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This investigation evolved from an initial interest in
the psychological effects of muscular relaxation training.
Reading activities motivated by this interest gradually
shifted to research designed to investigate the effects of
muscular tension on mental activity, As the writer's
knowledge in thls area increassed, it became more and more
apparent that it would be desirasble to investigate the rela-
tionship, if any, between muscular tenslon and the operation
of mental set in problem solving behavior,

Since it is the function of the teacher, counselor, and
psychotherapist to create learning situatlons conducive to
successful problem solving behavior, it becomes important
that they know the effects of the variables related to the
learning process. If a relationship is found between tension
and the operation of mental set, then this informatlion can
be utiliﬁed to facilitate more effectively successful problem
solving behavior. The purpose of this study is to provide
Information relative to this relationship.

The writer feels very keenly his indebtedness to the
many people who helped make this work possible. The author
wishes to express hls appreclation to Dr. Harry K. Brobst,

chairman of the committee, for his constant encouragement
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and understanding; also to Dry S, L. Reed, Dr. M, E,
Chauncey, Dr., Alexis M, Anikeef, Dr. Roy Gladstone; and Dr,
Roy E., Sommerfeld, the other members of the commlttee, for

their valuable guidance and assilsbtance during the investi-
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gation. Appreciation is sxpressed also to Professor Carl E,
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for h help in the statistical treatment of the

L

data and to Mr. Ted Stevens and Mr. Robert Morgan for their

assistance during the administration of the experiment.
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CHAPTER I

THES PROBLEM

Introduction

Probleﬁ solving behavior may be exhibited by an organism
when it 1s confronted with an ambiguous situation which
interferes in some way with the satisfaction of its needs,

If the organism's response 1is directed toward the clarifica-~
tion of the ambiguous situation then the activity is properly
referred to as problem solving behavior,

Successful problem solving behavior sometimes reguires
a reorientation to the factors involved. This reorientation
is normally an integrative process in which the relevant
factors are assigned new values and meanings. A problem may
be unsolvable when an established habit response is employed,
but the same problem will become solvable when the habitual
response 1s replaced by a new and more adaptive response,
When problem solving behavior is inhibited by the occurrence
of habitual responses, then this inhibiting factor is
varlously referred to as "mental set,” "perseveration," or

"mental rigidity.”l

15, J. Gibson, "A Critical Review of the Concept of Set
in Contemporary Ixperimental Psychology,"” Psychological
Bulletin, XXXVIII (November, 1941), 781-817.
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A habit may be regarded as having both a
and & negative aspecit. The positive aspect is manifest to
the extent to which the habit is an adapitive response., The

negative as ct is manifest to the extent to which the hablt
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interfers with a more sdaptive response, If 2 h
regarded in this manner, then the occurrence of 2 habitual
response under g specified condition can be evaluated in

and negative qualities, For the

s
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terms of its posi
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purposes of this study a heblitual response becomes & mental
set when the negative aspect predominates.

Since it appears that mental sel cpersbes in meny prob-
lem solving situations, it becomes lmportant to know whet
factors influence the operation of mentel set, It is the
purpose of this study to investigate the effect of self-

induced wuscular tension on mental set In problem solving

behavior.,

Statement of the Problem

Broadly conceived, the problem ils to discover the rela-
tionshipy between muscular tension and the operation of mental
set in problem solving behavior. MYore specifically, the

problem has three sspects which must be delinested clearly.

(&)

One aspect is the effect of muscular tension on the initisl
establishment of mental set., Anothsr aspect is the effect
of muscunlar tension on bshavior after the mental set has

been established, Finally, the third aspect is the effect
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of a change ﬁf.muscular tension on behavior after the mental
set has been established. Thus, the problem breaks down

into three parts. Pirst, does self-induced muscular tension
facilitete, inhibit, or have no effect on the establishment
of mentsl set? Second, does self-induced muscular tension
facilitate, inhiblt, or have no effect on the abillity to
overcome mental set? Third, does a chsnge of muscular
tension facllitate, inhibit, or have no effect on the abil-
ity to overcome mental set? This research effort is directed

.

toward obtaining answers to these three questions.

Hypotheses

The experimental method wmay be‘more efficlently emn=~
pnloyed 1f the problem is restated in terms of the acceptance
or rejection of three basic hypotheses, Formulated as null
hypotheses they take the followlng form:

First Hypothesis-=Self=-indueced muscular tension has no
effect on the establishment of mental
set,

Second Hypothesls=-Self-induced wuscular tension has no
effect an‘the ability To overcome
mental set,

Third Hypothesgls--A change of musecular tension has no

effect on the ability to overcome

mental set,



Valid tests of these three hypotheses will furnish

answers to the threes gusesstions conbained in the thesis

problem,

Fa
oy



GHAPTER II
SURVEY OF THE LITERATURE

Although a search of the literature failed to reveal
any research effort dealing directly with the thesis probe-
len, there were a number of reported research studlies which
provided the groundwork for the problem, The most pertinent
research studies were those which Investigated the operation
of mental set and those which were designed to determline the
various effects of self-induced muscular tension on wmental

activity.

Studies Which Have Demonstrated the Effect of
Mental Set ln Problem Solving Behavior

Boringl gives a historical account of the beginnings of
the concept of set. According to his account, Marbe, Ach,
Waft, and others at Wirzburg recognized the operation of
mental set and coined terms to label the important aspects
of the phenomenon, The term Aufgebe referred to the task or

purpose thalt precedes a conscious course, The Aufgabe would

‘u, G, Boring, g.ﬁiﬁgﬁgz,gg Experimental Psychology
(New York, 1950), pp., LOL=}10,



induce in the subject an Einstellung or "set," Varren®

defines Einstellung as:

The set which immediately predisposes an organism
to one type of motor or conscious act,

Gibson3 reports that the best knowm experimemtal eXarn-
ple of thls early perliod seems to be Ach's demonstration
that a subject's reaction to the presentation of two numbers
was dependent upon whether the task prescribed was adding,
subtracting, or wultiplying. The purpose of the subject,
rather than the stimull or their assoclative tendenciles,
determines the reaction,

Rees and Israela made one of The earliest reporited
atudies which dealt directlyéwith the operation of mental
set in problem solving behavior. With the use of
"ambiguous" anagrams, which offered pogsibilities of solu-
tion in more than one way, they were able to demonstrate
that sets established by the usual method of wverbal instruc-
tion influenced definitely and consistently which one of the
alternative solutions would be obtained., It was found also

that sets may be induced through experience or training with

ZH.'C.’Warren, Dictionary of Psychology (New York,
193L), ps 371.

3J. J. Gibson, "& Critical Heview of the Concept of Set
in Contemporary Experimental Psychology,"” Psychoiopical
Bulletin, XXXVIII (Novewber, 1941), 781-817.

i’fH. J. Rees and H. C, Israel, "An Investigation of the
Esteblishment and Operation of Mental Sets," Psychelogical
Monoeraphs, XLVI, No, 6, {Whole No, 218), 1935, 1-27.




materials of appropriate nature that are equally as effec~
tive as those established by instructions., An additional
finding of this study was that a set may operate to a high
degree of effectiveness without the subject's being aware of
having the set,

SiipolaS found that under certain conditions a set may
carry over and affect performance 1n subsequent tasks. When
sub jects were given verbal instructions to look for names of
animals or birds in equivoczl items presented on & screen, a
set induced by these instructions strongly affected perform-
ance on a subsequent task whleh involved the completion of
skeleton words.

Sellsé fouhd that unconscious sets had an effect upon
syllogistic reasoning. In his experiments he anelyzed a
type of set, Induced by the premises of a syllogism, which
was demohstrated to determine the conclusion guite apart
from logical validity. According te Sells this type of set
was involuntary, unverbalized, and unreporteble by intro-

i

spection. A concept, identified as "atmosphere effect,” was

developed in this study. Sells defines thls concept as:

SE. M., Siipola, "A Group Study of Some Effects of

Preparatory Set," Psycholopical Monogrsphs, XLVI, No. 6,
(Whole No, 210), 1935, 27=338.

A
°s, B. Sells, "The Atmosphere Effect: An Experimental
Study of Reasoning," Archives of Psychology, XXIX, No, 200,

1936, 72.
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A temporary set of the individual, arising within

a situastion, to complete a task with that one of
several alternative responses which 1s most

similar to_the general trend or tone of the whole
situation,

The most exhaustive study concerning set found in the

8

literature was accomplished by Luchins~ about fifteen years
ago. Under the sponsorship of Max VWertheimer, Luchins con-
structed a serles of water-jer problems and utllized these
problems 1ln a number of experiments designed to investigate
the operation of mental set., Not only did the results of
his experiments firmly establish the validity of the concept
of mental set, but also a large amount of data was collected
which yielded information concerning the actual operatlon of
mental set, An additional contribution made by Luchins was
origination of the water-jar problems. These problems gave
experimenters a valuable experimental tool for investigating

the operation of mental set.

Studies Which Have Investigated Factors Related to
the Operstion of Mental Set

Q
Luchins’ faliled to find a clear cut relationship

between I. G. and the operation of mental set., The effects

TIhid., p. 7.

°A. S. Luchins, "Mechanization in Problem=-Solving: The-
Effect of Einstellung," Psychological Monographs, LIV, No., 6,
(Whole No, 248), 1942, 1-75.

9Luchins, op. cit., pp. 18=-22.



of set were found to be guite large in both the high I. Q.
groups and the low I. §. groups. There were rather definite
indicatlons, however, that the effects of mental set wWere
greater in secondsry sc¢hool pupils than in college sbtudents.
The type of classroom instrucéion,to which the students had
been accustomed alse seemed to be related to the operation
of set, Those students who were accustomed to a "deno~

cratic”

type of classroom atmosphere secemed to be less sus-
ceptible to set than those who were accustomed to & more
"authoritarian® type.

Guetzlow - found that the ACE scores of those subjects
who were susceptible to set were significantly lower than
those who were not susceptible to set. He also found that
the women who were able to surmount set had significantly
higher ACE scores than those who were not asble To surmount
set. Thils latter relationship did not hold true for the
men. An additional relationzhip reporited by Guetzkow was
that those subjects who were susceptible to set performed
less well on a 12-Item Reasoning Test than those subjects
who were non=susceptible to set.

Fisherll perfcormed an experiment in which he compared

the mental rigidity manifested by conversion hysterics,

0garo01a Guetzkow, "An Analysls of the Operatlon of Set
in Problem Solving Behavior,"” Journal of General Fsychology,
XLV {(October, 1951), 219=-2ll.,

llSeymour Fisher, "Patterns in Personsglity Rigidity and

Some of Their Determinants,™ Psveholosical Monographs, LXVI,
E\IO ° l, (1\7‘}11018 NO » 307 ) s 1950 ) }—!-1"@2 .
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paranoid schizophrenics, and normsls. As a part of his
study he investigated the relationship bhetween rigidity and
intelligence and failed to find any relation between the two
variables., The results did indicate that conversion
hysterics and paranoid schizophrenics wers more rigid than
normals,

There have been a number of recent investigations of
the relationship between anxliety and wmental rigidity. The

results of these studies give convincing evidence that there

x-a

is a poslitive relationship between these two varisblses,
Beierl? used two equated groups of female graduate stu-
dents snd induced anxiety in one of the groups. Both groups
were then tested for measures of rigidity and disorganiza=-
tion. The wmeasuring instruments were an abstract reasoning
test, a sorting test, and a mirror drawlng test., From the
esults Beler concluded that individuals in a stage of
induced anxlety show greater riglidity and disorganization in
the perceptual fields,
Christiel> conducted o similar experiment in which 2

set was Induced through the use of Luchins! water-jar

problems, After the set was induced in all subjects, the

12prnest @, Beier, "The Effect of Induced Anxiety on
Somne Aspects of Intellectual Functloning: A Study of the
helatlonsh ip between Anxiety and Rigidity," American
Psychologlist, IV (July, 1949), 273=-27..

JRichard Christie, "The Effect of Frustration Upon
Rigldity in Problen oOlVlQb,” hmerican Psychologist, V
(July, 1950), 256-297.




control group recelved 2 readily solvable problem and the
experimental group received an insolveble problem glven
under conditions designed to induce frustration. An extinc=
tion problem which could not be solved by the set but was
readily solvable by another solution method was then given
to both groups. The performsnce of the two groups then was
compared. It was concluded that the effects of frustration
upon an established set were such that the strength of the
set was increased and behavioral rigidity was manifested
after such frustration.

1l

Cowen} studied the relstionship between psychological
stress and problem=solving rigidity. The instrument used to
measure rigidity was Luchins' series of water-jar problems,
Three groups were used in the experiment: 2 non=stress or
control group, & mild stress group, asnd a strong stress
group. Cowen concluded, on the basis of the experimental
results, that increasing degrees of experimentally induced
psychological stress eliclted increasing amounts of problen=
solving rigidity.

In another sgtudy Cowenl5 used what he called a "stress"

group and a "praise" group. The "stress' group was

luﬁmory L. Cowen, "The Influence of Varying Degrees of
Psychological Stress on Problem-Solving Kigidity," Journal
%g Abnormal and Socisl Psvehology, XLVII (June, 1952), bio=-
19.

2 .
lemory L. Cowen, "Stress Reduction and Problem Solving
zidiby," Journal of Gonsulting Psychology, XVI (1952),
, :

Rig
E=128,

i
he
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subjected to an experimentally induced stress condition

while the "praise" group was pralsed for their previous per-
formance, It was found that the "pralse" group was signifi-
cantly less rigid than the "stress" group in their behavior
on waber=jar problems,

16

Kendler, Greenberg, and Richman conducted an experi=-

ment to discover whether distributed practice le& superior

to massed practice in the learning of a mental set, Half of
the subjects were presented a series of water-jar problems
under massed conditions while the remainder had a three
minute interval bebween suecessive problems, The strength
of the set response was measured by a test problem which
could be solved with the set method or with a simpler none
set method., The resulits indicated that the mental sel was
learned to a stronger degree under conditions of massed
practice.

17

A recent experiment by iuching investigated the relaw-
tion between mental set and concretensss of thinking.

Mental set was measured by responses on water-jar problens
and concreteness of thinking was weasured by responses Lo a

similarities subtest of the Wechsler-Bellevue Intelligernce

_ 16Howard H. Kendler, Arthur Greenberg, and Howard
Richman, "The Influence of Massed and Distributed Practice

on the Developmoent of Mental Set," Journal of Experimental

Psvchology, XLII (January, 1952), 2i-25,

174, 8. Luchins, "The Einstellung Test of Rigidity:
Its Relation to Concreteness of Thinking," Journal of
Consulting Psychology, XV (1951), 303-310.
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Scale., The results showed a rather consistent but generally
unreliable trend toward s positive relationship between

behavioral rigidity and concretensss of thinking.

Studies Which Heve Investigated the Effect of Self=
Induced Muscular Tension on Mental Acltivity

Billsl8 was the first investigator to experimentally
investigate the relatlion between induced tension snd mental
work. 1In each of the four experiments conducted by Bills,
the performance of a group of subjects operating under a
tension condition was compared with the performance of @
group of subjects operating under a normal condition. Those
in the "Tension" group were required to hold a specific grip
pressure With each hand. 7Two hand dynamometers were used to
measure the degree of pressure beling exerted. Those in theq
"Hormal® group operated without any induced tension. The
mental activities of memorization, adding columns of digits,
and letter naming were investigated. On the basis of the
results, Bills concluded that induced muscular tension does
increase the efficiency of wmental work,

1 . R
Freeman ? found that extreme degrees of Iinduced tension

interfere with performance during a colrdinated pursult task,

| 18spthur G, Bills, "he Influence of Muscular Tension
on the Efficiency of Mental Work," American Journal of
Psychology, XXXVIII (April, 1927), 227=251.

lgﬁ. L, Freeman, "The Facilitative and Inhibitory
Effects of Muscular Tension Upon Performance,"” Américan
Journal of Psychology, XLV (Januery, 1933}, 17~52.




Other results of his investigatién showed that thers were
detrimental effects resulting from both hyper~ and hypo-
tension,

Jacobson'szo work with muscular relaxation has shown
thet mental activity is difficult, if not impossible, under
extreme vrelaxation. His experimental procedure involved an
objective measurement of muscular tension during thought |
processes, The subjects were instructed to relax their
muscles progressively and report their subjective thought
processes, It was found that wheﬁ a subject was 1In a state
of extreme relaxation there were no conscious thought
processes occurring.

Following'this early experimental work, Staﬁffacher21
demonstrated that there 1ls an optimal level of tension,
induced by squeezing dynamometer handles, under which serial
mewmorization of nonsense syllables is mnost efficlient.
Tensions below and above the optimum resulted in less facil-
itation. Another finding of significance in this study was
that the induced tension condition facilitated the perform-
ance of the poor learners but was detrimental to the

verformance of the good learners,

20, . . . .
Bdmund Jacobson, Progresssive Relaxation (Chlcago,

1937).

2ly, ¢, Stauffacher, "The Effect of Induced Muscular
Tension Upon Various Phases of the Learning Process,”
Journal of Experimental Psychology, XXI (July, 193?5, 26=i16,
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In another study by Bills and Stauffacherga, in which
the mental work was the solubion of 'Detectograms! (minia-
ture mystery stories) and the tenmsion was induced by hand
dynamometers, it was found that good performers were made
less efficient by the introduction of tension and the poor
poerformers were facilitated in thelr work,
Courts23 found that with successive degrees of dynamome
eter tension, induced by gripping with the right hand,
menorization is progressively wmore efficient until the
optimal tension is reached, The optimal tension was
measured to be the amount of tension produced by dynamometer
pressure equal to one-fourth of a pre~determined basse
pressure. The base pressure for each subject ﬁas the amount
of pressure exerted at the end of thirty seconds of maximum
effort in a preliminary trial, Higher degrées of tension
resulted in successive decrements in performance. Under
tension induced by pressure equalbto three=fourths of the
base, memorization fell below the normal level of performe

ance. Courts found no difference in the effects of tension

on good and poor mewmorizers,

221. G, Bills and J, C, Stauffacher, "The Influence of
Voluntarily Induced Tension on Rational Problem Solving,"

Journal of Psycholopy, IV (1937), 261 271.

23Fregefick 4L, Courts, "Relations Between FExperimental-
1y Induced Muscular Tension and Memorization," Journal of
Experimental Psychology, XXV (Septewmber, 1939), 335m256,




Cc’mrtsa‘r conducted asnother investigation in which he
sought to discover the relation between induced tension and
performance on & pursult rotor, The tension condition was
induced through the use of the hand dynamometer. The
results of this experiment showed that this type of learning
was facilitated by induced wuscular tension. It also was
found that there was an optimal smount of tension for facil-
itating effects. |

25

An investigation by EKnott yielded evidence showing
that increased proprioceptive stimulation reduced the latent
time of blocking of the alpha rhythm. The increased
proprioceptive stimulation was accomplished by requiring the
subjects to hold ten-pound weights,

26

Freeman™- made a study in which optimal tension for

various performances was investigated. The muscular tension
was induced in the lower limbs by the maintenance of various
pressures. The subjects lay on a comfortable cot and pushed

with their feet against lever arrangements attached to

ordinary spring balance scales. It was found that induced

24Frederick A, Courts, "The Influence of Practice on
the Dynamogenic Effect of Muscular Tension,” Journsl of
Experimental Psychology, XXX (June, 1942), 50L=5il.

25John E. Knott, "Some Effects of 'Mental Set! on the
Electro=-physiological Processes of the Human Cerebral '
Cortex,”" Journal of Experimental Psychology, XXIX (April,
1939) ’ 38I%4"E0/ 'o

26q, 1., Freeman, "The Optimal Muscular Tension for
Various Performances," Americen Journsl of Psychology, LI
(FJamuary, 1938), 1L6-150,




tension inhibited performance on mirror star-tracing and
mental arithmetic, Inhibition of performance on these two
activities was noted for all degrees of induceé tension,

In another study by Froeman27 it was shown that optimal
facilitatlion is obtained from tension induced in muscle
groups most closely associated with the reacting meuwber.

- The performance investigated in this study was finger oscile-
lation, Tension was induced by having the subject hold a w
specified pressure against a spring postal scales,

Zartman and Cason‘?‘8 investigated the influence of
induced muscular tension in the leg muscles on the ability
to solve forty-eight short arithmetical problems selected
from a numbser of intelligence tests. The investlgators con=-
cluded from the results of the experiment that increasing
the tension of the right leg does not in itself definitely
increase the efficiency of solving arithmetical problems,

Additional relationships were reported by Caurt329 in a

comprehensive review of the relations between nmuscular

[~

ension and performance.  According to Courts, experimenters

27& L. Preeman, "The Optimal Locus of 'Anticipatory
Tensiong! in Muscular Work," Journal of Experimental
Psychology, XXI (November, 1937), Gou=56L.

28pana W, Zartman and Hulsey Cason, "The Influence of
an Incresse in Musgcular Tension on Meptal Activity," Journal
of Experimentel Psychology, XVII {(October, 1934), 671=-679.

29Fred°rick A, Courts, "Relations Between Muscular
Tension and Performanee," Psvchological Bulletin, KXXIX
(June, 1942), 347-368.
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have demonstrated that induced tension has a detrimental
effect on affective judgments and on learning to toss tennis
balls at a target. Courts also states that other investiga=-
tors have found that induced tension had no effect on the
mental activities of continuous addition, syllogistic

reasoning, and selection of analogies.

Sunmary of the Literature

It appears as If sufficient experimental evidence has
been presented in this chapter to firmly establish set as a
valid phenomenon, Its effects were demonstrated by a number
of investigators in various kinds of problem solving behavior,
Luchins identifies this phenomenon as Einstellung, Sells
labels it as "atmosphere effect,” Gibson prefers to call it
"set," Siipola uses "preparatory set," and Rees and Israel
call it "mental set.”" Although there is & discrepaency in
terminology used to ldentify the phenomenon, there appears to
be agreement among the experimenters when 1t is defined
operationally,

The results of the studies which investigated factors
related to mental set showed that the operation of mental
set was dependent upon a number of factors. The variables
of anxiety, ACE scores, performance on a reasoning test,
school grade level, and classroom atmosphere were found to
be related significantly to the operation of mental set.

Since these factors seem to be related to mental set, an
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effort was made by the writer to control them in the present

experiment,

Although a number of exporimental studies have been
made to investigate the effects of tension on mental actlive
ity, there is still no general statement that wmay be made

s

concerning the relationship bebtween the two variables

2

Investigators, utilizing a variety of technigues for induce
ing tension and variety of mental tasks to be execubed under

the additional experimentally induced tenslon, have reported

s

varying results, Oome experimenters have found facilitation

»

have observed no appreciasble influence.

-

of menbtal work, others have revealed inhibition, and some
I s the purpose

L)
e

[

of this study to investigate the effects of one kind and

amount of muscular tension on the operatlon of mental sst.



CHAPTER III

SUBJECTS, METHODS, AND MATERIALS

Subjects

Three hundred and sixty-one college students enrolled
in Introductory Psychology at Oklahoma Agricultural and
Mechanical College were used as subjects, The subjects were
enrolled in six Introductory Psychology classes. There were
approximately sixty-~three per cent freshmen, twenty-three.
per cent sophomores, and fourteen per cent juniors and
seniors. The proportion of males to females was approxi-
mately equal with fifty-one per cent of the subjects being
males, The variability of age in the group was relatively
small with eighty-six per cent of the subjects between the

ages of elghteen and twenty-one.

Method of Inducing Muscular Tension

The self-induced muscular tension condition was created
by requiring the subjects to hold the prongs of a clip type
clothes pin between the Tront teeth ar a to apply enough
pressure to force the prongs together. Thils tension condl-

t

Lte

on wes walntained by requiriang the subject to keep the
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prongs barely touching during the time allotted for solving
8 pariieular problem,

The clothes ping used as the tenslon instruments were
the covmon wooden spring type. Grooves were cut approxi-
mately one=-eighth of an inch from the end of each prong to
provide a seat for the subjectl!s teeth. The spring on each
clothes pin was adjusted to a strength which would require
five pounds of pressure to keep the prongs barely touching.
An error of plus or minus one-~sighth of a pound pressure was

permitted.

Materials

Problems Used to Messure the Oporation of Mental Set

A gerlies of eight water Jar problems was used to elicit

problem solving

2 behavior, The problems were the same probe-

lems which hsve besn used in a number of other resesrch

®

I

&

efforts investigaiting the operation of mental set., The

specific problems used in this experiment are listed in

o

Table I.

The demonstration problem (Dl) and the set-inducing
problens (351, S, Sq, Sh’ and 35) are solvable by first,
£illing conteiner B full, then filling container A full once
by pouring from contalner B, and finally filling contailner C
full twice by pouring frowm contalner B, This operation
leaves the reqguired amount of water in container B, Algew

braically this solubtion takes the form of B - A - 2C, All



the first set-inducing problems can be solved by applying

this formula,

TARLE I
PROBLEMS USED IN THE EXPERIMENT

“Given the o Obtain this
Problem Following Amount of Solutlion
Identification Containers ; Water Method
A B c
Dq 21 127 3 100 B-£A=2C
84 b3 89 7 32 B=4-2C
Sy, 1. 163 25 99 BeA=2C
33 18 L3 10 5 Beh=2C
Sh 9 L2 6 21 Bei=2C
85 20 57 3 31 B=A=2C
Cq 23 8 3 20 A=C
¢, 28 78 3 25 A=C
Cq 19 53 4 23 A+C

The eritical problems (Cl, Crs and 63) are unsolvable
by the solution method employed in solving the set-inducing
problems. These problems can be solved rather easily,
however, by using only containers A and C, The first and
second critical problems (Cl and 62) can be solved simply by
first, £illing contalner A, then filling container C full
once by pouring frém container A, This leaves the required

amount of water in container A, Algebraically this solution



s
(93]

takes the form A = C, The thlrd critical problem (03) can
be solved by filling both container A and container C fﬁll
once, This solution takes the algebraic form of A + C, The
basic agssumption is that the process of applying the solu=-
tion wmethod of B = A = 2C to the seb~lnducing problens
creates a mental set which inhibits the ability to solve the

critical problems,

Anxiety Test

The Taylor Anxiety Scalel was used to measure the vari-
able of anxilety. This test is composed of fifty questions
which are answered with elther a "yes® or "no" response., &
scoring key, provided with the test, enables the grader to
determine if the response to a particular question is indiew
ative of anxiety. The number of anxious responses are

counted and this number becowmes the anxiety score.

Schoelastic Aptitude Test

The test used to measure scholastlic aptitude was the

ACE Psychological Examination,z This test is composed of

six sections., Three of the sectlons, which yield a @Q=score,
are designed to measure the subject's ability to think with

the use of quantitative material, The remaining three

1J. A, Teylor, Anxiety Scale, Unpublished Scale, Second
Revision. Northwestern University, Chicago.

Zpmerican Council on Education, £§%chologica1 Examinge
tion for Colleso Freshmen, (New York: Edu

cation Testing
Service, 19&35.
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sections, which ¥

material. A Lobal score is

and the Leszcore, The three

number of correct responses

The Data Bookletb

A data booklet for the

subject. & reproduction of

The boocklet had a8 cover sheet

vided for the student's name, sex,

nusber, and group number,

core, are designed

Tmge

subjectls ability to think with the use

Age was

h

B!

to measure the
obtained by adding the G=score
scores sre expressions of the

to the questions in the Gtest.

experiment was prepared for each

these booklets appears in

gt

one of

on which spaces wers pro-
age, class level, section

i)

yxpregsed in verms of

years, and grade level was expressed in terms of freshmen,

L

sophomore, junior, or senior,

sheet, there was a separate

&

eight problems to be solved.

the top of each sheet,
Bach student's
placed on the cover

clags assembled for

the expe

In gddition to the cover
sheet provided for cach of the

The problem number appearsad at

name, group nmuber, and sealt number were
sheet of the dats booklet before the

rimaent,.



CHAPTER IV
PROCEDURE

It will be recalled that in Chepter I three aspects of
the thesis problem were delineated. It was shown that the
three aspects of the problem could be investigated by formu~
lating and testing three null hypotheses. The experimental
design ls the result of an effort to provide valid tests for

these three hypotheses.

Expgrimental Desgign

The solution of the thesis problem reguired an experi-
mental design which placed the wvariables related to the
operation of mental set under control and allowed for systew
matic variation éf the independent varigble of self-induced |
miscular tension, Systematie variaetion of the independent
varisble of tension was made possible by selecting four
groups of subjects and treating each group differently in
regard to tension condition., It was assumed that control of
the related variebles was established by selecting these
four groups at random and requiring sll groups to perform
under the same enviromsental conditions. In an effort to

investigate the extent to which the related variables were
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controlled in the experiment, group measures were obtained
on these variables,

Each of the silx Introductory Psychology classes was
divided into four randomly selected groups and tested
separately., Thils procedure provided six replications of the
basic experiment.

In the basic experiment conducted with each class, the
sub jects in the four randomly selected groups received the
same Iinstructions and solved identical problems at the same
time and in the sawme room, Tach subject was reguired to
solve a series of eight problemsQ The first five problems
of the series were designed to induce a mental set in regard
to the method of solution and were referred to as sete-
inducing problens. The last three problems of the series
were unsolvable by the method used in solving the set-
inducing problems; however, they were sasily solved by using
a different and less complex method. These last three prob-
lems were referred to as critical problems. The perfofmance
of each subject was evaluated in terms of the number of
critical problems solved, It was assumed that the number of
eritical problems solved was a measure of the operation of
mental set In problem solving behavior.

Table II shows the tension econdition required of the

subjects in each group while solving the series of problems,
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TABLE II

SELF-INDUCED TENSICW CONDITION FOR
' FACH GROUP OF SUBJECTS

~Cribicel problems.

51 Sz 83§ Sy ¢y G, Oy

I ¥ il N N N N N "
I N N ] W i T i T
IIT T T T T T N N N
Iv T T T T T T T T

"TVenIndicates that all subjects in that group solved the
problem shown at the top of the coluwmn while holding
self=-induced tension,

""==Indicates that all subjects in that group solved the
problem shown a2t the top of the column whlle not
holding tension,

The first hypothesis stated that self-induced muscular
tension has no effect on the establishmeat of mental set.
To test this hypothesis the mumber of critical problems
solved by those subjects who solved the set problems while
holding self=-induced tension (groups III and IV) was com=
pared with the number of c¢ritical problems solved by those
subjects wno solved the set problems while not holding
tension (groups I and II).

The second hypothesis stated that self-Induced muscular
tension has no effect on the ability to overcome mental set.
This hypothesis was tested by comparing the number of criti-

cal problens solved by the subjscts holding self-induced
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tension {(groups II and IV) with the number of critical probe
lemslsolved by those subjects not holding the tension
(groups I and III),

The third hypothesis stated that a2 change of muscular
tension has no effect on the ablility %o overcome mental setb.
This hypothesis was tested by comparing the number of criti-
cal problems solved by those subjeets who changed tension
condition after solving the set=inducing problems (groups II
and III) with the number of critiecal problems solved by
those subjects who maintalned the same tension condition
while solving the entire series of eight problems {groups I

and IV),

Orientation Period

As a result of a pilot experiment, it was decided that
it would be advisable to have an orientation period for each
class during the regular class period preceding the experi-
mental class period.

The purpose of this orientation period was threefold:
first, to scquaint the subjects with the tension instrument
and give them practice in using the correct procedure in
holding the tension; second, to eliminate those students who
for any reason had difficulty in holding the required ten=
sion; and third, to motivate the students to bhe present

during the experimental perilod.



& reproduction of the instructlons read to each elass
during the orientation pericd appear in Appendlx B. Eight
students were eliminated as experimental subjects because of

their difflculty 1in holding the required tension,

Randomization Procedure

As stated previously, the subjects were students
enrolled in six Introductory Psychology classes. Each class
served as an experimental unilt for one replication of the
experiment, This arrangement ylelded six replications of
the basic expefiment. For ldentificatlion purposes the
classes will be referred to as replications Rl, Re, Ba, R)
RE, énd Ré'

The subjects in each replication were randomly assigned
to four approximately equal groups. The groups were not
equal in all classes because in some instances the total
number in the replication was not divisible by four. Random-
assignment to each group within each replication was accom=
plished by using a deck of playing cards. The four sults in
the deck were used to represent the four groups.

Outlined below are the steps followed in the randomiza-
tion procedure:

Step l==A roster of the students in the replication was

obtained from the class instructor,

Step 2--Thoge sbudents who had been withdrawn as

experimental subjects during the orientation

period were eliminated,



Step 3»=The number of students to be used in the repli-

cation in the experiment was debtermined, and an
equal number of playing cards was selected,
The selected cards included as nearly as possgie-

ble an equal mumber of each sult.

Sﬁep li==The selected cards were shuffled thoroughly.

Step LCe-=-Bach student on the roster was assigned ©0 one

The

of the four groups on the basls of suit as the
cards were deglt face up.

identical procedurs was followed in randomizing

each replicatlon,

Scoring of the Problems

Each subject's performance on the set-lnducing and the

crivical
golution
employed
as belng
problems
selution
eritical

the form

problems was evaluated by the experimenter, If the
method taking the albegraic form of B = A « 20 was
on the set-inducing problems, then they wore marked
selved correctly. The first and second critical
Wwere considered to be correcily solved if the
method took the algsbraic form of & - €, The third
problem was solved correctly if the solution took

of A + G, This scoring procedure yielded two

scores for each subject, & sebt problem score indlcating the

munber of set=inducing problems solved and a critical prob-

lem score indicating the number of critical problems solved,
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Procedure Used During the Administration
ol the Experiment

Seotine Arvangsenents

'
P..J

arge audlborivm wasg used for

ru

eating the subjects

furing the experiment. There were sufflicient sealts avalle

prv]

h.oN

tWeen subjects,

=3
oy
L]

able to allow three vacant seaits be
seabts in the audibtorium were divided into four sections,

A1l members of s parbticular group were asslgned seats in the
same section. This seating arrange ment, which placed
members of the same group in the same area of the room,
helped the experimenter in checking to see if 2ll subjects

were correctly following instructions regerding the tension

condition demanded at & particular time.

Time Intervals Allotted

The time allotted for the solution of each of the five
set-inducing probiems was two minutes and thirty seconds,
Sal;tion time allowed for each of the critical problems was
varied with forty=-five seconds for the first critical (cl),
one minute and thirty seconds for the second critical (Cp),
and two minutes and thirty seconds for the third critical
(C3). Variable time limits for the critical problems were
provided for the purpose of securing a more precise wmeasures
of the operation of mentsal set during the initial stages of
the mental orientation involved in overcoming the mental
set. A rest period of btwo minutes duration was scheduled

after each problem,
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The total time used in the administration of the exper-~

iment was approximately forty-five minutes.,

Instrucﬁ;ons RBead During the Administration

Carefully written instructions were prepared and read
verbatim to each of the classes during the administration of
the experiment. A complete reproduction of those Instruc~

tions is presented in Appendix C.

Procedure Used In Obtaining Measures
on hRelated Variables

Since the literature had indlcated that the variables
of anxiety, ACE score, age, sex, and grade level were
related to the operation of mental set, it was considered
advisable to compare the groups in terms of these wvarisbles,
In an effort to provide data for these comparisons, measures
on these variables were obtained, Anothsr purpose in
securing these data on related varisbles was to furnish
additional experimental evidence regarding their effects on

the operation of mental set.

Anxiety

The Taylor Anxiety Scale was administered to the sub=-
Jects during a regular class period from one to four weeks
after the original experiment had been completed. There was
no suggestion ma&é to the students that the anxiety test was

related in any way to the original experiment. Due to
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factors beyond the control of the investigator, an anxiety
score was not obtained on all students who participated in
the original experiment; however, measures were obtalned on

approximately ninety-seven per cent of the subjects.

Scholastlic Aptitude

The Burean of Test and Measurements at Oklahome A, and

M, Gollege administers the ACE Psychological Examination to

all students entering this college for the first time. The
student's scores, which inelude a Q-Score, a L-Score, and 2
Total Score, are kept on file at that office. Scores were

available for ninety per cent of the experimental subjects.

Age, Sex, gnd Grade Level

Data relatlive to age, sex, and grade level were obtained
from the individual answer booklets used in the experiment.
In an effort to simplify the handling of the data concerning
grade level, each grade was assigned a nuuber ranging from
one to four. Freshmen were assigned mumber one, sophomores
number two, juniors number three, and seniors number four.
Measures on these three vsrlables were obtained on all

subjects.

Treatment of the Data

In order to facilitate handling the data, a 3 x 5 card
was prepared for each subject, On each subject's card the

following data were recorded:
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1. Hame

2, fSex

3. Age

Lo Grade level

5. Group number

6. Replication mumber

T+« HNumber of set-inducing problens correctly solved

Nurmber of criticsl prohiems correctly solved

(o e
. -

Anxlieby score

10. ACE Q-Score

11l. ACE L=Score

12. ACE Total Score

The information on these cards was then used Lo prepare
IBM cards, The suwms, sums of squares, and cross-products
used in the statistical analysis were calculated, for the

most part, on IBYM equipment.

Interrelationship of Related Varisbles

An intercorrelation analysis, using the variables of set
problen score, anxlebty score, ACE G-score, ACE L-score, and
ACE total score, was performed to investigate the interrela-
tionship of these varisbles, All subjects were used in this
eanalysis,

Helationshin Betweenn the Critical Problem Score
and the Other Heasured Varisbles

In investigating the relationship between critical prob-

lem score and the other wmeasured variasbles, those subjects
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who solved less ﬁhan four set-inducing problems were elimi=-
nated. The critical problem score was correlated with age,
grade level;vanxiety score, ACE Q-=score ACE L-score, and
ACE total score by the product-moment method.l Since sex

was a dichotomous variasble, the relationship between sex and

o L n

critical problem score was investigated by the bi-serial

correlation method.2

Compavison of the Critvical Problem Scores of
None~Anxious Subiects wWith the Critical
Problem Scorss of Anxious Subjecss

In an affort to sscure sdditional evidence ragarding
the relationship between critical problem score and anxisly
score, the data on these two variables were subjected Lo a

¥ -

different type of statlstical treatment. In this analysis,

hose subjects who solved less than four set-inducing probe-

minated., From the group of subjects who solved

L3e
v

lens were el

e

at lsast four set-inducing problems, two groups uvere selected
on the basis of their anxliebty scores. One group, referred
to as the "non=anxious group, was composed of subjects who
had recelved an anxiety score of seven or less., The other
group, referred Lo as the "anxious™ group, was composed of
subjects who had received an anxiety score of twenty-four or

more, Within each original experimental group the number of

1Henrw B Garretb, Statistics in Pgychology and Lduca-
Lion (New Yorir, 1947), PDe 202=297.

(]
P 9k e
Ibide, pps 347-353.
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"non-anxious" subjects was made equal to the number of
"anxioua" subjects., This equalization was accomplished by
eliminatiﬁg the appropriate namber through fandom selection,
This procedure selected the upper and lower fifteén per cent
of the amxietj SCOres.,

After these two groups had been selected, the signifi-

cance of the difference of the means of thelr eritical

(UW)

problem scores was tested with Fisher's t-test.

Comparisons of the Combined Groups
in Terms of Helated Variables

In the tests of the three hypotheses it was necessary
to combine the original groups into combined groups. These
groups may be identified in the following manner:

Combined Group S~=-Those subjects who did not hold tension

while solving the five set-inducing probe-
lems, This group included subjects in the
original groups I and II,

Combined Group I--Those subjects who held tension while

solving the five set~-Iinducing problems.
This group includes subjects in the
original groups III and IV,

Combined Group We-Those subjects who did not hold tension

while solving the three critical problems,
This group included subjects in the

riginal groups I and III,

3Ipid., ppe 197-20lk.



Combined Group X--Those subjects who held tension while

solving the three ecritical problems. This
group includes subjects in the original
groups II and IV,

Gombined Group Y--Those subjects who held the same tension
condition while solving both the set-
inducing problems and the critical prob=-
lems., This group includes subjects in the
originel groups 1 and IV,

Combined Group Z--Those subjects who changed tension condi-

tion after solving the set~-inducing
problems, This group includes subjects in
the originsl groups II and III.

In an effort to investigate the extent to which the
related variables were controlled in the experiment, the
combined groups were conmpsared in terms of these related
variables. These comparisons were made between the same
pairs of combined groups used to test the hypotheses., Com=
bined Group § was compared with cowbined group T, comblned
group W was compared with combined group X, and combined
group Y was compsred with combined group Z. This analysis
involved the calculation of t-values for the significance of
the difference beiween combined group means on measured

veriables.,
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Tests of the Hypotheses

In the analysis in which the three hypotheses were
tested, only those subjects who solved at least four set-
inducing problems were used, It was assumed that elimination
of those subjects who solved less than four set-inducing
problems yielded a group of experimental subjects who had a
set established,

The hypotheses were tested by using orthogonal sets of
}

com@arisons4

in an analysis of variance. In the analysis of
veriance the structure of the randomized block was determined
by the four tension treatments and the six replications,

This design vielded a randomized block with twenty-four
cella, There was a sufficient number of subjects to allow a
total of three eritical problem scores in each cell, In
those instances in which there were wore than three scores
aveilable for 2 particular cell, the execess was eliminated
by random sslection,

The first hypothesis was tested by calculating an F-
value for the variance between the number of critical probe-
lems sclved by those subjects who d1d not hold tension while
solving the Tive set-inducing problems (combined group S)
and the number of critical problems solved by those subjects
who held tension while solving the five set-inducing prob-

lems (combined group T). The second hypothesis was tested

h'Ge&aos:'g;@ W, Snedecor, Statistical Methods (Ames, Iowa:
The Iowa State College Press, 19L0), vp. 1LO3-106,
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by calculating en F-value for the variance between the
number of critical problems solved by those subjects who did
not hold tension while solving the three critical problems
(combined group W) and the number of critical problems
solved by those subjects who held tension while solving the
three criticeal problems {combined group X).

The third hypothesls was tested by caleulating an F-
value for the wvariance between the number of critiecal prob=-
lems solved by those subjeects who maintained the same
tension condition while solving both the five set-induecing
problems and the three ceritlcal problems (combined group Y)
and the number of critical problems solved by those subjects
who changed tension condition (cowbined group ).

The results of the statisticel treabtment are presented

in Chapter V.,



CHAPTER V
RESULTS

The statistical overations outlined and discussed in
Chapter IV were accomplished, and the results are presented
in this chapter.

Interrelationship of Measured Variasbles

e

The intercorrelation of the varisbles of set problem
score, anxiety score, ACE Q-score, ACE L-score, and ACE

total score are presented in Table III,

TABLE III
INTERCORRELATION OF MEASURED VARIABLES

AR T haxiety Sst Problem

L=score Scors Score
ACE Qescore LE37TF(W=32L)  -,088 (W=31l) .222% (W=32))
ACE L~score =, 07l (W=31l) « 3265 ([=32]1)
ACE Total Score -, 09 (N=31l1) 3037 (w=32)
Anxisty Score « 072 (W=350)

“Significant at the 1 per cent level of confidence
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An examination of Table III reveals that, although all
the correlation coefficients between anxiety score and the
variables of ACE Qe-score, ACE L-score, ACE total score, and
set problem score are negative, none of these coefficients
are statistically significant. Positive correlation coeffi-
clents, significant at the 1 per cent level, were found
between set problem score and the three ACE scores. A
positive correlation coefficient, significant at the 1 per

cent level, was found between ACE Q=score and ACE L-score,

and the Other Measure r es

Table IV presents the correlation coefficlents obtained
between critical problem score and the variasbles of age,
grade level, anxiety score, ACE Q-score, ACE L-score, ACE
total score, and sex.

As indicated in Table IV, the Product Moment Correla=-
tion coefficient between critical problem score and age was
-.095, This correlation coefficient is not sufficiently
high to warrant assuming a significant relationship between
these two varisbles in this experiment. It should be
pointed out, however, that the variability of the age of the
subjects used in this experiment was relatively smallj;
therefore, the correlation obtained should not be regarded
as a valid measure of the relationship between these two

factors in groups having more extreme deviations 1In age.
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TABLE IV

CORRELATION BETWEEN CRITICAL PROBLEM SCORE
AND OTHER MEASURED VARTIABLES

~ Correlation With
Helated Varighles Critical Problem Score
Age (N=225) -, 095
Grade Leval . (W=22%) .10k
Anxleby Score (H=220) - 269
ACE Q-score {N=205) .230%
ACE Le~score {N=205) =2 Ik
ACE Total Score (N=205) L 26L
Sex (N=220) .000

"Significant at the 1 per cent level of confidence

]

Yroduct Moment Correlation coefflicient betweenr
critical problem score and grade level was calculated to be
.10lts A correlation coefficlent of this value was not sta-
tistically significant; hence, no significant relationship
mnay be Inferred between these two varlables 1n this experi-
ment.

3 2

statistically significant relatlionship was found

£
s

between critical problem score and anxlety score by the
Product Moment Correlatlon coefficlent of =.2069. A correla-

4.

¥

jode

on of this magnitude is statistilcally significant well
beyond the 1 per cent level of confldence., Since the corre-

lation 1s negative, the relationship is one in which low

anxiety scores tend to be associsted with high critical
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problem scores, and converssly, low critical problem scores

gh

£

nxiety scores,

fond
}»;

tend to be associasted with hi

A statistically significant positive relationship was

£

o

und be e critical problem score and the varisbles of

]
b1

24
{'0

[y
X

ACE Q-score, ACE lLe-score, and ACE total score., The correla-
tion between critical problem score and ACE G-score was
calculated to be .230. A correlation coefficlent of .22l
was found between critical problem score and ACE Le-score.
An even higher correlation coefficient of .26l was found
between critical problem score and ACE total score, All
three of these correlation coeificients are significant at
the 1 per cent level of confidence. The relatlionshlp may be
expressed as one in which high critical problem scores tend
to be associated with high ACE scores, and low critical
problem scores tend to be assoclated with low ACE scores,.
The Bi-serial corrslation coefficient for the variables
of eritical problem score and sex was caleculated to be .000.,
This indicates no relatlionship between these two varisbles

in this experinment.

Comparison of . Anxious and Non-Anxious Subiects

Table V presents a summary of an analysis performed to
test the significance of the difference in critical problem

scores of anxious and noneanxiouns subjects.



TABLE V

Lb,

¥

COMPARISON OF THE NUMBER OF CRITICAL PROBLEMS

SOLVED BY NON-ANXIOQOUS SUBJECTS WITH
THE NUMBER OF CRITICAL PROBLEMS

SOLVED BY AWXIOUS SUBJECTS

- I\" ,n, . .:v yociy v,. sy W

Statlistical Measurement Anzious Anxious _ Difference

Humber 32 32 0
Mean eritical problem
scors 1.313 .563 750
Standard error of the ,
mean 210 177 . 063
Standard error of the
difference «299
Critiecal Ratio of the .
neans 2,508%
Standard Deviation 14359 1.000 . 359
Standard error of the :
Standard Deviation 173 127 L0L6
Standard error of the
difference of the
Standard Deviations .215
Critical ratio of the
Standard Deviations 1.669

“Significant at the two per cent level of confidence.

The non=anxious subjects obtalined a mean critical prob-

lem score of 1.313 as compared with a mean score of ,563 by

the anxious sub jects.

This difference of ,750 was found to

be significant at the 2 per cent level of confldence. These

results indicate that non-anxious subjects received signifi-

cantly higher critical problem scores than did the anxious



subjects. The difference of the standard deviations of the
TtwWwo groups wWas not statistically significant. These results
are in harmony with previous studies investigating the

relatlonship between anxiety snd mental set.

Comparisons of the Combined Groups in
Terms 0b Helated Varihoples

M%n

As shown in Table VI, comg son of the combined groups

Ca i 3

~used to test the first hypothesis falled teo yield any t=-

value which approached significance at the 5 per cent level,

TABLE VI

COMPARISON OF COMBINED GrROUP S WITH COMBINED GrOUP T
I¥ TERMS OF THE SIGNIFICANCE (F THE DIFFERENCE
BETWEEN MEA ND OF THE WEA%UHED VARTABLES

A IO

Variable Group S Group T Between Means  +t=value
Sex | .

, “Talﬁﬂ) c)*" -5’8 .'W’& doe 2’\1
Mean Age \
{(Years ) 19,62 19.61 L0 .03
Mean Grade
Level 1.51 1.51 .00 .00
Mean ACE
k{,“ﬂ core 1}.2. 05 }"3'1 -63 .1_2.2 * 2?
Mean Acﬁ )
Le-score 61,38 62,03 ' .65 31
Mean ACE .
Total Scor 103...2 103.66 e2h .08
Mean Anxiety )
Scors .51 15.07 .56 35

Note: HNone of the t-values are significant at the 5 per
cent level of confidence,

o



This indicates no significant diffevence hetween these groups
in regard to the measured variables related to the critical

problems score, T~values of the same level of sgignificance
were obtalned in the comparisons of the combined groups used
to tesgt the second and thlrd hypothesss., These two latter

comparisons are presented in Table VII and Teble VIII,

TABLE VII

CCMPARISON COF CCOMBINEDL GROUP W WITH COMBINED GROUP X
IN TERMS OF THE SIGNIFICANCE OF THE DIFFERENCE
BETWEEN MEANS OF THE MEASURED VARIABLES

Difference

Variable Group W Group X Between HMeans  t=valus
Sex
% Males) .53 57 .03 .38

Mean Age
(Years) 19.72 19.51 .21 62

Mean Grade
Level 1.9 1.54 .05 15

Mean ACH
G=score 110.99 L2.79 1.80 1,13

Mean ACE

Mean ACH
Tokal Score 10h.21 102.79 1.2 L5

Hean Anxziety ’
Score 15.36 14,18 1,18 .70

Note: HNone of the t-values are significant at the & per
cent level of confidence,



TABLE VIIT

GOMPARISOW OF CCUBINED GROUF ¥ WITH CCMBINEDR GROUP Z

R
IN TERMS OF THF SIGNIFICANCE OF THE DIFPFERENCE

FETWEEN MEANS OF THE MEASURED VARIABLES

o T Difference D
Varisble Group ¥ _ CGroup Z Betuween lMeans _ t-value
Sex
Yean Age
Hean Grade »
Level 1.54 1048 06 .55
Mean ACE
Q-SCOPG AlogO u1078 912 008
Mean ACE
L-gscore 60.53 62,87 2.3l 1.11
Mean ACE
Total Score 10240 10L.66 2.22 .70
Mean Anxiety

Score 1l .66 19k 26 .28

Hote: HNone of the t-values are significant at the 5 per
cent level of confidence.

These results would make 1t reasonsble to assume that
any difference found in critical problem scores between
these compared combined groups was due to the independent

variable of tension rather than the other related variables,

Tests of the Three Hypotheses

Three null hypotheses were formulated before the exper-
iﬁent was performed, These hypotheses were stated Iin

Chapter I in the followling form:
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First Hypoﬁhesis--Self-induced muscular tension has no
effect on the establicshment of mental
set,

Second Hypothesis=-Self-induced muscular tension has no
effect on the ability to overccme
mental setl.

Third Hypothesls=~f change of muscular tension has no
effect on the ability to overcomse
mental set.

The hypotheses were tested by means of orthogonal sets
of comparisons in an analysis of variance. The results of
this analysis are summarized in Table IX,

The “breatments™ in Teble IX refer fo the tension
condition required of each group while sclving the series of
eight problems., The first set of comparisons, "Tension vs,
No Tension While Solving the Set-Inducing Problems, " pro=
vided a2 test for the first hypothesis. The second set of
comparisons, "Tension vs. No Tension While Solving the
Critical Problems," furnished a test for the second hypoth-
esis. The third hypothesis was tested with the third set of
comparisons, "Change of Tension Condition ve. No Change of
Tension Condition.® |

The varisnce of criticsl problewm score attributed to
treatments yielded an F-value of 2.36. This valus was not

statistically significant.
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TABLE IX

ANALYSIS OF VARIANCE USING ORTHOGONAL SETS OF
COMPARISONS TO TEST THE THREE HYPOTHESES

“Degrees of | oum or  Meen
Source ) Freadom SORaATra s square B

=

Tobal 71 115,11 1.62

v

J

Treatments 3 12.78 .26 2,36

el
<

Tension vs. No Tension
While Solving the
Set=Inducing Problems 1 .50 0.50 0.29

Tension vs, No Tension
While Solving the ,
Critical Problems 1 1.38 1,38 0.77

Change of Tenslon
Gondition vs., Ho Change

of Tension Condition 1 ‘ 10.89 10.89 6,027
Replications g Lo lily 39

Experimental FError 15 27.22 1.81

Sampling Brror 18 70.67 1.L7

Significant at the 3 per cent level of confidence

The first set of comparisons, btesting the {irst hypoth-

esls, yielded an F=-value of 0.29, and the second set,

ot

testing the second hypothesis, yielded an Fevalue of 0.77.

Since neithef of these valuss are statistically sigmificant,
both the firat and the second hypotheses were retained.

The variance in ecritlcal problem score atbtributed to
"Change of Tension Condition vs. No Changs of Tension
Condition® yielded an F-value of 6,02. This value is sig-

* T

nificant a2t the 3

g

er cent level of confidence. OUn the
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basis of this significant Fevalue, the third hypothesis was
re jected as being untenable,

Table X presents the number of critical problems solved
by the subjects in each of the combined groups as calculated

from the data used in the analysis of wvarlance.

TABLE X

WUMBER OF CRITICAL PROBLEMS SOLVED BY EACH OF THE
COMBINED GROUPS AS CALCULATED FROM THE DATA
USEDR IN THE ANALYSIS OF VARIANCE

T Cr.

Tumber o itical

Problems Solved Rifference
Combined Group S 37
Combined Group T L3 6
Combined Group W 45 .
Combined Group X 35 10
Combined Group Y 26 g
Comhinad Group 2 5l a

Y

An inspection of the number of eriticsl problems solved
by the subjects Iin each of the combined groups, as shown in
Teble X, reveals that subjects in Group Y {composed of those
subjects who held a constant tension condition) solved
twentstiX eritical problems; whereas subjects in Group Z
{composed of those subjects who changed tension condition)
solvea fifty-four critical problems., Since the subjects in
Group 2 solyved more critical problems than did the subjects
in Group ¥, and the difference was shown to be statistlcally

significant by analysis of variance, it was concluded that
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CHAPTER VI

SUMMARY AND CONCLUSIONS

General Summary of the Investigation

This study was designed to iInvestigate the relationship
between self-induced muscular tension and the operation of
mental set in problem solving behavior. The problem was
attacked by formulating three null hypotheses and conducting
an experiment which provided tests for these hypotheses.,

The null hypotheses were stated in the followlng manner:

First Hypothesise=Self-induced muscular tension has no
effect upon the establishment of

mental set.

Second Hypothesise-Self-induced muscular tension has no
effect upon the ablility to overcome
mental set,

Third Hypothesis-~The change of tension condition has
no effect on the abllity to overcome
mental set,

The 365 college students used in the investigation were
members of six Introductory Psychology classes. Each class
was divided into four randomly selected groups and tested
separately. This procedure provided six replications of the



basic experiment, All subjects were required to solve a
series of "water Jar problems" designed to measure the
operation of mental set. The series of problems was con=
posed of five "set-inducing" problems and three "eritical"
problems. In the basic experiment each of the four randomly
selected groups was treated differently in regard to the
independent varliable of self-induced tension, Subjects in
Group I did not hold tension at any time while solving the
series of eight problems, Subjeets in Group IT held tension
while solving the three critiecal problems, but did not hold
tension while solving the five sei-inducing problems,
Subjects in Group III held tension while solving the five
set~-inducing problems, but did not hold tension while solv-
ing the three critical problems, Subjects in Group IV held
tension while solving all eight problems., The self-induced
mugcular tension condition was Induced by requiring the

sub jects to hold the prongs of & clip type elothes pin
between the front teeth and to apply enough pressure to force
the prongs together.

The first hypothesis was tested by comparing the nuwber
of critical problems solved by the subjecits who solved the
set problems while holding self~-induced tension (groups I1I
and IV) with the number of critlical problems solved by those
sub jects who solved the set problems while not holding
tension {groups I and II)., The second hypothesis was tested

by comparing the number of critical problems solved by the



subjects holding self-induced tension (groups II and IV)

’D

with the number of critical »roblems solved by those sub-
jects not holding the tension (groups I and I

hypeothesis wag tested by comparing the number of critical
problems solved by the subjects who changed tension condi-
tion after solving the set problems (groups IT and III) with
the number of critical problems solved by those subjects who
maintained the same Tension condition while solving the
entire series of eight problems (groups I and IV),

Dats regarding the variables asuspected of being related
to the overaticn of mental set also were obltained on the
experimental subjects. These data not only made 1t possible
to investigate the relstionship bstween these variables and
the operation of mental set, bubt also provided measures

which indicated the exbent to which the relsted variables

were controlled in the combined groups used to test the

Summery of the Results

1. A correlation snalysis failed to yleld ccefficients
which spprosched the § per cent level of confidence
between criticsl preoblem score and the variables of age,
grade level, and sex,.

2. Positive correlation ccefficlents, significant at the 1

el
[0}
3
o
@
o
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evel of confidence, were found between criti-

cal nrchlem score and the three ACE scores. The
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coefficients were ,230, .22li, and .26l, respectively,
for Qe-score, Le-zcore, and Total score

A negative correlation coefficient of -,269, significant
at the 1 per cent level of confidence, was Tound between
critical problewm score and anxiety score

An inbercorrelation analysis yielded uvniformly negative

»

correlation coefficients between anxiety score and the

w
2
ot

arisbles of ACE {~score, ACE lLescore, ACE Total score,

and set problem score; however, none of these coseflfici-
ents approached the 5 per cent level of confidence.

A significant relationship was indicated between set
problem score and the variables of ACE (~score, ACE Le-
score, and ACE Total score by positive correlation
coefficients significant at the 1 per cent level of
eonfldence, These coefficients were .222 for Q-score,
. 326 for Le~score, and .303 for Total score

A significant positive correlation coefficlent of .537
was found between ACE Gmscore and ACE Le-score,
Non-snxious subjects solved significantly more critical
problems than did anxious subjects, The critical ratio
of the means was calculated to be 2,508, This value is
significant at the 2 per cent level of confidence,

The varlence between the number of critical problems
solved by those subjects who held tension while solving
the set-inducing problems, and the number of critical

=

problems solved by those subjects who did not hold
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tension while solving the set-inducing problems yielded
an P=value of .29 which was not statistically signifi-
cant; hence, the first null hypothesls, which stated
that self-induced muscular tension has no effect on the
establishment of mental set, was retained.

The variance between the number of critical problems
solved by those subjects who held tension while solving
the criticsl problems and the number of critical prob-
lems solved by those subjects who did not hold tension
while solving the critical problems yielded an F-value
of .77 which was not statlstically significant; there-
fore, the second hypothesis, which stated that self=-
induced muscular tension has no effect on the ability to
overcome mental set, was retained.

The third hypothesis, which stated that the change of
tension condition has no effect on the.ability to over=
come mental set, was rejected on the basis of an F-value
of 6.02 which is significant at the 3 per cent level of
confidence, This F=value was calculated from the vari-
ance between the number of critical problems sclved by
those subjects who changed tension condition and the
nuriber of critical problems solved by those subjects who
maintained a constant tension condition, These results
showed that those subjeects who changed tension condition

solved significantly more critical problems than did
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those sunjects who maintained a constant tvension condi-

tion.

Interpretations and Conclusiong

There was no evidence gained from this investigation
which indicated a significant relationship between the
abllity to overcome mental set and the variables of age
and grade level, Since there was relatively 1little
variabllity in the variables of age and grade level, the
estimate of no relationship obtained from this study
should not be assumed in groups which are wmore hetero-
geneous in regard to these twe variables,

There appears to be sufficient evidence avallable to
warrant the concluslon that the males and females used
in this experiment did not differ significantly in
regard to their abllity to overcome mental set.

The ability to overcome mental set was positively related

to the ability to perform on the ACE Psychological Exame

ination. This relationship indicates that a high ability
to overcome mental set was associated with a high sbility

to perform on the ACE Psvychologicsl Exemination.

Anxiety, as measured by the test used in this investiga=~
tion, was significantly related to the ability to
overcome mental set. This relationship was such that
increasing amounts of anxiety were assoclated with =

decreasing abllity to overcome mental set.
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+ Degree of anxiety was not significantly related to abilw

i1ty to perform on the ACE Psychological Hxamination or
the ability to solve the set-inducing problems.

6. The gbility to solve the set-inducing problems was posi=
tively related to the ability to perform on the ACE

Psvchological Examination.

7. The extent and kind of self-induced muscular tension
used in this experiment had no effect on the establishe
ment of wmental set or on the abilily to overcome mentsl
set after 1t was established.

0. A change of tension condition after the mental set was
established had the effeect of facillitating the ability

to overcome mental set.

Implications of the Study

The results of this study have a rather specific impli=-
cation for experimenters investigabing the effects of muscu-
lar tensicn on learning and some general implications for
those individusls who have the responsibility of creating
the most favorable learning situation.

Since thils study demonstrated that change of tension

-

condition had a significant effect upon mental set, it
becomes nescessary for investigators conducting a learning
experilment invelving a change in tension condition to design

the study so as ©To control or evaluate the effects of this

facteor. 1In many previous studies of this nature the factor



of change has been neglected, It is possible that some of
the conflicting results cobtained from previous experiments
designed to investigate the effects of tension can be
reconciled by taking this factor of ehange'af tension
condition into consideration,

Since it was found that increasing amounts of anxlety
were assoclated with an increasing insbility to overcome
mental set, it would seem advisable to make efforts to
reduce anxiety in learning situations which demand insight-
ful reactions.

The facilitating effect of change of tension condiition
onn abllivy to overcome mental set would suggest that types
of learning which involve a large element of understanding
may be facilitated by varliation of muscular tension patterns,
This variabllity in tension could be asccomplished in &

In the clinical situation variability of muscular
tension which would facilitate insightful reactions could be
accomplished by the appropriate use of suitable stimulant or
depressant drugs, the creation of a permissive atmosphere,
or through training in voluntary muscular relaxatlion. In
the classroom situation change of muscular tension pattern
could be accomplished by training in voluntary muscular
relaxation, introduction of novel or laughter producing

material, or creation of permissive atmosphere.
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sugeestlons for Future Investismaticns

A number of questions regarding the relationship between
wmuscular tension and the operation of mental set remsain
unanswered, It is suggested that the following studies would
be helpful in further clarifying the relstlionship:

1. & study designed to investigate the effects of
various degrees of change of tension on the opera~
tion of mental set,

2. A research project investigsting the effects of
constant and variable tension In various muscle
groups on the opsratlion of mental set.

A study designed to investigate the operation of

L2
.

mental set under variable and constant environ-

mental conditions,
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INSTRUCTIONS READ TO EACH CLASS DURING
THE ORIENTATION PERIOD

We intend to use members of this class as subjects for
a psychological experiment to be conducted during the regu-
lar class pericd next Wednesday. Your participation in this
experiment 1s a part of your course work in Introductory
Psychology.

During a portion of the experiment some of you will be
required to hold a clothes pin in the open position with
your teeth. One of the purposes of thls orientation period
is to famlliarize you with the technique to be used in
holding this clothes pin in your mouth,

Everyone should be equipped with a clothes pin wrapped
in a kleenex, If there is anyone who does not have one,
please raise your hand,

Remove the kleenex from the clothes pin at this time.

You will notice that there are grooves made near the
end of the clothes pin to provide a seat for your teeth
while you are holding it in the open position.

Place the clothes pin iIn your mouth at this time and
put your teeth in the grooves provided,

Now close your jaws slowly until the prongs touch, The
desired pressure 1s just enough to keep the clothes pin in
the open position, Hold just enough pressure to keep the
prongs touching and no more. You can judge the pressure
that 1s necessary by placing your tongue on the tips of the
prongs and releasing pressure until you feel the prongs
spreading apart, This is the pressure we want-=-just enough
to keep the prongs touching.

(Lapse time two minutes and thirty seconds)

Release the pressure and remove the clothes pin from
your mouth.,

Are there any questions at this point?
One of the things in which we are interested at this

time is finding out if there is anyone that has difficulty
in holding the required pressure. If there is anyone who
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has excessive overbite or has a dental bridge that mekes 1t
difficult for him to hold this pressure, then pleasec see me
after class is dismlissed,

‘hen you report to class next Wednesday, please come to
the auditorium up on the third floor of this building. Do
not come to this room, bub go directly to the auditorium
upstairs,

Fach of you will be assigned a seal nuwber which will
be listed by your name on & seabing chart posted by the
door as you enter the guditorium, Go direectly to your
assigned seat where you will find wmaterial to be used in the
experiment,

The experimental deslgn demands that every member of
the class participate In the experiment. In the event there
is anyone who cannot posgibly be here Wednesday please con=-
tact either vour instructor or wmyself, If you know of any
member of the class who is absent today, please let him know
that he should be here Wednesday if at all possible.

Are there any questions?

Drop your clothes pln in the box on the table as you
leave,

You are dismissed.
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INSTRUCTIONS READ DURING THE ADMINISTRATION
OF THE EXPERIMENT

The purpose of thils experiment is to discover how well
you can think, Other studles with this test indicate that a
student's performance on this test is closely assoclated
with his I, Q.

Each student's performance on the test will be evalu=-
ated, and the results will be made available to you, Your
performance on the test will depend, in a large measure, on
ygur ability to follow the directions that are about to be
given,

Each of you should have a data booklet with your name
on it, If there is anyone who does not have a booklet,
please ralse your hand,

Fill in the data called for directly below your name on
the cover sheet of your data booklet. Do this now,

The class has been divided into four groups. Each stu=-
dent has been assigned to one of these four groups. The
group to which you are assigned is indicated in the upper
right hand corner of the cover sheet.

Members of the class assigned to groups two, three, and
four have been furnished with a clothes pin which is wrapped
in a kleenex, Those assigned to group one will not use a
clothes pin during the test. Those assigned to groups two,
three, and four will be required to place the clothes pin
between the teeth and close the jaws until the prongs touch,
thus holding the clamp in the open position during the time
allotted for the working of a particular problem,

Those who have a clothes pin will remove the kleenex at
this time,

Before placing the clothes pin in your mouth, I would
like to reassure you that the clothes pin you are using has
been sterilized thoroughly.

Now place the prongs of the eclothes pin between your
teeth, putting your teeth in the grooves provided., When I
say the word BEGIN, close your jaws slowly until the prongs
touch and the clothes pin is in the full open position,
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Hold this tension until I say the word STOP, We want just
enough tension to keep the prongs touching., Do not hold any
more pressure than ls necessary to keep the prongs touching.,

Ready, BEGIN, Remember to hold just enough tension to
keep the prongs touching,

(Lapse time~=-10 seconds)

STOP

Remove the clothes pin from your mouth.

The test itself consists of a series of elght problems,
Here is an example of the type of problem you will be

required to solve.

{(The problem is written on the blackboard in this fashion)

Given the following contalners Obtain
A B C
21 127 3 : 100

You are given three contalners, Contalner A which holds
21 gallons, container B which holds 127 gellons, snd cone
tainer C which holds 3 gallons. The problem is to cbtain
100 gallons of water through the use of any of these conw-
tainers.

One possible solution ig to fill the 127 gallon con~
tainer, then pour the 3 gallon container full 9 times, thus
leaving 100 gallons in the 127 gallon contalner. You would
record this solutien below the word Ysolution" on your
answer sheet in this wmanner:

(This solution placed on the board)
127 - 9 x 3 = 100

Another possible solubion to this problem would be to
first £ill the 127 gallon container, then £ill the 21 gallon
econtaliner full once, and f£ill the 3 gallon container full
twice by pouring from the 127 gallon econbainer. This would
leave the required amount of water in the 127 gallon con-
tainer. You would record this solution below the word
"splution"” on your answver sheet in this mamner:
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(This solution placed on the board after erasing the previ-
ous solution)

127 - 21 - 2 x 3 = 100

Either of these solutions is correct but only one is
desired,

Everyone will work the same problem at the same time.
Two groups will be required to hold the clothes pin in the
open position with their teeth during the entire time
allotted for the solution of a particular problem, It 1s
essential that there be absolutely no talking either during
the test itself or during the rest periods,

Open your booklet to the first page. You will see your
group number in the upper right hand corner. For those in
groups three and four, you will see the words "HOLD TENSION,"
This means that you are to hold the clothes pin in your
mouth during the entire time allotted for solving problem
one. Those in groups one and two will notice that there 1is
nothing written below your group number, This means that
you are not required to hold the clothes pin in your mouth
during the solving of problem one and that you are to keep
your jaw muscles as relaxed as possible.

Everyone make sure that you have the right page by
checking to see that the problem number is number one.

Note the phrase "Use the space below for your computa-
tions," You are to use this space as it has been used in
the demonstration problem to meke any computations that are
necessary.

Record your solution below the word "solution" as it
was done in the demonstration problem,

Immediately after recording your solution turn your
booklet over face down. If you are holding tension, con-
tinue to hold tension until the signal STOP is given. At
the signal STOP, those who have not already recorded their
solution and turned their booklet over will stop working and
turn their booklet over immediately. Those who are holding
tension will release pressure on the clothes pin and remove
it from their mouths at the signal STOP,

We are now ready for the first problem,

First write the letters A, B, and C and the word
"obtain" on your sheet as it is written on the board.
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Everyone will copy the quantities and put them under
the appropriaste letter as I read them aloud. The same
numbers will be placed on the board to serve as a check %o
make sure you have copied them correctly.

Start working the problem immediately after it has been
read to you,

Members of groups three and four will place the clothes
pins in their mouths at this time,

At the signal BEGIN those in groups three and four will
press the prongs of the clothes pin together and hold enough
pressure to keep them touching until the signal STOP is
given. At the signal BEGIN those in groups one and two will
relax their jaw muscles and keep them relaxed until the
gignal STOP is given.

Ready, BEGIN,
(The problem is read aloud)
A B C Obteain

43 89 7 32
(Lapse time=--two minutes and thirty seconds)

STOP, Everyone should have his booklet turned face
down.

I would like to repeat the instructions in order that
we all know the procedure to be followed.

1. Remember, no talking at any time,

2. At the signal BEGIN those holding the clothes pins in
thelr mouths will press the prongs together and hold
just enough tension to keep the prongs touching.

3« Those not holding the clothes pins in their mouths will
let their jaw muscles relax,

. Those holding the clothes pins in their mouths will con=-
tinue to hold the necessary pressure during the entire
time allotted for the problem, Even 1f you finish the
problem before the time limit is up, continue to hold
the tension until the signal STOP is given.

5. Turn your booklet face down just as soon as you have
recorded the solution,
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6. AL the signal STOP those holding the clothes pins will
release and remove the clothes pins from their wmouths,
and anyone who has not finished the problem will stop
immediately and turn his booklet face doun.

We are now ready for problem number two.

Turn your bocklet over and turn to the next page.
Check to make sure it 1s problem number two at the top of
the page. Write the letters A, B, and C and the word
"obtain® s you did on the previocus problem. Groups three
and four will again hold tension during the solving of this
problem. Groups one and two willl keep thelr jaw muscles
relaxed,

Members of groups three and four place the clothes pins
in your mouths,

Ready, BEGIN,
(This problem is read aloud)
A . B G Cbtain
e 163 25 29

(Lapse time=~-two minutes and thirty seconds)

ST0P. Remove the clocthes pins from your mouths. Everyone
should have his booklet turned face down,

We will begin the third problewm in two minutes. During
this short rest period everyone let your jaw muscles relsax,

(Lapse time==two minutes)
We are now ready for problem number three,

Turn your booklet over and turn to the next page.
Check to make sure that problem number three appears at the
top of the page, Write the lestters A, B, and C and the word
Yobtain' the same as you did on the previous problems,.
Groups three and four will again hold tension during the
solving of this problem. Groups one and two will keep their
jaw muscles relaxed,

Members of groups three and four place the clothes pins
in your mouths,

Ready, BEGIN,
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(This problem is read aloud snd placed on the board)
A B G Obtain
18 L3 10 5
(Lapse time--two minutes and thirty seconds)

STOP.

We will have ancther two minute rest period bhefore
going on to the next problemn,

.

(Lapse time=-two minutes)
We are now ready for problem number four.

Turn your booklebt over and turn to the next pags.
Check to make sure that problem number four appears a2t the
top of the page. Write the letbers A, B, and C and the word
"ocbtain™ as you did in the previous problems. Groups threes
and four will sgain hold tension during the solving of this
problem, Groups one and two will kesp their jaw muscles
relaxed,

Members of groups three and four place the clothes pins
in your wmouths,

Ready, BEGIN,
(This problem is read aloud and placed on the board)

A B G Obtain

O

L2 & 21

{Lapse time=-two minutes and thirty seconds)

STOP.

We are now ready for problem nmumber Iive,

Turn your booklet over and turn to the next page.
Check to wmake sure that problem number five appesrs at the
top of the page. Write the letters A, B, and C and the word
"abtain® the same as you did on the previous problems.
Groups three and four will sgain hold tension during the
solving of this problem. Groups one and two will keep theilr
Jaw nmuscles relaxed.
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Hembers of groups three snd four place the clothes pins
in your wmouths,

Ready, BEGIN.,

(This problem is read aloud and placed on the board)

A B - C Obtain

20 57 3 31
(Lapse time-~-two minutes and thirty seconds)

STOP,

We will start the sixth problem in twe minutes.
{Lapse time=--two minutes)

We are now ready to begin problem number six.

Turn your booklet over and turn to the next page.

Check to maks sure that problem number six appears at the
top of the page. Write the letters A, B, and C and the word
"obtain" as you have done on the other problewms.

During the solving of this problem, groups two and four
will hold the clothes pins in thelr mouths. Groups one and
three will keep their jsw muscles relaxed, Remember groups
two and four will hold the tension, and groups one and three

will keep their jaw muscles relaxed at the signal "BEGIN."

Members of groups two and four place the clothes pins
in your mouths,

Ready, BEGIN.
(This problem ls read aloud and placed on the board)
A B c .Obtain
23 18 3 20
(Lepse time-=-thirty seconds)
STOF .,

We will proceed with problem number seven in two
minutes,

(Lapse time--two minutes)
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We ars now ready to begin problem number ssven.

Turn your booklet over and turn to the next page.
Check to make sure that problem number seven appears abt the
top of the page. During the sclving of this problem, groups
two and four will agein hold tension. Groups one and three
will keep their jaw muscles azg relaxed as possible,.

(Thie problem is read a2loud and placed on the board)

A B o dbtain
28 78 3 25

{Lapse time--one minute and thirity ssconds)

We will begin the final problem In two ninubes,
(Lapse time~-two minutes)

We are now ready to begin problem number eight.

Turn your booklet over and turn to the next page,
Check to make sure that problem number eight sppears at the
top of the page. Write the letters A, B, and C and the word
"obtain® as you have done on the other problems.

During the seolving of thils problem groups two and four
will again hold tension. Groups one and three will keep
their Jaw muscles relaxed.

Hembers of groups two and four place the clothes pins
in your mouths.

Ready, BEGIN,
(This problem is read sloud and placed on the board)
A B Obtain
19 53 | 23

(Lapse time~-two minutes and thirty seconds)

(@]

This completes the test, If you have seeh & series of
problems of this nature, and know what these problems are
measuring, then put on the back of your booklet what 1t is
we are measuring in this experiment,

You may leave your test booklet and clothes pin on your
seat, You are dismissed,
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