg-regression ééuation is analyzed,'it shows thét'an ”FJ.6EJ3;18 is
equal to and greéter than an "F" ratio table.vélue of 2.74 needed to be
. %statistically s@gnificant at the .05 élpha level. It can therefore be
concluded that the:five (5) independent variables can joinfly'be used
to predict mathgmaticél test scéres'uging control.gfoﬁp posttest math-
. ematical test.scoreslés the dependenf variable. Thefefpre, the null
.hypothesis is rejéc;ed. Given an'R—Square_of .455, it;c;n-be saia~that
45.5 percent of the.variatign in the_posttest—qon@ﬁol sample gfouﬁ éan
be explained b&‘the five (5) independent vériablgs 6perating jointly.
The probability that an actual écore will not deviate gfeater thaﬁ‘Bﬁlb
uﬁits'on_thg mathematical'sca}é is .6826. |
Based upoﬁ the statistiééily significant "F" r%fibAfoé the Multi~
ple—R; further investigation of tﬁe Beta coefficients'shows,that the.
variable "ggnder,".given a two—tailed alpha level of .05 for 24 aej-
gfees of freedoﬁ, is stétistically significant. The Student's "t" of
-2.98 is greater than the '"t" table value of 2.064 neéﬁed_tp be‘sfatis;
tiéaliy significant at the .05 alpha level. No other indgpendent vari-
'ables,are statistically significantf

Hypothesis 9

Selected biographical independeﬁﬁ variables (gender, age,.marital

status, undergraduate GPA, and handedness) cannot be used to prédict

average muscle tension in the frontalis and trapezius muscle groups
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using pretest EMG tension readings as the depen&ent Variablé.
Multiﬁle Regression: Pretest Item Tension Indices-

of Abstract Thinking Ability Test/Selected Biographical -
Independent Variables—Experimental_and.Control Groups

TABLE 17.

Pretest—-Experimental/Summary Table.

Multiple-R- .447  Analysis of Variance DF . S5  MS F ;
R-Square . 200 : : ) - : o
Standard ' " Due to Regression- - 5 5.27 1.05 95
Error 1.053 About Regression . " 19 21.08 1.10 . ‘

: . Total . . 24, 26.35 : S S

: Standard Error Student's  Partial

Variable ' B __of Beta SN - ___R ' BETA
Gender . -.62 .53. - - -1.16 '~ =-.256 . -.296
Age .008 ~.03 C .23 - . .052 .061
Marital Status . -.48 ° © 48 -1.00 ©0.224 - -.221
Undergraduate GPA . .82 °~ > : .58 i 1.41° .307 .314

Handedness -.06 77 - .08 = -.018 --.019
Constant: (1.831) ' ' : . .

s
AR

When the "F" ratio for the "overall" test of goodness of fit of
“the reéféssion equation‘is“analy;ed, it‘shows‘that an ”Ff}of ﬁ95.is"
not'equéi-to oragreéter tﬁan an "F'" ratio téble value of.4{56 needed
to be seatistically Significant_ét the .05 alpha level. - It can‘tﬁere— ‘
fore be concluded that the five (5) indepgndent variables c;nﬁot joint-
1y be used to predict skeletal muécle tensioﬁ'using_experimental grquﬁ
pretest item tenéion~iﬁdices as the dependent vériéﬁle. Théréfofé, the
nﬁll hypothesis is retained. .Given an R-Square of ", 200, i£ can be éaid
that 20 percent-of‘thé vafiation in the préteét—experiﬁental sample

group can be explained by the five (5) independent variables operating
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jointly. . The probability that an actual score will not deviate great-
er than 1.05 units on the item tension indices scale is .6826.
TABLE 18

Pretest-Control/Summary Table

Multiple~-R  .678 Analysis of Variance DF Ss MS | F
R-Square .460
Standard Due to Regression 5 7.00 1.40 3.24
Error .657 About Regression 19 8.21 .43
Total 24 15.21 -

Standard Error Student's Partial
Variable B ' of Beta St " R BETA
Gender .89 .29 3.04 . .572 .563
Age .01 . .02 : .48 .109 .089
Marital Status -.38 - .36 ‘ -1.07 . =-.238 ~.199
Undergraduate GPA ~.06 .30 - .21 -.048 -.038
Handedness : -.34 .38 - .89 -.199° -.161

Constant: (2.123)

When the "F" ratio for the "overall" test of goodness ‘of fit of
the feéressién équatidﬁ ié aﬁaly;ed, if sﬁows fhat an "F" of 3.24 is
équal to and greater than an "F" ratio table value of 2.74 needed to be
statistically significant at the .05 alpha level. It can therefore be .
concluded that the five (5) independent %ariables can jointly be used
to predict skeletal muscle tension using control group.éretest item
tension indices as the dependent variable.‘ Therefore, the null'hypo—
thesis is rejected. Given ah'R—Square of .460, it can be said that
46 percent of the variation in the pretest—control sample group can bé
explained by the five (5) independent variables operating jointly.

The probability that an actual score will not deviate -greater than .657
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units on -the item tension indices scale is .6826.
Based upon the stéiistically significant "F" ratio for-the Multi-.
ple-R, further investigation of the Beta coefficients shows ﬁhaf the

variable "gender,"

given a two-tailed alpha level of .65 for 24 de-
grees of freedom, is statistically Significant.. The'Studént's et
of 3.04 is equal to and greater than the Student's "t" taﬁle'value of
2.064 needed to bezstatistically'significant at the .05 alpha level.

No other independent variables are statistically significant.

Hypothesis 10 -

Selected biographical independent variables (gender, age, marital
status, undergraduate GPA, and handédness) cannot be used to predict
average muscle tension in ‘the frqntqlis and trapezius muscle groups

using posttest EMG tension readings as the dependent variable.
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Multiple Regression: Posttest Item Tension  Indices
of Abstract Thinking Ability Test/Selected Biographical
Independent Variables—-Experimental and Control Groups

TABLE .19

" Posttest—Experimental/Summary Table

Multiple-R  .412 | Analysis of Variance DF 88 Ms F
R-Square  .169 _ o
Standard .. Due to Regression 5 2.27 .45 .78
Error . .765 . About Regression < 19 11,13 .58

’ Total 24 13.41 '

_ . Standard Error Student's Partial
Variable - B .__of Beta et R___ BETA
Gender S WAT : .39 . 1.21 .267 315
Age . .01 .02 - .55 —.126 -.151
Marital Status. - .17 : .35 - . A48 1100 - .108
Undergraduate GPA .45 . .42 . 1.07 .238 .243

Handedness . -.30 . .56 - .54 ~.122 -.134
Constant: - (.955) s .

When the "F" ratio for the "overall" test of goodness of,fit'of:f-‘x

the regression equation 'is analyzed, it shows that an "F" of .78 is

not équal to or greater than an "F" ratio table value of 4.56 needed

to be statistically siénifidant at the .05 alpha level. It can there- .

fore be concluded that the five (5) independent variables cannot joint—f';

lf be used to p;edict skeletai muscle-tension using experimental group
posttest item tension in&ices as thg'dependent variéﬁle. Therefore,:
the null hypothesis is>retained. Given an R-Square of .169, it céq-ﬁe
said that 16.9 percent of the variation in the posttest—eﬁperimentél‘.
sample group can be explained by the five (5) independent variables‘

operating jointly. The probabiliﬁy that an actual score will not de-
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' Viaté greater than .765 units on the item tension indices scale is

.6826. o L S
TABLE 20. '

'Posttest—Control/Summary Table

Multiple-R  .530 Analysis of Variance DF . .SS . MS-.  F.
R-Square .280 . . T L
.Standard Due to Regression 5 21.98 4.39 1.48

Error 1.721  About Regression 19 56.29 2.96
© Total - = . 24 78.27
-Standard Exrror . Student's Partial
Variable - B of Beta e . R BETA
Gender .96 W77 - 1.25 275 .267
Age : .08 . .05 1.57 - .339 .33
Marital Status -4 .95 - - .15 -.034" -.032
Undergraduate GPA- .10 .79 . .13 .030 -.028

Handedness -.69 1.01 - .68 . --.155 -.144
Constant:. (-.312) i : oL ‘
' When the "F" rafioifor the "ovéréll" test of goodﬁeés.of fit oﬁrv-%
the regression equétion 1s analyzed, it shows-théﬁ an "F":o£_1.48 is
not équal to or greater than an "F" ratio table ﬁalue-éf,2.74 needéd
to'be statisticaily significant at the .05 alpﬂa levei. lit can there—
fore be concludéd that the five (5) independent variables éannot joint—_
ly be used to preéict skeletél muscle tension:ﬁsing control group
posttesf'item tension indicés as the dependgnt variable. Therefore;-
the null hypothesis ié retained. Given an R-Square of .280, it can be
said that 28 perceﬁt of the variatién in the posttest;éontrol sample:
group can be explained By the five &) independent-vafiables oﬁéfating
joiﬁtly; The probability thaf an actual score will nof\de&iaté great—

er than 1.721 units on the item tension indices scale is .6826.
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SUMMARY

Chapter Four‘presented'the.data anal&sis-in two major-secfions;
The fi;st seétion dealth_witﬁ ﬁ&potheses 1 through 6 aﬁd the-second
éection dealt with Hypothgses 7 through 10. Section one‘présgnted the
'StuAent*s "F" statistics which were calculated on the mé;sures of mean
differences between the expefimen;al.and ;oﬁtrol sample groups. The
Stﬁdent's-”t"istgtistics were calculated for differences in means 6f:

" 1) raw scores obtained on a-mathemgtics test-designed to
.yield measures éf abstract thinking ability, and-.

2) test item tension'indiceégrecordedAduring a pre and post
administration of the mathematics test utilizing and elec— .’
tromyograph (EMG).,a-:

Hypotheses 1 througﬁ 3 concern the déta analyéis'qf Student's "t" -
statistics calculated using the mathemafics test scores and Hyﬁotheses
4 ﬁhrouéh 6 concern the data analysis of Student's "t" séatistics
calculatea usiné the a&érage ?tem teﬁsion indices.

The foliowing table relates the. findings of Hypotheseé'l through

6. .
TABLE 21
Null , ' ‘Dependent - Sample ‘ Test -
Hypothesis "Table Findings. Variable Group ' Administration

Rejected "Math scores . Exp/Control Posttest
Rejected Math scores Experimental Pre/Post
Rejected Math.scores Control Pre/Post
Retained Item Tension Exp/Control Posttest
Rejected. Item Tension Experimental Pre/Post:
“"Retained Item Tension Control " Pre/Post.

(=) RN NS UURN S
\O 00~ U P o
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The criteria for rejecting or retaiﬁing all null hypotheses was
B :“z‘ ) i . ] N .
the .05 alpha level using a two-tailed alternative.

Hypothesis-1

‘There will be no significant difference between control and
experimental groﬁp posttest means based upon abstract thinking ability
raw scores.

TABLE 22

. Posttest Group Means Student's ” Table Two-Tailed -
Experimental Control e DF Value* Probability Findings
12.84 10.72 2.06 48" 2.008 .045 .Rejected null

The data show that given a Student's "t" of 2.06 that the null
'hypothesis may be rejected at- the .05% level using a two;failéd_altef—
native. Operationélly; it may be sf5£ed that the difference‘betweén
posttest means of both'the‘éxpe;imental gnd control %aﬁple groups was
'statistically significant. Thislmay imply that because- the posttest
scores demonsfrated significant differences Whén no significant dif-
ferences were found between pretest means of bétﬁtexperimental'and
control sample ‘groups (sée page 63 fqrm;hese findings) ;hat the

"treatment,"

or some other intervening variable, caused the two
groups to score in a significantly different manner on’.the posttest
than on the pretest.

It follows, then, that an examination of the pretest and posttest

data from the administration of -the mathematics tests should further
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indicate whether or notlsignificant différenées occurred'wi;hip
-saﬁple groups. Hypothesis 2 deals with the différéqces of means be-
tween pre and posttest math séoies of-the exﬁetimentai-group and Hy—
pothesis 3 ééals with the differences of means between pre and post=
test math scores of the control group; |

Hypothesis 2

There will be no significaﬁt'difference between the pretest and
posttest group means of the experimental group based upon abstract

thinking ability raw scores.

TABLE 23
Experimental Group Means Student's - Table Two-Tailed
.Pretest ~ Posttest "t" _ DF Value* Probability Findings
9.60 12.84 -7.54 24 2.06 .000 Rejected null

The. data show that given a Studentﬂs "t" of 7.54 thét.the nﬁll
hypotﬁesis méy bé rejeéééd at the .05% level ﬁsing a two—-tailed alter-
pative. bperationally; it can be'statedifhat the'différence betwegn
pre and posttesf means of the experimental sample group was statisti-
cally significant. This, most piobably, is evidence-téisuéport the
notion that the "ireatment" is the cause fpf'the difference. . Further
iﬁvestigation shéws ihat the difference was an "inéreése" in the éx;
perimental group's meaﬁ“méth scores. This evidenée supports the no-
tion that autogenic relaxation exercises may have significantly con-

tributed to the increase of scores. -
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>Hypothesis 3

. There will be no significant difference bétWeen‘the pretest and
posttest group means of the control group based upoh abstract thinking

ability raw scores.

"TABLE 24
Control Group Means Student's - Table Two—Tailed
Pretest Posttest "t ‘DF  Value* Probability Findings
9.40 - 10.72 -3.67 24 2.06 .001 Rejected null

The data show that given a Student's "t" of 3.67.that the null
hypothesis may be rejected at the .05% level using-a two—-tailed alter—
native. Operationally,‘it can be stated that the différence between
pre and posttest means of the céntrol sample group was statiétically
significant. This, most probabiy; is evidence that internal Validity'
factors such as maturation or test wisdom are the'chief causes in the_
significant difference between means, since thg control grouplwas not
given the aufogenic relaxation exercises between-pré and posf adminis¥
tration of the math test. Further investigation sﬁows that the dif-
ference was an "increase" in the control group's mean math scores.

When a comparison of the two-tailed probabilities of each group's
mean differences are looked at, the probability tha£ such differences
are the result of chance are reiafively greater for the control (.001)‘

than for the experimental group (.000).
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Hypothesis 4

There will be no significant difference between control ‘and exper-

imental  group means based upon average posttest. item tension readings. .-

TABLE 25
Posttest Group Means Student's Table  Two-Tailed
Experimental Control e DF Value* Probability Findings
2.36 3.08  -1.56 ° 48 2.06 --..124 - - Retained null

The data-sﬁow'thét given a Student's "t" of-l.56‘fhapifhe null
hypothesis ié retainéd at ﬁhe »05% level usingvé two—tailedxalterné¥
tive. Operationally, it can be stated that the difference Between'<
posttest means of both the.experimentai and control~sample groups. was
not éignificantiy different.» The-evidence indicateé:that, based ﬁﬁon_
posttést meaSures,'theré Was-np.significant difference in skeletal-
muscle tensiqn.betwéen Fhe éxperimental'and control graup{

It‘follows,'then, tﬁét an‘exgmiﬁation of the pfeéest'and posttest
item tgnsion indicgé should further indicate whether or not sigﬁificant
differences,ﬁccurred within sample'groups; Hypofhesis 5 dealé with
the differences'of‘means.between pfe and posttest itém ténsién indices
of the expe;imentél‘gropp and Eypotheéis 6 deals with ;he diffe;enées
of means betweén pré and posttest item tension indices‘of the.coﬁtrol
group.

Hypothesis 5

There will be no significant difference between the pretest and
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posttest group means of the experimental group based upon average item

‘tension readings. . » < : ;
TABLE 26_"..
Experimental Ctbup Means Student's - Tablé Two~Tailed
Pretest . . Posttest "t DF Value* Probability Findings
3.32 2.36 . 2.49 2%, 2.0 ..020 Réjéétéd ﬁull.

The déta-shéw‘that given a Studeﬁt's "t" of 2.49 that_fhe ﬁull
hypothesié méy,be rgjected at the'.Osﬁ.level :sing-a two—taiied aléer-l
native. Operationélly; it can be statéd that the difference between 3
pre and posttest means of the experimental sémple group was statisti- .
cally significant;' This evidence supports Fhe nofion thét autogenic
relaXatiqn exercise techpiques.coupled‘with biofeedback information
should cause a significant-drop in skéletal muscle tensibn_prodﬁced-
during mental activity.'.Further investigafiﬁn,of the data shqws thap
the average item tension.indices of fhe experiﬁental sample group'ﬁot

only dropped but also to a statistically significant degree.

Hypdthesis 6 ,

There will be no significant diﬁﬁeré%ce between the pretest'andA_-
posttest group means of the control group based upon average item

tension readings.
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TABLE 27
Control Group Means  Student's _"Table . Two-Tailed
Pretest Posttest e DF Value* 'Probability Findings.
2.63 3,08, -1.25 24 2.06 - .222 = Retained null

The data show that given;a Student's "'t'" of i.24 fhaf the null
hyppthesis"is retained at the .05% level using a tWo-tgiléd'alterna;
tive. Operationallf, it can be stated that the diffefénée.between'pré
apd posttest means of -the control sample group %és not~statistic§lly
significant. This evidence suPpoffs the notion that Withbgt é:m@aﬁs
to '"define" skeletél muscle tenéipnl(autogenic relaxation exercise tech—
ni&ues) coupled'ﬁith the iﬁaﬁiliﬁy to phyéically.(kineéthetically) mon-—
itof skeletal musclg'tension, an incréase in skéletal'musgle tensioﬁ‘
sﬁoﬁld‘be‘produced during ﬁenpal aciivity.. Furthef in#estigafioﬁ of
‘the data demonstrates thét fheIAQerage'item ténsion-inqreasgd; howéver?
' notAtd the extent that thé‘aifferenéeé‘were'statisticélly'significan;.

The fo;lowing table related the findings of-Hyfotheses 7 through

10. .
-TABLE 28
Null Dependent - Sample ~ . Test
Hypothesis .Table Findings Variable _ Group - Administration
7 13 Retained Math scores  Experimental Pretest
' 14 Retained Math scores Control .. Pretest
g8 . - 15 Retained -Math scores  Experimental  Posttest
_ 16 - Rejected Math scores  Comntrol. - Posttest
9 17 Retained. Item tension Experimental Pretest
© 18  Rejected Item tension Control Pretest
10 ' 19 .Retained Item tension Experimental Posttest

20 Retained Item tension Control . - ©Posttest
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The -criteria for fejecting or retaining all null hyﬁothéses was
the .05 alpha level using a two-tailed alternative. -

Hypothésis 7

Selected biographical independent variables (gender, age, marital
status, undergraduate GPA, and handedness) cannot be used to predict
abstract thinkihg ability using pretest mathematical test scores as -

the dependent variable.

TABLE 29

Sample Group ~ Multiple-R "F" Table Value Findings

~Experimental .469 1.08 2.74 ' Retaingd null
Control .615 .2.31 2.74 _ Retained null

When the'"F"'rates for-thé "overallﬁ-tesé of goodﬁess.of fit of
the regression equations for both the eXpefiﬁental and cgﬁtroi sémple‘
groups are analfzed, they show that neithef éroup's“abstfact thinkin%lﬂ
ability as measureq by the dependent wvariable, can be prediéted by _ ;
—%joint Pse of the fivg (5) independent var;ablés ideﬁtifieq in this in-
wvestigation. Tﬁe null.hypothesis'is retained.

Hypothesis 8

Selected biographical independent variables (gender, age, marital
status, undergraduate GPA, and handedness) caﬁnot be used to predict

abstract thinking ability using posttest mathematical test scores as - _‘: o

the dependent variable.
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. TABLE 30
Sample Group. Multiple-R - "F"©  Table Value Findings
Experimental .488 1.19 »2.74 Retained null

When the "F" ratio fof the "overall" test of goodﬁeés,of fif of
the regfgssign equatidncisianaiyzed, it shows'that the ekperimgﬁfai
group's abstrac? thinking abiiity,‘as measuréd bylthe'dependent vari;
able, cannot be predicted by joinpi use of,th; five (5) independent

variables identifie& in this investigation. The null hypothesis is

retained.

TABLE 31
Sample Group Mﬁitiple—ﬁ . "F" Tabie Vélue : Findings‘
Control 674 508 © 2.7 . Rejected null

Wﬁen the "F" ragio for the "ovgrali“ test of goodﬁess of fif of
the regfeésibn equation is énalyzed, it shows that thé éontfol‘group's
" abstract thinking ability,las measured by the'depéﬁéent variable, éaq
vbe.prédicted by the five'(5)'iﬁdepeﬁdent\%éfiables oéeratiné joiﬁtly.
Upon further anélysis of the betas of each indepenéeﬁf.variaﬁle; utii;
izing a Séudent's "¢" statistic as -a test of significance, only tﬁe
variable "gendera was.founa to be statistically significant.. The null

hypothesis was fejectea.

Hypothesis 9

Selected bidgraphical independent variables (gendef, age, marital

~
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statﬁs, undergraduate GPA, and handedness) cannot be used to predict

average muscle tension in the frontalis and trapezius muscle groups

using pretest EMG tension readings as the dependent‘vafiable;

. _ . TABLE 32
Sample Group ‘Multiple-R g Table Value. Findings
Experimental. . 447 .95 . 4.56 . Retained null

When the "F" ratio for the "overall' test of goodness of fit of -
the regression equation is analyzed, it_shoﬁs that the experimental

group's skeletal muscle tension, as measured by item tension indices,

camnot be predicted by joint use of the five (5) independent variables

identified in this inveétigation; The null hypothesié.is retained.

TABLE 33

Sample'GrogEV Multiple-R . "F" Table Value - Findings
Control ' 678 3.24 2.74 - Rejected null

_When the "F" ratio for thé."overéll" test of gopdness of fit of
the regression equation is anaiyzéd, it shows that thé‘control gropp's
skeletal muscle tension, as measured b§ item tension indices, can be
prédicted by the five (5) independent variables opérating ‘jointly.

Upon further analyéis of the betas'of:each independent vériable, utili-—
zing a Student's Mg statistic ds a test of signifiéance,‘only the

variable "gender" was found to be statistically significant. The null
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hypothesis'wes rejected.

Hypothesis 10 - .

K

Selected biographical independent variables (gender, age, marital
status, undergraduate GPA, and handedness) cannot be used to predict
average muscle tension in the frontalis and trapeziue'muscie‘groups

using posttest EMG tension-readinge as the dependent variable.

TABLE 34
Sample Group ‘Multiple—R "F'"  Table Value . Findinge.
Experimental 412 . . .78 - 4.56 Retained null

Control ' +530 1.48 ‘2.74 " Retained null

When the "f” ratio for the "ovetalld test- of goodness of fit of
the regression equetione for hbth the experimenteliand control groups
are anelyzed,fthey show that,neither gtoup's skeletal muscle tension,‘_
_as measured by item-tension indices, cen be‘ptedicted by the five (5).
independent variables operating 5oint1y. Therefore, the nuliAhypothef
sis is tetained; |

Chapter Five will present the Conclnsions and Recommendatiqne ef ’
the researcher based nPOn the informetion and'data presented in

Chapters One through Four.
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Chapter 5

CONCLUSIONS AND RECOMMENDATIONS

Chapter Five prgsénts a summary of Chapters One, Two, Three

. asecond section which summarizes the conclusions,related to the find-

ings of Chapter Four, DATA ANALYSIS, and a third section which presents
the résearcher's recommendations for further possible research studies.

based on the' findings of this investigation -
INTRODUCTiON, REVIEW OF LITERATURE-AND‘PROCEDURES SUMMARY

Introduction Summary o \

Chaptér One presénts the notion that there is a need to’do educéj
tional research on the éeaghingjlearning ?rocess._ It_p?esents evi-
dehcg that, based on data collected'qver the ﬁasf forty years, that
"we are aﬁlé to s£a£e decisively that no particular1méthod of college
instruction is‘measurébly to be preférred'over another, ﬁhen:éﬁaluated:v”

by student examination of performances' (Dubin and.Taveggin, 1968, .

P. 10). Given these findings, meangingful researéh onhthe teaching-

learning process should focus on what "happehs".during the,mentél
processing of educational '"data" and not upon a specific'methodol;gy~
(inﬁut) employed nor the procéss of evaluation (oﬁtpﬁt)'ﬁsed to
measure perfqrmancef
"We do, however, believe thattanybneAworking 6r.'
doing research at the college level of instruction -

" can most feadily make a useful contribution when
this linkage between teaching and learning becomes’ .
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the‘cenfer of fheir atteﬁtion.: (Dubin and Taveggin,:
© 1968, p. 8). o
The "1inkage"-befween teaching or methodology and learning ;r evalua—
tion, thep, is thé focus of this study.‘-Learning is defined as a de;
terminaFion'of the ability to proéess educational data by examination
performance. In this model, learning occurs when it can be externally
'vérified by éxamination performance. |
| The apbroaéh qséd in thiststudy to pursue the notidp thaf'the

teaching—leafﬁing link should be investigated was fo use electromyo-
.graphic biofeedback as a physiologicél téchnique for verifxing tﬁafH _
the reduction of skeletal muscle tension should allow-céllege subjeét;
to pérform better on a perfofmance e&alﬁation of an abétréct thinkiﬁg
ability task. .The‘loéic of this inﬁéstigatibn was that if.a méaniqé—
ful stﬁdy were to.bé done on what occurs during Ehe teaéhing4léaﬁning
link; some ve?ifiable,.measurable internal in&ices éhoﬁld be ﬁoniﬁored
and analyzed statisticéiiy.. Such an'invesfigatioﬁ Wopld de&onstrate
concommitance Witﬁ.measures of skill ﬁerformance leveis. The measures’
of skill performance’ chosen by the ;eséarcﬁgr were a'seriés_of 207
mathematical probiems consisting of additiom, subtraction; multipli-
cation, and division éf fféétions.’ Utilizing pre éﬁd posttest meéns,
statisticaiiy significant differenées.in examinatioﬁ pefformaﬁcg

could be measured and verified. The "internal"” indices chosen by the

researcher were item tension readings which were taken on each subject -
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by the use of an. electromyograph (EMG). Utilizing pfe'aﬁd_éosttest
item tension means, statiétically significant differeﬁ?es iﬁ‘ékeietal
muécléffensidn during the performance of an abstracf thinking ability
task (mathématicél test)'could'be measured and vefified.> l |

It was postulated, tﬁerefofe, that if ‘an experiméntai sémple of a
éollege student populaﬁion could be inst?ﬁcted in the use 6f an EMG
biofeedback device, their»resultant'postteét,méthematic:SCOfes should
Be statisticaliy significénfiy different from their pretest scores.
Also,Aghat posttest item ténsion readings should be étatistically sig—
nificantly different from their pretest item rea.<_ﬂ.:'Lf1gs.-.~

The'notion,.then; %as to determine whether or ndt‘the ﬁse‘of bio—
feedbéck techniques couldnﬁe utilizéd on an adult college student sam-
ple which Woulérgffect.significant aifferences iﬁ théir,ability to
think abstractly.as Well as téieffect significant differences in their
sample group pre and posttest.item fension means. Five (5) indépen—
dent variables were collected from each subject'ﬁhich were used to
discover whether or not all variables or any combinatiop'of variables
could be used to predic; group abstract thinking ability or‘ékeletal
muscle tension. These five variables.were gender, age;_mariéal status,

undergraduate GPA, or handedness (left or right).

Need for the Study

Given the premise that teaching methodology in and of itself,-
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causes no measurable différences in exémination performance by college
students, there is then a need té pursue less "traditional"'appréaches
to the imﬁrovement of the teaching—léarning process. The firs£ step is
to identify what does make a differencé in examination performance, if
in faét, methodology does not, and the second step is to attempt to
determine a means by which the teaching—learningAprocess éan be modi-
fied so that measurable differences in examination performance.can be
effected..

The study presents a summarization of personality-an& learning
theo;y whiéh-asserts that bhysiological psychology gives tﬁis fesearch
study a paradigm from which "learning" can be defined in-physidioéical
terms and thus successfully be investigated. The éiscussioﬁ—éummarizes
Behaviorist as well as’Developmentalist points of view of the learning
process. Where as Eehaviorism's concept of learning is one in which
‘the behavior (learning outcome) wﬁiph one wishes £o encourage oOr dis—-
courage is as mﬁch a function of the educational enviroﬁmépt as well
as’' or rather‘in spite of the methodology used fé pfesent the material
or elicit the.beﬁavior, the Developmeﬁtalist's concept of learning is
that learning is more a result of genetically inherited scheduling
which ranges over developmental periods largely controlled by the
physiological matufation of the organism.

This study-purports that, conceptually,-both strands of learning

theofy are correct in that both environmental stress and genetic sched-
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uling are factors in defining tﬁe teaching—learning process.. The
researéﬁer acknowledges fhé enviroﬁmental effeét when choSSihg to
measure skeletal muscle tension éroduced_by the testing enviromment. -
and also acknowledggs the genetically.inheritea abilitieslto proceéslf

afferent stimuli based upon the maturation of the ofganism as the

‘basis for choésing adult, college level sfudents who should, develop-

mentally, be‘at thé highést developmental- level so'fhat thej;esé;rch
.study findiﬁgs are po;rconfused.by‘déveldpmentél differenééé in_léarn—
ing ability. .

The study puts fo;th fhe notion that physiological psychology -
best provides én éccurate and analagous model for learning in that it
treats the process theéreticéllf in -physiological constfucts énd.uses
n

physiological entities, such as ''meurons, cell assemblies,

learning processes. ’ o . .

Research Questions
| The sgudy theﬁ-summarizes the preqeedihg evidencé and need+ for
the study by formulating the followiﬁg research questions.

1. Can a group of adult learners' abiiity to tbink'abstractly
be improved so that empirical validation.can ocecur utilizing'sco?es
froﬁ a posttest designea to measure abstraét thinkiﬁg ability?

2. lWhat will be the efféct pf:the preséncevéf absence of'éﬁtoé

genic éxercises on the abstract thinking ability scores when the group

to define .
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means of both the control and éxperiménfai.groﬁp afe analyéed so as to-
reveal diffgrenceé between pre an& posftest administratiqn?- i

3. Can tﬁe averagé muséle»teﬁsién iﬁ’the froﬁtalis.aﬁd trapezius,
muscle groupé be made to deg;eése‘SO thap.eﬁpirical validétion»cén_u
occur whén_aﬁerage posttest tensian teadiﬁgs f;ém a biofeedback inétru—
ment (EMG) are uéed as indices of muscle tension?

4. What ﬁill-bé'the effect of the autogenic exercises' presénce
or absence on the avefage level’of muscle tension in the-frontalis and
trapezius muscle gréupé when'group means of Both éhe contr61 and ex-
perimental grdup are.analyzed so ' as to révéal diffefences Eetween pre
and posttest rgadings?

5. Can’selected bidgraphical Vériablés such as gendéf, age,
marital statﬁs, ugdergraduate GPA,,qr handedness be‘use& Eo bfédict
the abstract'thinking ébility ofvadﬁlt‘lea:nefs Qhen the;raw scores
from their pretest measures are used as the depéndent_variable?

6. Can selécted biographical variables such as gender,. age,
marital status, undergraduate GPA, or handedness by used to predict
the abstract thinking ability of a&ult'learners'whén the raw scores
from their posttes£ measures are useq as the dependent variable?

7.. Can selected biographical variables such as gender, age,

N
the average muscle tension level in the frontalis and trapezius muscle

groups of adult learners when the average tension readings from their
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- pretest EMG measures are used as thé dependent vgriable?'
‘ _8. Can sélgcted biographical'variaﬁles such as gender; age,
marital étatué, uhdergraduate GPA, or handedness Be used to prediét the
average muscle tensién le&el in the front;lié and trapezius muscle. |
groups of adult learners when fhe.averége tepsibﬁ*réédings‘from'the‘

posttest EMG measures are used as the dependent variable?

General Procedpreg .

Subjects ﬁefe éolicited from Lhe Monténa State:University-campus
to participate'in tﬁe~reseérqh investig;tiog.; Ali subjects were pre-
teséed and then divided into two.groups of 25 each.  fhe dividiné was
accomplished by matching subject rawﬂmath,scores-utiliziﬁg mean item
tension indices‘tb determine matchiﬁglwhen more than tﬁo'subjeCtslﬂ
had the Samé,séore or when like scoresvweie nétitossible ﬁo match. -
Each éubjéct was aséigned to either the control or experimental grdupf
The experimental gfoup-Was given biéfeedback_training'techniques,-auto—
genic relaxatipn exercisés, and the cont?ol group was not_giVen ﬁhel
"tyeatmenti" .Both-groups were then posttestéd with the same test
items, and és_in fhe~pretest, gorrect or incorrect answefs to -the-
mathematics test were recorded as well as the averagé item tension
readings for each item.

Using an Autogen 1700 electromyograph, average muscle potentials

were recorded. The potentials, electrical impulses emitted by neurons, -
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are indices of actual muscle activity and sub-muscle actuation activei

‘ity . The latter can be interpreté@ as skeletai muscléAtensiqn. Two
Jnuscle groups were used to collect the skeleFal musgle tension inaiceé;
tﬁe frontalis-(faciai muscleé) and.theitrapeZius (éﬁoul&er muscles):
The tension readings were interpretéd as indicatipns of anxiety brbught
about by haviﬁg'té mentally solve é series .of ﬁathematical test iteﬁs.

Twenty-problems were presented to the subjecﬁs.' They were pre-

sented in random ordexr. The test was initially éonstfuctéd'to pre-
sent assigned degrees of difficulty ranging from easy to V?ry diffi—
cult. An adminigtratipn of the test to‘é Montana State University
college. class was used tpnvalidate the assigned aegrees_of difficuity

" as well as verify that ﬁhe vefbal instructions and tesfing proéédures
were clear and adequate for the experiment.

'Each subject was interfaced with ;hé Autogén_l7004by a ser@gé of

six electrodesf Three were aftached to thé frontalis muscle group .
and three were é;tachgd‘to‘the trapezius musélé group. The'subjects
were seated in‘a_reclining chair and read the instructions By the ex-
perimentor; Each subject viewed tﬂe sgries-of twenty problems, men-
tally solvéd the problems, and verbally gave the answer if the subject.
had been able to solve the problems. ihe correct or incorrect re-
sponse to‘thé test item and its average tension, reading was recorded

- by the.experimentor.

Both the control and experimental group were allowed to hear the
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-audio feedback;,ho&ever,'only the éxperiménéal group was éiven the bio-
feedbagk fraiﬁing.after the pretest and -before the posttest. No expla-
nation of the purpose of the'expgfiment nor ﬁny findinés wére'discussed
with the subjects. '

Tﬁese dafa were theﬁ-analyzed and interpreted éch?ding ﬁo the

hypotheses and general research queétions.

Limitations of the'Study . } ' . I
The'”pretes£—fosttest contrdl-groﬁp:design" Waé used to coilect
the data from thg experiment. This dgsign Waé chosen for its ability
td'controi for éll of the major sources-of internal inﬁaliditj; and be-
cause the use of a bretest activity allows for control!group éqﬁiva—
lenqy (Campbéll and Stanley, 1963, p. 3). Popﬁlatioh'represeﬁtatiop‘
by the sample was elicitea by ‘advertising for volunteers.and carefully
.screening thém for meeting the.population paraﬁeters. - The pfocedure
negated the possibility of selection éf sﬁbgroups'such as cla;ses with-
in the student population. While use of the randomized pretest-post-
test control graup design keeps to a mihimum the effect of jeopardiz-
ing intermnal Qalidity, there is some threat to external validity -
specificaily the question of generalizability. Thé author'believes it
is possible to delimit the scope ofhfhe populatioh andwtﬁereby'modify
subseqﬁent inférencgs_by the knowledge-that errors implicit within the

sampling process may not allow an extensive scope of generalizability.
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Given these,limitationég however,. the experimenfor believes that the
study needed to be d6ne and that the knowledge gaiﬁed_wouldxlead to

further studies on the subject.

Historical Background
The author found evidence in current educational and professional

literature to support the notion'that the study of the teaching-learn—.

ing process must become more sophisticéted in that it takes advanfage

of current technology as well as current findings and understandings
of human physiology. ' The literature documents a turniﬁg.to'the "or-

ganismic' model which represents the universe as a unitary, inter-

~active, ‘and developing organism (Knowles, 1973, p. 18). This trend

towards an organismic view of 1eaﬁniﬁg theory may be compared to' the
more mechanistic model of learning theory in that the organismic model
tends to emphasize the significance of process over product aﬁd quali-

tative over quantitative. The author presents the notion that physio-

- logical psychology‘inéorborates the best aspects of both the mechanis—

tic and organismic modei. -It‘aiso incorporates_thé cﬁfrent knowledge
of humaﬁ physioiogy with human psychology. ‘This'marriage qf disci— 
plines allows‘fér a more extensive und;rs;anding of thé eqﬁivaience
of human phenomenon as they are interpretgd'both dualitéti&ely énd'

quantitatively. -
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Conceptuél_Baékground
Biofeedback allows the researéher to capitalize on both process

4and product, quantitative and qualitative aspects of human behavio;.
It allows the researcher to meésure tﬂosé p£oprioceptive physiological:
phenémené which, because of their nature, are ﬁot éésilx ﬁeasured nor -
_kinestheticélly visible. | |

' Easternicultures oftén‘have arrived at the same conclusions, as
- have tﬁe Wesiern cultureg, concerﬁing.human behéviof.*'Thé paths taken —}-.; o
to'thqse conclusions, howgvér, have béeﬁ divergent. Aé in a coﬁparison :
of the mechanistic ﬁpdel to.thé organismic model of human psychologf,
we find a striking gimilarity inza comparison of Eastern and Western
cultural paths to truth andlknbwledgé abou£ the'human.étate and condi-
tions. Eastern cultures teﬁd-to éenfer on qualitative ﬁroéess aspecfs
which are the '"paths'" to tfpth and knowlédge. 'Wéstérﬁ’culture has
tended‘to:ceﬁter on quéntitativé/producg oriented aspeéts-as the way
of knowing tﬁe Wbrld. The author presents the notion thatjboth ways
are right. Physiological psychology is’viewed, by the author,'as a
. proper coqétruct from whiéh the study of the phyéiological basis of
human behavior sﬁould begin. It is an amalgamation of the>be§§ aspects
of both "ways of Enoﬁiﬁg.f With the. use of biofeedback, a researcher
can investigate thése.areas éf human behavior, of which human ieafning

is one aspect, and discover those physiological.proéesses which may

very well be the cause fof behaviors so deep within human physiology
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and that are not éasily:observed.

'Biofeedback is an attempt to involve‘thé oréanisﬁ'in an "exten-
sive'bbdy ofvtrapsactions” (Ornstein, 1968; p. 17) Which allows an
-individual ffained iﬁ uéing biqféedback to "contribute to" and "modify":
the body of'trénsactions. Biéféedback provides'for the investigative
opportunity to puréue gctual scientific inquiry within the area of the
: study of human coﬁsciousnés; and still maintain a baléncé-between,the

empirical and intuitive ways of‘knowing.

Summary of Related Reseafch.

Frederich Courts ;n‘his article entitled "RelationS'Betweén Mus-
cular Tension and Perforﬁandé,"_sﬁmmafized the research frém i930 up 1
to and including 1942 in the’éfea'of changes in musCular:%%aﬁes éf
tension accompanying performaﬁcé by cépfirming that: |
' (i) In general, ébntinuous mentallwork is accoﬁbanied by an in-
crease in.musclg tepsibn as measured in various ways over the level
maintained during rest‘(Davis,.l938; Freeman, 1931)._

(2). Only rarely are individualé found whp show no ghapge or de¥.
cremeéent from their res;ing fension ﬁhen W&rk is.introduced (Davis,
1938). |

(3) At the onsét of work there is an inipial inc?ease.in tensiog
which rapidly drops'tb a level somewhat above that-of theé rést condi-
tion (Davis, i§38).

(4) There is an initial spurt of tension after which tension gra-
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dually increases as work' increases (Davis, 1938). v

A nuﬁber of attempts have been made to show, that thére-is a demon—
stratable correlation Bétweeﬁ lével of performance ‘and mﬁscuiar tensipn;~
Courts reports that 'Davis (1938) and 'Hadley,(l94l) both “have repo;ted—
an increase in muscle,botentials-from the foreafm and neck fespecéivély,
with increase in difficulfy of arithmetical tasks. These findings were
‘later confirmed by Shaw and Kline:who concluded: |

(1) When chiidren attempted the éoiﬁtion_of'a series of arithme-
gié brobléﬁs, muscle action potentiéls in their 1owér right arms in—
creased as the problems increased indifficulty.

(2) When the problems were arranged to'téke.accoﬁnt of the time, -
and of the'number and kiﬁd of errors made in the solution of the pfob—A
iems the tendency for muscle action potentials to increase was more
marked (Shaw and Kline, 1947, pp. 157-158). Davisrélsp found tﬁat mus—
cle poteﬁtialg accompanying successes and failﬁre reported aﬁd‘actual
were notisignifiﬁanti§ different. The levei of musgulér activity for
failure on a given problem was not significéntly higher than that for
success.(Davis, 1938, p..157). He also made an iﬁﬁ;rtantrd15covery
when he reportea that muscular tensions‘are not evenly distributed
over the organiém:during a period of labor. This finding is also re—~
ported by éhaw (Shaw, 1938).‘ Davis found that the'neck andharmé to be
most yielding of action foteﬁtials. In a later study reported by

Greenfield and Stermback of a study which was done'by R. Voas dealing
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with genqralizatioﬁ and éonsisténcy of muscle ténsiéh levels, it was
confirmed that when mental work was the task, Fhe aféas-which‘yiel&ed
the’highest inéidence of muscie potentials, based,upoﬁ a‘fest—reteét‘
situaﬁion, were the forearm exfensars (.93),,frpntalis (.90), masseter
(:8%), and the trapezius (.69). Voas Believed'that these were the
best choice for representafive muscie potentials - during mental work
(Greénfiéld and Sternback, 1972, p. 339).

These reéearcheré'deait mainly with pbsgrved cﬂanges in musc;e
tension of "motor grpups.h Another group of fesearébefs pu;sued'the'
concept of "single motor units" and théir effect on skelefal muscles.

:It was not, however, thoroughly'understood what muéclé action po-
ténfials were much less how to'gecofd them with any‘degfee.of'accﬁfacy
until Jacobson utiiizéd fhe‘eléctromyograph (EMG) to record the "spike
waﬁésh with ﬁaper and ink: fit was not until the wérksiof ngfison,n
Mortensen, and Basmajian and thé advent of.the oscilliscope that
accurate "picfufes" of the "spike" phenomenon:wa; undetrstood and mea-
sured with any degree of accurécy. Harrison and Morténsenifouﬁd that
'single gpike potentials (1) could be'interpreted asrmuscular activify
of single motor unit pétentialé, (2) tﬁat the activity of individﬁgl"
'ﬁotor units could be identified and isolated to a variablé degree by
voluntary efforf, (3) and that either auditory or visﬁal'feedback wés'

essential to selection and controlled contraction of single motor

units (Harrisén and Mortensen, 1962, pp. 115-116). ‘Basmajian further
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discovered that.(l) single motor units not only can be recrui£ed in
isolation but alsb that in doing ss, its mneighboring units are inhibi-~
ted, (2) subjects at first depend on ‘aural and visual "feédbacks" from
muscles, however, ''the contréls are léarned so quickly, are so exqui-
site and4are sb well retained after artificial feedbaéks are elimina-
ted that orie cannot help believe thét fundamental proéesses are in-
volVed,"‘(3)‘proprioceptofs exist within the motor units which are

"within'" the organism

sensory receptors that fespond~to stimuli from
(Basmajian, 1963; Basmajian, 1967, pa‘485). Basmajian's discovery-
that not only do recruited neuréns (motor units) inhibit their:neigh—
bors but also that one can'"leafn" to control without biofgedback
(artificial) systéms leads one to the inescapable conclusion that ﬁuch
more contrél is possible over the bbaily'functioning than was previ—.
ously anticipated. The éoncept of "propriocéption"'drives the crea-
tive possibilities of application of biofeedback training to even more
complei conclusigns. Basmajianldemonstrated that not oniy can one
learn to selectively control motor‘unit firings but also that these

"oxternal" stimuli but some "internal stim-

units respond to mot just
uli." The literal "thinking" of an act can and does trigger the motor
unit "prior to comscious or kinetic awareness." This is called ''pro-
prioception." The work of Wagman, Pierce, and Burger further elabo-
rates the function and role of the proprioceptive system and its esf

N

sential sensory information for coordination of motor performance.




118

Three basdic observations are herein reported (1) thére is a demonstra-

+

ted importancé‘of pe;ipheral input (actual muécle mo&ement)-iq estab-
lishing control over_individual:motdr‘ugité, (é) dufing any single
training period, less and less effort from.other muséles'was necessary
to éctivate speciﬁic units which were ofiginally‘dependent in part on
contraction, ang 3 as.the‘ability‘of a gubjeét-té control motor units
became pfogyessiVely refined and accurgte,'the subject wés able to ac-
tivate certain higher-threshold units by using:less tension than had

‘ originally béen required to activate the ;owest threshold units (Wagman,
Pierce, Burger, 1965, pp. 957-958) .

In the selection of the problems and hypothesis, the research from
both "strands" was considered: Both_cqntrol 6f éingle motor units and
the relafion between skelétal muscle tension and abétfact performance
are important.A The summérized research leads'this author to these
conclusions: |

1. mental ﬁo;k is related to muscle tension;

" 2. the relationship of mental work and muséie-tension is posi-
tively.Correlate&; as work increasés, tens;on inc;eases;

3. mental Qork of varying degrees is related to muscle tensioﬁ;

. 4. the felationship between ﬁeﬂta; work of varying degrees aﬁd
mﬁscle tension is positivelf related. As mental work becomes

more difficult, muscle tension increases;

5. performance time is related to muscle tension;
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6. .t%fhreiationship of perforﬁance'time té muséle tension i$
positiveiyucornelated. As mofe time ié taken fér perférmance,~
muscié tension increases;—
7. if muscle tension "iﬁterféresﬁ ﬁith mental pefformaﬁce, mgn—.

tal performance can be improved by lowering muscle tensions,

v

Population Description and Sampling Procedures

The sample used in.this stﬁdy'wés taken from the pbpulapion of
éumﬁer étudenté at Monfaﬁa Staté University. Sqmmer sfgdents.afé-de;'
. fined as tﬂoée.wﬁo.wefe enrolled in the 1977 Summer session at the |
University. ' The @ppulétion containéd_b&th undergraduate and gréduates.’
No‘éttempt‘was made to stréfify'the gample to feflect the percentagé
nof underéréduates‘té graduateéf | '
- The author began the Qéek of July 18th to advertise for*suhjecté
. who, in order to be used in the éxpéfiﬁent, were required’;d ﬁeet the T
population parameters described aﬁove'(see Appendix A). .Fifty appii— |
' canté were seleétéa, fhose being the'fifst fifﬁy voluﬁteeré Who:meg
the population parémetgrs, Fifty—tﬁree volunteers responded to %he'
advertisement. Two did,not méet the pbpulation ﬁaramgters and'laékiﬂg
another.voiunteer to mafch, the remaining volunteer was not used. |
After the pretest had been given to ail applicants, the sample was
matched using the number'of cofrect'responses on the pretest~énd the .

average tension reading taken at rest prior to the pretest.. In cases

where there were more than two subjects with the same scoré on the -
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pretest, the average tension reading was used to match the subjects.

Definition of Treatment.

.The treatment occurred when the éxperimenpal group of twenty-five
'subjects were identifiéd, contacte& by the expérimentor, and scheduléd
for the treatment session . At the same time, the control group-was.
scheduled for the posttest. This scheduling Waé_done to insure that
the time span Wés;as élosé éo béing Ehe same for the céntrol'group and
experimental éFoup with regara to the taking of the pre and posﬁtest.

The treatment was administered in the Cortical Function Laboratbry
on the campus of-Montana State University. -The treatmént consisfed of
autogénic exercises as outlined bf Dr. Wolfgang Luthe, M. D. in his

]

Volume I of the series "Autogenié Therapy" (Luthe, 1969), entitled

“Autogenic Techniques. ‘The autogenic treatment.cqnsisted of an intro;
duction to the:method of relaxation, a porfign qf_which Qas broken
down into_the'following.segments:

(l) reduction of afferent stimuli,
(2) training pattépn and passiﬁe concentration,
(3) a standard exerecise involving ténsion—relaxatioﬁ of fhe
fréntalis and trapezius muscle groups.
The first segment (reduction of.éfferent stimuli) was in part'gc—
complished.by the physical environment in which the subjecés were
tested. The booth used for the experimeﬁt was sound-proofed so.as‘;oj

promote the reduction of afferent (in-coming).stimuli. This "closing
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off" of afferent stimuii from the physical environment is the essential
'first stép in the. reduction of tension. Without "turning'pff""external
.stimqli, ;he retieular acti&ation system (RAé) will not ailow an inter-
nal reduction of stimuli (Ornstein and Naranjo, 1971, p. 143). Ihe
booth brings the effece of stabilizing imeges to a'degree fhat'aware;
ness of external stimeli caﬁ be reduced. Without the variety of visual
seimuli normally evaiiable, Iarge eye movements called "eaccades" are
reduced. These gross efe'movements which ere'fixatione_at‘vafious-
points in the visual field along with very small involuntary move-
ments called "optical eystagmus" helﬁ keep the retina iﬁ constant mo-
fioe. The effect ie‘that awaréeness of afferept stimuli is$@aintained ‘
at a level sufficient to keep the body and mind at a steady state of
readiness (Ornsteln and Naranjo, 1971, pp. 165- 167) There is a docu-
mented contlgulty between stab111zat10n of visual 1mages and the pro-
duction of alpha rhythms..-Alpha.rhythms are:
. . ..usually-though of as represénfing a etate of
decreased visual attention to the environment. It is in-
creased almost always when the eyes are closed or when

the eyes are rolled up into the head - when vision is.
turned down. (Ornsteln,.197l P. 165)

Lehmann, Beeler, and Fender in their investigationé into brain
states evoked by stabilizing images (Leﬁmann, et al, 1967) found that
the alpha rhythm was likely to ‘appear at the time when the subject

reached a state of visual stabilizatioﬁ. Other ways to produce this

reduced state.of awareness are closing the eyes or concentration on a
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patternless visual field calied a "ganzfeld" (Ornstein and Naranjo,
1971, p. 166). . o : ST
‘The second segment of the treatmenf calied for the estaﬂlishment
) 6f a training pattern‘and passive concentration. This éimply means
“that a pattern be established which can be used by. the subjects when
-they employ the autogenic exercises to reduce‘muscular tensiqﬁ or
anxiety. Passi&e concentration is the application of thg traininé.pat—
tern or regimen so that'unéonsciousness doés not occur. /If, as in seg-
mepf oné, the éubject rgduced‘all afferent stimuli,'sléep or uncon-
sciousness would occur. This, for obvious reasons, is.not a:desirable
state for the experiment when a specific degree of alértness will be
required to solve the mathematical problems. The use qﬁ the training ..
pattern keeps the subject "alertf enough-so as complete (unconscious—
ness) relaxation -does not occurs |
The third segmeﬁt (mﬁscle eXercises) is designed to f&cus‘on the
specific muscle.group‘or groups which are identified for intensive  and
deep relaxation. This pfoceés involves ''tension-relaxation” of each
muscle group. Each subject was asked to tense and relax the fwo muscle
grouﬁs (frontalis and trapezius), first each muscle group séparafely
and then together. These structured exercises are designed to in-
crease the subjects awareness of what tension and relaxation vfeels"
liké relative to each specific muscle group. During the tensioﬂ—relaﬁ—-

ation exercises the subjeéct was "hearing" the analogue feedback from
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the two'musclé groﬁpé so that aﬁfal as well as kiﬁetic feedbaék height—.
ened thg éxperienée.-.‘: ) : S -

Utilizing these three segments; the subject's feedbaék was "sShaped" -
by‘using‘an audig‘thresﬁoid—selector on the Autdgen.1700. Thié'device
. allows the experimeptor to gdjust-the audio threéhold.level of the in;l
_comiﬁg signa; (muSgle,potentials)f ‘Whén activated,:the:Audio’Féedback
Threshold ééleétér determines the ﬁiﬁimum~or'maxi$um absolute'leﬁel of
EMG activity required for any of the audio feedback siénais ;o:Pe pre-
sent. Shéping is then.peffo;med by:eighér’raising‘or lbWe;;ng fhé )

absolute level of EMG required.to prodUCe the "audio feedbaék signal.

Method of Collecting Data

" As the»sﬁbjeCts arrived at the'léborgtory, they were given aniexj
. pléﬁation ofyfhe'general procedurés of the pre and postteét éessiéné._
They were nofﬂtold‘thg specifics off£he research design nor weré_£hey
given the hypgthesis or ?esearch questions. This‘procedure was fol-
lowed sdiﬁhat such\knowiédge would not bias tﬁeir response'tb the
experiment. Each.subjéct'wés then asked to read and £ill out the
waivér and data sheet supplied by the experimenth ksee Appeﬁdix E).‘
The subject ﬁas then placed in the boqth gnd seatéd in‘an,overstufféd '
reclining chair‘and giﬁen the instructions fpr ghe pretest. Thes¢~1'
Were:‘

(1) mentally solve the mathematical problems given you.on each.
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"3 X 5 card. I will hold the cards for you.

(2) you have twenty seconds to solve each problem. T -

(3) respond with your answer or if you cannot solve the problem; -

'

give no responée.
(4) i wili not verify the aﬁéWers for you.
(5) the ﬁfoblems'are additién, subtraction, multiplicétion and :L
division of fractions. Each problem will vary in degree of difficulty.
(6) a rest period will be observe@ betwegp_eachiﬁroblem.
(7) do not make unnecessary movemenﬁs‘dufing the solu£ion period.
(8) do you have any questions concerning the.difectiqﬁs I haﬁé ¥
just given you? |
An'@ttemﬁt was made to not vary the.presentatioﬁ of directidné nor thé~
subsequent test procedures by using aﬁ expérimént-checkliét (see

Appendix E) designed by the experimentor.

Method of O;ganizing the Data

-~ The data are bresented_in graphic and tabular form undeg two main
divisions in Chapter Four. The first divisién concerns all data rela-
ted to the statisticél hypothéses,which concern measures of differences
and‘the second‘conéerns'the statistical_hypothesés which anélyze the
results. of the mul£iple regression analysis. This division facilitates
the presentation in that 'a differing statistical treatmentnof each

division will precipitate a particular format for each treatment.
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The first division shows different graphs and tables while the
second division displays_graphs and tables dealing with multiple

regression values.

"Statistical Hypotheses

The problem statement when transformed into:stétistical hypotheses

e
1]

1.  There will be no significant differencg'between:Edntrol and
exggrimental group posttest means based upéﬁ abétrapt thipking ability:_'
raw scores. | | | ‘

2. There.will be no significént difference bet&een the pretéest
gnd posttest gro&ﬁ meaﬁs_of the experimental grbué based upoﬁ ébétract
thinking ability raw scoresi

3. Thefe will be no significant difference between'the pretest

and posttest group means of the control group based upon abstract

.thinking ability raw scores. 7
4. There ﬁill‘be ﬁq significant.differénce between control aqd
‘experimental group means.bésed upon éverage posttest item tension
readings.. .

5. There will be no significant aifferénce bétween the pretest.
énd posttest group means of the experimental group Based upon average

item tension readings.

6. There will be no significaﬁt difference between the pretest
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and posttest group meaqs of the control groﬁp based ﬁpon average item
-tension readinés. | . )

‘7. Selected biographical.independént variabléé (gender, age, .
. marital'status, uhdergraduate GPA, or handedness):cannot be ﬁéed to
predict gbstract thinkiﬁg ability using pretest mathemgtiéé.fesg'
scores as the dependent variable. -

8. Seiected biographical independent variables (gender,.age
marital status, undergréduate.GPA, or handedness’) cannot be uséd to
predict abstract. thinking ability using posttést mathematicgltést
scorés as the dependent Vériéble;

9. Selec;ed biographical independent.variéblesA&gender, age
marital status, undergraduate GPA, or handédness) cannot,be-usedlto
predict avéfége muécle pensiqn in the frontalis and trapezius yuscle
groups using pret¢s£ EMG tension readings as the défeﬁdent.variabie.

10. Selected biogfaphical independent variables (génder, age,
marital sfatuS,”unéergréduate GPA, or héndedness) cannot be used to-
predict averagé muscle tension in the frontali; and trapeziﬁs muscle

groups using posttest EMG tensioﬁ.readings as the dependent variable.

-

Analysis of Data

Hypotheses 1 - 6 in their null form were tested and reported ih'
Chapter Four using the Student's "t" statistic for independent and

dependent samples. Student's "t" is a statistic in which sample means
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are used .to estimate population means. The "t"'disﬁribution is well
suited from the standpoint of its ability ;6 perform well when small
"n" samples are‘used (Snedécpr and Cochran, 1967, ppP. 59-60). An
_ alpha level of .05 was used as the levei.éf significance for the "t"

. k4 . )
tests. This means that the null hypothesis can be rejected if the
statistic (""t") is_equa; to or g;eater than the table value (tﬁo—
" tailed test) at the appropriate dégree of’freeAOm (df) and alpha level -
qf (.05).
- The null form of hypotheses 7 - 10 were téséed uéing multiple re-
gression. Multipie:regrgssion is é statigtical ffoceduré desigpéd té
‘'produce an eqﬁation to predict a value of one variable (dependent
Variabie) from values on two or more other‘varia_bles\(independent'vari—~

ables), to make such prediction, and to test the reliability of this

prediction.

DATA ANALYSIS CONCLUSIONS

Student's "t"

Chapter Four prgsented tﬁé data analysislin fwo_major sections.
The first section:réports the findings reiated to H&pothéses 1 through‘
6. The second éection reports the findings rélated to Hypotheséé 7“
through 10.

Sectioﬁ one preseﬁted-Student's et s£atistics-which were calcu--.

lated on the measures of mean differences between the experimental ~ °
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and control éamplg groups. The4Studeﬁt's ht" statistics'were calcula—:'
ted for differences in group means ‘of: | ; -

1) raw scores obtained from a mathematics test designed to yield
. measures of abstract thipking ability,“and" ‘
2) test itgm-tepsion‘indiées recbrded_during the pré and ﬁbst
administrgtién of the mathemaficé-ﬁestf fhe indices'wére
colledted using an Agtogen’l700;eleétrom&ograph. )
Hypotheses 1 thréugh 3 relate to the métheﬁatical feét’faw écpfes
‘and hypothesés:4 througﬁ 6 relate to the teé?jitem tension iﬁdiées.j

The table below summarizes the findings of Hypotheses 1 through‘6.

. TABLE .35
Null o Depéndent Sambie : Test
Hypothesis Table Findings Variable Group . Administration

1 3.. Rejected Math scores Exp/Control _ Posttest
2 4 .+ Rejected Math scores Experimental " Pre/Post
3 5 . Rejected Math scores Control . . Pre/Post
4 7 Retained Item Tension Exp/Control Posttest
5 8. Rejected Item Tension Experimental Pre/Post
6 9 .

Retained Item Tension  Control : Pre/Post

The criteria for rejecting or retaining all null hypotheses was

the .05 alpha level'using a two-tailed alternative.

Hypothesis 1
There will be no significant difference between control and ex-

perimental group posttest means based upon abstract thinking ability
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raw scores.

TABLE 36 -
" Posttest Group Meané Student's . Tabler Two-Tailed .
Experimental Control " _DF  Value* Probability Findings

©12.84 10.72° 2.06 - 48  2.008 .045 "Rejected null

The data show that the null hypétﬁesis was rejected. ‘Operational—'
ly,'it may bé stated that the d%fferehceé between posttegt means of
botﬁ the experimental and control éaﬁple‘groups were statistically sig-
inificant. The conclusion which maycbe drawn from the data isttbat the
posttest scoreé of the expéfimental group aﬁd tﬁose of.the control.

group'wefé different to a statistically sigﬁificaﬁt degree because of
" the treatment Whiéh.the.experimentai group fecei#ed; This evidence
éupﬁorts the notion that bidfeedbéck.qnd autogenic exeréises cause
statistically significant differénces between grouﬁ mean scores of -

abstract thinking ability of college adults.

Hypothesis .2

There will be no significant difference between the pretest and
posttest group means of the experimental group based upon abstract

thinking ability raw scores.
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TABLE 37

Experimenﬁal Group Means ' Student's = Table Two-Tailed -
Pretest Posttest "' DF Value* Probability Flndlngs
9.60 ©12.84  -7.54 24" 2.06 .000 Rejectéd mull -

The data show that.the null hyéothesis was rejected. .Operationel—
1y, it may be'stated'that the differences betweee pre and posﬁtest |
means of the experlmental sample group were. statlstlcally 51gn1f1cant.
The conclusion which may be drawn from the data is that the observed
differences between pre apd posttest means of.;he.experimental eample
group were because of the t;eetment received By fhis group. - The evi;'
eence supports the ﬁotiOn thafibiofeedbeek and autogenie eXefcisesf
cause spatistieally significant_differences:between pre and posttest

3 S, _ '
mean scores of aBstraet-thinking ability of college students. Ab-
stract thinking ability seems to increéase to a significan£ degree :

v

when biofeedback and.autogenic exercises are used by college adults.

Hypothesis 3 - . = .

There will be no significant difference between the pretest and
poetfest group means of the control group based upon abstract thinking
ability raw scores.

TABLE 38 -

Control Group Means Student's Table Two-Tailed
Pretesk Posttest  "t" DF Value* Probablllty Flndlngs
9.40 - 10.72 . -=3.67 24 2.06 .001 ReJected null
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The data show that the null.hypothesis was rejected. Opefa;ion—
ally, it may be stated that thé-differenées betweén pre and.pos;test
means of the control sample group were statistiéally éignificant. Thé
conqlusion Which may be drawn from the data is that the obsérvéd dif-

ference between pre and posttest means of the control sample group

was because of- factors of internal validity such as maturation or test

wisdom since the control group did not receive the Biofgédback training

and autogenic exercise training. The evidence shows that with or with-

out the treatment that abstract thinkiﬁg ability‘scores improved sig-
nificantly; héwever, the e#perimental group achieved a'higher score
than‘did tﬁe:confrol groﬁpj"Fﬁrthermore, the ﬁosttest group mean
.diffe;enceé between contfél and e%pgrimentql group Wéfe aiso‘statis;

tically significant.

Hypothesis 4

There will be no significant difference between control and ex-

perimental group means based upon average posttest item tension’ read-

ings.
TABLE 39
Posttest Grouﬁ Means Student's .. Table Two-Tailed
Experimental Control "t DF Value* Prqbability Findings _
2.36  3.08  -1.56 48 2.06 .12 Retained null

The data show that the null hypothesis was retained. It may be
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stated operationally that>the differences between posttest means of

both the experimental and control sample groups were not significantly

different.. ‘Thercpneiusion.which may be drawn from the data is that the-

obsefved difference betweee posttest ifemvtension indices means of the

control'aﬁd expefimental:gfeﬁps was not statistically significanfu
The treatment did not.cause'significaﬁ; differences of average

skeletai muscie tension befween both grouﬁs'of_college adults ﬁhen._

performing ebétrecting thiﬁking tasks.-

' Hypothesis 5
* There will be no significant difference between the pretest and
posttest group means of the‘experimental group based upon average item

tension readings.

TABLE 40,
Experimental Group Means Student's Table Two—-Tailed - .
Pretest ' Posttest _. "t" -DF _Value* - Probability Findings'
3.32 ©2.36 - 2.49 24 2.06 " .020 Rejected Null

The data show that the null hypothesis was rejected. It may be;

" stated operationally that the difference between pre and posttest means.

" of the experimental group was statistically significant. The conclu-

sion which may be drawn from the deta_is'thet the observed difference

between pre and posttest item tension indices means of the experimen- .-

tal group was significant and most likely due to the treatment. Bio—-

feedback training and autogenic exereises did cause the average skele-
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‘tal muscle tension of college adults to significantly decrease when

performing abstract thinking tasks.

Hypothesié 6

Ihefe will be no significant difference between the/pfetest and .
posttest group means of the control ‘group based upon average item

tension readings.

TABLE 41
Control Group Means Student's " Table - -‘Two-Tailed
Pretest Posttest e DF Value* Probability Findings

2.63 3.08  -1.25 24 2.06 - .222  Retained null

The data show that the null hypothesié was ;etaihed. It may be

stated operationally that the difference between pre and posttest means

of the control group was not statistically significant. The conclusion

which méy be drawn from the data is that the observed difference be-
‘tween pre and posttest item tension indices means of the control
group was not significant and most likely due to the .group not receiv-

ing the treatment. When a group of college adults perform abstract

thinking tasks without the treatment, the average skeletal muscle ten- - -

sion shows no significant difference between pre and posttest task

administration.
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FMultiple.Regressionl

Section two éf Chapter Four presented a sepieé'of "fivé variablé"
.mulfiple regression_équations_reléted ﬁo Hypothéses 7 £hroggh 10.
Five independent va?iables were used to predict the mathématical scoreé
and itgm tension; Those vafiablgs were: 1) gendg;; 2} age, 3) marital::
status, 4) undergraduéte'GPA, and 5) handedness.

Thé following Table 42 displays the ﬁgan,‘standard deviation, and .
numbef of cases of‘dependent variables (mathematical réw scores) en-
tered into_thé multiple regression equation. ThéSe Aata afé'related

to Hypotheses 7 and 8.

s

TABLE 42 -
Dependeht -Sfandarq Number of
Variable - Mean Deviation Cases
Pretest—Experiméntal 9.60 - 3.77 25
Pretest-Control 9.40 4014 25
Posttest-Experimental 12.84 3.51 25

Posttest-Control 10.72 3.74 - . 25.

The following Table 43 displays the mean, standard deviations and,
number of cases of dependent variables (item tension indices) entered
" into the multiple regression equation. These data are related to

Hypotheses 9 and IO;A_
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TABLE 43
Sfandard Number of-
Variable -. Mean Deviation Cases
Pretest-Experimental - 3.32 .365 - 25
Pretest-Control 2.63 - .796 25
Posttest-Experimental 2.36 747 25
Posttest-Control 3.08 1.80 25

The following Table 44 displays the mean, standard deviation, and

number of cases of independent variabiés entered into the multiple

regression equation. These data are related to Hypotheses 7, 8, 9,

and 10.
TABLE 44

Independent Standard Number of

Variables Mean Deviation Cases
Gender ' 1.40 .49 50
Age 31.04 7.15 50
Marital Status . 1.26 47 50
Undergraduate GPA 2.96 .43 - 50
Handedness - ’ 1.14 .35 50

The values in Table 44 were encoded from the data sheets filled

out by the researcher on each subject in the following manmer.

Variable

Gender

Age

Marital Status
Undergraduate GPA
Handedness

Encoded Value Equivalents

1 = Male / 2 = Female

Actual chronological age

1 = Married / 2 = Single
Actual grade point equivalents
1 = Right Hand / 2 = Left Hand
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The raw data’ summary may be more closely reviewed in Appendix T,
page 192.

'The followiqg table relates thé findings of Hybotheses 7 through:

10.
'TABLE 45
Null ' S Dependent’ Sample : ‘
‘Hypothesis Table Findings Variable Group . Administration -
-7 " 13 - Retained Math scores Experimental Pretest
14 "Retained Math scores Control . Pretest
8 15  Retained -Math scores Experiméntal - Posttest -
16 . Rejected Math scores Control Posttest
9 - 17 Retained Item tension Experimental =~ - Pretest
18 Rejected Item tension Control Pretest
10 - 19 Retained Item tension Experimental Posttest

20° Retained Item tension Control . . Posttest

The criteria for rejecting or retaining all null hypotheses was

the .05 alpha 1eve1~using a two-tailed alternatiﬁe.

Hypothesis'7.

Selected biographical independent vatriables (gender, age, mafital
status, ﬁndergraduate GPA, and handgdness) cannot be used to predict
abstract thinking ability using pretest'mathematiéal test scores as

the dependent variable.

TABLE 46
Sample Group Multiple-R- "E" Table Value = Findings
Expéerimental - .469 1.08 2,74 . .Retained null

Control . .615 2.31- - . 2.74 © Retained null
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The data show that the null hyﬁothésis was retained. Nei£her the -
experimental nor control group's abstract thinking ability can be pre~

dicted bj_joint use of the five (5) indepeﬁdeﬁt variables using pretest

mathematical test scores as the dependent variable.

Hypothesis 8

‘Selec;ed biographical independent variables (gender, age, marital
status, undergraduate GPA; and haﬁdedness) cannot be used to predict
abstract:thinking ability using poéttest mathematical test scores as

the dependent variable.

TABLE 47.
Sample Group Multiple-R- "E! - Table Value 'Finﬂings
Experimental .488 1.19° 2.74 Retained null

The data show that the null hypothesis was. retained. The experi-: °
mental group's abstract thinking ability could not be predicted by
joint use of the‘five (5) independenf variables, using mathema;iCal

test scores as the dependent variable.

TABLE 48

Sample Group* . Multiple-R gt Table Value . . Findings
Control T .674 3.18 S 2.74 Retained null -

The data show that the null hypothesis was rejected. The.qdntrol

group's abstract thinking ability can be predicted'by joint use of the
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five independént variables using posttest mathematiéal test.épores as
the dependent variable. Furtﬁermofe, it was found that the:indepen-,
dent variable, "gender," was étatistiéall& significant. Gender éan be

used to predict abstract thinking ability utilizing posttest .mathemati-

cal test scores as the dependent variablé.

Hypothesis 9
Selected'biograﬁhiéal indepen&ént vafiables (gender,'age, marital
. status, undergréduate GPA,_and handedness) camnot be used to p;edict
average‘muscle tension in the frontalis and trapeziﬁs muséle groups

using pretest EMG tensibn‘rc_aadings as the dependent variable.

- TABLE 49
Sample Group  Multiple-R . "F'" Table Value = Findings
Experimental 477 .95 4.56 'Retained nu11

The data show that the null hypothesis was retained.‘AThe_experi—
mental group's skeletal muscle temsion could not be predidfed by joint

use of the five independent variables using pretest EMG tension read-

ings as the dependent variable. .

" TABLE 50

Sample Group Multiple-R L ~ Table Value .~ Findings

Control 678 . 3.24 2.7 - Rejeéted null
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The data show that the hﬁll hypothesis was rejected. The_coﬁtrol'
group's skeletal muscle tension can be predictgd byljoiﬁt use of the
five (5) independent vgfiables using pretest EMG tensién'readings és
the déﬁendent variable. Furthermore, it was fouﬁd that the indepen- . -
dent variable, "gender," was statistically sigﬁificant. Gender can be
used to piedict skeletal muscle tension‘ﬁtilizing pretest igem_ten—

- sion indices as the dependent variable.

‘Hypothesis 10

Selected biographical independént variables (gender, age,'marital '

staﬁus, undergraduate GPA, and handedness) canmot be used to predict
averagé muscle tension in the frontalis and trapezius muscle groups

using posttest EMG tension readings"as the dependent variable.

" TABLE 51
Sample Group Multiple-R - ngme Table Value . Findings
Experimental 412 .78 4.56 Retained null
Control .530 1.48

2.74 " Retained null

The data show that the null hypothesis was retained. Neither the
experimental nor control grpup's skeletal muscle tension could be pre-
dicted by joint use of the five (5) independent Variableé using post- "

test EMG tension'readings'és'the dependent variable.
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Summary
The'folloWing section relates all statistical findings”to the

_original research questions postulated in Chaptér One, pages 12 and 13.4

kesearch Question 1
In a laBoratory environﬁénﬁ utiliziné biofeedback
instrumentatién and autogenic,relaxation exércises, can a
grouﬁ_of adult learners' aBility to think abstractly be im~
proved so that embifiéél—validation can occur utilizing
scores from a posttest designed to measure abstracf
thinkipg ability? |

‘The data collected from Student's "t' statistical analysis of

Hypotheses 2 and 3 show that adult learners can so increase their ab-

stract thinking ability. 3Both experimental and cbntral_groups signifié'
cantly‘increased their mean posttest score. - However; the experimenfal
éroup iﬁcreased‘theirlmean score from 9.60 on the pretestuto_12.84 on
the posttest thle the control‘group increased their ﬁean score from

9.40 on the pretest to 10.72 on the posttest.

Research Question‘Z
In a laboratory environment utilizing biofeedback instru-
mentation and autogenic relaxation exercises, what will be
the effect of the prescence or absence of autogenic exer—

cises on the abstract thinking ability scores when the"
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'grdup means of‘Both the control and experimeﬁtai.éﬁéup

are analyzed so as to‘reveai differences.befﬁeén pre and

posttest‘administration?.

The data‘collected from Student's "t" statistical-analysis of
H&potheses 1, Zajand 3 show that adult learners ého héd the autogeﬁic
exercises taught to them did increase their abstfagt thinking ability .-
to a St;tistically significant degree. Aithough the grouéiwhﬁ did not
learn the relaxation exercises also increased gheig scores signifi—
cantly, the difference in grdup means was éreater in the'groﬁp who did

have the relaxation exercises taught to them. Also, the posttest mean

difference of both groﬁps.was statistically éignificantg

Lol

Regearch Qﬁestion 3
in a laboratdry environment-utiliéing biofeedback instru-
mentation and autogenic relaéation exercises can thg average
‘muécle'tension in the frontalis and trapézius.muscle groups
bé made .to decrease so‘that empirical validation can'occdr
when average posttest tensioﬁ feadiﬁgs from a biofeedback
instrument (EMG) are used as-indiges of muscle tension?h

The data collected from Student's.'t" statistical analysis of
Hypotheses 5. and 6vshow that adplt learner§ can éecrease their average’

skeletal muscle tension in the frontalis and trapezius muscle groups.

The experimental group decreased their average muscle.tension to a

«
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statistically significant degree from a pretest mean of'3.32 te a post—
test'mean of 2.36.. These units are expressions of ekelefallmuscie ten-
sion measured in milli-volts of eleetricity.. The centrol gréup increas-
ed their a&erage mheele'tension from a pretest mean of 2.63 to a post-
test mean.of 3.06. This difference, howeyer, was not statistieally
significant.

Research Question 4

In a laboratory environment utilizing biofeedback instru—

mentation and autogenic relaxation exercises, Whaﬁ #ill be

the effect-of the autogenic exercises' presence or absence

on the'average level of muscle tension in the frontalis

and trapezius muscle groups when group means 6f boﬁh £he

control amnd expefimental group are analyzed so as to. re—

veal differences_between pre and posttest readings?

The data collected from Student's "t" analysis'of ﬁypotheses 4,
5, and 6 shoﬁ tﬁat adult learners who were taught the autogenic relaxa-
tion exercises decreased their skeletel muscle tension to a statistic-
ally significent Aegree. The group which did eot receive the t;aining
were unable to deereaee muscle tensien. In faet; the mean-feet item
tension index increesed, although)not to a etatistieelly sigﬁificanf

degree. The mean difference between control and experimental group

posttest scores was not statistically significant.
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Research Quesfion 5

In a laboratory envirénment utilizing biofeedbaﬁk ipstfu—

mentation and autogenic relaxation éXercisés,fcan selected

biographical variables such as genaer, age, méripalhétatus,

u?dergraduate GPA, or handedness Ee used t0'p%édic£ the

aﬂstract thinkiné ability of adult leérﬁers‘%heﬁ tﬁe'raw

scoreé from their pretest measures are uééd as Fhe'depen—

dent &ariable?

The data collected from multiple rééréssidn énélysis of Hypothesis
7 show that the selected biographical variables of'gender, age, marifal .-
'status, uﬁderéraduate GPA, and handedness cannot‘be used tbquintly_pre—
di;t adult léa;ﬁers' aﬁstract thinking ability usiné'pretest mgtheﬁaﬁi—

" cal test scores as the dependent variable. =

K

Research ngstion 6
In a léboratory.environment utilizing biofeedback instfu—.'
mentation and autogenic felaxation éxerciseé, can‘selected
biographical variables'such as éender; age,‘maritél status,
undergraduate GPA, or handedness be used to predict the'ab;
stract thinking ability of adult learmers when the raw scores
from tﬁeir.posttest-meaéures are used as the_ﬁependent‘variable?
The data céllected from multiple regression anélyéis of Hypothesis

8 show that the selected biographical variables of gender, age, marital
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status, undergraduate GPA; and handedness camnot be used to jointly

predict the experimental»gfoup's abstract thinking abilify using post-

test mathematical test scores as the dependent variable. .Conversely, -

-the sélécted biographicél variables can bg used to jointly ﬁredict the
control group'é abstract thiﬁking*ability using poéttest ﬁathematical

test scores gs.the‘dependent variable. The variable "génder" wéé the
main contributor po this effect aﬁd %as the dnl& sta;istiééliy signifi;

cant-ihdependent variable.

Research Ques;ion'7
In a laborgtory environmenf utiiizing biofeedback i£Strﬁ—
mentation énd~autogeniq relaxation exercises{_can.éeieéted
..biograéhical variables such as gender, age, marital status,
undergraduate GPA, or haﬁéedness be ﬁsed to'predict the

average muscle tension level in .the frontalis and traﬁe—

zius musélg groups of adult learners when the average

tension réadings from their pretest EMG méasures.are‘used

as'the dependent variable?

The data collectéd‘from multiple regresgion analysié of Hypothe-
sis 9 show that the selected biographical variables of gender, age,
maritai status,‘undergré&uate GPA, énd handedness camnot be used to
jointly prédiét.the experimental group's skeletél muscle tension using

pretest item tension indices as the dependent variable. Converseéely,
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the selected biographical #ériablés can be uséd to jdiﬁtly predict

- the control'groﬁpfs skeletal muscle tension using pretest item tension

indices as'the_dependent variable. The variable "gender" was the main

_contributor to this effect and was the only statisfically_significant

independent variable. ' : ' ’ .

Research Question 8

In a laboratofy environment utilizing biofeedback instru-

menpation and autogenic rgléxatioﬁ exércises, can selected

‘biographical variables sﬁch as gendef,'age, ﬁaritél sta;us,“

undergraduate GPA, or han&edness be used té'predict the

average muscle ‘tension level ig the frontalis and trapezius

'muscle'grouﬁs of adult learners when the average tension -

readings from the posttest EMG meaéures are used és_the

dependent variaBleé

The data collected from multipie regression analysis‘of ﬁypbthe— 
sis 10 show that the-selecfed biographical vgfiableé of geﬁdef, age,
marital status, undgrg;édugte‘GPA, an&-handedhess cannot be used‘tq
joiﬁtly predict_adult learners' skeletal muscle tension using ppsttesf
item tension indiges as the depéndent variable.

Given these findingé, the following list of cqnclugiqns are pre-
sented by thé author.

1) Abstract thinking ability among adult learners can be signifi—




2)

3)

4)

5)

6)

7)

8)
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_cantly increased by the use of biofeedback and autogenic re-—

laxation exercises. - -7 : .
The increased ability to think abstractly.can be measured and

verified utilizing conventional methods of evaluation of

_adult learner performances.

-Skeletal muscle tension among adult learners can be signifi-

cantly decreased by the use of biofeedback and autogenic re-

‘laxation exercises.

Electromyography in conjunction with aﬁtogenic relaxation.
exercises, proved to be efficient methods of decreasing

skeletal muscle tension, thus reducing "test anxiety.'" This

allows for more accurate measures of adult learner performance.

The variable "gendér"'pla&s a significant role in predicting
adulé learner pdsttest abstract thinking ability.

The variébles gehde?, age, mafital status, undérgfaduéte GPA,
apd handedness can jointij brédict adult 1earner.abétré§t
thinking ability.

The variable "gender".plays a significant_rble in predicting
adult learner pretest skeletal muscle tension.

The wvariables gendef, age,.mari;él status; uﬁdergraduate GPA,
and handedness can jointi&'predict adult learner skeietal:

muscle tension,
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RECOMMENDATIONS

Section threé of this chapter presents the researcher's recommen—
dations for further possible research studies based upon the findings
of this investigation. They are presented in ﬁo particular ordey so>
as to coﬁstitute priorifies. Instead, the recommendations presented
are an attempt to enlarge the scope of the investigation as well as-
to define areas of poséible research which developed out of the pro-
cess of analysis of the data.

It became clear to the authér, when formulating the problem
statement for this study, that unless a succinct application’ to.an
adult education learning environment be made that a majér premise 6f
"applied research'" would have been violated. |

Research, in general, is a systematic>attempt &ia éisciplined-
inquiry to provide answers to quéstions. The answers may be abstract
and not often provide immediate usable informationAfor altering thé
environment. This_is often the case in "basic research." hApplied
research" calls for a great deai of highly concrete and specific
answers to questions and often becomes a further test of a "prqduct"
of basic research. Applied research Becomes the "test" or "tryout"
that includes systematic evaluation. This study is clearly a case of
applied research whose "product" was essentially the basic'réseafch
done by Basmajian, Davis, Forrest, Freeman, and Jacobson. These

"products" were the findings of their research which defined models of
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‘neuronal activity, skeletal musqié_tension, and the bongoﬁmitancé‘be—
tween those physiological phgn;mena and mentgl work. This auéhor has'
éttempted to providé an%wers to questions whose soufcé:is the adult

learner's classroom environment.

Recommendation 1

As defined in the probleﬁ statement'énd~résearch ﬁﬁestions (éee S ;.’ U
pages 6, 7; 12, and 13) the use of Voiﬁnteers Within.a.laborator§ eﬁ—
vironment‘precludesla direct épplication‘of the»findingé of this,study;
-fo anv"igtactf classroom énvironﬁen;.' The author beiieveszthat further
stﬁdies shbuld be done, using,actugl_giassrooms of‘aduifllearﬁérs to
test.the.statéd hypothésés.of this stﬁdy.. Other research Qﬁestiqns
Whibh_couid Be pbspuiatéd are:'> | :
1) Can test anxiety bevféduced among adult learners so as to

achieve more accurate,s;udént.performanqé measufesé "
'2). Can autogénic felaxatiqn exercises and biofeedback be:uséd
to increase an adult 1earﬁer(s ability to form "néﬁfal
synapses' or “neural‘imprgssés?”
3) Can'autogenic relakatioﬁ exercises and Biéfeedbaék_be ﬁséd_

to increase the creative or intuitive mental process among

adult learners?

Recommendation 2

-‘Should a replication of tﬁis‘study be pursﬁed,,the author would
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encourage the researcher to éxpand the biographical'variable used to
predict skeletal muscle tension. -This expansién of variables could
provide the basis for a fdrmulat%on’of a "pfofilé" of those adulf
learners most dikely té be-éusceptible to skeletal muscle.tension.
Thisiprofile could usefully'servé a tébchér of édﬁlt léarﬁérs‘in thé

diagnostic process.,

Rgcommendétion 3

Further studieé‘shOuld.be‘dqﬁe which ‘do not delimi£ the,popﬁlé—*
tion to adult learners. If‘is fair‘to'ask such quéstions -as: when is
thé apéropriate point in the'dévelopment and contiﬁuﬁm of humép igéfn—
ing that students should be'taught é~more "gxquisiﬁe" controI:oVef
their own neuroﬁai activity? Is this aﬁ appropriate skili to be l
taughf? What are tﬁe heésurable-and vérifiablé benefitéiof such.
activities? Theée questions,-as‘weil.as others,'éoﬁl& form fhevbasis-
for research done withldtherAthan college level adultﬁleafners as the
population. | |

v

Recommendation 4

The author would also encourage studies which are longitudinal
in nature. These longitudinal studies ‘could brovide.data on' the rela~
tionship between learning developmental stages-and skeletal muscle

tension.

This cﬁapter has summarized the study in these major sections.
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The first section provided an overview of Chapters One thfough Three,
the second section suﬁmarized the findings and conclusions of Chapter
Four and the third section providéd a series-of recommendations for )

further research based upon the research questions postulated for this

study.
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APPENDIX B

MATCHED PAIRS DATA




' SUBJECT PRETEST

RAW DATA

Pair Subject .Raw Item Tension
Number Number Score (Microvolts)
1 45 16 .97
2 28 14 1.07
3 10 14 .98
4 22 14 .95
5 39 14 .63
6 15 13 1.25
7 38 13 .65
8 3 12 .88
9 20 11 1.25
10 30 10 1.00
11 47 10 .90
12 1 11 .80
13 46 9 - .93
14 4 8 1.08
15 24 10 .87
16 32 10 .84
17 13 8 .93
18 36 . 8 .78
19 50 7 .82
20 5 7 .81
21 16 6 .98 .
22 49 7 .87
23 27 4 .66
24 14 3 .65
25 8 1 1.91

Subject Raw
Number © = Score
48 15
17 14
37 14
40 . 14
35 . 14
6 12
33 13
7 11
18 11
2 11
43 12
41 11
& 9
23 10
21 10
31 10
11 7
26 . 8
42 9
19 6
25 6
12 4
'.34 2
9 2

0

29

Item Tension
(Microvolts)

.79
1.04
1.00
.85
.84
1.03
.69
.83
1.00
.94
.82
.81
.87
.97
.92
.83
.91
.85
.87
.88
.95
.70
.76
.85
.85

S91
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INTRODUCTION

A,

The Electromyogram — The activity of the skeletal muscles is
triggered by a complex pattern of electrical impulses origina-
ting in the central nervous system. These impulses travel
from the brain and spinal chord through motor nerve pathways
which terminate in the muscle fibers. Innervation of the
muscle fibers, and consequent muscular contraction, 1s brought
about when a significant number of motor nerves in a given '
area are emitting repeated electrical discharges. Muscular re=
laxation occurs when the electrical discharge rate of the
motor nerves decreases. The electrical activity which accom—
panies muscle action is called -the electromyogram, or EMG, and
is commonly detected by metal electrodes attached to the sur-
face of the skin. EMG activity is-generally expressed in in-
tegral average microvolts (millionths of a volt). At any

given location, this wicrovolt 1evel is a function of v

1. the number of motor neurons flrlng in the vicinity
" of the electrodes.

2. the rate of firing (diseharge) per neuron

3. proxiﬁity of the discharging neurons to the elec-
trodes.

Since muscular tension is proportional to the degree of elec-
trical discharge stimulating the muscles, the EMG is a direct
physiological index of muscular contraction or relaxation (the
lower the microvolt level of EMG act1v1ty, the more relaxed
the monltored muscle).

Feedback Electromyography ~ Feedback electromyography is the

process of monitoring and displaying to an individual the on-
going EMG activity generated by his muscle action. In feed-
back electromyography, the EMG activity is first amplified,
then rectified, integrated and rendered in the form of audl—
tory patterns and/or visual displays.

This audlo and Vlsual "feedback' informs the learner of the

relative tension or relaxation of the muscle(s) being moni-
tored. Feedback also enables the learner to recognize and
discriminate subtle changes in muscular activity which are fre-
quently outside the domain of normal sensory awareness. With
time, .this learning process generally results in the indivi-
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dual's ability to exercise substantially greater control over
the specific muscle activity than had pfeviously been possible.
This control is of particular value in the ‘attainment of deep -
muscular relaxatlon, the recovery of functlonallty in atrophled
muscles, etc. .

Introduction to the Autogen'1700

The Autogen 1700 Feedback Myograph. offers a significant number
of training-oriented features and monitoring capabilities
which have previously been unavailable in electromyograph in--
strumentation. To derive maximum benefit from the instrument,
ASI recommends that you study this manual carefully to develop
a thorough understanding of the many unique features and modes.
of operation of the Autogen 1700.  In addition,. ASI recommends
that professionals train with the 1nstrument to become tho-
roughly familiar with its use.

This section will provide a capsule summary of the feéatures
and control functions of the Autogen 1700 and a general over-
view of its operation. Detailed operating instructions and
explanations of control functions are provided in Section 1T
of thlS manual. .

1.- Front Panel,Functions of the Autogen 1700

a. Electrode Input Connector ("Input A", "Input B") -
Accepts the. plugs at the end of the EMG electrode'
cables.

b. Input Weighting Control ('"Weighting') - Detetmines
which of the two electrode inputs will be monitored

at any given time; also enables one to perform weighted -

combinations of EMG information from the two inputs.

c. Power/Test Switch ('"Power'") - Used to turn the power
to the instrument on and off.. When switched to the
appropriate position, this control alsd activates the
battery strength and electrode 1mpedance (attachment
quality) test functions.

d. EMG Bandpass Selector (''Bandpass Hz.") = Determines

' the frequeéncy bandpass.over which the EMG activity
is monitored. Bandpasses of 100-200 Hz., 400-500

Hz:, 100-1000 Hz., and 20-1000 Hz. may be selected.
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For most general EMG applications, the recommended
bandpass is 100-200 Hz. '

», -

. EMG Activity Meter - Provides a Visualldispley of in-

stantaneous or time-averaged.EMG activity expressed in
integral average microvolts, selectable over seven
scales (0.05-1uVv, 0.15-3uV, 1.5-30uV, 5-100uv, 15-

3-uV, and 50-1000uV). When switched to the appropri-

ate test mode, the meter also measures battery strength
and electrode impedance (attachment quality).

Meter Scale Selector - ("Meter: Séale") --Selects one. of

the seven available scales of EMG activity to be dis-

-played on the EMG Activity Meter.

-

Instantaneous/Average Meter Readout Selector (''Méter,

Avg." push-button) - Determines whether the EMG Acti-
vity Meter reading reflects instantaneous or time-
averaged information. When switched to 'the "Avg."
mode (push-button ,n), the meter reading will reflect
the average EMG level over the running time interval
selected by the Meter Averaglng Time Selector ("Avg
Time').

Meter Averaging Time Selector ("Avg. Time") - Selects

the running time interval over which the EMG informa-
tion is. averaged when the meter is switched to the. . . -
"Avg." Mode. Time intervals of 10, 20, 50, 100, 200,
500, and 1000 seconds are available. ’

‘Audio Output Comnector ("Audio') - Accepts the connec-
-tor plug from either an external speaker or a set of

steréo’ headphones. - (To receive audio feedback, a
high efficiency external speaker or set of stereo head-
phones is required. Any set of stereo headphones may
bé used, but only a high-efficiency spéaker carrled

or recommended by. ASI should be used.)

Audio Feedback Volume Control ("Volume") - Controls
the volume of the audio feedback signal.

Feedback Threshold Selection ("Threshold")-Sets the

upper or lower EMG microvolt limit at which audio. feed-
back will be activated. Also determines threshold
limits for the analog light feedback. -
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Threshold On/Off -Switch ("Threshold, On" push—button)‘—

Used to activate the Audio Feedback Threshold Selector.

When the threshold selector is not activated, audio
feedback will be present over the entire meter scale.

Threshold Logic Switch ("Threshold, Above"_ﬁusﬁ—button)

— Determines whether the audio feedback will be pre-
sent below or above the selected threshold level. When
this switch is. depressed, audio feedback will be pre—
sent above threshold; otherwise, it will appear below
threshold. -

Atidio Feedback Mode Selector ("Audio Feedback") -

Selects one of eight possible forms of audio feedback:
variable pulsated analog tone ("AN. 1"), continuous
analog tone ("AN. 2"), steady pulsated analog tone
("AN.3"), click feedback ("CL"), bi-tone derivative
feedback ('"DR"), positive derivative feedback ('BR+"),
negative derivative feedback ('"DR-"), direct audio.
feedback ('"DA"), and external feedback through battery-
operated tape recorded (VEXT'").

Feédback Response Control ("Response'') - Enables the

EMG information whic¢h drives the audio feedback, light
feedback, and instantaneous meter feedback to be
"smoothed" - or slightly. averaged over a short variable
time interval of 0-5 seconds.

Feedback Expansion Switch ("Feedback, Expand" push-but-

ton) - Allows one to expand the resolution of the audio

' ‘feedback signal around a selected microvolt level.
. This switch is used in conjunction with the Audio Feed-

back Threshold Selector.

Light Feedback - Consists of four lights which provide

visual feedback for EMG.fluctuations in either the
analog or derivative mode.

On/Off Switch for Light Feedback ("Lights, On" push-

button) - When depressed, the feedback lights on the
front panel of the instrument will be activated. ' They
should be switched off when not desired to avoid un-
necessary battery drain.

Light Feedback Mode Selector ("Lights, -Deriv." push-
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bﬁtton) - When depressed, the light feedbackfwill
operate in the derivative mode. Otherwise, the light
- feedback will operate in the analog mode. -

Accessories for the Autogen 1700

In addition to the Autogen 1700, the following accessories
are required for operation (Items a, b, ¢, and .d are in-

~cluded with the purchase of each unit).

.a. EMG Electrode Assemblies - Two EMG electrode assemblies

are provided with the purchase of each Autogen 1700.
Each electrode assembly consists of three silver/silver
chloride electrodes, each embedded in a plastic insula-
tor disc and attached to a shielded cable. The con-
nectors at the end of the electrode cables are insert-
ed into the front panel connectors labeled "Imput A"
and "Input B."

b. EMG Electrode Attachment.Discs - These discs, which in-
corporate an adhesive material on both sides, are used,
. to attach the electrodes to the skin surface.

¢.. Electrode Contact Medium - This electrical conductive

substance facilitates EMG electrode contact. A small
amount is squeezed into each electrode cup before
attaching the electrode discs to the skin surface.

d. Input Termination Plug — If only one of the two‘elec-
trode input conmectors on the Autogen 1700 is used, in-
put termination plug is insérted into the unused con-
nector. This human—engineering feature prevents possi-
ble environmental noise pickup from the unused connec—

"‘tor in cases where the input Weighting Control is not
rotated completely to the position corresponding to
the input connector used. .

e. High Efficiency External Speaker or Stereo Headphones-—

" “To receive audio feedback, a high-efficiency external
speaker or a set of stereo headphones is required (both
available through ASI). Any set of stereo headphones
may be used, but only an external speaker carried or

" recommended by ASI should be used. The external speak-.
er is generally preferred over the headphones, since
some individuals may - find wearing headphones uncom~-

y
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fortable or distracting. The speaker dr'set of headphones
is plugged into the audio connector on the front panel of
the instrument. ’ :

Rear Panel Functions of the Autogen 1700'

a. Instrumentation Outputs ~.These outputs are used to
interface the Autogen 1700 with external data acquisi-
tion devices such as the Autogen 5100 Digital Integra-
tor, or accessory items, such as a remote EMG meter.
For information concerning the electrical characteris—
tics ‘'of these output functions and instructions on
their use, please refer to the Appendix of this manudl. -

b. External Audio Feedback Input ("Ext. Audio In'") = This
connector accepts an audio cable from a battery opera-
ted tape player. Do not use this connector for any
other purpose. ' ‘

c. Connector for Isolated Power Supply ("To MA 50/51") -
Used to interface the Autogen 1700 with the MA-51 . .
Isolated Power Supply or the-MA-50 Rechargeable Battery
Pack. Do not use this connector for any other purpose.

"d. DBattery Compartment — Contains the two nine-volt bat- .

teries which power the unit.

Initial Hookup/Operating Procedures

This section provides an abbreviated set of operating in-
structions for the Autogen 1700 and is intended to give.
an initial overview of the operation of the instrument.
(Detailed operating instructions covering the many. func-
tions and capabilities of the unit are provided in Sec-
tion II of this manual).

a. Take one of the two electrode sets and attach the
electrodes to the forearm extensor muscle, as out—-
lined in Section II-B, pages 10 to 1l4. (In particu- -
lar, refer to Figure 6d, page 13). A

b. Plug the attachment cable from this set of electrodes
into the front panel connector marked ."Input A",
making certain that the plug clicks into place.
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Take the second set. of electrodes and attach it to

the forearm flexor muscle, as outlined in Section II-B,
pages 10 to l4. (In particular, refer to Figure 6e,
page. 14). ' i

Plug the attachment cable from this set of electrodes
into the front panel comnector marked "Input B'", mak-
ing certain that the plug clicks into place.

Plug the connector from the ekternal speaker or a set
of stereo headphones.into the front panel connector
marked "Audio."

Turn on the power to the unit and test the battery
strength and electrode impedance (attachment quality)
of each of the two sets of electrodes. These test pro-
cedures are outlined in Section II-D, page 17.

.Return the power switch of the unit -('"Power") to the
~"On'" position after completing these tést functions..

Rotate the Input Weighting Control ("Weighting') com-
pletely counterclockwise to the "A" position. This
will cause the instrument to monitor the EMG activity
from Input“A, the first set of electrodes.

Rotate the EMG bandpass Selector ("Bandpass Hz." to
the 100-200 Hz. position.-

Rotate the Meter Scale Selector ("Meter Scale") to the

position which causes the meter needle to deflect as
closely as possible to the center of the meter scale
when the monltored muscle is relaxed

Rotate the Audio Feedback Mode Selector: ("Audio Feed-
back") to the- "AN 2" (Analog Feedback) position, and
adjust the Feedback Volume Control ("Volume") to a
comfortable llstenlng level .

Rotate the Feedback Response Control ("Response") to

1 second.

Set the Meter Averaging Time Selector ("Avg. Time")
to 20 seconds. :

%
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Activate the Derivative Light Feedback by depre351ng
the "Lights On" and "Deriv." switches.

Make certain that there are no switches. depressed other
than- those indicated in the previous 14 steps.

Now observe the performance of. the instrument. As you
tighten the forearm extensor muscle (''Input A"), the
meter needle will deflect .to the right and the pitch
of the audio feedback tone will increase. As you re—
lax this muscle, the meter needle will deflect to the
left and the pitch of the audio feedback tore will

-decrease.

If the meter needle is too near the end of the sc¢ale
in either direction, the Meter Scale Selector ('"Meter
Scale'") should be readjusted to a point where the
meter needle deflects as closely as possible to the
center of the scale.

Now observe the light feedback and 1ts correlatlon

.with the meter and audio feedback In the derivative

mode, only the two center 11ghts will be activated.
As the EMG activity decreases, the "decrease" light

" will come on.

Depress the Instahraneous/Ayerage'Meter Readout Selec-
tor ("Meter Avg.!). The meter reading will now re-
flect the running average of EMG activity over a twenty

second time base.-

Note the meter reading when switched to the "Avg." mode.

‘Set ‘the Audio Feedback Threshold Selector ('"Threshold")

to a point where its numerical reading corresponds ap-
proximately to the above meter reading. For example,

if the time-averaged EMG level displayed by the meter

is 2.5, rotate the "Threshold" knob to 2.50.

Activate the Audio Feedback Threshold by depressing
the "Threshold, On" switch. ' Return .the meter to its
in-stantaneous mode of operation. Return the '"Lights,
Deriv." switch to its original position. This will
cause the Light Feedback to function in the "analog"
mode.
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. .
t. Now observe the performance of the instrument. When
the EMG level drops below the selected threshold value,
' the audio feedback signal will be present. - When the
EMG activity risés above thlS level,. the audio feedback
will not be present.

u. Rotate.the Input Weighting Control ("Weighting") com=

pletely clockwise to the "B" position. This will cause °

. the instrument to monitor the MG activity from Input
B, the second set of electrodes

v. Now rotate the Input Weighting Control to the "0O"
. position, halfway between "A" and "B". This will
cause the instrument to monitor comblned EMG act1v1ty
from the two muscle groups.’

II. DETAILED OPERATING INSTRUCTIONS

A. Operating Precautions

- 1.

Do mot connect' thé Autogen 1700 Feedback -Myograph to 'any - - ~

"external electrical apparatus that is not battery opera—-

ted without using an optical isolation accessory especial-.

ly designed by ASI for this purpose. If the instrument is
connected to an AC (powerline) operated device which is
faulty or improperly grounded, shock to the user and
serious damage to the unit may result. (The unit may,-of
‘course, be connected to battery-powered accessory instru—
ments such as-the Autogen 5100 Digital Integrator).

When removing old batteries or inserting new batte;ies;
make certain that the power switch to the unit is ‘turned
off, '

The Autogen 1700 should be used only under the supervi- -
sion of a medical, paramedical, psychological or ediica-
tion professional.
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* SUBJECT

DATE TIME -

RESTING mV READING

METER SCALE READING

PRETEST -~ [
POSTTEST [J

GROUP .
Control - 'O
Experimental [J

TEST ITEM NUMBER TIME (sec)

mV

~ PROBLEM
RESPONSE

10.-

11,

12.

13.

14,

15.-

16.

17.

18.

19.

20.
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" DATA SHEET
NAME: . MALE a
FEMALE [J

BIRTH DATE: . : - BIRTH PLACE:

Check one (1): MARRiED o RACE, Check one (1):
"Right~handed [J SINGLE o Hispanic D :
Left-Handed O ' ] .. Amer. Ir;dién (=]
Both a o . . ' _ " White 0

Black O
OCCUPATION:
Asian (|
Full~time student (|} .
. Other O
Part-time student a .
Occupation: .
UNDERGRADUATE GPA: . ) EDUCATIONAL STATUS:
Non-degree prog. a
Degree program
' Undergrad a
ACADEMIC AREA: ) Masters a
Doctoral (]
Post-Doc . a
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EXPERIMENT CHE CKLIST

Order the Mathematics Test cards according to the Random Orderlng
Sheet.

Explain the (pretest/posttest/treatment) procedure to the subject.
For the pretest/posttest, give instructions:

a. mentally solve the mathematical problems given you on eseh
3 X5 card. I will hold the cards for you.

b. you have twenty seconds to solve each problem.

c. respond w1th your answer or if you cannot solve the problem;'
give no response.

d; T will not.verify the answer for you.

‘e. .the problems are addition, subtraction, multiplication, and

division of fractions. Each problem will vary in degree of
dlfficulty. K

f. a rest period will be observed between each problem.
g. do not make unhecessary movements during the solution period.

h. do you have any questiomns concernlng the dlrectlons I have
just given you? :

Attach the electrodes to the subject;

‘Perform the battery test.

Check the settings'on the Autogen 1700 for'the following:

a. plug in the electrode connectofs,

b. power on,

. c. set Meter Averaging Time Selector to 20,seconds;f

d. set Audio Feedback~Mode.Selector to AN 1

-e. for pretest. - turn volume off,




10.
11.

12.
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£f. for posttest - adjust volume for subject,.
g. engage phe folldwiﬁg settings:
1. Threshold On/Off switch to On,
2. Threshold Logic switch to Below,
3. On/0ff switch for Light Feedback to Off. -

Begin the experiment with the micrometer centered.

‘Record the Meter Scale reading on .the Data Sheet.

Record the test data on the Data Sheet.
After the pretest, posttest, detach the electrodes.
Turn the Autogen 1700 off.

Verify the next appointment with the subject.
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This study is an attempt to collect déta.from college.sgudenﬁs
about the relagionship between muscle gctipn potentials‘and éhe
ability to‘thing-abstractly. The experiment involves the use of
aﬁ electromyogram (EMGi:as the measuring device for muscle pétentials
and a'ment;ily splved‘mathmatical test with var&ing degrees of .item
difficﬁlty which will be used fp determine achievement.

“As a participant in the-e%beriment, ?ou have the right to
confidentiality of the data obtained from you. Ali analysis’ of

the data will be done in a group manner so that individual measurements

will remain as anonymbus as'possibleli The results will be available

to you in the University’Libra;y and the Dean of Edqcation's office.

s

upon the completion of the:dissertation.

Dennis Weems

I givé my ﬁermission to the experimeﬁtqr to use the data
collected from me witﬁin-his dissertatién‘as étipulated‘by the above-
conditions of confidéptiality; I aiso give my permissién to |
perform the glectfomyog?aphic measurements,Athe proéess of which has .

been explained fully to my satisfaction.

Date . Signature
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2)

3)

4) .

5)
6)
)]
8)
9)
- 10)
11)

.12)

13)

(14)
15)
16)
17)
18)
19)

20)
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 MATHEMATICS TEST USED
- 'TO MEASURE ABSTRACT THINKING
ABILITY
779 + 8/15 =.

7/15 + 5/18 =

7/9 - 3/4

3/4 X 6/5

"6/12 ¢ 3/4 =

1/2 + 1/8 =

I

2-1/3 - 1/4
5/6 - 3/4 =

3-3/4 , 5/6

5/9 - 1/6 =
3%+ 2/3=

2-1/2 X 2-1/4 =

1/6 X 3/8

3/6 X 5/7

2[3 +5/6

3/4 + 2/9

' 2/10 X 50/100 =

2/6 + 3/6 =
4-5/8 + 3-1/4 =

4-5/8 + 3-1/4 =
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RANDOM ORDERINGS QF MATHEMATICAL PROBLEMS




Subject
1

2

10 ©

SRIPT

12

13
14
15

16

17

14 -

12

12.

17

15

18

© 10

15

11

15

10 .
20-
18

"1l

13

15

19

15

18

11

19

10

17

13

10
14

16

18

17

16

19

20

19

19

19

13

13

19

15

12

14

19

13

16

18

12

.18

17
20

11

- 20

17

Random Ordering of Mathematical Problems

20°

10

17

17

17

11

14
15
17
13

12

19

18

11

19

11

10

‘11

18

20

16

12

’1f'

10

11

16

10

14

13

19

14

14

Random Ordering

1

7.

14

12

15

12

14
5
20

-6

14
12
18

10

© 12

- 20

13

16

9

16

16

4

_ 19

16

15

18

18

18

13

12

19

16

10

20

17

18

20

10

20

14

16

10

17

.13

17

19.

20

16

16

16

-15

12

20

14
14

20

13

10
15

11

11

19

13

10

13

13

10

- 15

"15

12 .

16

18

15

18

17

14

18

20

12

19

12

13

17

11

12

10

19

11

13

"15

16

14

18

15

[8T




Subject

18
19
20
21
22
23
26
25
26 -
27
28
29
30
31
32
33

34

- 35
36

37

20

10

17

18

17

12

13-

11

10

17

11

12

17

15

13

16

16

14

12
20

11

15 .

15

14

. 13

13

12
13

17

19

10
18
12
14
10
19
15

19

15

18

16

19

19

19

20

14

20

12

15

12

14

16

19

14

12

18

.10

18

12

19

14

15

16

11

20

18

12

10 -

15

15

20

18

19

13

20

14

13

19

10

10

14

10

20

18

11

Random Ordering

17
20
16

15

16

20

16

16

12

11

15

14

4
10
17

17

14

17

18

12

17

13

20

11

13

15

11
16
14

1

13

14

15

11

14

20

13

15

13

20

10

18

18

15

16

11

18

14

19

11

17

16

13

11

19

+ 10

16

12

20

+13

14

14

17

19

15

20

13

19

14

17

12

10

17

11
18
18
17

18

13°

10

15

17

10

20

11

13

15

20

11

15

11

19

10

19

16

11

18 -

16

16
12
11

15

1

19

12

19.

18

17

16

18
10

12

14

13

16

17

10

13

20

18

18

12

16

17 -

14

12

16

17

881




Subj-ect
38

39
40
41
42
43
44
45
46
47
48
49

50

14

14

19

16

12

18

11
10

16

20

14

19

13

19

13
10

17

11

13

13

18

13

17

19
16
17

14

20

19

13

10

12

15

20 -

18

14

16

12’

17

14

14

14

19

12

" 20

11

11

"18

"Random Ordering

3

17
12
11

2
19
12
19

8

11

12

1

19

2

15

8

6

11

17

11

13

18

10

1
3
15
18
15
18
14
14
4
16
2
17

13

20

12

13

15

.18

20

15

11

20

20

, 10

10

12

13

10

15

11

16

18

20

12

10

20

11

20

17

12

18

C 16

16 .

12

13

16

13

13

16

11

10 .

17

. 10

18

14

15

17

17

17

15

15

20

19

18
11
16
19

12

15

16

15

10

16

10

20

14

7

19

19

681
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RAW DATA  SUMMARY




Pair X

10
b
12
13
14
15
16
17

18

19°

20

21

i

22

23"

24

25

Test Score
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EXPERTMENTAL GROUP

Item Tension

Pre
16
14
14
14
14
13
13
12

11

10

10

11

10

10

Post

16
18
16
15
16
16
16
13
15
13
11
15
11
15
12

11

T 11

14
11
16

11

11

Pre Post Gender Age
5.36  1.59 1 39
2.78 2,92 2 50
2.74/ 1.92 1 27
2.61  2.15. 2 35
426 2.26 1 33
4.80  4.12 1 30
3.5 2.26 1 30
" 1.58 1.52 1 31
3.58 - 2.41 1 21
2,22 1.25 1 22
2.77 420 2 27
10.79 - 1.86 2 46

1.34 1.38 1 32
1.85  1.69 -1 25
2.87 2.08 1 22
2.36  2.14 2 30
2.67 . 2.37 1 33
3.44  2.86 1 é4
L 2.31 2.15 1 . 25
2,95  2.30 2 42
4,58 2.71 1 29
2.93  2.59 C 2 25
2.70  2.32 2 29
3.3 2.28 2 38

3.10 3.61 2 38

Marital TUndergrad.

Status

1

2

GPA
3.25
3.00
2.90

2.70

2.70

2.56

2.40,

2.30

3.50

2.92
3.70
2.86
3.00

2,30

3.00

2.75

2.85°

3.65
3.52
3.40

2.50

Handedness

1
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CONTROL GROUP

" Test Score

Item Tension -

Marital Undergrad.

Handedness

" Pair #. Pre Post Pre Post Gender é5g Status GPA
1 15 13 2.53  2.65 2 33 1 3.80 "1
2 4 16  3.07° 3.08° 2 317 17 3751
3 14 . 15 2.5  2.33 -1 24 1 3.50 fg
4 14 15 ‘i;75 1.85 1 29 L 310 1
5 14 14  2.02  1.81 1 25 . 2 7 .80 2
6 12 177 1.4 2.3 1 26 1 2.8 1
7 13 12 © 2.15. 1.62. 1 25 W 1
8 11 0 10 2.39 2.43 1 29 r 2051
o . 11 14 249  1.68 1 30 1 2.80 1
10 . 1o 2.65 2.62 1 T g zlsq : 1
‘11 12 12 2.4 28 1 37 1 3.00 T
12 11 .10 2.69 19.05 2 4. 1 3.7 1
13 9 9 421 . 420 2 35 1 380 1
14. 1o 13 2.05  2.53- 1. 1. osa2s 1
15 10 9. 4.87  3.96 2 28 L 2.59 1
16 . 10 13 2.62 i,98 1 47 1 2.27 1
17 79 1s3 134 1 34 1 259 2
- 18 8§ 11 1.99 2.64 1 2 2 330 2
19. 9 11 2.87  3.09- 2 39 1 250 2
20 6 7 3.62 532 2 .30 1x  © 3,00 S
21 6 9  1.78  2.69 1 24 2 2.50 1
22 4 7 3.56  7.56 1 37 1 2.85 1
qu 2’5 3.28  3.06 2 40 - 2 3,50, 1
24 2 .3 2.00 2.30-2 26 2 2.50 1
25 0. 3 2.9 2.38 2 23 1 3.00 .1
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