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CHAPTER I
INTRODUCTION

Of the many challenges confronting educators today, a majof
one 1s that of improviﬁg the teaching of problem solving. For
many yeafs the teaching of problem solving has recelved much
attention in the general literature, but still it persists in beingt
the most troublesome aspect of the arithmetic program iﬁ both the
elementary and the high schools. The lmportance of problem solv-
ing ability is evident in the voluminous émount of literature
concerning some phase of this topic. There are those who would
make problem solving the ultimate objective of any course in
mathenatics in the Jjunior and senlior high schools. As H. Van Engen
states, "In its broadest sense, provlem solving teaches attitudes,
of considerable value to a democratic soclety. It teaches the art
oi suspending Jjudgment, carefully welghing facts, making value
judgmenfs, and arriving at conclusions on the basis of a prepon-

derance of evidence."t

-

1H. Van Engen, "Arithmetic in the Junior-Senicr Higa Schocl,
Piftieth Yearbook of the National Society for the Study of Educa-
tion, 11 (Cnicago, 1951y, 113.
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lany pupils with average or above average intelligence fail
to achleve as they should in problem solving. Others with lower
ability often achieve to a greater degree. An attempt to identify

any one cause of problem solving disablility would be an oversimpli-

&)

jcation of a complex problem. Among those factors most frequently
cited as countributing to problem solving disability are reading
disability, mental deficiency, lack of adequate developuent of
punber councepts, the blocking of adjustments by emotional responses
shne 1aability to sense quantitative relations, poor teaching
netnods aand materials and over-sized classes., These factors will

be discussed in greater detall in the following chapter.

Without a doubt there are many factors involved in problem

solving ability. It is not within the scope of this study to deal
swi:h a great number of them. To say to what degree each factor
jaffects pupils' achievement ﬁould be an impossibility without
considering each individual case; even then, it would be a complex
1task.

The present study deals partially with the emotional and per-
sonal adjustment of children. To what degree do attitudes affect
pupil achlievement? +We know that they do, but do they to a signifi-
cant degree by which we could conclude that it would behoove
teachers to spend more time in motivating and understanding pupils?
Perhaps teachers help build negative attitudes. What role does the
home play in the development of negative attitudes? Could 1t be

that the various community agencies hold conflicting interests and
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values? Grace Fernald found in ome clinical study that of seventy-

eight disabllity cases, only four had records of any disability

pefore entering school.2

Were these acquired in school?

Teachers have many measuring instruments by which ﬁo Judge
pupil behavior. They have intelligence and achlevement tests,

. personality inventories, self-rating scales, teachers' evaluations,
anecdotal records and various community agencies such as psycho-
logical, correction and guldance services. However, because school
services are so time consuming, and because private services such
as psychological and psychiatric treatment are so costly, often
pupils who need help fail to recelve any at all. DParental emo-
tional involvement makes the problem even more complex. It 1s
noped that this study will shed some light on means by which the
classrooun teacher, without clinical training, can play a more sig-
nificant role in helping to provide better pupil personal and
environmental adjustment, with one major purpose being to improve
pupil achlevement in problem solving. i

Can a better understanding of the nature of problem solving
ability help teachers to improve pupil achievement? Despite the
fact that extensive research has been done on this subject, the

relative effectiveness of various methods of teaching problem solv-

ing has not been determined. In this study the related literature

2Grace M. Fernald, Remedial Techniques 1n Basic School
Subjects (New York, 1943), p. 8.
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+111 be reviewed and the relationship between problem solving and
various lntellectual factors will be examined, with the hope that
tne resulis will suggest to teachers means of better dlagnosing
oupid difficulties in arithmetic, thus providing bases for more

effective instruction.

The Purpose of the Study

It is, therefore, the purpose of thls research to investigate
the following problems:
1. What 1s the relative importance of certain abilities
and aptitudes as factors in arithmetical problem
solving ability? »
2. What attitudinal factors significantiy influence
achievement in arithmetical problem solving ability?
It should be noted that the abilities, aptitudes and attitudes
will be studied as objectively measured by the tests to be named
in the following section. They will not be factors as defined in

factor analysis.

Procedure
During the fall semester, 1961, the California Test of Per-
sonality was administered to 330 pupils in Grade 7B of District
No. 2 in the Chicago Public Schools. In addition results on the
California Test of Mental Maturity (Short-Form) and the Metropoli-

tan Achievement Battery, as obtained from these same pupils in
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srade 64, were used. Of the original 355 pupils included in this
study s complete information was gathered on 330.

Including twelve sub-tests, the California Test of Personal-
;ty measures specific attitudes defined as types of tendencles to
think, to feel and to act which reveal personal and soclal adjust-
Juents to life situations. (See Appendix I.) The reliability of
this test 1s given as .88 as computed by the Kuder-Richardson
formula. With respect to validity the Educational Research Bulle-
tin of the New York City Schools carries this statement: "This
procedure which is followed in the Californlia Test of Personallty
is perhaps the most dilagnostic of any test of this type."3 Taylor
and Combs found a statistically significant difference between
students who scored in the upper fifty percent and those who scored
in the lower fifty percent on the California Test of Personality.4
Baker says, "There is often a theoretical but entirely invalid
objection upon the part of those who have never used such tests
[personality inventorieé] that children will not be truthful. It

1s generally kunown that children's problems are so close to their

lives that they can scarcely refrain from answering what applies

S"pppraisal of Growth in Reading," Educational Research Bulle-
tin of the Bureau of Reference, Research and Statistics, Board of
Zducation of the City of New York, II (November 1941), 28.

40narles Taylor and Arthur W. Combs, "Self-Acceptance and
édjustment," Journal of Consulting Psychology, XVI (April 1952),
9-91 L]
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then. This situation 1s similar to the quite universal tenden-
tey of most individuals to unburden themselves about their problems
even to strangers 1f they are encouraged to talk about them-
selves."5

The California Test of Mental Maturity consists of seven sub-

tests whilch sample various kinds of mental processes to establish
lthe level and rate of mental development. The seven tests con-
tribute to scores 1n four factors, providing a Language I.Q., &
hron-Language I.Q. and a Total I.Q. (See Appendix I.)
The Metropolitan Achievement Battery 1s comprised of ten sub-
tests, measuring achlevement in various school subject areas.
(See 4ppendix I.) For the present study only'three areas will be
considered--arithmetic problem solving achievement, arithmetic
computation achievement and reading achlevement.
The product-moment correlation coefficlent will- be used to
measure the relatiqnships between the various factors included in
the California Test of Mental Maturity and problem sglving ability
as measured by the Metropolitan Achievement Battery. The inter-
correlations between the various factors and the correlations with
arithmetical problem solving ablility will be subjected to path

coefficient analysis as a means of estimating the relative

SHarry Baker, Introduction to Exceptional Children (New York,
1945), pp. 379-80.
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contributlions of the various aptitude and ability factors to indi-
vidual differences in problem solving achievement.

In studying the relationships between the aptitude and atti-
tudinal factors and arithmetical problem solving achievement,
simple analysis of variance will be done for each attitudinal
factor. Mental ages and attitude scores will bé classified as
high, average or low. The arithmetical problem solving stanine
scores will be entered in the cells of 3 x 3 tables., It will thus
pe possible to ascertain how such an attitude as "self-reliance"

is related to achievement for all the pupils studied and for pupils
of differing levels of aptitude. For comparative purposes a siml-
lar analysis willl be made with reference to the reading achievement

stanline scores.




CHAPTER II

REVIEW OF THE RELATED LITERATURE

Factors Involved in Problem Solving Difficulties

Much research 1s avallable concerning the nature of problem
solving disability. Those factors frequently mentioned are mental
jeficiency, reading difficulty, lack of development.of number con-
cepts, lack of interest and emotional maladjustment.

Those children with mental deficiency may be excusable fail-
ures in problem solving under proper learning conditions. OChildren
of normal intelligence, however, possess the aBilities that are
essential in achieving success in solving problems. Fernald
states: "There is no such thing as a child of normal intelligence
wao cannot do arithmetic."t
Reading has often been cited as a reason why pupils fail to
achieve in problem solving. A common suggestion and one supported
by data 1is that training in reading will improve arithmetic

achievement. Xnight has shown that children's scores on a written-

provlem test may be ralsed as much as a full year through training

lrernald, p. 213.




4n reading without any training in arithmetic proper.2 Reading
ssterials contalning unrealistic problems have caused students to
1ose interest in problem solving. This seems to be a conceasus
among arithmetlc experts as early as Thorndike who found that un-
realistic problems made children lose confidence in themselves .o
Tne lacik of development of number concepts is another fre-
quently mentioned reason for lack of suococess 1n problem solving.
npaditlional teaching methods, many using the atomistic approach of

uvlus-response, have led to lack of understanding of number con-

1 7]

ct
t._h
E3

pts. ore emphasis is advocated upon understanding our number
system and using numbers in a variety of realistic situations. The
utilization of field psychology, which sitresses understanding and
the organization of learning through discovery of relationships and
generalizations, is advocated by most mathematiclans. Thorndike
states:

The ordinary view of the nature of arithmetical learning
is obscure or inadequate in four respects. It does not
define what knowledge of the meaning of number 1s; it
does not take account of the very large amount of teach-
ing of language waich 1s done and should be done as a
part of the teaching of arithmetic; it does not distin-
guish between the ability to meet certain quantitative
problems as life offers them and the ability to meet the

2, 3. Knight, "The Effect of A Year's Drive on Motivated
Reading in Arithmetic for Mixed Drill Tests," Unpublished Study,
Third Yearbook, Depariment of Superintendence (Washington, D. C.,
19257, 39'40-

5Baward L. Thorndike, The Psychology of Arithmetic (New York,
1929), pp. 9-13.
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ems provided by textbooks and courses of study;
caves the ability to apply arithmetic knowledge and
as a rather mystical gener ai faculty to be im-

d by some educational magic.

USRI AN
”‘.u O et H
L]

With the many intangibles involved in pupils' attitudes the

relationship between attitudes and problem solving achlevement 1s
1p doudt. The effect of interest has received much attention.

|por many years the development of favorable attitudes and interests
nas veen an alm of the arithmetic program. Since lnterest is an
emotional attitude, there is a positive relationship between inter-
est and attitudes. The lack of interest has often been clted as an
important reason for adverse puplil attitudes. Then the question
arises as To the relationship between Interest and ability. Inter-
est in arithmetic and abllity at arithmetic are probably correlated
vositively in the sense that the pupil who has more interest tends
in the long run to have more ability. Wheat suggests that perhaps
our efforts are partially futile because of the lack of immediate
need of arithmetic on the part of the learner.5

Speakxlng in reference to emotional difficulties in arithmetic,
Fernzlcd states: "Because the emotional problem 1s so serious, many
investigators feel that emotional stability should be established
before remedial work is attempted. It is often difficult to tell

*Tvid., 2.

ﬂarry G. Wheat, "The Nature and Sequences of Learning Activ-
ities in Arlthmetlc," Fiftieth Yearbook of the National Society
for the Study of Education, II (1951), 23,
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which comes first, the faillure or the emotional breakdown. Some
cnildren fall to learn because they are emotionally unstable;
others become emotionally unstable because they fail to learn."®
gith reference to failure, Fernald states: "A child who has failed
repeatedly 1in arithmetlic becomes so negatively conditioned with
reference to 1t that he is unable to approach anything connected
with number without an emotional raﬁponaa."7

In relation to arithmetic difficulties, Brueckmer says: "It
is one vhing to discover them, but thelr treatment often presents
a serious problem because the causes underlying them are complex
and cannot easily be isolated., If certain factors within the
learaner himself are not taken into consideration in planning the
erithmetic program, difficulties may develop. For instance, it 1s
anecessary to adjust to such items as the learner's mental level,
physiological defects and handicaps, his background of experience,
his attitudes and emotional reactions."S

Many educators and psychologilsts would maintain) within
linits, that attitude is more important than aptitude in school

work. Similarly, personality factors often seem to be even more

important than abilities in determining how a student gets along

6
7

8Leo G. Brueckner, Foster E. Grossnickle, and John Reckzeh,
Developing Mathematical Understandings (Philadelphia, 1957),
pp . 2"93—494-

Fernald, p. 7.

Ipid., 253.
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in school and nhow he will get along in life. Often large differ-
gnces i1 notivation compensate for small differences in aptitude.

Studies related to the role of personality in school achieve-
sent are inconclusive, many because of lack of proper controls.
jowever, there are some relations between personality and achieve-
ment walch are widely accepted as important. Blanchard illustrates
this by cases demonstrating increased achievement in arithmetic
through the development of positive emotional attitudes.” Herriott
controlled the effect of intelligence in order to study the effect
of attitudes alone on scholastic success. He found that those
students who possessed what he termed "evaluative and persevering
attitudes" achieved greater success in school .10 Lecky studied
the role attitudes play in arithmetic deficiency. He found drill
in arithnetic less important than counseling or other experiences
that lead to a change of attitude for those students who held a
poor self-evaluative attitude.td
The most frequently mentioned factors, outside gf the learner,
affecting achievement in arithmetic are the teacher and the size of

the class. In the Fiftieth Yearbook of the National Society for

9P. Blanchard, "Attitudes and Educatlonal Disabilities,"
¥ental Hyziene (1929), 550-563.

lOM. E. Herriott, "Attitudes as Pactors of Scholastic Success,"
University of Illinols Educational Research Bulletin, No. 47, 1929.

1lp, Lecky, Self-Consistency: A Theory of Personality
(New York, 1945),, pp. 103-10%4,
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study of =Zducation, Grossnickle mentions the fact that many

seachers' colleges fall to prepare prospective teachers adequate-

for the pupll. Another handicap is the large slze of classes. It
nas vbeen shown that the range in ablllity in arithmetic at the sev-
entn grade level 1s often between six and seven years. Brueckner
states: "The most perplexing and difficult problem faced by the
teacher 1s that of providing for the wide range of differences
apons the members of the class, their ablility to learn mathematics,
the rates at which they learn, the level to which skills have been
developed, their interests, theilr attitudes toward the subject,

and SO on.”13

Intelligence and Problem Solving Ability

Contrary to Spearman's statement that "Many people of high
general intelligence have low ability for mathematics,"l4 it is
considered by most authorities that the relationship between prob-
lem solving ability and intelligence is highly positive, and that

high intelligence is the most 1lmportant single factor for success

12n5ster B. Grossunlckle, "The Training of Teachers," Fiftieth

arhoolk of the National Society for the Study of Education, II
9517, 203-230. _

133rueckner, Grossnickle, and Reckzeh, p. 86.

L4Cnarles Spearmen, The Abilities of Man (New York, 1927),
pp- 3-40
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ip problen solving abllity. ZEvidence by Wrigley also leads to the
conclusion thaet there 1s a close connectlon between mathematical
ond geseral ability.}® This is also Thorndike's theory.l®
Ingelhart employed the method of path coefficients to study
tne relationshlp between problem solving ability and four factors:
(1) arithmetical problem scores, (2) intelligence scores,
.(3) arithmetical computation scores and (4) reading scores. He
found that intelligence and computation ability are important
factors in causing individual differences in problem solving.17
L number of correlation studles have been conducted between
the factors of intelligence, as measured by the various intelli-
gence tests, and problem solving ablility. Most of these studies
nave indicated that problem solving ability is related more closely
to computational ability or number ability than any other factor.
Phillips correlated the six tests of the Chicago Primary Meantal

Abilivies with problem solving. He found the relationship

between problem solving and arithmetical computation/to be the

157ack Wrigley, "Factorial Nature of Ability in Elementary
Hfathenatics," British Journal of Educational Esychology, XXVIII
(February 19587, 61.

16Thorndike, pp. 51-69.

1T%ax D. Engelhart, "The Relative Contribution of Certain
Pactors to Individual Differences in Arithmetical Problem Solving
fbility," Journal of Experimental Education, I (September 1932),
9-27.
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This conclusion is also supported by the Thurstones in

18

pighest.
sheir Giscussion of number ability.19 In studying algebraic prob-
1ex solving abllity Kellar found algebraic computational facility
+o be t;e most lmportant factor in algebraic problem solving abil=~

117 Thorndlke states that the correlation between problem solv

1nz (part of the "g" factor of intelligence) and computation may
gpproaci .60.21  sister Canisia studied mathematical ability and
found & high correlation between the number factor and verbaliza-
tion. She also found mathematlical ability, the perception of
relations, a part of intelligence.22
It would seem to indicate that since studles point to a close
relationship existing between number ability.and problem solving,

an improvement in one would lmprove the other. Coombs studled the

nature of number ability. He found that the number factor was

18oneodore Phillips, "Critique of Correlation Techniques in
Bducation," Unpublished Doctoral Dissertation (University of
Chicago, 1952).

19L. L. Thurstone and T. G. Thurstone, Factorial Studies of
Intelligence (Chicago, 1941), p. 5.

20yyima R. Kellar, "The Relative Contribution of Certain
Fectors to Individual Differences in Algebralc Problem Solving
ibilizy," Journal of Experimental Education, I (September 1929),
26-35. o

2lrnorndike, p. 299.

2251 ster Mary Canisia Majewska, "A Study of Mathematical
Ability as Related to Reasoning and Use of Symbols," Unpublished
Doctoral Dissertation (Loyola University, Chicago, 1960).
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inost clearly identified by very simple number tests such as multi-
plying whole numbers.>

| In reference to the apparent relationshlp between intelllgence
and provlem solving ability, and number abillity and problem solving
2bility, Zngelhart believes that instruction should be directed
toward fostering whatever traits or abilities are relevant %o

problem solving and capable of modification.24

2301yde H. Coombs, "A Factorial Study of Number Ability,"
Psychometrika, VI (June 1941), 161-189.

24mngelhart, p. 26.




CHAPTER III
STATISTICAL METHODS RELATIVE TO PREDICTION

Educators and psychologists use many statistical methods by

“lyhick they hope, objectively and ultimately, to arrive at evalua-
tion and predictlion of human behavior. Since the origin 6f
statistical methods relative to prediction, about the beginning of
the seventeenth century, numerous methods have been devised by
whaich we strive to predict human behavior. It is not within the
scope of this research to discuss a great number of them, but only
those that have a bearing on the present topié.

In dealing with one vériable the fundamental statistical
procedure that we use usually includes measures of central ten-
dency, such as the mean, the median and the mode, and also measures
of veriability such as the standard deviation. But often science
denmands answers to questions whereby we need to study the relation-
ships between variables. In trying to predict one phenomenon from
anotiuner, we must try to determine how the one depends upon the
other. Ve seek to find cause and effect, and furthermore, how a
change in one 1s accompanied by a corresponding change in the
Other. Whenever 1t 1s possible, this relationship is stated in

qQuantitative terms. This is possible when both cause and effect

17
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are continuously variable and subject to measurement. In essence
we seek a functional relationship between two variables. In seek-
spg to Tind the above relationships, one of the methods used is
correlation analysis.,

In this chapter the writer will attempt to preseat a dbrief
¢escription of certaln procedures which can be utilized in studying
relationships. These include the coefficient of correlation, the
tests of its signifiéance, the t test for means and differences
petween means, and the analysis of variance including the P test
of siguificance.

Cne of the most frequently used statistics in psychological
and educational research is Pearson's product moment correlation
coefficient. It measures the degree of linear relationship between
two variables which range in value from 1.00 (a perfectly positive
relationship) to -1.00 (a perfectly negative relationship). A
correlation of zero indicates no relationship.

Citen in the physical sciences correlations may_approach 1.00
because the variables involved may be experimentally controlled
and preclsely measured; this 1s practically impossible in educa-
tion, and therefore the correlation coefficients that we obtain
are very seldom above .90. O0f the two varliables that we study,
one we designate as the dependent variable and the other as the
independent variable, even though there may be no clear cut basis
for designating them as such. In dealing with more than two

Variables, for example, X3, the dependent varliable, and Xg,‘X3
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the lndependent variables, we can, through the use of

[N
n’

partial correlation, estimate the net relationship between X7 and
fp, or other independent variables, with the rest of the independ-
ent variables held constant. On the other hand the correlation
petwean X3 and the combined effect of two or more independent
veriables is measured by coefficlents of multiple correlation.
alker traces excellently the history of these techniques in her

ool entitled Studies in the History of Statistlcal Methods.l

In dealing with an independent variable, X, and the dependent
variable, ¥, one of our problems is to find the line of best fit
that relates T to X. Very seldom, if ever, do we get a straight
line when we plot our values of the variables .graphically. Usual-
ly we have the values scattered about a straight line. The line
that best fits these scattered values is called the regression
line of Y on X, and the equation for the line is called a regres-
sion eguation. If we do not know which of the variables 1is the
independent one, then we would also try to predict X from ¥, and
therefore we would have two regression equations, Y on X and

¥ on Y. Tor an extensive discussion of linear regression and

regression equations, see Statistical Methods for the Behavioral
2

Sclences by Allen L. Edwards.

lielen 1. Walker, Studles in the History of Statistical
Hdethods (Baltimore, 1929), pp. 111-112.

2411en I. Bdwards, Statistical Methods for the Behavioral
Sciences (New York, 1954), pp. 116-138.

ettt -t
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In deallng wilth correlation coefficients, the sampling problen

rs from Tthe sampling problem in the case of such a statistic

.5 the meall. The higher the correlation in the universe, the
greater the skewness in the sampling distribution. For example, if
tpe true correlation is .90, sample correlation can range far below
,90, but can range above .90 only to 1.00. Hence, observed corre-
1ation coefficlients are transformed to Msher's 2z' coefficients,
since the mathematical model of these 1s a normal distribution
pefore application 1s made of % tests to evaluate their signifi-
cance. e may also use the z' transformation to establish the
rigucial limits of the parameter, at some defined signlificance
level. Here we establish an interval so that.we can say we have a
certain degree of confidence that the interval contains the popula-
tion correlation. For a complete discussion of one and two tailed
0F sliganificance as employed in significance tests for the

orrelavion coefficlient, see Experimental Design in Psychological

Resecrehn by Allen L. Edwards.,”

In contrasting two variables, X and Y, it is impossible %o
desigrate one variable as cause and the other as effect w;tnout
observatlional or experimental evidence. In some relatlonships the
variaetions in the dependent variable are entirely determined by

variations in the independent variable. For example, the

Sillen L. Edwards, Bxperimental Design in Psychological
Research (New York, 1950), pp. 7/7-35.
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Circumference 0f a circle relates entirely to its diameter. This
is not e case of relationships between educational or psychologi-
cal variables. Lack of controls and errors can mask a perfect
relationsnlp. A coefficlent of correlation can be used to indicate
tne extent to which the variation in one varlable determines the
obserVed variation that we find in the other variable. Thus, if
‘one variable on the basis of other evidence 1s assumed to be
ceusally related to another, the coefficient of correlation is a
neans of estimating its importance as a causal factor. The stand-
srd error of estimate tells us how reliable our predictions are;
+the coefficlent of correlation tells us how strong the relationship
is. Often we work with two regression equatidns when we cannot
classify our variables as dependent and independent. Therefore,
we have Y regressing upon X, and X regressing upon Y. These values
are called the regression coefficients and merely tell us how much
a wuit change in Y is accompanied by a unit change in X, and how
nuch a unit change in X 1s accompanied by a unit change in Y.
Using the regression equations, if the X measurements and Y meas-
urements are given in terms of standard scores, then r (correlation
coefficient) becomes the slope of the regression line. In this
case it is known as a beta, or standard regression coefficient.
The methods of path coefficients, part correlation, beta coef-
Ticients and ordinary regression coefficients can be considered to

Cconstitute one family of techniques for analyzing data with each
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method focusing attention.on speclfic details: path coefficients
emphasizing the variance interpretation; part correlation con-
pecting the betas for the variability in the dependent variable
upexplained by the combined influences of all the factors; beta
coefficients, or ordinary regression coefficlients, expressing the
relative welghts to be given each independent varlable when the
aultiple regression equation is used in predilcting values of the
dependent variable.

The theory of path coefficlients was first developed in 1921

vy Sewall Wright, who applied it 1n his agriculture and animal
studies.4 The equivalence of path coefficients and beta coeffi-
cients nas been demonstrated by Kelly to be true for all problems.5
Later Zagelhart established the fact that path coefficients are
identical with beta coefficients by employing in his proof the

sexi-partial correlations given by Dunlap and Cureton.6 Burks and

*Sewall Wright, "Correlation and Causation," Journal of
Agricultural Research, XX (January 1921), 557-585.

Sewall Wright, "The Theory of Path Coefficients," Genetics,
VIII (Xay 1923), 238-255.

53. TLowell Kelly, "The Relationships between the Techniques
of Partial Correlation and Path Coefficients," Journal of Educa-
tional Psvchology, XX (February 1929), 119-124,

6J. W. Dunlap and E. E. Cureton, "On the Analysis of Causa-
tion," Journal of Educational Psychology, XXI (December 1930),

Max D. IEngelhart, "The Technigues of Path Coefficients,"
Psychometrika, I (December 1936), 287-293.




geilian were the first in the field of education to apply the
methods of path coefficients.7 In terms of standard deviatlons, a
path coefficient is defined as the ratio of that part of the
gtandard deviatlon of a variable which is due to anotiher variable
to the total standara deviation of the variable. Symbolically a

path coefficlent may be expressed as follows:
Pig = Ty

G

Pij = path coefficient for variable i and J.

Crij = standard deviation of variable, one due to the jth
variable.
Cfi = standard deviation of variable 1i.

The Cyij is a partial standard deviation--a measure of that
part of the variation of one variable due to another, with other

variadvles controlled.8

73, s. Burks, "The Relative Influence of Nature and Nurture
vpon Mental Development; A Conmparative Study of Foster Parent-
Poster Child Resemblanee and True Parent-True Child Resemblance,”
Iventy-Seventh Yearbook of the National Soclety for the Study of
Zducation, I (1928), 299 -301.

J. D. Heilman, "Factors Determining Achievement and Grade
Location," Journal of Genetic Psychology (1929), 435-456.

J. D. Heilman, "The Relative Influence upon Educational
Achievement of Some Hereditary and Environmental Factors," Twenty-
Seventh Yearbook of the National Society for the Study of Bduca-
tion, IT (1928), 35-65.

8Enge1hart, Psychometrika, pp. 288-290.
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In terms of correlation coeifficients the fundamental idea of
sath coefficients may be stated as follows. Let X3 be the depend-
opt veriable, and X5 . . . X, be independent variables. Then the
correlation coefficlent between X3 and any of the Xji (any independ-
ent variable), or between any two such as Xy and X3 (any two inde-
endent variables), is equal to the path coefficient connecting the
two variables plus the sum of the proauets of the path coefficients
s1ong &1l paths of indirect connection, not including those through
the dependent variable. Once the equations for the path coeffi-
cients are set up in terms of zZero-order correlation coefficlents,
the set can be solved for the path coefficients considered as the
wnknowa. Following a suggestion made by Engelhart, Monroe and
stuit have shown that the solution of the equations for the values
of the path coefficients is mathematically the same problem as the
solution of the normal equations for the regressioﬁ coefficients.9
It should be noted that the estimates of the relative impor-
tance of different independent variables obtained by the method of
path coefficients are but estimates. When there are several meas-
ures of each of several skills or abilities conslidered as causal,
factor analysis is probably the more appropriate technique. Engel-

hart states, "When the variables studied are few in number and the

9walter S. Monroe and D. B. Stuit, "Correlation Analysis as
4 Means of Studying Contributions of Causes," Journal of Experi-
nental Education, III (March 1935), 162.




25
%intarpretation will be more meaningful in terms of these variables
rather than in terms of hypothetical orthogonal factors, the path
coefficient technique may be preferred. VWhere variables may be
gpeasured with greater validity than in the fields of psychology or
gducation--for example, in the fleld of economics--the technigue of
ath coefficients may be more appropriate than the technique of .
raetor analysis in studying certain problens. "0
When we are working with two means, if we wish to find if
there 1s a significant difference between them, we can apply the
t test. By formula and with the calculation of the standard error
of the difference between two neans, we can formulate the null
nypothesis that there i1s no difference between our means. By find-
g the value of t and establishing confidence limits, we can
ascertain whether the difference between the two means is signifi-
2ut, that is, aot attributed to chance. If so, we can reject ouf
null hypothesis and say that these two means do not come from the
same podulation.
Tre t test 1s adequate if‘we have only a few means to compare,
but often we have a number of groups involved in a study, and this
nethod would be too laborious. The analysis of variance permits

us to test differences among a group of means at the same tinme.

The analysis of variance concerns itself with variances rather than

loEngelhart, Psychonetrika, p. 292.




with standard deviations and standard errors. The ratlonale of

the anadlysis of variance 1s that the total sum of squares of a

of measurementis composed of several groups can be analyzed or

prokxen down into specific parts, each part identifiable with a

squares 1Is analyzed into two parts: a sum of squares based upon

varietion within the several groups, and a sum of squares based

are computed. With these two variances, the value of P, tabled

1y, as with the t test, our data can be evaluated to discover
vhetner they include significant differences or not.

The analysis of variance was largely the accomplishment of
Sir R. A. Pisher, a brilliant British statistician. Concerning
the analysls of variance, he had the following to say:

rere together learning how to use the analysis of
varlance, and perhaps it 1s worth while stating an impres-
sion that I have formed-~that the analysis of variance,
which may pernaps be called a statistical method, because
thet term 1s a very ambiguous one--is not a mathematical
theorem, but rather a convenient method of arranging the
arithmetic. Just as in arithmetical text-books--if we
cen recall their contents--we were given rules for
arranging how to find the greatest common measure, and
how to work out 2 sum in practice, and were drilled in
the arrangement and order in which we were to put the
figures down, so with the analysils of variance; 1ts one
claim to atteantion lies in its convenience. It 1s con-
venient in two ways: (1) because 1t brings to the eyes
and to the mind a suwumary of a mass of statistical data
in which the logical content of the whole is readily

26

set

given source of variation. In the simplest case the total sum of

upoa the variation between the group means. Then, from these two

suns of squares independent estimates of the population varlance

in

convenient form by G. W. Snedecor, can be calculated, and similar-
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oreclated. Probably everyone who has used it has
ound that comparisons which they have not previously
taought of may obtrude themselves, because there they
are, necessary items in the analysis. (2) Apart from
aiting the loglical process, it is convenient in facili-
vating and reducing to a common form all the tests of
gsignificance which we may want to apply. I do insist
that 1ts claim to attention rests essentially on its
convenlience. Nearly always we can, if we choose, put
our data in other forms and other language. Naturally,
like other logical arrangements, it is based on mathe-
matical theorems previously proved, and in particular
the tests of significance were based on problems of dis-
tribution the solution of which was published for the
most part from 1921 to 1924.11

=

O NS

The preseat discussion of statistical techniques is by no
means a very thorough one. The writer advises anyone desiring a
more complete explanation to consult the bibliographical sources
relevan®t to statistical procedure. It was the intention of the
writer to merely convey to the reader a fairly simple explanation
of some of the techniques that will be used in the following chap-
ters, without going into many formulas, definition of statistical
terns, and the use of too many symbols. 4n excellent account of
most of the methods described can be found in Dixon’and Massey's

Introduction to Statistical Analysis.l2

i

1*Edwards, Bxperimental Design, pp. 117-118.

12y11fred 5. Dixon and Frank J. Massey, Jr., Introduction 1o
Statistical Analysis (New York, 1951).




CHAPTER IV

COLLECTION AND INTERPRETATION OF THE DATA

Tae data for this study were secured with the aid of personnel

rrom four Chicago elementary schools located in Rogers Park, a com-
qupity of Chicago. Complete data were obtained for 330 pupils, all
in Grade 6A. Since almost all of the chronological ages fell
within a range of two years, this factor was eliminated as an
important consideration. Table I on page 29 shows by the use of
tonine scores (one being the lowest and nine being the highest,
with a mean of five) the relative position of.the group in relation
to national norms following the normal curve. The actuzl I.Q.'s
anG problem solving achnlievement scores in each stanine represent
the performance of this study's 330 pupils in contrast to the theo-
retical number in each stanine, which would have been the case if
e data of the group had conformed to 2 normal distribution.

The results obtained for this study were from the California
Test of Mental Maturity (Short Form), the California Test of Per-
sonality and the Metropolitan Achievement Battery. These tests
vere administered by the adjustment teachers of each school and
machine scored, with the exception of the California Test of Per-

Sonality, which was scored by the writer on scoreze answer sheets.

28




TABLE I

29

THE STANINE SCALE
—_—
Theoretical Actual
in Stanine Actual I1.Q.'s Problem Solving
stenine £ % i % iy %
T
9 13.2 4 68 20.6 51 15.5
8 23.1 7 55 16.7 86 26.1
- 7 39.6 12 72 21.8 62 18.8
5 56.1 17 63 19.1 79 23.9
5 66.0 20 49 14.8 34 10.3
4 56.1 17 16 4.8 12 3.6
5 39.6 12 3 .9 5 1.5
2 23.1 4 1.2 1 )
1 13.2 0 0 0 0

purposes.

and low.

raw scores of the tests into stanine scores.

Part of the handling of the data cousisted in transposing the

The stanine scale

coastitutes a methnod of grouping scores into classes which are
broad ezough to permit use of a single digit to represent each

class, but preclise enough for many practical and simple statistlcal

One problem confronting the writer was that of grouping the

nental age and attitudinal scores into categories of high, average

Even though a student was classified in the low group,

his score might warrant his being in the average or high group




30

on nationzl norms. This was often the case. Since for the

relgted problem was that 1n orxder to obtain equal or proportional
punbers of cases on each level, the splits could not be made using
orbitrary or inflexible mental age cutting scores. Also, in making
tne splits, the frequencies could not be split. 1In grouping the
sental age scores, for example, seventy-six cases were needed for
the low ability group. Since sixty-nine cases were already in-
cluéed and ten fell at the next level, even though only seven more
cases were needed, all ten were included. Conversely, if only
three or four cases were needed and ten fell at the next level,
none were added, and these ten cases counstituted the lower limit

of the average group.

ATter the mental age and attitudinal scores had been arranged
in the cells of 3 x 3 tables, the arithmetical problem stanine
scores were entered. For comparative purposes the same was done
with the reading stanine scores. From the tabulated scores in each
of the nine cells for each attitude, using a table of random num-
bers, ten scores were selected from the outer cells and itwenty from
the middle cells, totaling 140 cases. Even though each cell did
not contain the same number of cases, the cells were proportional
and thus enabled us to use & two-part analysis of varliance schena.
This method was used to test the null hypotheses that (1) there

were no differences in the means of the total groups, and (2) there

S
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was 49 interaction bvetween mental age and attitude levels. The t
gest WeS also uced to compare individual means. The product moment
correlation coefficlent was used to determine the relationships
petween problem solving ability and those attitudes significant at
tpe 1% level. These results are given in Table XI on page 45.

With regard to the second purpose of this study--determining
tne relationships between various intellectual factors and problem
solving abllity--correlation coefficients, using the scores of all
330 subjects, were obtained between problem solving, the dependent
variable, and the four factors measured by the California Test of
ventel Maturity: spatial relations, verbal ability, numerical
reasoning and logical reasoning. Arithmeticél computation consti-
tuted Tnre fifth independent variable. The term dependent variable
is used in the sense that it 1s consldered to be determined by
several other variables, the independent variables, even though
they may not be statistically independent, i.e., uncorrelated. The
use of the term independent variable is not intended to imply per-
fect ceterminavtion of the dependent variable by a single valued
mathenatical function in the sense generally attributed to it by
nathematicians.

From the intercorrelations between the variables, beta coef-
ficients, which are equivalent to path coefficients, were obtained.

Thus, it was possible to estimate the relative contribution of

€ach independent variable to the dependent variable.
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> terns used herein will coincide with those generally ac-

P

cepted Dy most statisticians. As previously mentioned, the terms
spilities, aptitudes and attitudes will not be factors as defined
;p factor analysis. The terms cells and groups will be used syn-

onyuaously, as will mental age and ability.

The Data

sttitudes and Achievement

m———

solving

lectual

cussed,

tudinal

The following data present a gquantitative picture of the rela-
tionsinip beltween arithmetical problem solving achievement and atti-
tudes, both personal and social, and also a description of the
intellectual aspect of problem solving ability. It is desired that
from this statistical presentation quantitati#e inferences may be
drawz so as to enable educators to ldentify more readily those

pupils who will meet greater success, or be handicapped in problen

achievement, because of thelr attitudes and thelr intel-
abilities.
should be noted that with each attitude that will be dis-

the mental age levels and cells are significant at the 1%

level, and the interactions between mental age levels and atii-

levels are non-significant. With regard to the siguificant

findings, since we know that achievement is substantially related
to intelligence as measured by typical intelligence tests including

group tests yielding mental ages, these results are not surprising.




33
men tais type of analysis of variance is applied to an exveriment

nere puplls of varying levels of ability are instructed by dif-

rering methods, a significant interactlon indicates a relationship

petween methods and levels of ability. For example, one method

4oy e more effective for superior pupils, while another method may
pe more effective for less able pupils. In this study a signifi-

a

cant interaction would tend to indicate, for example, that de-

sirable attitude may compensate for low intelligence as measured.

This does not occur.

It seems evident that both capacity and

This

is

attitude tend to contribute concomitantly to achievement.
revealed by study of the analysis of variance data as reported in
febles III through X, and by the correlations between certain of
the attitudes and achievement and between mental age and achleve-
neat as shown in Table XI on page 45. An illustration of the two-
part aralysis of variance that was calculated for each attitude in
relation to problem solving achlevement and reading is given in
Appendix II.

Data for the twelve attitudes, total personal adjustuent,
total social adjustment and total adjustment are reported in
Teble II on page 34.

Observing the attitude self-

1. Feeling of Self-reliance.

[ttt i & §

reliance, we see that it is significant at the 1% level, having an

»

P ratio of 4.90 and needing an F = 4,78 to be sigg}ficant at the

of
l}’a

level.
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TABLS

>4

ANCE RISULTS PERTAINING 70
TUDE LEVELS AWD PROBLEM SOLVING

/__——
= Degrees
Sums of of Level of
vttitude Squares | Freedon |Variance ) Significance®
—
reliance 23.69 2 11.85 4,90 .0l
worth 27 .59 2 13.80 5.73 .01
Freedon 7.40 2 2.70 1l.52 Nou-sig.
selongiag 19.84 2 9.92 3,11 .05
-
withdrewing Tend. 24,22 2 12.11 5.11 .01
5;;;ﬁs Svmptoms 9.16 2 4,58 1.63 Non-sig.
otal Pers'l Adj. 21.39 2 10.70 | 4.63 .05
Standards 1.34 2 .67 31 Non-sig.
Social Skills 2.24 2 1.12 43 Non-sig.
intl-soclal Tend. 5.17 2 2.59 1.35 Non-sig.
Tanily Telations 22,07 2 11.34 4,28 .05
School Relations 27.71 2 13.86 5.11 .01
Comzunity Rel. .27 2 .14 .05 Non-sig.
Total Social Adj. 8.32 2 4,16 1.83 Non-sig.
Total Adj. 30.30 2 15.15 6.45 .0l

®F of 4.78 needed for 1% level and 3.07 for 5% level with
2 & 131 degrees of freedom.
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Table IIT gives the itotal stanine scores and means (in paren-

tneses) of each of the nine groups. For comparative purposes the
writer has taken the liberty of dividing the scores of the average
1evel by two, since twice as many cases constitute these groups.
e can observe that the averages decrease both ways, indicating the
differences in the groups. Considering only the high mental age
level, we can also see that for each attitude level there are 4if-
ferences 1lndicating that self-reliance does affect achievement.
our ¥ ratio of 4,90 enables us to reject the null hypothesis as
untenable that no differences exist between the groups in achieve-
nent with respect to self-reliance.

" TABLE III

PROBLIM SOLVING SCORES IN RELATION TO
SELF-RELIANCE AND MENTAL AGE

Mental Age Levels

High Average Low

‘ 69 53 ' 36
High (6.9) (5.3) (3.6)

Seli-

- i} 64 50 32
iz%éigce Avg. (6.4) (5.0) (3.2)

58 41 28
Low (5.8) (4.1) (2.8)

2. Sense of Personal Worth. Do those puplls who possess a

feeling of belng well-regarded by others and who have confidence

in themselves tend to achieve more? Table II shows a significance
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= o7 - P a .
re Lo level belween those pupils possessing high, average and

1o Sense ol personal worth as measured. Again needing an P ratio
of 4.73 for the 17 level, we have an F = 5.73 for the attitudinal
yaricble. Disregarding the fact that in Table IV on page 37 those
pupils with an average sense of personal worth in the high ability
1evel scored nigher than those in the high attitudinal level, we
again have the scores decreasing as attitude and ability decrease.
contrasting only the high personal worth level with the low per-
sonal worth level, we can see that the pupils with a high sense of
personal worth in the same mental age levels have scored more than
one stanine higher in the high and average ability levels and
elmost one stanine (.9) higher in the low ability level than those
pupils with a low sense of personal worth. Therefore, we should
consider a sense of personal worth as contributing to achievement
in proviem solving.

5. Zersonal Freedom. We may observe from Table II that our

Fratio of 1.52 1s non-significant, indicating a lack of strong
relationship between problem solving achievement and a pupil's
feeling that he is permitted a reasonable share of responsibility
for raking his own decisions. Even though the high attitude level
had means .4, .55 and .1 higher than the low attitude level, we are
0ot able to substantiate our hypothesis that a sense of personal
freedom affects significantly the problem solving achievement of sev-

enth grade pupils.
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TABLE IV

PROBLEY SOLVING SCORZS IN RELATION TO
PZRSONAL WORTH AND MENTAL AGE

—
Mental Age Levels
Hign Average Low
——
, 67 54.5 75
fHlgh (6.7) (5.45) (375)
personal 68.5 52.5 32
Vorii Avg., ; o
Levels (6.85) (5.25) (3.2)
58 42 26
Low (5.8) (4.2) (2.6)

4. TPeeling of Belonging. This attitude implies that one is
liked by his classmates and feels secure in his relations with his
femily. Table II shows that this attitude is significant at the

54 level. Table V on page 38 shows that the average attitude cells
for the aigh and average mental age levels achieved more than the
high =ttitude cells. Once agalin, the high feeling oﬁ velonging
levels show greater achievement than the low levels, respectively,h

for each mental age level. The greatest difference lies 1in the

low ability group where those pupils with a high feeling of velong-

ing scored 1.1 stanines higher than those pupils with a low feeling

of belonging.
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TABLZ V

PROBLEM SOLVING SCORIZS IN RZLATION TO
BELONGING AND MENTAL AGE

—
¥Yental Age Levels
High Average Low
o 65 48.5 38
Flgn (625) (4.55) (5.8)
Belonging I 70 55 35
Tevels AVE. (7.0) (5.5) (3.5)
63 £3.5 27
Low (6.3) (4.35) (2.7)

5. Hdithdrawing Tendencies. Table II indicates at the 1%

level that pupils who are withdrawn achleve less than those pupils
who are not withdrawm. Consulting Table VI on page 39 we see that
the means decrease in both directions. In comparing the high and
low aviitudinal levels, the high groups have scores more than one
stanine higher than the low groups. We conclude that puplls pos-
sessing withdrawing symptoms tend to be handicapped in problen
solving achievenent.

6. Nervous Symptoms. Table II indicates that pupils who do

not exhibit nervous symptoms do not significantly achieve more than
those who do exhibit overt signs of being nervous. Even though
there is a trend for those demonstrating nervous symptoms to a-
chieve less, since the means decrease in most of the cells, the

differences are not significant at the 1% or 5% levels. The

——————
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1ar3053 difference occurs in the high and low mental ability groups
| nere in both cases the high attitude groups scored .7 sizaine

ner than the low attitude group. Therefore, even though a dif-
serence does exist, we would have to questlion whether pupils pos-
gessing nervous symptoms achieve less than those who do not.

TABLE VI

PROBLEM SCLVING SCORES IN RELATION TO
WITHDRAWING TENDENCIES AND MENTAL AGE

Mental Age Levels
High Average Low
vrs n 70 53 36
Hleh (7.0) (5.3) (5.6)
Withirawing <
Mondonad ea ; 62.5 46.5 33
Tevels | (6.25) (4.65) (3.3)
Low 58 i 28
: (5.8) (4.1) (2.8)
7. Total Personal Adjustment. We recelve an indication from

Teble II thet one's total personal adjustment does ﬁlay a signifi-
cant role in problem solving achievement. The F ratio of 4.63 is
significant at the 5% level (3.07 needed). Table VII on page 40
shows that the lower one's personal adjustment 1s, the lower the
achievement. The use of the t test shows the most significant

difference to exist in the low mental age group, where the high

total personal adjustment group achieved 1.8 stanines higher than
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tpe low group. This difference, t = 2.65, is significant at the

Wit 131 degrees of freedom a t of 2.62 is needed for

the 17 level. This significant difference may indicate thzt a
pupilfs total personal adjustment does play an important part in
problel solving achievement, particularly with those pupils pos-
sessing low mental ability.

TABLE VII

PROBLEM SOLVING SCCRES IN RELATION TO
TOTAL PERSONAL ADJUSTMENT AND MENTAL AGE

T Mental Age Levels
High Average Low
i 67 50.5 43
) High (6.7) (5.05) (423)
Totai
Personal A 69 46 31
sdjustment aVoe. (6.9) (4.6) (3.1)
Levels 4
. 59 3 25
Low (5.9) (4.3) (275)

8. Social Standards. Ve receive the impression from Table II

that the strengtn of pupils' social standards, i.e., the subordi-
neting of personal desires to the needs of the group and the ten-

dency to understand what is right or wrong, does not influence

208t identical except in the low ability group where the high

attitude group obtained scores .7 stanine higher than the low

Problenm solving achievement. The means in each ability level are al-
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Lttitude group. The use of the t test shows this difference to be

nOn—significant.

9. Social Skills. Does the tendency to act in accordance

Lith accepted social standards and to be sensitive to the needs of
others affect achievement? The results are very similar to those
of social standards; they are non-significant, as showm in Table II.

10. Anti-social Tendencies. We may gather from Table II that

%0 siznificant differences exist between the attitudinal levels
itn respect to pupils' feelings of hostility and achlevement. The
p ratio of 1.35 does not approach even the 5% level of signifi-
cance. The difference between the high and low attitude groups

in the high ability group is 1.3 stanines. In the low ability
level the stanine difference is 1.2. From these results we could
hypotnesize that in these ability levels anti-soclal tendencles
night affect achievement.

11. Penily Relations.  With an F ratio of 4.78 (1% level) -and

3.07 (5% level) needed, our obtained F of 4.28 in Table II indi-
cates that a pupil's relations at home do affect problem solving at
the 5% level. Analyzing Table VIII on page 42 we see the largest
difference to exist in the high ability group where the difference
between the high and low attitude groups is 1.6 stanines. ZEven
though some of the differences are small, the means show that the
higher the attitude scores are, the higher the achievemen?t scores
are. These results do indicate better progress of pupils with

g0od family relations.

———
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TABLE VIII

PROELEY SOLVING SCORES IN RELATION TO
FAMILY RELATIONS AND MENTAL AGE

lMental Age ILevels
High Average Low
75 . 56.5 27
Hign (725) (5.65) (3.7)
Relatiouns Avg,
e (6.3) (5.0) (3.6)
59 48.5 27
Low (5.9) (4.85) (2.7)

12. School Relations. The obtained P of_5.ll in Table II

shows that school relations do play a part in achievement. While
not too far beyond the needed ratio of 4.78 for the 1% level, our
obtained ratio is significant at the 1% level. The differences
between the high and low attitude groups for the high, average and
low ability groups, as shown in Table IX on page 43, are 1.1, 1.15
and .8 stanines, respectively. ‘

13. Community Relations. This attitude shows the lowest

P ratio, .05. There are very few differences among the means,
except in the high ability group where those with low communilty
relations scores did better (one stanine) than those with high
community relations scores. Thus, a pupil's relationship with his
Community does not seem to affect achievement, either positively

°r negatively.

g
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TABLE IX

PROBLEY SOLVING SCCORES IN RELATION TO
SCHOOL RELATIONS AND MENTAL AGE

- Mental Age Levels
High Average Low
. 72 52 » 38
fHign (7.2) (5.2) (3.8)
School B
Relati 68 49.5 31.5
revers T | Ave (6.8) (4.95) (3.13)
61 40,5 26
Low (6.1) (4.05) (2.6)

14. Total Social Adjustment. Ve may infer that with an

F ratio of 1.83, total social adjustment does not significantly
affect achievement in problem solving. Still, we have the means
decreasing as attitudinal scores decrease. The largest of these
differences is in the low ability group, where the high attitude
group achieved 1.1 stanines higher than the low group. If total
soclal adjustment does affect achievement positively, then 1t
would seem to affect those pupils with low ability rather than
those with high or average ability.

15. Total Adjustment. The composite of all attitudes yilelds

an F ratio of 6.45, significant at the 1% level. The scores and
means in Table X on page 44 show the highest achievement scores

associated with the highest attitude scores. Comparing the high

and low attitude levels, we find differences of .9, 1.1 and .9

.
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gpanines in the high, average and low ability groups, respectively.

rhas Gifference of approximately one stanine in each group would
geen o warrant us to say that a well adjusted pupil does signifi-
cantly achieve better than a maladjusted pupil.

TABLE X

PROBLEM SOLVING SCORZS IN RELATION TO
TOTAL ADJUSTHMENT AND MENTAL AGE

Mental Age Levels

High Average Low

T 68 53 27
e (6.8) (5.3) (3.7)

Total 6 45 o

Adjustment Avg. .

Levels (6.6) (4.5) (3.5)

59 42 28
Low (5.9) (4.2) (2.8)

Table XI on page 45 gives the correlation coefficilents, means,
standard deviations and standard errors of the correlation coef-
ficients of those attitudes that are significant at the 1% and 5%
levels in relation to problem solving achievement and mental age.
The correlation between problem solving achievement and meantal age
is also given. Consulting the table of values of the correlation
Coefficient for different levels of significance, we find that with
300 degrees of freedom {(actually we have 328) a correlation of .148
1s significant at the 1% level, and .113 is significant at the

5% level. Therefore, we may reject the null hypothesis that the
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population correlation is zero and say that self-reliance (.2521),
personal worth (.2433) and withdrawing tendencies (.1756) are sig-
nigicant at the 1% level with relation to problen solving abilivy.
scnool relations (.1254) is significant at the 5% level. Thus, our
jate tend to indicate that there is a positive relationship, even
spough not very strong, between problem solving and these atti-
sudes, that probably did not occur by chance. Similarly, self-
reliance (.2403) and personal worth (.2045) correlate significantly
st the 1% level with mental age; withdrawing tendencies (.1082),
qith 328 degrees of freedom, is significant at the 5% level. Schodl
relations (.0623) correlates non-significantly with mental age.

TABLE XI

PROBLEY SOLVING AND MENTAL AGE CORRELATIONS
WITH ATTITUDES SIGNIFICANT AT THE 1% LEVEL

Standard Error

of Coefficient
Problen | Mental of Correlation?®

Solving Age Standard Problen | Mental

r iy Mean | Deviation | Solving Age
Self-reliance .2521 . 2403 5.97 1.48 .052 .052
Pers'l Vorth . 2433 . 2045 6.49 1.83 .052 . 053
With. Tend. 1756 .1082 5.97 1.70 .053 054
School Rel. 254 .0623 5.66 1.59 .054 .055
Problem Solving Correlated with Mental Age
fental Age L6267 -—- 5.01 1.98 .033 ~—-

“Standard error of r estimated by the general formula
5} =1 - r2, Then the correlations were subject to Fisher's z'
N transformation, even the lowest correlation was
-1 significantly different from zero.
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with the use of the correlations given in Table XI, coeffi-~

cients of deteralnation were obtained showing the relative and
joint contributions of attitudes (those significant at the 1%
1evel) and mental age to problem solving achievement. An illus-
sration of the relative and Joint contributions is givean in the
diagran velow. Direct contributions to problem solving achievement
are nade by attitude and mental age, and the product terms, shown
py tie double arrows, indicate Joint contributlons of attitude and

pmental age to problem solving achievement.

”N

Attitude

Mental Age

N
’d

N\ /

Problem Solving
Achlevement

Letting X represent problem solving achievement, Xp repre-

sent mental age and X3 represent attitude, beta coefficients were
calculated by the Lormulas below: ™t
& 13 - f12%23
1302 2
1 - re23

"512.3 =T - /ﬁ13.2r23

lEngelhart, Psychometrika, p. 289.
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“ae proportlons of variance of the depeandent variable to be

asoribed to the direct and Joint influences of the independent
yariables were ascertalned by calculating:
2 2 r
A213.2, A 10,3 and 2813, 0612.5723
The first two terms, K5213.2 and ﬂ9212_3, represent, respec-

tively, the direct contributions of attitude and mental age to

problem solving achievement. The product term, 38 13,2012.3%23,

is & measure of the joint contribution of attitude and mental age

o
o

o problem solving achievement. If all of the variance of Xy were

ccounted for, even though this is not the case here, then the

)

formula would be:
1 =250 +B%10.3 + 2013.2P12.3723

The results of this path coefficient analysis are glven in the
coefficients of determination of Table XII on page 48. A per cent
interpretation can be given by shifting the decimal points two
places to the right.

Since mental age has much the higher correlation with problenm
solving than each attitude, and both mental age and attitude are
substantially correlated, the coefficients of determination rele-
vant to mental age are much higher than the coefficlents of deter-
mination relevant to attitudes. If one were to predict problem
solving scores from mental ages and attitude measures, comparison
of the regression coefficients for mental age with those for atti-

tudes would show the former much the larger. This analysis reveals
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“m

inat i the production of variation in problem solving ability,
intelligence as measured is much more important than ztititude, even
thousit the analysis of variance has shown certain attitudes to be
significant factors in probvlem solving achievement.
The nethod of path coefficients has certain limitations, as
spown DY Monroe and Stuit.? The method is most effective when cor-
‘relations between the independent variables are low. One of the
aaior purposes of factor amalysis is to identify uncorrelated, or
pearly uwnucorrelated, factors.

TABLE XII
QOEFFICIENTS OF DETERMINATION SHOWING
N

DIRIECT AND JOINT INTFTLUENCES O MENTAL AGE AND ATTITUDE
ON PROBLEM SOLVING ACHIEVEMENT

Mental Age
and
Mental Age Attitude Attitude
Self-rellance 3610 L0114 . 0291
Personzl Worth .3624 L0144 .02%6
Tithdrawing Tend. 3782 .0119 .0145
Schoocl Relations . 3860 .0075 . 0067

The same procedure that was used for problem solving and
attitudes was also used for reading and attitudes. These results

are presented in Table XIII on page 50. Those attitudes found to

2lonrce and Stuit, p. 162.
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sisnilficantly related to reading achievement at the 1% level are
personal worin, withdrawing tendencies and school relations. Self-
relicnce 1s significant at the 5% level. Total personal adjusiment
is siznificant at the 1% level, and total adjustment is significant
ot the 5% level. Even though family relations fails to be signifi-—‘
cent with an F of 2,96 (3.07 needed for 5% level), in the low
ability group those with high atiitudes scorgd 1.7 stanines higher
than vhose znaving low scores. A similar difference exists for
the attitude sense of belonging, with a stanine difference in the
l1ow ability group of l.4. Iven though nervous symptoums is non-
significant with an F of .68, a comparison of the low ability group
neans saows a 1.3 stanines difference between the high and low
attitude groups.

Our data show that self-reliance, personal worth, withdrawing
tencencies and school relations are significant with both arith-
netic problenm solving and reading, all being significant at the 1%
level, with the exception of self-reliance and reading, which is
significant at the 5% level. Together with total personal adjust-
ment, these attitudes seem to have a significant role in arithmetic
problem solving and reading achievement. A sense of belonging and
family relations are significant factors, at the 5% level, with
Provlem solving, and non-significant with reading. Still, we can-
ot discount the hypothesis that these attitudes might affect
Teading achievement, since differences do occur, largely in the

Llow abllity groups.
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TABLE XIII
ANALYSIS OF VARIANCE RESULTS PERTAINING T
ATTITUDE LEVELS AND RIEADING
= Degrees
Sums of of Level of
Attitude Sqguares | Freedomn | Varlance B ! Significance®

seif-reliance 19.67 2 9.84 ; 41T .05
;;_w:;;::; Worth 39.5 2 19.77 7.85 .01

“ ;;;;;nal Freedon 8.04 2 4,02 1.34 Yon-sig.
;;;;;~1ng 12.50 2 6.25 2.59 Non-sig.
;;;;ﬁfa"lng Tend. 25.26 2 12.63 5.37 .01
g;;ﬁous Symptonms 3.27 2 1.64 .68 Non-sig.
total Pers'l Ad3. | 35.52 2 17.76 | 6.65 .01
Socizl Standards 4,87 2 2,44 .97 | Noun-sig.
Social Skills 2.99 2 1.50 .60 TNon-sig.
inti-social Tend. 7 34 2 3.67 1.35 Non-sig.
Fanily Relatiouns 12.67 2 6.34 2.96 Non-sig.
Sciocl Relations 24.50 2 12.25 5.08 .01
Comuzunity Rel. .80 2 J40 .15 Non-sig.
Total Social Adj. | 12.12 P 6.06 | 2.49| Non-sig.
Totel 4dj. 20.16 2 10.08 3.80 .05

&2 of 4.78 needed for 1% level and 3.07 for 5% level with

2 & 131 degrees of freedom.
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zeonal Zeactors and Problem Solvin

o
by

Tie second purpose of this study was to try to get a better
understanding of the intellectual factors involved in problem solv-
pg &bllity. As was mentioned previously, certain controls, such
os atministration of the tests, scoring and same grade level, were
qgeintalined to make the results as objective as possible. Arith-
metical problem solving was designated as the dependent variadble,
and arithmetic compufation, verbal ability, spatlal relations,
logical reasoning and numerical reasoning were designated as the
indeperndent variables. Table XIV lists these variables with each
symbol, mean, standard deviation and standard error of the mean.

TABLE XIV
LIST OF VARIABLES

Standard Standard Error
Variable Symbol Mean Deviation of Mean
Arivh. ZProblem Solving X1 6.5 1.47 .081
Aritn. Computation Xo 7.6 1.24 .068
Verbel AbDility Xz 7.3 1.27 070
Svztial Relations X 5.1 1.94 .107
Logical Reasoning X5 6.7 1.56 .086
Fuzerical Reasoning X6 7.2 1.37 .076

The correlation coefficients between the dependent and inde=-
vendent variables with their standard errors are listed in Table XV

on page 52. Ve see that the independent variables that correlated

|
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T AT
ataiddiig

ZERO ORDER COZFFIC. 7S OF CORRELATION
WITH THESIR S. ARD IRRORSE

% .\’1 XZ XB X XS 15
|
Xlg 1.0000 | 6934 ¥ ,029 | 6971 & .028 [.3969 T 047 [.5423 £ .039 {.6391 T .033
|
T 693k 1.0000 21l 045 [.3530 & 048 | LGk 043 1.5303 & L0KO
Xy, 5971 L21k 1.0000  |.2885 ¥ 051 | .72 ¥ Louk |.5268 ¥ L0k
Xl 23969 3539 .2385 1.0000 L3943 F 047 1.3503 T .048
Te| .3h23 ROShn 72 .3943 1.0000 6271 & 033
!
X! 6391 .5303 5264 .3503 6271 1.0000

2S+tandard error of r estimated by the general formula Cfr =1 - 12,

VI - 1

Wnen the correlations were subject to Fisher's z' trans-

formation, even the lowest correlation was significantly different from zero.
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ghest with prodlem solving are X3, verbal ability (.70), %o,

; ritamesic computation (.69) and Xg, numerical reasoning (.64).
gfhese deva are compatible with those of previous studies reviewed
i3n the chapier on the related literature.

The intercorrelations between the variables are alsc presented
in Table XV.

In determining the relative contribution of each independent
variable to problem solving ability, beta coefficients were ob-

tained using the Doolittle Method, as snown in Table XVII in

L]
N

D
QL

(D

>

LD III. (The rationale of beta coefficients is also pre-

t
3

ted in Appendix III.) The results of these beta cocefficients

ks

S

(O]

are given in the following standard score regression egquation:
X =’.3883X2 + J40ATEs + .0642Xy + .0528X5 + .1651¥g
Tne general form of the multiple regression eguation 1832
L = bio.3456%2 + b13,2456%3 + b1y, 2356K4 + D15,2346X5 +
P18.2345%6 + ¢
IThe results are: »
X = 4624y + JATOX3 + 049Xy + .050Xs5 + .17TXg - 2.33
Thls equatica shows that for every unit increase in Xr, X1 1is
increasing .462 unit; that for every unit increase 1n Xz, X is

increasing .470 unit; etec.

34s in regression equationms, "c¢" is a constant. The coeffi-
cients byp,3456, etc., are multiplying constants or weights for
the X values; they were found by the formula:

&
b10,.3456 = (%?% B12.3456
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The coefficients of determination are:
/5212.5456 = .1508
2215 o455 = L1638
P24 o356 = 0041
© %15, 0346 = -0028
#%16. 0345 = 0273
8 12.3456513 . 0456¥03 = -132%

2103456214 . 2356T24 = <0176
2012.3456£15.2346%25 = -0190
22 12,3456216. 2345526 = +0680
35 13. 245614, 2356734 = +0150
26 13,2456 /215.2346T35 = »0190
28 13.0456516.2345F36 = -0703
26 14,0356 215, 2346T45 = 0027
20 14.2356 £16.2345T46 = 0074
20 15.2346/016.2345¥56 = -0109

The results were checked by comparing the summation of these

3

measures (.7111), the coefficient of multiple determination, with

E

the square of the coefficient of multiple correlation, 321.23456 =
(.7108), obtained as follows:

B2y o356 = P1oT12 + O13%13 + ST + P1s¥is + A16%16
=  ,2692 + .2821 + .0255 + .0285 + .1055
= .7108

This yields a multiple correlation of .8431, using all values cor-

Tect to eight decimal places.
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Zromn these beta coefficlents we see that verbal abllity (X3

@nd aritametic computation (Xp) contribuite most to provlea solving
2biiity. The relative contribution of numerical reasoning, spatial |
relations and logical reasoning are slight.

The coeificients of determination are listed below. The Joint
centributions have been broken down according to the ratios of the
direct contributions and added to the cdirect countridbutlions tc ob-
tain estinates of the separate effects of the independent variables
on variation in the dependent variable. The contribution of un-

xnown, or unmeasured, factors was secured by the difference from

unity of the observed coefficients of de’cermination.4

Per Cent'Contribution to

Independent Variables Variance of Problem Sclving
Verbal Ability 33.39
irithmetic Computational Ability 30.T4
Yumerical Reasoning 5.57
Svatial Relations B84
Logical Reasoning D57
Unknown or Unmeasured Factors 23.89
| 100.00

A summary and check of the beta coefficients are shown in

Table XVIII in Appendix III.

4l - Rg is often termed a coefficient of non-determination.




CONCLUSIONS AND RICOMMENDATIONS

Conclusions

Zducators and psychologists have frequently expressed iheir
views of the effects of attitudes on achievement. It is difficult
or improper To be too specific in evaluating limited data. We may

be zulllty of over-generalizing, and on the other hand we may be

s

andlcapping ourselves by belng overly skeptical in evaluating
dzva. One of the purposes of this study was to determine the
ieffects, if any, of certain attitudes on probiem solving achleve-
aent. The hypothesis was stated that attitudes do affect vproblem
'solving acnievement. Waich attitudes influence achlevement and to
waat degree we hoped to learn from the results of this study. Our
second purpose was to gain a further understanding of the intel-
lectual factors in problem solving achievement. Again, we know
some of the factors involved, but we hoped to evaluate ithe rela-
tive countributions of some of these factors--namely, arithmetical
computation, spatial relations, verbal abllity, numerical reasoning
and loglcal reasoning.

The conclusions drawa from this study, we must remember, came

from the test results of seventh grade pupils from four Chicago

56
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piementary schools. This samnle ponulation was z2dbove average in

intelligence and problem solving &t. .ty as measured by the Call-

ko

fornia Test of Mental Maturity (Shc . Porm) and the Metropolitan
pchnievexent 3Battery, respecctively. ae teram, attitude, as used in
tais svudy, refers to those attituc as defined and neasured by

Fal

tne Callifornia Test of Pexrsonality.
Aoplicetion of analysis of variance %o the data showed that
the avtitudes self-reliance, personal worth, withdrawing tendencies

sl
P

schcol relations were significantly related to problem solviang

e}

S

szchievement at the 1% level of confidence. These results were also
verified by the correlations that were run between these attltudes
end problem solving achievement. All were significant at the 19
level with the exception of school relations, which was significant
at the 5% level.

Tae results of the minor path coefficient analyses, as given
in Table XII on page 48, show that mental age contributes most sig-
nificantly to problem solving achievement. The per cents are .36,
.38 and .38, respectively, in dealing with self-reliance, personal
worih and withdrawing tendencies. These attltudes accounted for
oniy 1% of the variation, while the joint influences accounted for

approximately 2% in each case. Thus, we would have to say that

E3

ental age i1s the most important factor in problem solving achleve-
aent.
The two attitudes that were significant at the 5% level were

family relations and the feeling of belonging. Even though these

¥
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5

-

sily understood. The other six attitudes presented small

out non-significant ratios. This is not to say that personal free-
jom, freedom from nervous syumptoms, desirable social standards and
¥iills, freedom from anti-social tendencies and good conmrunity

ons are not desirabdble attltudes to possess. The data showed

v
©
}...l
fo
’J’

ferences with all attitudes, even Tthough they were not signifi-
o ] o o
axt av the 5% or 1% levels.
The comparative research with reading achievement seemed to
strengthnen our findirgs with problem solving achievement. With

ding achievement the same four attitudes, self-reliance, per-

h‘
{D

onal worth, withdrawing tendencies and school relations gave sig-

1623

nificant results. The only difference was that sellf-reliance
showed a significance at the 5% level instead of the 1% level.

zven tacugh the attitudes family relations and feeling of belonging

o)
hate §
10)
H
I
w

iznificant at the 5% level with problem solving and uon-

gnificant with reading, differences of over one stanine did occur

w
ot
[6}e]
+-

with the low ability group in reading achlevement. With respect
to the total personal adjustment, total social adjusitment and total
adjustnment, the comparisons bhetween problem solving achievement

nd reading achievement were similar, all being significant at the

m

1% or 5% level with the exception of total social adjusiment, which
showed non-significant differences in problem solving and reading

achievement. Thus, we may infer that personal adjustment 1ls more

are ldentlflied separately, the close relationship between:

:

d
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cant than social adjustment in problem solving and reading

apol

achiievenent.

From the preceding presentation we may conclude that the pupil
who 13 independent, reliable and relatively free from hostility and
iaggressiveness 1s more apt to be successful in problem solving than
the pupil who lacks these attridbutes. The successful pupil is
further characterized as having good school and family relations
with feelings of belonging and self-respect, in contrast to having
feelings of being lonely, sensitive and given to self-concern.

The path coefficient values were used in securing the coeffi-
cients of determination, the direct influences being obtained by
squaring the path coefficlents of the paths leading directly from
eacin of the independent variables to the dependent variable, prob-
len solving achievement. The ccocefficients of determination measur-
ing the Jjoint or combined influences were obtained by taking twice
the product of the two paths from the given independent variables
to the dependent variable times the coefficient of gorrelation
between the two independent variables. Since we were working with
five independent variables, there were ten product terms.

We may conclude from our data that verbal abllity and arith-
metic computation are the two most significant factors in a pupil's
ability to solve arithmetic problems. The coefficients of deler-
mination between problem solving abllity and these factors were
.16 and .15, respectively. Thus, we may state that problem solving

ability depends almost equally upon computational ability and




verbal ability. The ability to reason numerically (.03 also seems)

+to rave a positive bearing on problem solving abllity. Spa
relations (.004) and loglcal reasoning (.002) seem to rave little

oz no relatiounship.

Recommendations

§ The data of this study have indicated that certain atiitudes
do influence problem solving achievement, and that these results

did not occur from mere chance. It was also pointed out that ver-
pal ability and arithmetic computation are important faclors in a

pupil's ability to solve problems. If we, as educators ané parents,

wish to see greater achievement in this difficult phase of the
sarithmetic program, then it would behoove us to consider these
points in planning and teaching the arithmetic curriculum.

It was not the purpose of this study to determine how and why
negative and positive attitudes are developed. This 1s notv to say
that this problem does not provide a fertile field of investigation
for educators and parents alike. Since educavion 1s a co-operative
endeavor, contributed to by many social iustituilions of which the
school and family are primary, then we nust all be cogrizant of the
factors which influence achievement, attitudes being one. As 1t is

ne objective of all concerned with the schools to accomplish the
ains of education, then it would seem that tiae educative process
night call for greatér stress on the development of favorable atiti-

tudes, especially on the elementary level.
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Tnere are certain implications apparent to the writer of this

study Tor educators, in particular for elementary teachers. Under-

standing the development of positive and negative attitudes of

3

s should contribute to teachers' techniques in fostering

(=]
w

i

upi

3
(]

reater achievement in problem solving. This could also lezd %o

68

petter understanding and recognition of poor atiitudes. By the
establishment of an atmosphere in which pupils are free to express
themselves and to participate freely, favorable attitudes, such as
self-reliance and feelings of being worthy, could become a reality
to Those pupils who lack them, and maintained and developed in
trzose pupils who already exhibit these qualities. By being aware
of <hose pupils who have poor family backgrounds and feel as though
trney do not belong, an understanding teacher can provide experi-
.exces walch can alleviate, 1f not eliminate, much of the harm that
vhe lack of these attitudes presents in achievement. Teachers with
knowledge, a posteriori, can without too much difficulty readily
identify those pupils who manifest personal and social problems.
The preceding discussion was not meant to place the burden of
nupils' personal and social adjustment only upon the classroon
teacher. Many agencies must help if we are going to make great
progress in this direction, not the least of which is the family.
The writer is not trying to set up utopilan principles which would
be almost inmpossible to achieve, but suggestions--practical and
difficult in that they take hard work and time--which we must fol-

low to produce greater achievement. The teacher need not take the

d
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place of a psychologist, but with the use of available btess results)

and ©eSIs such as the Californiz Test of Personality, or auy other
measuring technique, such as teacher rating scales arnd pupil self-

3
inventiories, the teacher can gain a better understanding of the
attitudes that pupils possess. It seems that if attitudes do rlay
‘fa signlficant role in achlevement, and the resulis of thls study
seexn To verifiy thils point, implications for teacher training are
present. The writer suggests that additional courses in psychology
ané measuremen?t could aid teachers in better understanding thelr
pupils, especially on the elementary level during imporitant forma-
tive years.,

Education cannot be complete without the co-operation of
parents. Parents must be informed to better undersitand their
children and the educative process, of which attitudes constitute

a significan?t aspect. Educators must work with parents to study

oupils' adjustment, both personal and social. The lack of joint

(e

o-operation makes the objectives of the schools almost impossible.
Since verval ability and aritaaetic computatioﬁ are signifi-
cantly related To problem solving, improvement in these ablilities
should show an improvement in problem solving ability. Rather than
continuing practice in solving problems, it would seem that teach-
ers should spend more time working oun the improvenment of these two
factors, especilally in remedial cases. Test results showing a
pupil's verbal and computational abilities are accessible early in

2 pupil's school life. These results can be watched carefully
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srougtout elementary school, and added instruction can be given

U»A-—‘-

wnen & pupll falls below a certain level. XMany cases of fallure

Tith the use of personality inventories and intelligence tests!
etucators have means by which to diagnose a pupil's chances of
berng successful in arithmetic problem solving. With these results

they are better equipped to make the total adjustment of pupils

‘more oI a reality.

idditional guestions that may be answered by further research

Do attitudes influence achievement to a greater extent with

IV
ks
)

unpils vossessing lower intelligence? How, why and when do pupils

‘d

acgulre certain attitudes? How nuch do the attitudes of parents
and teachers affect children's attitudes? How much does failure
affect attitudes? What are some of the methods that teachers nmay

use to improve verbal and computation a2bilities? To what degree is

2

nadequate teaching respounsible for poor attitudes and lack of

achievenent in problem solving?®

The answers To tanese questions would certalnly aid us in

teaching and probably would assure pupils of greater achievement.

/J

p
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APPENDIX I

DESCRIPTION OF TE5TS

California Test of Personality

The California Test of Personaliity, Xindergarten to Ldult, is
conposed of two sections, personal adjustment and social adjust-
ment. IBach of these sectlons contains six components which totally
measure the concept of 1life adjustment.

The specific tendencles to think, to act and to feel as
neasured by this test and considered as attitudes for the study
are as follows:
L., Personal Adjustment
1. Self-reliance
. Seunse of Personal Worth
. 2Sense of Personal Freedon
. Feeling of Belonging

. Vithdrawing Tendencies
. Nervous Symptoms

(O NG I U]

B. Social Adjustnment

1. Soclal Standards

2. Social Skills

3., Anti-socizal Tendencies
4, TFamily Relations

5. ©School Relzations

6. Community Relations

Tne definitions are those given by the authors of the test.

The writer has taken the liberty of re-wording and shortening some

68




69

o

ti¢ definitions. However, in zgeneral they are as found ia the

Sgif-relicnce. An individual nay ve sald to be self-reliant

wnen Ris overt actions indicate that he can do Things indevendently

of cthers, depend upon himself in various situations ard direct hils

’.h

ovn activities.

possesses a sense of

l_l

Sense of Personal Worth. An individua

veing worthy when he feels he is well regarded by others, when he

o

ecls Tthat others have faith in his future success, and when he

Hy

pelieves that he has average or better than average ability.

Sense of Personal Freedom. An individual enjoys a sease of

freedom when hne 1s permitted to have a reasonable share in the
deteraination of his conduct and in setting the general policies

o

that shall govern his life

|

2eling of Belonging. An individual feels that he belongs
Jloiboedihudiovadeuboint % Mo iintundinduiod 5 Jrvaberal X o

vhen he enjoys the love of his family and a cordial relationship

with others. Such a person, usually, will get along well with his

teachers and feels proud of his school.

~7 P

Jithdrawing Tendencies. The individual wao is said to with-

oy

Craw 1s the one who substitutes the Joys of a fantasy world for
actual successes in real life. Such a person 1is characteristi-

cally sensitive, lonely and given to self-concern.
? (]

l1ouis 2. Thorvpe, Willis ¥. Clark, and Zrnest W. Tiegs,
Manual: California Test of Personality (Los 4ngeles: California
Test Bureau, 1953), DD. 3-4.

L
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-ervous Svantons. The individual who is classified as having

nervous symnitozms 1s the one who suffers from one or more of a
variety of physical symptoms such as loss of appetite, freguent

eye S3raln, 1nabllity to sleep, or a tendency to be chronically

Soclal Stendards. The individual who recogunizes desirable

soclal standards is the one who has come to understand the rights
of others and who appreciates ithe necessity of subordinating cer-

res to The needs of the group.

o
e
&
o
[
w
[y

Social Skills. 4n individual who possesses the tendency to

act in accordance with prevailling soclal standards and subordinates
nis or her egolstic tendencles in favor of interest in the problen

2l activities of his assoclates may be said to be socially skill-

inti-social Tendencies. The anti-soclal person i1s the one who

exdeavors to get his satisfactions in ways that are damaging and
‘unfalr to others such as bullying, disobedience and destructiveness
to property.

.

Family Relations. The individual who feels he is loved and

well-treated at home, and who has a sense of securlity and self-
respect in connectlon with the various menbers of nis family,
exhibits desiraeble family relationshins.

School Relations. The student who 1s satisfactorily adjusted

' to his school feels that he is liked by his teachers, enjoys being

s
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Lith other students, and finds the school work zdapted Ho his level

Conmmunity Relations. The i1ad

Q

vidual naklag good ad]

o

c_u
cl-
£
-
B
ct
1]

-t

-

L0 2is commualty is one who mingles happily with his neigabors,
ceiies pride 1n community improvements and is tolerant in dealing

i
cith both strangers aund foreigners.

Californig Short-Form Test of Mental Xeturity

The California Short-Form Test of Mental Maturity, Elementary

Tevel (1957 Edition) consists of seven tests. These seven tests

oute to scores in four factors:
1. Spatial Relationships

2. Logical Reasoning

5. Jumerical Reasoning

4. Verbal Councepts

These factors comprise a Language I.Q., a Non-Language I.Q.

S\)

& a Total I.Q. The following description is baslically the same

i3

s that presented in the manual .2

Spatial Relationships Factor. Important aspects of mental

functioning involve understanding the relationships of objects in
ispace. Involved also is the ablility to recognize both differences
and similarities in designs when they are presented in various

vositlons.

231izabeth T. Sullivaen, Willis W. Clark, and Ernest W. Tiegs,
al: California Short-Form Test of Mental Maturity (Los Anweles.
ifornia Test Bureau, 1957), p. 3.

HZ
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1zt and Zeft, consists of twenty pictures

of 22485 and feet in vaerious positions. The items are designed to

reveal vhe pupll's ability to discriminate between right and left,
i
involving such mental process as manipulation of visually pre-
:

bjects and two- and three-dimensional perception.
g Test 2, Henipulation of Areas, consisis of fifteen items, each
of waich requires the pupil to identify the one among four drawings
wailch 1s a different view of the first oune.

Leogical Reasoning Pactor. The solution of almost any problem

requires the maXkXing of decisions. Zven The simplest situations

geaerally involve a choice among alternatives and the drawing of

conclusions from given premises. The ability to grasp relation-
ships is tested in two patteras of logical arrangement, involving
| Ipoth inductive and deductive reasoaing. The following tests con-
tribute the data for the factor score for Loglcal Reasoning.

Test 5, Similarities, contains fifteen items, each of which
consists of seven drawings. The first three are qlice in sone
way. The pupil determines the nature of this likeness and then
finds another drawing among the remaining four which is related to
the first three in>the same way.

Test 4, Inference, consists of fifteen 1tems, each of which
contains two premises. The pupil nust select the logical con-

clusion, based on these premises, from the three possible responses

iven.

.




use these principles in making inferences and reaching correct
conclusions.

Test 5, Number Seriles, consists of ten nunber series items
which increase or decrease in various patterns. The pupil‘indi—

-

es his understanding of the princivle governing each pattern by

Py

ct

ca

ct

atifying the one nunber in each series which violates this

‘-J
£
©

principle.

|

o

|
1
;
i

i
i
I

1
I

Test 6, Numerical Quantity, counsists of fifteen problems in

tantitative reasoning. Zach item contains a. numerical situation,

ci

cogether with a question about 1t. The pupil nust work out the

problen and select the correct answer from four possible responses.

\The empnasis is not on testing knowledge of arithmetlc fundamentals

but ratner on testing thinking in mathematical situations.

Verzal Ccncepts Pactor. T

"

is factor measures the exanminee's

el
conprenensioca of the meanings of a carefully selected series of

‘words., This facility is universally recognized as an important

jespect of intelligence.

Test 7, Verbal Concepts, contains fifty items consisting of a

ey word, a syanonym, and three distracter words. Two words, there-

fore, nmust be correctly comprehended as possessing a similar con-

notation, making a total of 100 recognition words.
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etrovolitan Lchievement Tests

4

The Metropolitan Achievement Tests couprise a co-oxrdinated
iseries of wmeazsures of achievement in the important skill zand con-
itent areas of the elementary and junior high school curriculunm.
?rimary in the minds of the authors has been the intent to develop
itests that would contribute most effectively to teacher under-
standing and analysis of pupils' achievement, and that would pro-
vide dependable data for evaluation of pupll growth. The validity

of these tests is based on analysis of textbooks, courses of study,

expert fornulations of the goals of instrucition at the various
.elementary levels.,

The Metropolitan Achievement Tests counsist of ten tests:

1. Reading

2. Arithmetic Computation

3. Arithmetic Problem Solving and Concepts

L, ord Xnowledge

5. Spelling

6. Language

7. Language Study Skills

3. Socizl Studies Information

9. Social Studies Study Skills
§ 10. Scieace )
: Of these %ten tests, this study makes use of only the first

three. Definitions of these three tests, generally as presented

‘in the manual, are given below.>

JWalter N. Durost et al., Manual: Metropolitan Achievement
:Tests, Intermediate Batlery (Chicago and New York: World Book Co.,
1939), Lp. 3= 4.




test consists of a series

designed

general significance.
meaning of the

Abl*luj to select the main thouszht of a passage, or
literal
zation explicltly se

a.
to judge 1its
the

Ab11lity to uanderstand
selbction, or to locate infor

relationships among the 1deas set
to draw correct inferences

forth.

c. Ability to ses
forta in the sel
he selection

which of several

the
from i
Ability to determine the meaning of a word from con-
EXT
01 iat

ction and

text, or to judge from the cout
nossible meanings of a word 1is the appropriate oune.
nis 1is a forty-eight item test which

d.
Arithmetic Computation. T
covers fundamental operations with whole numbers, decimals and
fractional parts of numbers, reading of graphs
minate numbers.
test consists

This

Solving and Concepnts.

nd addition and subitraction of deno
oblemnm
The first is a measure of uwaderstanding of concepts

o

(=

Arithmetic Pr

: 23
WO parTES.

umber system
and principles, measu

7 the & arithmetic processes, vocabulary, mathematl-~
econd measures the ability of the pupil to apply

es and arithmetic rela-

“
e

eneralizavions

: The s
Zumbers in soclal situations and to make sound Jjudgments with
The emphasis 1s on reasoning in

(\)

| vect to quantitative probvlems
lnumerlcal situations; the reading load has been kept at the lowest
and only very simple computational skill is re-

1
-
AT
i

Jpossible level

quired.
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TABLE XVI

£ SOLVING
ATD

’ Yo Y AT T TN
ACHIEVIZVIENT

MENTAL AGE

Suzms of

Sguares

Degrees of
Preedon

Variance

b3

1 of

Lev
! icance

e
Signif

201.61

100.81

23.69

11.85

4.90

226,49

28.31

11.70

.01

Interaction | 1.19 4 (¥ -1) x .30 12! Yon-sig.
! (L - 1)
‘7ithin

: Sub-groups

316.50

131 (W - ¥L)

2.42

Total

542,99

1)
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PCR CALCULATION OF

1y, p. Griffin,

PZNDIX III

BLE SCHEMA
BETA COEZPFICIENTSL

First Order Calculstion

<13.2

I
H
i
Ul

- Ti2¥23

SC14.p = T14 - T10T24

o<l5.2 =L

15 - f1iof25

K16.20 = T16 - T12T25

o<

o<63.2 =%

64,2 =T
5.2 = T
Woz = 1
Wou =1
“Wos =1
“Wog =1
"Simplified

”'auloa," Journal of Exverimental

239 254.

43,2 = T34 - T24T23
53,0 = T35 - T25T23
=< 54,2 = T45 - Tosfosn

356 - To6%23
TogLoyh

56 - Togfos

Schema for Multiple Linear Corre-
Education, I (March 1933),

77
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First Order Calculations (cont.)

o<, 5
/613.2 — 13.2

Wos
&43.2 — OCZ‘I‘BOE
ﬁ553,2 - °C55°2

wWo3

Second Crder Calculations
L yy.03 = X1n.0 - A13.0%93.2
15,05 = FC15.2 = 213.2%53.2
16,23 = X16.2 - A13.2563.2
Lsu.05 = Fsu.0 - B53,29%3.2
o403 = Feh.o - D63.2543 .2
“65.23 = F65.2 - £53.2553.2
Wopz = Lon - Au3,2%03.2
Wog,3 = o5 - P53,2%53,2
Log.3 = Wos = Pgz.0%63.2
Pru.oy = Z1ke25

“ou.3
Asi.03 = %—4—29
24.3

Poh.p5 = 0423

“ou .3
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- Ay 03%sn o3

}_J
Ui
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W
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il
W
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n
Ut

~ B14.03%6k 0%
3 - Bsn 3% 5,23

[
(@)
L
N
Ll
I
i
* ¥
(@)Y
.
N
A}

65.234 = 65,

\®]

05,34 = Y53 - Ssi,03% 58,03

Wog.54 = 5.3 - Apr. 03 cs.03
°<'“" +
215,054 = 122200
25,354
p 55 234
65,2034 = 22022
“o5,34

Final Partial Resgression Coefficient

Ky 6034 - Aig, 030565, 034

) Wog.3h - A65.254X65. 234

= Ai5.034 - P16/ 55054

= A1y.03 - P1556.03 + /516%664-23)

= As.0 - (P14Pi3.0 +P1553.0 + P165%3.2)

= 1y - (Pisroz + PraTos + 15705 + 16T26)

Lwer. 7




TABLE XVII

DOOLITTLE METHOD FOR COMPUTING
BETA COEFFICIENTS

80

Column Number 2 3 L 5 6 1 Check
Variable Xo X3 Ty Xsg X8 X Sum

Row Instruction

A oy 1.0000 L21h <3539 JLslidy .5303| L6934 | 3.4634
B A (-A2) | -1.0000 |- 4214 |~ .3539| - 4bLk| - ,5303 693 | =3, 4630
O 1.0000 | .2885| J4472| (5264 L6971 | 3.3806
D AxB3 - 776 | - J1891 - 1956 | - .2235 .2922 | =1.4595
E C+D .8224 <1394 «2516 3029 L0495 | 21,9211
F E 7 (-E3) -1.0000 | - .1695| - .3059 | - .3683 L4923 12,3360
G T 1.0000 | 3943 .3503| .3969 | 2.7839
H AxBs - 12521 - 1644 | - 1877 2ush | 21,2257
I ExF4 - 0236 - L0426 - 0513 0686 | - .3256
J G+H+I .8512 .1873 1113 0829 | 1.2326
K J% (-d4) -1.0000| - .2200| = ,1308| - 0974 | -1.4481
L ro 1.0000 6271 5423 | 3.4753
M AxB5 - 22157 - 2463 +3220 | -1.6084
N ExF5 - 0770 | - .0927 21239 | - .5877
0 JxK5 - JOM12| - ,0245|-~ .0182 |- .2711
P L+M+N+0 6661 «2636 0782 | 1.0081
Q P % (-P5) ~1.0000 | -.,3957 J1174 | -1.513%
R rg 11,0000 6391 | 3.6732
S Ax B6 - 2812 «3677 | =1.8366.
T ExTF6 - 1116 1491 | - L7075
U JxX6 - 0146} - ,0108 | - .1612
vV PxQ6 - 1043 0309 | - .3989
W R+S+T+U+V 4883 .0806 5690
T W (W) -1.0000 21651 | -1.1653
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TABLE XVIII
STMMARY AND CHECK OF 3ETA COZFPICIENTS
A1y % St P1xrks
X .3883 .5303 .2059
i3 LA04T . 5264 . 2130
Xy .0642 .3503 .0225
X5 .0526 .6271 .0330
Xg .1651 1.0000 .1651
Z = .6395 = 116
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