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CHAPTER I

INTRODUCTICN

Much research has been done in the subject matter
field of arithmetic. Many research studies have had as
their basic purpose the determination of the arithmetical
skills and abilities of freshmen entering teachers col
leges and colleges of education. Research studies in this
field have in the past sought to determine the computa
tional status of entering college freshmen and more
recently a few investigations have been directed towards
a determination of the basic mathematical understandings
not only of entering college freshmen but of students at
other levels of growth and development as well.

Research studies have dealt independently with the
quantitative understanding, problem solving, and compu
tational phases of arithmetic, with most of the emphasis
being placed on the computational phase of arithmetic.
None of the reported research in the field of arithmetic
has determined the status of entering college freshmen
in all of the mentioned phases of arithmetic. Only a
small amount of research has attempted to consider the
arithmetical status of the student in relation to other
socio-psychological factors. In contrast, this study

1
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attempts to determine the status of a group of freshmen

majoring in elementary education in three areas of

arithmetic and compares their performance in relation to

certain socio-psychological factors.

Statement of Problem. This investigation has two

basic purposes. One purpose of this study is to deter
mine, by use of standardized tests, the status of a
representative group of Alabama college freshmen majoring
in elementary education in the quantitative understanding.
problem solving, and computational phases of arithmetic
and to compare their performance in each of these three
areas of arithmetic. That is, the performance of the
group in quantitative understanding will be compared with
their performance in problem solving; their performance in
quantitative understanding with their performance in compu
tation; and their performance in problem solving with their
performance in computation.

A second purpose of this investigation is to con
sider the performance of the freshmen in the three stated
areas of arithmetic in relation to certain socio-psycho
logical characteristics as follows:

To determine if a relationship exists between1.
the average performance of the freshmen in the quantita
tive understanding, problem solving, and computational
phases of arithmetic and the type of community (rural or 
urban) from which they come.
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To determine if a relationship exists between2.

the average performance of the freshmen in the quantita
tive understanding, problem solving, and computational
phases of arithmetic and the size of the high school they
attended.

To determine if a relationship exists between3.
the average performance of the freshmen in the quantita
tive understanding, problem solving, and computational
phases of arithmetic and the size of the elementary
school they attended.

4. To determine if a relationship exists between
the average performance of the freshmen in the quanti
tative understanding, problem solving, and computational
phases of arithmetic and the type of mathematical back
ground they had in high school.

To determine if a relationship exists between5.
the average performance of the freshmen in the quantita

tive understanding, problem solving, and computational

phases of arithmetic and their indicated scholastic rating

in high school.

6. To determine if a relationship exists between
the average performance of the freshmen in the quantita
tive understanding, problem solving, and computational
phases of arithmetic and whether or not they report employ
ment which included the functional use of arithmetic.



4
To determine if a relationship exists between7.

the average performance of the freshmen in the quantita
tive understanding, problem solving, and computational
phases of arithmetic and their expressed attitude towards
arithmetic.

8. To determine if a relationship exists between
the average performance of the freshmen in the quantita
tive understanding, problem solving, and computational
phases of arithmetic and their expressed need for a re
fresher course in arithmetic.

To determine the relative preferences of the9.
freshmen for quantitative understanding, problem solving,
and computation.

Importance of Problem and Justification for the
Study. As has been previously stated, research in the
field of arithmetic testing at the college freshmen level
has dealt independently with the three phases of arith
metic under consideration. Most of the emphasis has been
placed on the skill of the student to compute. An in
vestigation of the literature pertinent to this study
shows that little attention has been given to comparing
the performance of students in the several phases of

It was also found that little considerationarithmetic.
has been given to determination of the relationship of
the students' performances in arithmetic with socio

In the past decadepsychological characteristics.
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increased attention has been given to number meaning,
that is, understanding of the basic concepts and prin
ciples inherent in our number system. During the past
five years a few studies have attempted to determine the
degree of arithmetical understanding of individuals at
several levels of growth and development. In a similar
vein, a few studies have attempted to determine the
ability of individuals, at several levels of growth and
development, to solve problems. As a whole these studies
have dealt independently with the three areas of arith
metic under consideration. However, these studies re
vealed the fact that entering college freshmen exhibited
deficiencies in their ability to compute, to solve
problems, and to perceive number relationships.

Studies concerned with the training of teachers have
suggested a variety of curriculums that would adequately
train teachers of arithmetic. Even though many recom
mendations have been made for a curriculum that would ade
quately train teachers to teach arithmetic, research has
shown that teachers of arithmetic have exhibited
deficiencies in the several phases of arithmetic. Such
findings may indicate that there is still need for further

curriculum.
to the training of teachers of arithmetic.

evaluation of the arithmetic phase of the teacher training 
The implications of this study are related
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It is vitally important that research studies ap

proach the problems in the field of arithmetic from new
directions, moving towards the objective on new lines of
thought. Research studies have definitely shown the in

ability of entering freshmen to perform satisfactorily

in the computational phase of arithmetic. Since the
most widely expressed learning theory of arithmetic at
present holds to the concept that arithmetic consists of
more than mere skill in computation, then it seems im
perative to determine the status of future teachers of
arithmetic at the elementary school level in the quanti
tative understanding and problem solving phases of
arithmetic as well as the computational phase of arith-

If securing additional information on themetic,
problems involved in the arithmetical competence of
future teachers of arithmetic is of value, then to make
the attempt to see if relationships do exist between cer
tain socio-psychological factors and competence in arith
metic is certainly also worthwhile. This study can be
Justified in that an attempt has been made to determine
the status in three areas of arithmetic of a group of
freshmen students who plan to teach at the elementary
school level; to compare their competence in these three
areas of arithmetic; and to determine the degree of rela
tionship between certain socio-psychological charac
teristics and competence in arithmetic. No other study
has attempted to do Just this.
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Scope of the Study. The freshmen students who par

ticipated in the investigation were those who attended
the white state supported teacher education institutions
in Alabama. The initial purpose of this investigation was
to determine the arithmetical status of students at each
of the four college class levels (i.e., freshmen,
sophomore, junior, and senior). As more time, thought,
and planning were given to the problem, it was decided to
limit the determination of status in arithmetic to the
college freshmen level.

There were three basic reasons for limiting the
sample to only those elementary education majors who
were freshmen: 1. If the arithmetic abilities of
future teachers of arithmetic could be determined at the
beginning of their training, the teacher training insti
tutions would be in a better position to adjust their .
program in light of the needs of these beginning students.
2. By limiting the sample to freshmen students, it was
possible to make a thorough study of the arithmetic
abilities of a group of students as they completed their
formal training in the public schools. 3.

had such varied college experience in arithmetic, the
teaching of arithmetic, and related courses that it would
have been difficult to assess the effects of those ex
periences on the test scores.

At any level 
above that of first term freshmen the students would have



CHAPTER II

REVIEW OF THE LITERATURE

The reader will recall that this study has two
(1) to determine the status of a groupbasic purposes:

of freshmen elementary education majors in three areas
of arithmetic and to compare their performance in each
of these areas, and (2) to relate the performance of
this group of freshmen elementary education majors in
arithmetic in light of several socio-psychological
factors.

In the light of the two basic purposes of this
study, a review was made of the research studies in
arithmetic that have measured the status of college
freshmen in the subject field of arithmetic. A review
was made of the research studies that have made com
parisons in problem solving and basic computation and
also of the studies that have considered certain socio-
psychological factors in relation to performance in
arithmetic.

The training of teachers of arithmetic and the
learning theories concerned with arithmetic are closely
related to the basic purposes of this study.

8

Therefore, 
the literature in each of these two particular aspects 
of arithmetic was reviewed.
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The literature under consideration will be dis

cussed under five specific groupings. These divisions
will be considered in the following order:

1. Review of studies that have determined the
status of college freshmen in the subject field of arith
metic .

Review of studies that have compared the per-2.
formance of individuals in the several phases of arith
metic .

Review of studies that have been concerned with3.
the socio-psychological and other variable factors af
fecting performance in arithmetic.

4. Review of the literature in the area of training
teachers of arithmetic.

Review of the literature concerned with the5.
learning theories of arithmetic.

Status of College Freshmen in Arithmetic

The first section of this chapter is concerned with
the research studies that have made the attempt to deter
mine the status of college freshmen in the computational,
problem solving, and quantitative understanding phases of
arithmetic.

Studies Concerned with Computational Status of
College Freshmen. An examination of the pertinent research
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literature showed that the majority of investigations
were concerned with the computational status of college
freshmen.

general investigation to determine how much arithmetic
was actually at the command of high school graduates when
they enter Harris Teachers College after being away from
arithmetical study for four years or more. This study
not only showed the relative value of two methods employed
to find the position of the decimal point in the quotient
when the divisor or both dividend and divisor contain
decimal places, but it also revealed the performance of
this tested group of freshmen in one particular aspect of

Method (A)computation, the division of decimal numbers.
used the rule that there ere as many places in the
quotient as those in the dividend exceed those in the

Method (B) considered the process of firstdivisor.
rendering the divisor an integer by multiplying both

dividend and divisor by 10 or some power of 10, then pro

ceeding as with integral divisors. He found that:

As early as the year 1917, Drushel^ conducted a

"The

1. J. A. Drushel, "A Study of the Amount of Arithmetic at the Command of High School Graduates Who Have 
Had no Arithmetic in Their High-School Course," Elementary 
School Journal, XVII (September, 1917), 219-231.
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average accuracy by Method A is about 66, based on 559

Drushel concluded that in light of his study, the
second method (B) should certainly replace the old first
method (A).

conducted a

study to determine the computational abilities and dis
abilities of 504 college freshmen. The Thorndike Intel
ligence. Examination for High-School Graduates was used in
this study. This test dealt with the fundamental opera
tions, problem solving, number series, completion, and
some algebraic manipulation. The freshmen who partici
pated in this study had elected to take in their high
school curriculums at least one year of algebra and one
year of geometry. This sample had a satisfactory dis
tribution of mental capacities for college work. The
authors of this study stated that the results indicated
that this group of college freshmen had not mastered the

Ibid., p. 660.2.

attempts by 507 people, and by Method B about 99, based 
2

on 79 attempts by 69 people."

3.Jeffery Terry
Their Master” ____ _________ ______ , 
sity of Southern California Studies, Second Series,

Frank C. Touton, Karl K. Heilman, and Esther
, Studies of Secondary School Graduates in 

•y of Cerfa~in~^Fundamenfal Processes, UnTverL’ 
Tiern California Studies, Second Series, 

No. 1, Los Angeles, California: University of Southern 
California, I927.

3 In 1927, Touton, Heilman, and Terry
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arithmetical processes involved in basic computation, nor
did they possess the ability to analyze word problems.
"These results suggest the conclusion that high-school
graduates as a group lack the necessary ability to make

in an effort to secure data to determine
the nature of the arithmetic deficiencies of college

One group of 83students, tested two groups of students.

freshmen was administered the Arithmetic Computation and

Arithmetic Reasoning sections of the Stanford Achievement

Test. Arnold did not state in the report of his study
why two groups of freshmen were given two different arith-

The results showed that a significant pro-metic tests.

portion of the freshmen who took Monroe1s Diagnostic

' Tests in Arithmetic fell below the eighth-grade norms.

4. Ibid P. 55.

freshmen was given the complete set of Monroe1 s Diag

nostic Tests in Arithmetic, while the other group of 140

5. H. J. Arnold, "Arithmetical Abilities and Dis
abilities of College Students," Elementary School Journal, 
XXXI (December, 1930), 259-270. -- --------------

relatively simple applications of the fundamental opera- 
h

tions of arithmetic."
5Arnold,

In the Monroe tests an average of 29 per cent of the scores fell below the eighth-grade norms in all the tests. For the eleven tests involving
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The results of the Stanford Achievement Test were

very similar. The computation section of the Stanford

test showed that 29 per cent of the students scored below

the eighth-grade norm. In this test 7 per cent of the

14-0 college freshmen dropped below the seventh-grade norm

and 5 per cent fell below the sixth-grade achievement

level. The author of this study concluded that college
freshmen as a group possessed certain disabilities in the
fundamental operations of arithmetic which were signi
ficant enough to warrant special attention on the part of

Arnold suggested that drill in computationthe college.
would do much to remove students' handicaps in college
courses.

made a study of the results of an arithmetic
test given to 860 Miami University (Ohio) college

6.
7.

Ibid., p. 264.
W. S. Guiler, "Computational Weaknesses of

College Freshmen," American Association Collegiate Registrars Journal, XX (April, 1945), 367-382?

Guiler?

operations with integers, an average of 
27 per cent dropped below this level. 
In the five tests dealing with opera
tions with common fractions, an average 
of 34 per cent of the scores were below 
the eighth-grade levels, while in the 
five tests involving operations in 
multiplication and division of decimals, 
the average percentage of scores falling 
below the eighth-grade norms was 27.6
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freshmen. The test used was sections E, F, G and H of
the Progressive Mathematics Test (Advanced Form B). The
purpose of this study was to obtain a measure of student
status in computation. The results of this test showed
that:

This study by Guiler also included an analysis of the
types of computational errors made by 860 college fresh
men, but the primary finding of his investigation, as it
relates to this study, was that a significant number of
freshmen tested exhibited an unsatisfactory performance

of a test given to 925 freshmen enrolled in the School of

8.

. . .a significant proportion of the 
college freshmen. . .failed to 
demonstrate competency in many of the 
computational skills which are implied 
in the test items and which had been 
presumably mastered in the elementary 
school. °

in the various computational skills.
9,10,11

Guiler, reported in three articles the results

Ibid., p. 372.
9. W. S. Guiler, "Difficulties Encountered by 

College Freshmen in Fractions," Journal of Educational 
Research, XXXIX (October, 1945),'.102-115. —

10. W. S. Guiler, "Difficulties Encountered by 
College Freshmen in Decimals," Journal of Educational 
Research, XL (September, 1946), 1-13.

11. W. S. Guiler, "Difficulties Encountered in 
Percentage by College Freshmen," Journal of Educational 
Research, XL (October, 1946), 81-95.
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Education, Miami University (Ohio). The test used was the
Christofferson-Rush-Guller Analytical Survey Test in Com
putational Arithmetic. In the first of the series of
three articles, he analyzed the difficulties encountered
by college freshmen in fractions. In the second he
analyzed the difficulties encountered by college freshmen
in decimals, and in the third, the difficulties en
countered by college freshmen in percentage.

In each of the analytical studies, Guller attempted
to determine the computational status of the 925 freshmen
as well as the difficulties they encountered in computa
tional arithmetic.

The conclusions concerning the nature and extent of
difficulties encountered by these college freshmen in the
fraction phase of the test were as follows:

2. The situation revealed by the 
analytical findings should be made a 
matter of serious concern. It should 
lead school officials to investigate 
the administrative and teaching tech
niques which may be responsible for the 
low level of competency of the college 
freshmen in fractions. Pending this 
inquiry, institutions of higher learning

1. Lack of comprehension of the 
process involved constituted the out
standing source of the difficulties 
encountered by college freshmen in 
their work with fractions. This type 
of difficulty was particularly pro
nounced in the multiplication and in 
the division of fractions. In this 
category most difficulty was encountered 
in division and least in addition.
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tational handicaps.

found from the section of the analysis that
dealt with the nature and extent of difficulties en
countered by the freshmen in the decimal phase of the
test, that college freshmen manifested weaknesses in cer
tain phases of work with decimals, such as adding, sub
tracting, multiplying, and dividing decimals. These
college freshmen experienced difficulty in the basic com
putations involved (e.g., changing fractions to decimals,
placement of decimal point in the division of decimal
numbers, changing mixed numbers to decimals, etc.).
Guiler concluded that in light of the deficiencies noted,
higher educational institutions should provide a system
atic remedial program in order to help these deficient

reported in the third series of analytical
studies of difficulties encountered by college freshmen,
the results of the computational phase which dealt with

Guiler, op. cit., pp. 114-115.12.
13.
14.

Guiler, op. cit., pp. 1-13.
Guiler, op. cit., pp. 81-95.

which accept students deficient in computational skills in fractions should 
feel obligated to institute instruc
tional programs whereby the students 
concerned may overcome their compu
tational handlnans.12

Guiler1^

students overcome their difficulties.
„ ,, 14Guiler
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percentage. The results of this study showed that a
large proportion of the college freshmen tested ex
hibited weakness in the various abilities measured by
the percentage phase of the Christofferson-Rush-Guiler
Analytical Survey Test in Computational Arithmetic.
Guiler concluded from the analysis of the test results
that educators should find, on the basis of analysis of
social usage, the abilities that are required in dealing
effectively with the percentage aspects of our contem
porary world.

conducted a study to determine the

putational arithmetic at the beginning of the first
semester of college work, and again at the end of two

The

one-fourth of the students were below the arbitrary

Ibid., p. 94.15.

month’s work as measured by the Monroe Survey Test.

results of the first test administered showed that nearly

Pending this inquiry into social needs, 
we would do well to investigate the 
administrative and teaching techniques 
which may be responsible for the low 
level of competency of college freshmen 
in percentage.15

ability of 70 Miami University (Ohio) freshmen in com-

16. H. C. Christofferson, "Arithmetic and College 
Freshmen," Journal of Educational Research, XXI (January, 
1930), 78-8^------------------------------------

Christofferson1^
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state (Ohio) standard of 78. This standard was set as a
minimum score for anyone who deserved to pass the course
in the teaching of arithmetic. Even though the author of
this study was concerned with the effect of remedial work
in computation on the ability of the freshmen to do
arithmetic, he emphasized the fact that entering college
freshmen exhibited disabilities in computational arith
metic .

conducted an experiment at the
East Tennessee State Teachers College in which they not
only made the attempt to determine the arithmetical
efficiency of freshmen at the beginning of the fall
quarter, but they also attempted to determine the effect
of successive periods of remedial work on the arith
metical efficiency of this group of freshmen. Forms I,

The ad
ministration of Form I of the test showed that 4-3 per
cent of the freshmen were found to be below the eighth-

An analysis of the results exhibitedgrade standard.
deficiencies in number combinations, common fractions.

Form II of the test wasand denominate numbers.

II, III, and IV of Woody McCall1 s Mixed Fundamentals in 
Arithmetic were administered to I63 freshmen.

17. T. E. Carson and L. R. Wheeler, "Rehabilitation in Arithmetic with College Freshmen," Peabody Journal of Education, VIII (July, I930), 2^-27.

17Carson and Wheeler 1
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administered to the 163 freshmen after four weeks of

Of the group tested 65 per cent of theremedial work.
class made eighth-grade standing. After another period
of remedial work a third form of the test was given with
the result that 95 per cent of the group tested were

Wilson and Kite conducted an investigation which
had as its purpose the determination of computational
abilities in arithmetic for a group of 526 Boston Univer
sity students. Tests in addition, subtraction, multi
plication, and division of whole numbers were administered
to this group of university students. The results of
this investigation revealed the fact that two-thirds of
the university students were deficient in addition, sub
traction, multiplication, and division of whole numbers.
The authors considered one or more incorrect answers on
these tests of arithmetical fundamentals a failure. They
felt that:

above eighth-grade standing.
18

It is a sad comment on the lower schools 
that two-thirds (66 per cent) of the 
university students, the flower of the 
lower schools, should fail on simple 
tests in addition, subtraction, and 
multiplication of whole numbers. These 
are the three most used processes.

18. G. M. Wilson and M. B. Kite, "Arithmetic 
Deficiencies," Journal of Higher Education, XIV (March, 
19^3), 321-322.
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The review of this particular series of studies
shows that for one purpose or another, the attempt was
made to determine the computational status of college
freshmen. The emphasis of all these studies was placed

on the computational phase of arithmetic. Without ex
ception, the investigations cited above indicated that
the tested groups of college freshmen were not as pro
ficient in arithmetic computation as they should have
been.

and algebra students of first year college physics knew.

The results of this study revealed that in

score of fifty in a test for which the perfect score was

19.

The Compass Survey Test in Arithmetic and the Douglas 
Diagnostic Test in Elementary Algebra were given to 280 
students of first year college physics in five Iowa
colleges.
arithmetic, only 28 per cent of the students exceeded a

Computational Status of College Freshmen Enrolled in 
Courses in the Physical Sciences and Higher Mathematics. 
Lueck20 made a study to determine how much arithmetic

These are to arithmetic and business 
what mastery of the keyboard is to type 
writing and a secretarial job.19

Ibid., p. 322.
20. W. R. Lueck, "How Much Arithmetic and Algebra do Students of First Year College Physics Really Know?" School Science and Mathematics, XXXII (December, 1932), 998-1005.
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sixty. Seventy per cent ex-None had a perfect score.
ceeded a score of forty. The mean score was equal to the
achievement of the lower half of the 7th grade. Thus,
these students, as a group, were very close to seventh
grade ability in arithmetic.

When a comparison of the results was made between the
students who were taking courses in college mathematics
and the students who had no mathematical training beyond
the mathematics received in high school, it was found that:

However, it is conceivable that other factors in
addition to college mathematics influenced the achieve
ment of this group of tested college students in algebra
and arithmetic.

Ibid., pp. 999-1000.21.

Of the 280 students who took the previously mentioned tests, 120 had 
pursued or were taking courses in college mathematics. The remainder 
had no mathematical training beyond 
that received in high school. ... The students who had pursued courses in college mathematics attained 
higher mean scores in both arithmetic 
and algebra. The difference between the means in arithmetic is 3.7 .96;
in algebra it is 6.7 *92. In bothcases the difference is more than 
three times its standard error. . . . For the group in question, college training has had a decided influence 
on achievement in algebra while its effect on arithmetic ability is less marked.21
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conducted a study whereby they
tried to determine, through the use of group tests, what
mathematical skills and abilities the 557 entering
freshmen had at their disposal, and how, through the use
of diagnostic testing and remedial measures, these
deficiencies could best be minimized in both the high
school and university.

The tests were constructed by the authors, and the
test items used in the tests involved the elementary
arithmetic skills included in the trigonometry and alge
bra courses given at Purdue University. The results of
this study showed that the students were quite inaccurate
in their performance of the fundamental operations with
whole numbers and simple fractions, as well as division
of decimal numbers, problems in percentage, and the ex
traction of square root. Keller and Shreve proposed
that we should build from the foundation of what students
really know, and that we should devote study to a topic

made a study in which he attempted to dis
cover the nature and extent of the arithmetical

only in proportion to its difficulty for the student.
Mohr2^

22 Keller and Shreve

22. M. W. Keller and D. R. Shreve, "Abilities of University Students in College Mathematics," School Science and Mathematics, XLII (January, 1942), 38-46.
23. J. P. Mohr, "Arithmetic Disabilities of Junior College Students," Education Digest, IX (September 1943) 

56-57.



23

deficiencies of freshmen junior-college students who had

taken course work in the physical sciences. Mohr com

pared these deficiencies with the deficiencies of

beginning pupils in high eighth grade. The eighth-grade

Scoring Mental Ability Tests, Beta. The junior-college
freshmen were given the same tests, except that they took
the Gamma form of the Otis Quick Scoring Mental Ability
Test.

When the mean scores for the junior college freshmen
were compared with the mean scores of the entering
eighth-grade pupils, the results showed the entering
freshmen superior to entering high eighth-grade pupils in
arithmetic ability. However, the conclusion drawn from

Ibid., p. 56.24.

pupils were given the Metropolitan Achievement Test, Ad
vanced Arithmetic Test (Revised), and the Otis Quick

When the tests had been checked, tabulated and grouped according to 
the type of fundamental operation 
or problem Involved, it was seen that 311 junior-college men and 104 junior-college women had disabilities great enough to be serious. ... The average grade 
level of achievement for the men was ninth grade and two months, while that of the women was eighth grade and one month, with a range from fifth grade and two months to eleventh grade and two months.2^
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this study by Mohr was that in spite of the higher mean
score for the entering freshmen, the level of achievement
of Junior-college students was so low that great
deficiencies existed. This conclusion resulted in the
offering of formal training in arithmetic to many of the
entering freshmen who desired to enroll in the physical
sciences.

analyzed the results of an arithmetic fundamentals test
administered to college freshmen enrolled in the first
course in chemistry. They found that each quarter ap
proximately one-third of the students examined could
solve fewer than one-third of the problems given in the
placement test.

Kinzer and Fawcett
the arithmetic status of college chemistry students. An

analysis of the results of an arithmetic fundamentals

test administered to 1,439 freshmen at Ohio State

26 made another study to determine

25' Over a period of several years, Kinzer and Kinzer

25. John R. Kinzer and Lydia G. Kinzer, "College 
Chemistry Students Deficient in Arithmetic: Academic 
Data," Educational Research Bulletin, XXVII (January, 
1948), y-io;

26. J. R. Kinzer and H. P. Fawcett, "Arithmetic 
Deficiency of College Chemistry Students," Educational 
Research Bulletin, XXV (May, 1946), 113-114.
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University, showed that 534 of the freshmen solved fewer
than one-third of the problems. Remedial work in arith
metic was required of these 534 freshmen. However, the
important aspect of their study, as it relates to this
study, was the determination of the arithmetic status of
the college freshmen enrolled in chemistry courses. The
authors suggested that knowledge of arithmetic was one

conducted an investigation that had a two-
(1) to determine the arithmetic status offold purpose:

a group of 794 freshmen in arithmetical topics pre

requisite to trigonometry, and (2) to determine the status

of the same group after a period of remedial work in the

computational skills prerequisite to trigonometry. The

test used in the study was constructed by the author. The
mean per cent wrong for each item on the test was 37. The
author considered this performance of the freshmen un

satisfactory and recommended a specific and individualized

remedial program for the students who needed it.

The review of the series of studies that were con

cerned with the computational status of the college

Mathe -
27. Jack Wolfe, Mathematical Skills of College Freshmen in Topics Prerequisite to Trigonometry," Ma 

matics Teacher, XXXIV (October, 1941), 164-170.

of the important determiners of success in chemistry.
Wolfe27
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freshmen enrolled in courses in the physical sciences and
higher mathematics showed that these tested groups of
college freshmen were not as proficient in arithmetic
computation as they should have been. The authors of
these several studies concluded that the tested groups of
freshmen exhibited many deficiencies in the computational
phase of arithmetic, deficiencies that should not be
characteristic of entering college freshmen.

Status of College Freshmen in Problem Solving. The

status of college freshmen. In light of the numerous
studies that have had as their purpose the determination
of computational status of college freshmen, it is inter
esting to note that only two studies were found that
dealt entirely with the problem solving status of college
fre shmen.

conducted an investigation in
which the attempt was made to determine the problem solv
ing ability of college freshmen. Ninety-nine freshmen
took the Buckingham Scale for Problems in Arithmetic. An

author of the present study was able to find only two 

studies that dealt entirely with the problem solving

"College Freshmen and 
Journal of Educational

28 Christofferson

28. H. C. Christofferson, Problem Solving in Arithmetic," Research, XXI (January, 1930), 15-20.'
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analysis of the results showed that upon entrance, college
freshmen had about eighth-grade ability in solving word
problems. Christofferson found that a majority of the

attempted to determine the commercial arithmetic knowledge
among a sampling of students in the School of Business and
Civic Administration of the College of the City of New
York.

training curriculum, 137 freshmen, 68 students taking the
beginning course in accounting, and 141 students completing
the accountancy specialization curriculum. These students
were considered to be representative of a highly selected

The examination administered to this group ofgroup.
students was made up of fourteen verbal problems.

The sample consisted of four groups of students:
326 candidates for admission to the commercial teachers’

29. J. S. Orleans and E. Saxe, "How Much Commercial Arithmetic do Students in a College Collegiate School of Business Know?" Journal of Business Education, XVT (September, 1940), 14-22T" ’

errors in solving word problems were computational in 
nature.

Orleans and Saxe^9 made an investigation in which they

The average number of problems correct for the four 
groups were as follows: (1) commercial teacher training 
curriculum group (number right), 8.7; (2) for the freshmen
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group, 4.2; (3) for the elementary accountancy group, 5.9;
and (4) for the accountancy specialization group, 9.4.
The mean for the entire group of students was 7.7.

The authors concluded from their study that:

A review of the few studies that were concerned with
the status of college studentsin problem solving showed
that these students were not as proficient in the problem
solving phase of arithmetic as they should have been.

Status of College Students in Arithmetical Understand-
A review of the literature showed that studiesIngs.

which have been concerned with the status of individuals
in the understanding of basic arithmetical concepts were
limited in number.

Perhaps a primary cause for this limitation of
studies in the understanding phase of arithmetic has been

Ibid., p. 22.30.

In general, the students’ wrong 
answers are due to a relatively slight 
degree to arithmetic errors. The major difficulties are lack of knowledge of 
business terminology; lack of knowledge of business computational procedures; 
lack of knowledge of how to think 
through a problem; lack of knowledge 
of how to evaluate the answer in terms of the conditions of the problems; and 
lack of realization of the importance 
of checking one’s work as well as the reasonableness and accuracy of the answer in terms of the conditions of the problem.30
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the lack of testing devices to measure arithmetical under
standings. The development of measuring devices to deter
mine adequately the degree of understanding of individuals
at various levels of growth and development is a slow

When more devices are available to determineprocess.
the degree of mathematical understandings, one can

from extensive research in the area of
mathematical understandings, answers the question of "why"
the lag of devices for measuring mathematical or arith
metical understandings. He stated that there are six
causes for the lag in the development of adequate methods
and devices for measuring understandings or meanings in
arithmetic. These causes listed by Glennon are as
follows:

1. The first cause comes from an outgrowth of the
changing status of arithmetic in the curriculum of ele
mentary schools during the several phases of an evolving

Arithmetical aims and objectives have beenculture.

characterized by speed and accuracy in selected and

31.
metic. . . . _ .
Chicago: University of Chicago Press, 19^9.

Vincent J. Glennon, Testing Meanings in Arith- 
Supplementary Educational Monographs, NoT 70^

anticipate an increased amount of research in this area.

Glennon,31
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restricted parts of the total field. Consequently,
measuring devices have been limited to tests of speed and
accuracy in computational skills and various problem
situations.

A second cause of the lag in the development of2.
adequate methods and devices for measuring growth in
understandings in arithmetic rests in the tremendous im
pact of physiological psychology on methods of teaching.

The mental security experienced by teachers and3.
supervisors from the practice of telling, drilling, and

testing, has caused a lag in the development of satis

factory devices for measuring growth in understandings

and meanings.
4. The thinking on the part of educators that arith

metic is a series of arbitrary associations, each asso
ciation existing as an entity in itself and having no
relation to other associations, has caused a lag in the
development of satisfactory devices for measuring growth
in understandings and meanings.

A fifth cause for the lag in the development of5.
adequate methods and devices for measuring growth in
arithmetical understandings is the degree to which avail
able tests clash with and channel the aims and objectives
of learning in arithmetic.
tendency to teach for the learnings that they know are
included in standardized tests.

Teachers too often show a
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6. A lack of a list of basic arithmetical understand

ings and meanings has caused a lag in the development of

satisfactory devices for measuring growth in understand

ings and meanings.

Perhaps one of the best examples of a study that was

gation conducted by Glennon' himself. In this investi

gation he attempted to determine the degree to which

growth of understanding in the field of basic mathematics

(arithmetic) was being accomplished.

He constructed a test from a comprehensive list of

arithmetical understandings, understandings which were

approved by authorities in the field of arithmetic. The

test items measured only mathematical understandings that
were basic to the generally taught computational pro
cesses in Grades 1 through 6. The 80 multiple-choice test
items were constructed in such a way as to contain no

Thus, mechanical computation was eliminatedcomputing.
The test was administered to 1,139from the test items.

individuals on seven educational levels. These levels

32. Vincent J. Glennon, "A Study of the Growth and Mastery of Certain Basic Mathematical Understandings on Seven Educational Levels." Unpublished Doctor's dis
sertation. Cambridge, Massachusetts: Graduate School of Education, Harvard University, 1948.

made in the area of meaningful arithmetic was an investi- 
32
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included seventh-grade pupils, eighth-grade pupils, ninth
grade pupils, twelfth-grade pupils, teachers college
freshmen, teachers college seniors, and teachers-in-ser-

An analysis of the results showed that there was anvice.
increase in achievement of basic arithmetical concepts
(understandings) on increasing grade levels; that the
difference in achievement of basic arithmetical concepts
between seventh and eighth graders was not significant;
courses taken by college seniors in the psychology and
teaching of arithmetic did not result in growth in under
standing of basic mathematics; courses taken by teachers-
in-service in the psychology and teaching of arithmetic
did not result in growth in understanding of basic
mathematics; that years of teaching experience did not re
sult in growth in understanding of basic mathematics; that
individuals teaching on the higher elementary school
levels showed a slight tendency to have greater understand
ing of basic mathematics than individuals teaching the
lower elementary grades; that there was a tendency for
basic arithmetical understandings that are difficult for
one grade level to be difficult on other grade levels;
that there was a tendency for basic arithmetical under-

ings basic to computational processes taught in the

standings that were easy on one grade level to be easy on 
other grade levels; that 12.5 per cent of the understand-
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elementary school were mastered on the average by seventh
grade pupils tested, 14 per cent for the eighth grade
pupils tested, 18 per cent for the ninth grade pupils
tested, 37 per cent for the twelfth grade pupils tested,
44 per cent for the teachers college freshmen tested, 43
per cent for the teachers college seniors tested, and 55

The
standing of basic mathematical concepts on seven educa
tional levels. Perhaps his study is most significant in
that he found teachers of children lack a degree of under
standing to do an adequate job in teaching for arith
metical meaning. Also, teachers college seniors graduate
with insufficient understandings, in fact their under
standings in mathematics were no better than teachers
college freshmen. It is impossible to expect children in
the elementary grades to understand basic arithmetical
concepts when their teachers are lacking in this meaningful
phase of arithmetic.

Comparisons in the Several Areas of Arithmetic
One of the purposes of this study was to compare the

performance of college freshmen in these three areas of
With this purpose in mind, a thorough reviewarithmetic.

Ibid33-

per cent for the teachers-in-service tested.
study by Glennon^^ emphasizes the lack in under-



34
of the literature was made to find such comparisons. The
author did not expect to find studies that included a
comparison of understanding with problem solving and com
putation for the reason that emphasis on the understand
ing aspect of arithmetic is relatively new, and conse
quently measuring devices to determine the status of
understanding have not been available. However, he did
expect to find studies that compared the performance of
individuals in problem solving with their performance in
computation. The review was not restricted to comparisons
at the college freshmen level. This effort resulted in
one significant finding. Research in this particular
aspect of arithmetic (comparisons in the several areas of
arithmetic) has been extremely limited. Two studies were
found that had considered a comparison between problem
solving and computation. The results of both these

reported the results of an investigation
which had as its purpose the determination of correlations

solving ability, and ability in the fundamental operations

existing among tests of general reading ability, arith
metic reading ability, "intelligence," arithmetic problem

studies were published in 1932.
34 Stevens^

34. B. A. Stevens, "Problem Solving in Arithmetic," Journal of Educational Research, XXV (April-May, I932) 253-260. *
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The statistical treatment of the test re-of arithmetic.
suits attempted to give evidence on the question whether
high abilities in solving reasoning problems in arith
metic were accompanied more frequently by high reading
abilities than by high abilities in the fundamental
operations in arithmetic.

The relationships under consideration were measured
in five different localities in order to be sure that the
findings were not merely local in significance. The
sample included a group of 195 elementary school children
(4th, 5th, 6th, and 7th grades) from the Henrietta-
Caroleen school system in North Carolina: 495 elementary
school pupils (4th, 5th, 6th, and 7th grades) from Shelby,
North Carolina; 156 elementary school pupils (3rd, 4th,
5th, and 6th grades of the Lincoln School of Teachers
College; a group of 239 pupils in grades three to six
inclusive of Public School No. 157, New York City; and a
group of 2004 pupils selected at random from grades three
to six of the Florida Public Schools.

Ibid., p. 260.35.

Examination of the correlations 
existing among tests of general read
ing ability, arithmetic reading ability, ’intelligence,* arithmetic 
problem solving ability, and ability in the fundamental operations of arithmetic, seems to show that 
ability in fundamental operations is 
more closely correlated with ability in problem solving than is general reading ability.35
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Even though the investigation by Stevens included a
determination of correlations existing among tests con
cerned with factors other than ability in the fundamental
operations of arithmetic, his investigation is important
to this study in that it does correlate problem solving
ability with skill and ability in the computational

made an investigation that had as Its
basic purpose the determination of the relative contribu
tions of intelligence, computation ability, and reading
ability, to individual differences in arithmetical
problem solving ability. The study made the attempt to
answer the following question:

Ibid., p. 19.37.

What per cents of the variance of 
arithmetic problem solving ability of fifth-grade pupils as measured by 
Test 1 of the New Stanford Arithmetic 
Test, Form X, are due to variation in 
intelligence as measured by the Otis Self Administering Test of Mental Ability, Intermediate Examination, Form C, to variation in reading 
ability as measured by the New Stanford Reading Test, Form X, and to variation in computational ability as 
measured by Test 2 of the New Stanford Arithmetic Test, Form X?37

phase of arithmetic.
Englehart^^

36. Max D. Englehart, "The Relative Contribution 
of Certain Factors to Individual Differences in Arith
metical Problem Solving Ability," Journal of Experimental 
Education, I (September, I932), 19-27. ---------
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The series of tests used in the study were adminis

tered to 568 fifth-grade pupils of the Decatur, Illinois,
Public Schools, An analysis of the data showed that:

Of the variance in arithmetical problem solving1.
ability, 1.33 per cent was due to variation in reading
as measured, or in other words, increasing variation in
reading ability tends to decrease variation in arith
metical problem solving ability.

Of the variance in arithmetical problem solving2.
ability, 25.69 per cent was due to variation in intel
ligence as measured.

Of the variance in arithmetical problem solving3.
ability, 33.59 per cent was due to the influence of other

These causes included that which was related tocauses.
problem solving ability over and above intelligence,

reading, and computation.
4. Of the variance in arithmetical problem solving

42.05 pei* cent was due to variation in computa-ability,
tion ability as measured.

The Inference may be drawn from 
this analysis of the variance in arithmetical problem solving ability that intelligence and computation ability are important factors in 
causing individual differences in problem solving ability.
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This investigation by Englehart is of particular im
portance to the present study in that one of the aspects
considered in the relative contribution to individual
differences in problem solving ability was the factor of
basic computation. From this early study it is interest
ing to note that the highest per cent of the variance in
arithmetical problem solving ability was associated with
variation in computational ability.

A review of the investigations that considered com
parisons in the several areas of arithmetic showed that
research of this type has been limited. The comparisons
made between problem solving and computation revealed
that ability in computation was more closely correlated
with ability in problem solving than was general reading
ability, and that almost one-half of the variance in
arithmetical problem solving ability was due to variation
in computation ability.

Ibid., p. 26.38.

Since nothing can be done about 
intelligence, it would seem worth 
while to seek improvement in the 
solving of problems by providing 
instruction and drill in computa- tion.38
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A few research studies have been made which consid

ered several socio-psychological factors similar to those

reported in two separate articles

the results of an investigation which determined the

arithmetic status of college chemistry students. Their

first article reported the arithmetic status of college
chemistry students, while their second article presented
data concerned with several psychological factors that
influenced success in college chemistry. The authors had
an idea that perhaps there were certain psychological
factors which influenced success in college chemistry and

They found that the students who stated thatarithmetic.
they planned to study between 25 and 50 hours each week
were able to make higher grades than the group of stu
dents who planned to study 19 hours or less. The mean
marks of the two groups were significantly different.
The average mark of the students who liked mathematics
and chemistry was higher than the average mark of the

Relationship of Socio-Psychological Factors to 
Performance in Arithmetic

Investigated in the present study.
Kinzer and Kinzer-^

39. John R. Kinzer and Lydia G. Kinzer, "College 
Chemistry Students Deficient in Arithmetic," Educational 
Research Bulletin, XXVIII (March, 19^9), 74-76^ “ '
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students who disliked mathematics and chemistry, although
the difference between the two means was not significant

This study also revealed the

Although only one of theveterans and non-veterans.
psychological factors (the factor of attitude towards
arithmetic) in the study by Kinzer and Kinzer was similar
to one of these factors in the present study, the im
portant fact is that their study considered certain
psychological characteristics.

had as its basic pur
pose the determination of the effect that a comprehensive
course in arithmetic would have on the achievement of
students in algebra and geometry. Their study is in
directly related to this study in that it considered the
effect of one type of mathematics course on the achieve
ment of pupils in another. They were interested in
determining the desirability of having a comprehensive
review-course in arithmetic immediately preceding the
beginning study of algebra and geometry. The method of
research used by Cooke and Fields was the review of

Peabody Journal of Education, IX (May, I932),

(the 1; value was only .85).
fact that there was no significant difference between

40. D. H. Cooke, and C. L. Fields, "Relation of 
Arithmetical Ability to Achievement in Algebra and 
GeOIll©tl*y poohriHv .Tfvrnnal T? i /» a +■ 1 TV t
355-361/

40 A study by Cooke and Fields
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opinions of authorities and related investigations. In
the light of these opinions and conclusions of the re
lated investigations, the authors suggested a need for
having an intensive review of the entire field of
arithmetic Immediately preceding a beginning study of
algebra.

had as its purpose the
determination of the effect that course work in some
higher mathematics (algebra) would have on the arithmetic
ability of a group of high school students. In light of
the variable factors considered in this study, his study

In June, 1936, a testis related to the present study.
in arithmetic was administered to all pupils who had
had a year’s work in the traditional or modified

In each case, a pupil’s score in June,algebra course.
1936 was compared with the same pupil’s score from the
same test taken in September, 1935. The pupils who had
taken the course in algebra had significantly higher
scores on the second taking of the arithmetic test. Prom
the data, the author concluded that after a year’s ex
posure to algebra, there was significant improvement in
the pupils’ ability in arithmetic.

41A study by Braverman

41. B. Braverman, "Does a Year’s Exposure to Algebra Improve a Pupil’s Ability in Arithmetic?" Mathematics Teacher, XXXII (November, 1939), 301-312.
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was also
concerned with the effect of different types of mathe
matics courses on computational ability in arithmetic.
Four types of mathematics courses were included in the
investigation. Type 1 was a course in which 35 minutes
of each two of the class periods each week were spent on
remedial work in computational arithmetic, the remaining
15 minutes in each of the two class periods each week
being used for making assignments in algebra; the other
three class periods each week were spent on the regular
work in algebra. Type 2 was a course in which all of
the time was spent exclusively on elementary algebra.
Type 3 was a course in applied mathematics in which all
of the time was spent on the regular work of the course.
Type 4 was a course entitled Junior business training in
which all of the time was spent on the regular work of
the course. Two equivalent forms of the Christofferson-

had the course in algebra which included remedial work in
computational arithmetic made much greater improvement in

42An investigation by Guiler and Hoffman

Rush-Guller Analytical Survey Test in Computational
Arithmetic were used. It was found that the pupils who

42. W. S. Guiler and H. B. Hoffman, "Effect of Different Types of Mathematics Courses on Computational Ability," Educational Administration and Supervision 
XXIX (November, 1943), 449-456.
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computation than did the pupils enrolled in any of the

The pupils who had the course inother type courses.
applied mathematics made substantial gain in computa
tional ability, but neither the elementary algebra
course nor the Junior business training course had more
than a slight effect on the improvement of computational
skills in arithmetic.

The studies concerned with socio-psychological
factors have shown that some relationship did exist be
tween several of these factors and the competence of the
individual in arithmetic. Furthermore, these studies
showed that one type of mathematics course could effect
the achievement of pupils in another.

The studies concerned with socio-psychological

statement of the problem.
Perhaps some significance can be attached to the fact

that the frequency of all these research studies which
dealt in one way or another with arithmetic, when con
sidered in terms of date of publication, was bi-modal.
Starting with the year 1917 the frequency of the studies
reached a peak with the year 1932. From 1932 the number
of studies related to this study decreased until the

factors have been to a greater or lesser extent, related 
to the several subsidiary problems (comparisons in terms 
of socio-psychological factors) listed under the general
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year 1940 when a second peak in frequency was reached
with the year 1946. From 1946 to the present, the number
of studies decreases. It was also interesting to note
that the majority of these studies were concerned, for
one purpose or another, with the computational phase of
arithmetic.

It does not necessarily follow that the general
arithmetical research studies followed this particular
bi-modal distribution. However, it was interesting to

note that the research studies which dealt with the sub

ject field of arithmetic (arithmetic status of college

distributed in a bi-modal curve.

Training Teachers of Arithmetic

The findings of any study which measures arithmetical

understandings and abilities of prospective teachers of

arithmetic are closely related to teacher training. In
light of this relatedness, a review of the pertinent
studies and discussions concerned with the training of
teachers of arithmetic is presented in the pages to
follow.

freshmen and related arithmetical comparisons) were

Effect of Courses in Teaching of Arithmetic on 
Arithmetic Ability. If entering college freshmen have 
exhibited disabilities in arithmetic, what have teacher
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training institutions done to improve the abilities of
these students? Have studies been conducted by teacher
training institutions that have determined the effect of
their respective programs on the arithmetic ability of
their students? The author of this present study found
only one reported study that attempted to determine the
effect of a teacher training program on the arithmetic

conducted a study in
which he tried to find an answer to the question: Does the
student's studying of the processes by which arithmetic
is taught to children increase or decrease his command of
arithmetic operations?

Three-hundred freshmen students were given the
Monroe Standardized Survey Scale in Arithmetic, Form I of
Scale II, At the close of the semester, these students
were again administered the same test using Form III of

The students who took the tests were dividedScale II.
into the following groups: those who took the course in
the Teaching of Numbers; those who took the course in the

abilities of prospective teachers.
43 In the year 1930, Foberg

43. J. A. Foberg, "Effect of Courses in the Teaching of Arithmetic upon Arithmetic Skills," Journal of Educational Research, XXI (January, 1930), 74-76.
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Teaching of Arithmetic; and those who took no course in
mathematics during the semester. Some of the significant
facts found from the results of both these two tests were:

2. The students who took the course 
in the Teaching of Numbers are 
definitely less able in arithmetic, 
since only 37 per cent of them were 
above Grade VIII median in both tests, 
as contrasted with 58 per cent of the 
Teaching of Arithmetic group who were 
above Grade VIII median in both tests; 
and 34 per cent were below Grade VIII 
median in both tests, as contrasted 
with 23 per cent of the Teaching of 
Arithmetic group, who were below Grade 
VIII median on both tests.

1. There is a heavy load of arith
metic disability, since 26 per cent of 
the entire number of cases involved in 
the study were below Grade VIII 
standard in both tests, and 27 per cent 
of those who took courses in Teaching 
of Numbers and Teaching of Arithmetic 
were below Grade VIII standard in the 
second test.

3. The students who took no course 
in the Teaching of Numbers or Arithmetic, 
are about on the same level of ability 
as the students who took the course in 
Teaching of Arithmetic, as shown by 
comparing the per cents of the two groups 
that were above Grade VIII median on both tests. The group taking the course 
in the Teaching of Arithmetic duringthe semester however, showed a much 
higher percentage of gain in arithmetic skill at the end of the semester than 
did those who took no courses in teaching.

4. There seems to be some positive 
effect of the study of courses in Teaching of Arithmetic upon skills in 
arithmetic, since in the group that did
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From an analysis of the test results the conclusion
was reached by Foberg that the two courses in the Teach
ing of Numbers and the Teaching of Arithmetic had a

positive effect upon arithmetical skills of the students
enrolled in them. However, this positive effect was not
great enough to overcome the initial arithmetic dis
abilities in many of the students. Foberg stated that
there was a great need for remedial courses in arithmetic,
since a large proportion of the entire group tested in
his investigation fell below the eighth-grade median even
after taking the course in Teaching of Numbers or Teaching
of Arithmetic.

Along with studies that have been

made to determine the status of freshmen in arithmetic,

investigations have been conducted to determine the

practices of teacher training institutions in the area

From these findings that have dealt withof arithmetic.
teacher training in arithmetic, many suggestions have

Ibid., pp. 75-76.44.

Practices of Teacher Training Institutions in the 
Area of Arithmetic.

not take any such course 60 per cent 
did poorer work on the second test 
than on the first test, as contrasted with 35 per cent in the groups that did take such courses.44
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been made as to the type of arithmetic courses prospec
tive teachers of arithmetic should take. The types of
courses suggested have been considered in terms of the
background and understandings needed by students if

in 1930, conducted an investigation
in which he determined the nature of teacher training
practices in arithmetic. He found that the vast major
ity of the courses in arithmetic for prospective
teachers were elementary in character, with most of the
attention being devoted to the arithmetic of the grades.
In light of this finding he recommended that at least
two dominant courses in arithmetic should be given:

.1

Chicago:

46. Ibid., p. 331.

45. B. R. Buckingham, "The Training of Teachers of Arithmetic," Report of the Society* s Committee on Arith
metic. Twenty-ninth~~7earbook of the NationaT~SoFie~Ey for the Study of Education, Parf Chapter VI~ C' ‘ University of UTilcago Press, 1930.

The first one should be of a survey character. It should endeavor to place 
arithmetic in its proper social setting. 
It would, of course, be partly 
historical in character, and from it the students would be expected to de
velop an appreciative attitude toward the subject. The second course 
should deal with the particular subject 
matter which the student will be called upon to teach.

they are to become competent teachers of arithmetic.
45 Buckingham,
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In an extensive study that dealt with the
professional treatment of subject matter of arithmetic,
found that there were three different points of view in
regard to the training of prospective teachers of arith
metic . These points of view are listed as follows:

1. One point of view held by many professional

individuals is that advanced academic work in mathematics

is the most important and basic factor in training

prospective teachers to become good teachers of arith

metic .

Another point of view held by other individuals2.
is based on the assumption that if prospective teachers
are well-trained in a professional outlook, later when
the teacher is on the Job, he will be able to discover
the pertinent materials of instruction and adapt these
materials to his classroom needs.

There are others who believe that the time de-3.
voted to the training of teachers in arithmetic should
be used in mastering the elementary materials, with
adequate attention given to the methods of teaching
them.

47. E. A. Bond, Professional Treatment of the 
Subject Matter of Arithmetic for Teacher-TraiHIhg' Institutions. Contributions to Education, No. 525. 
New York: Bureau of Publications, Teachers College, Columbia University, 1934.

47 Bond,
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He found that institutions embued with the philoso
phy of the first point of view gave courses in advanced
mathematics up to and including calculus. These institu
tions devoted little time to the professional treatment
of arithmetic. He found that institutions embued with
the philosophy of the second point of view offered
courses in general education and gave only a very small
amount of work or no work at all in arithmetic. Insti
tutions which operated in light of the third point of
view offered review courses in arithmetic at the level
of that which was taught to elementary school children.

In a study that was concerned with the professional

recommended the nature and types
of research needed in the area of professional courses
in arithmetic. His recommendations of needed research

suggests that he was interested in determining the

ability of prospective teachers in arithmetic as well as

the type of course work prospective teachers should ex

perience in their professional preparation. He suggested
the following possible lines of investigation:

education of elementary teachers in the field of
48arithmetic, Robinson

48. Arthur E. Robinson, The Professional Education 
of Elementary Teachers in the Eield of Arithmetic. Con
tributions to EducationTiJo. 672. New fork: Bureau of 
Publications, Teachers College, Columbia University, 
1936.
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An analysis of the subject matter of arithmetic1.

for the elementary school course. The objective was to

give the prospective teacher of arithmetic a complete

understanding of the basic concepts of arithmetic. Under

no condition was the content to be organized so that it
consisted only of a mere review of materials.

An analysis of advanced mathematical content2.
should be accomplished so that these advanced materials
could be integrated with the content or subject matter
of arithmetic. Thus, the prospective teacher of arith

metic would then have a broad and significant control of

the arithmetic he would teach.

A testing program should be organized to deter-3.

tent of the students enrolled in the professional schools
for teachers.

In an investigation that attempted to determine the

found that a large proportion

of the college freshmen were unable to compute with speed

and accuracy, and that they understood only a few of the

mine the abilities and disabilities in mathematical con-

arithmetical ability possessed by entering teachers 
49 

college freshmen, Taylor

49. E. H. Taylor, "Preparation of Teachers of 
Arithmetic in Teachers Colleges," Mathematics Teacher 
XXX (January, 1937), 10-14. ' ’



52

meanings, concepts, and processes of arithmetic. He also
found that of all the hours of arithmetic offered, more
than 50 per cent of these semester hours of arithmetic
were given in courses devoted to methods, and 11.6 per
cent of the hours offered were administered by depart
ments of education.

His study revealed the fact that of the elementary
school major graduates studied, one-third had not studied
arithmetic in college, and that a large proportion of the
other two-thirds took courses which were primarily de
voted to methods.

suggested that the basic funda
mental skills of the prospective teachers must be deter
mined, and when deficiencies were found, it should be the
duty of the institution to construct remedial programs
for the correction of the defects. He stated that:

The teacher-training program must provide opportunities for enriched understandings of the nature of number and of our decimal system of numeration; of one-to-one correspondence and place value; of zero as a symbol for the empty column as well as a number and as a point on a number scale; of

'Supplementary Educational "Chicago: University of Chicago

In a study that dealt with the professional prepara- 
50 tion of teachers, Wren

50. F. L. Wren, The Professional Preparation of Teachers of Arithmetic. f Monographs, Wo. bb. 
Press, 1948, 80-90.
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needed by teachers of arithmetic, Yorke suggested that

prospective teachers of arithmetic need some specific

work in the field of mathematics. He suggested that the

prospective teacher should have a course in what to teach,
based on the functional theory of education that the pro
cesses of arithmetic taught must be those most used in
life.

A second professional course suggested by Yorke was

one concerned with methods, techniques, and materials. He

51.

it

In a discussion which dealt with the preparation
52

52. G 
Arithmetic,

Ibid., p. 85.
C. Yorke, "Preparation Needed b Education, .J

the efficiency of our methods of 
computing; of the interrelation
ships of the fundamental operations 
(the relationships of addition and 
subtraction to counting and to each 
other, multiplication to addition, 
division to subtraction, and of 
multiplication to division); of the 
generalizations of processes and 
concepts, such as recognition of the 
common properties of ratios, common 
fractions, decimals, and per cents; 
of the simplicity of form and the 
power of expression which characterized 
the formula and the graph; of the use 
of number in the basic considerations 
of form, shape, and size; and of the 
properties of fundamental geometric figures as a basis for understanding structure and design.51

Preparation Needed by Teachers of LXIX (February, 1949), 373-375.
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felt that courses In mathematics, such as calculus,

trigonometry, statistics, etc., should be taken by

prospective teachers of arithmetic.

In an article which dealt with special

training for teachers of arithmetic, suggested that

prospective teachers of arithmetic should take one course

that Includes topics dealing with the number system; the

use of symbols in problem solving; tables and graphs;

elementary topics in statistics; ideas of approximate

computation; logarithms; recreational arithmetic; com

pound interest; annuities and basic topics in life in

surance; and trigonometric ratios in indirect measure-

For a second course, he suggested topics dealingment.

53.

S

with problems involved in the teaching of arithmetic, 

with considerable emphasis on the teaching of meaning.

J 
Arithmetic.'

The experience needed by prospec
tive teachers of arithmetic should include ample opportunity for the 
observation of master teachers in 
this field; demonstration of the best classroom procedure, methods, and 
techniques by arithmetic experts; some simple research and experimenta
tion; and practice teaching adequately 
supervised in accordance with the principles of mental hygiene.53

Ibid., p. 375.
54. J. R. Mayor, "Special Training for Teachers of Arithmetic," School Science and Mathematics, XLIX (October, 1949), 539-548. — — ———

54 Mayor,
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From a study which had as its purpose the deter

mination of the degree of growth and mastery of basic
mathematical understandings possessed by teachers

found that there was no significant
difference in the amount of mathematical understandings
possessed by students who have had courses in the
psychology and teaching of arithmetic and students who
have not taken such courses.

Glennon stated that little emphasis has been placed
on the professional study of arithmetic as a science of
numbers, as a system of related ideas, and as a series

He concluded that:of number relationships.

considered the mathematical

Chicago: The Univer-

In a discussion which dealt with a proposed course 
57 of arithmetic, Newsom

college freshmen, teachers college seniors, and teachers- 
55 in-service, Glennon

. . .the values of teaching for 
understanding have not been ap
preciated to the point of modifying 
the teaching and the curriculum to 
include the understandings, mean
ings, principles and generaliza- 
tions basic to the number system.-30

55. Vincent J. Glennon, "Study in Needed Redirec
tion in the Preparation of Teachers of Arithmetic," 
Mathematics Teacher, XLII (December, 19^9), 389-396.

56. Ibid., p. 396.
57. C. V. Newsom, "Mathematical Background Needed 

by Teachers of Arithmetic," The Teaching of Arithmetic. 
Fiftieth Yearbook of the National Society“Tor-The Studv 
of Education, Part~Tl, pp. 232-250^ C1"1 ’-3— 
"sTty of Chicago Press, 1951.
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background needed by teachers of arithmetic. It was sug
gested by the author that topics should be restricted to
the type of arithmetic that will be taught to the
children in the classroom. Newsom felt that in a profes
sional course, the process of arithmetic should be
treated in terms of actual utility, and that such a back
ground course should demand breadth of study and student
exploration. He proposed that a professional course in

arithmetic of measurement, (6) evaluation of formulas,
(7) ratio and proportion, (8) business arithmetic, and

made an extensive investigation which
dealt with the training of teachers of arithmetic. The
method used in the study included a review of the
literature on the subject, questionnaire returns from
129 state teachers colleges, and an analysis of college

From this investigation, Grossnickle foundcatalogs.
that:

arithmetic should include such factors as: (1) positional 

notation, (2) the properties of integers, (3) the four 

basic arithmetical operations, (4) fractions, (5) the

(9) statistical concepts and probability.
S8Grossnickle-^

58. F. E. Grossnickle, "Training of Teachers of 
Arithmetic," The Teaching of Arithmetic. Fiftieth Year
book of the National Society for the^TTEudy of Education 
Part IT, pp." 203-231. Chicago: The VnlversTEy of Chicago 
Press, 1951.
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1. Two-thirds of the colleges which offered a gen

eral curriculum in elementary education only required
2.0 semester hours of background mathematics.

2. The most common type of background mathematics
required was a course in general mathematics.

One-third of the colleges did not require a3.
course in the teaching of arithmetic, while half of the

colleges which did require a course in the teaching of

arithmetic, included this phase in a general methods

course taught by an education specialist and not by a

member of the mathematics department.

4. Of the teachers colleges which required no

background course in mathematics, only half checked on

the student’s competency in arithmetic.

Even though the training program for elementary5.
teachers during the last twenty-five years has increased
in length from two to four years, the amount of training
required in mathematics had decreased.

In light of the findings made, Grossnickle recom
mended a series of changes in the teacher training program.
The recommendations that considered the type of arithmetic
training prospective elementary school teachers should
experience were as follows:

Prospective teachers in elementary education who1.
have had no work in mathematics since the eighth grade
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should be required to take a background course in mathe

matics prior to taking the course in the teaching of

arithmetic.

Every elementary school classroom teacher should2.

be required to take a course in the teaching of arith

metic. A course of this type should Include the social

applications of arithmetic as well as the mathematical

meanings of the subject.

Arithmetical Competence of Teachers of Arithmetic. A
few studies have been made to determine the competence or
ability of elementary school teachers in the subject area
of arithmetic. It can be assumed that the findings of
such studies are related to a large degree to the nature
and quality of the training in arithmetic elementary

attempted 'to discover the extent and nature
of computational errors made by teachers who taught ele-

He felt that many of thementary school arithmetic.
learning difficulties of pupils could be overcome if the
teachers themselves were more expert in the abilities
concerned in solving examples of types frequently found

In this particular study, thein life situations.
Guiler-Christofferson Diagnostic Survey Test in

school teachers received as college students.
Guiler59

59. W. S. Guller, "Computational Errors Made by 
Teachers of Arithmetic,11 Elementary School Journal 
XXXIII (September, 1932),’ 51-58.
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Computational Arithmetic was given to 37 students attend-

school. Twenty-two of these summer school students had

taught arithmetic in the public schools of Ohio.

The test results for the 22 summer school students

who had taught arithmetic in the elementary school

showed that there was considerable variation in achieve

ment. One-half of the teachers reached or exceeded the
median standard for college sophomores, while the median
standard for college freshmen was not reached by five of
the 22 teachers. Four of the teachers fell below the
standard for the ninth-grade; and the score of one
teacher was less than the standard for the fifth-grade.
Although little significance can be given to the results
obtained from such a small sample, it is interesting to
note the arithmetic status of a group of teachers who

in his study of the professional educa
tion of elementary teachers in the field of arithmetic,
also attempted to determine the types of deficiencies of
elementary school teachers in the fundamental principles

The results from teachers' examinationsof arithmetic.

Robinson, op. cit.. p. 181.60.

ing Miami University (Ohio) in the first term of summer

had taught arithmetic in the elementary school.
Robinson,6°
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received, from special examinations given to employed
teachers, from observations of the teaching of arith
metic to elementary school children, and from conferences
with the teachers whose teaching was observed showed
that:

Robinson goes on to say that the professional school

for teachers is responsible to a considerable extent for

the poor showing of teachers in the subject field of

arithmetic. He concludes that:

Ibid., p. 181.61.

The professional school is permitting 
to be administered in its classrooms 
a professional course in arithmetic 
that is quite elementary as judged 
from its use of instructional mater
ials. ... Furthermore, the school 
is permitting a course in arithmetic 
to be given that is still best

. . .elementary school teachers have 
at best only a mechanical knowledge 
of arithmetic even though they are 
fairly proficient in their skills in 
the manipulation of its various 
mechanical processes. Anything like 
a clear and versatile knowledge of the 
fundamental principles of arithmetic 
and their mathematical significances 
is all but totally lacking on the 
part of such teachers. Because of 
this fact, it is difficult to see 
how the arithmetic they teach or 
would be called upon to teach to ele
mentary school children could be 
anything more than mechanical.
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A review of the literature pertinent to the train
ing of teachers of arithmetic showed that little has been
reported by teacher training institutions to determine
the effect of their professional arithmetic program on
the arithmetic abilities of their students. The review
showed that studies have been made to determine the
practices of teacher training institutions in the area
of arithmetic, and that many recommendations have been
made as to the type of professional courses prospective
teachers should receive to become competent teachers of

A few studies attempted to determine thearithmetic.
arithmetical competence of elementary school teachers.
The results of such studies would indicate that teacher
training institutions have not accomplished one of their
objectives, the training of competent teachers of
arithmetic.

Ibid., p. 182.62.

characterized as a 'Methods of 
Teaching and Review' course. ... 
As a result, it is difficult to 
find in the various schools profes
sional courses in arithmetic for any 
particular level of teaching that 
are definitely comparable in the 
essential elements of a course of 
instruction, such as, aims or objec
tives, instructional materials, time 
allotments, etc.°2
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Theoretical Background for Choice of Test Instrument

A relationship exists between the literature con
cerned with learning theories of arithmetic and the
basic purpose of this study, i.e., to determine the status
of college freshmen in three areas of arithmetic. The
instrument used to determine the status of college fresh
men in arithmetic had to be chosen in terms of the learn
ing theory held by the author of this study. Since there
have been numerous learning theories of arithmetic held
by different groups of educators, it is necessary that
some consideration be given to these several theories in
order to contrast them with the theory assumed by the
author.

The choice of the Functional Evaluation of Mathe
matics Test was made in the light of the meaningful

The author holds to the theory thattheory of arithmetic.
arithmetic is more than Just computation, or more than
Just problem solving. Arithmetic, as conceived by the
author, consists of the understanding of the basic and
underlying principles inherent in our number system.
Arithmetic is an integrated system of understandable pro
cesses, ideas, concepts, and principles. Basically, this
is the meaning theory of arithmetic.

The test used in this study measured the ability of 
an individual to perceive number relationships and it
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measured the ability of the individual in the fundamental

who hold to the meaningful theory of arithmetic.

author, it is desirable to briefly review the several
theories that have been held in the past and to review in

has reduced the numerous theories of
learning arithmetic to three:

Those who hold to the drill theory of arithmetic
considered arithmetic, for the purpose of learning and
teaching, nothing more than a large group of relatively
unrelated facts and independent skills.

In other words, the Functional Evaluation of
Mathematics Test measured arithmetic as viewed by those

processes of arithmetic (computation and solving of word 
problems).

Theories Concerned with How Children Learn Arithmetic.
In consideration of the meaningful theory held by the

The main points in the theory are: 
(1) arithmetic, for the purpose of 
learning and teaching, may be 
analyzed into a great many units or

(1) the drill theory of 
arithmetic; (2) the incidental theory of arithmetic; and 
(3) the meaning theory of arithmetic.

some detail the nature of meaningful arithmetic.
Brownell63

63. W. A. Brownell, "Psychological Considerations 
in the Learning and the Teaching of Arithmetic," Teaching 
of Arithmetic. Tenth Yearbook of the National Council— 
oT Teachers of Mathematics, pp.~T-31. hew York':’ bureau 
oT Publications, Teachers College, Columbia University 
1935.
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Apparently, those who held to the drill theory con
sidered arithmetic in terms of computation. The pupil
was obligated to learn how to compute, and to increase
his skill in computing, it was necessary that he be sub
jected to continuous drill on the number symbols in
volved in computation. It followed that if arithmetic
was primarily considered as a process of computing, then
the most economical way to learn these processes was
through continued repetition.

The drill theory was the prevalent theory of learn-
This fact no doubting arithmetic in the early 1930’s.

explains to a large degree why so much emphasis was
A review of theplaced on computation during that time.

literature showed that many of these early studies that
dealt with the arithmetic ability of entering college
freshmen were concerned with only the computational
status of the freshmen.

Ibid., p. 2.64.

elements of knowledge and skill 
which are comparatively separate and 
unconnected; (2) the pupil is to master these almost innumerable ele
ments whether he understands them or 
not; (3) the pupil is to learn these elements in the form in which he will subsequently use them; and (4) the pupil will attain these ends most economically and most completely 
through formal repetition.°4
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There were those who held to the Incidental theory
of learning. This theory of how arithmetic should be
learned and taught was, in part, a reaction against the
traditional classroom practices of teachers who prac
ticed the drill theory. Those who held to the inci
dental theory did not necessarily think of arithmetic as

According to the incidental theory,mere computation.
it was believed that children through natural behavior
in situations which are not necessarily arithmetical
could achieve skill in the processes and proficiency in
understanding quantitative situations. Brownell
described the incidental theory as follows:

is

Ibid., p. 12.65.

The meaning theory of arithmetic, even though it 
does contain several features of the other theories is

According to these theories, which differ chiefly in detail, children will learn as much arithmetic as they need, and will learn it better, if they are not systematically taught arithmetic. The assumption is that children will themselves, through ’natural’ behavior in situations which are only in part arithmetical, develop adequate number concepts, achieve respectable skill in the fundamental operations, discover vital uses for the arithmetic they learn, and attain real proficiency in adjusting to quantitative situations. The learning through incidental experience.
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not eclectic, because it contains properties or features
that are peculiar to itself.

According to Brownell:

It was pointed out by Brownell that there is room
in the meaning theory of learning for certain fundamental
features of both the drill and incidental theories of
learning. There is a definite need for drill after the
various related ideas and processes are understood.
Drill, after the basic arithmetical concepts and under
standings are comprehended, is needed to increase pro
ficiency, to fix for retention, and to rehabilitate after

Also, the meaning theory recognizes the valuesdisuse.

abilities, and extending the application of knowledge of

Ibid., p. 19.66.

of childrens' experiences as a method of reinforcing 
number ideas, motivating the learning of new arithmetic

The meaning theory conceives of 
arithmetic as a closely knit 
system of understandable ideas, 
principles, and processes. 
According to this theory, the 
test of learning is not mere 
mechanical facility in 'figuring.' 
The true test is an intelligent 
grasp upon number relations and 
the ability to deal with arith
metical situations with proper 
comprehension of their mathematical 
as well as their practical signifi
cance. °°
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number beyond the limitation of the textbook. Thus,
certain features of both the drill and incidental theory

of learning are readily utilized and logically included

within the scope of the meaning theory.

psychological functions of arithmetic, Brueckner stated
that the computational function of arithmetic merely
stressed proficiency in the mechanics of arithmetic, i.e.,
facility and accuracy in computation on the part of the
students. The computational function, as it had been
used as an end in itself, placed little to no emphasis
on number meaning or the understanding of arithmetical
concepts.

Thus, drill does not yield insight into the meaning
of number when used as an operation in itself. However,
drill does assist the pupil to form efficient habits of

p. 240.68. Ibid

In his discussion of the relative merits of the
67

L
Arithmetic,'

Routine drill is often aimless, 
random activity on the part of the pupil. He does not care what happens because the activity has no 
meaning or significance to him.°°

,. J. Brueckner, "Functions of Instruction in ___ _____ " National Education Association Journal, XX (October, 1931), 23$-23T;——————————
67.
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number manipulation and drill will help maintain the
mechanics of arithmetic at a level of usefulness.

Meaningful Arithmetic. As has been previously-
pointed out, the author justified the choice of the test
used in this study by briefly considering the meaningful
theory of arithmetic as opposed to the drill and inci
dental theories. As the meaningful theory of arithmetic
is the theory accepted by the author, and as the choice
of the test used In the study was made in the light of
the meaningful theory of arithmetic, it becomes desirable
that some additional consideration be given to the
literature pertinent to the meaningful concept of arith
metic .

Over the past twenty years, the literature concerned
with arithmetic learnings has exhibited a change in
theory, a trend from advocating repetition to a trend to
wards meaningful arithmetic.

This change in thinking is exemplified by reviewing
the contents of the three Yearbooks of The National

The first of the Yearbooks which dealtarithmetic.

69

Council of Teachers of Mathematics which dealt with
69

69. Curriculum Problems in Teaching Mathematics. 
Second Yearbook of the NatlonaT~~Couhcil of Teachers of 
Mathematics. ITevF^ork: Bureauof Publications, Teachers 
College, Columbia University, 1927.
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with arithmetic was published In I927. A review of the

with arithmetic. of the
National Council of Teachers of Mathematics which dealt

with arithmetic was published in 1935. A review of the

contents of the Tenth Yearbook, Teaching of Arithmetic,

showed a change in the nature of the discussions. It was
noted that the contents Included discussions that were
concerned not only with the drill theory of arithmetic,
but also the incidental and meaningful theories of
arithmetic. The contents of the Tenth Yearbook revealed
the Introduction of a theory that soon was to threaten

The third
of the National Council of Teachers of

Mathematics was initially published in 1941. A review

71

contents of the Second Yearbook, Curriculum Problems in
Teaching Mathematics, showed that the drill theory of

the very foundations of the drill theory.
71publication1

learning arithmetic dominated the discussions that dealt 
70 The second publication

71. Arithmetic in General Education. Sixteenth 
Yearbook of the National Council of Teachers of Mathe
matics. New York:' Bureau of Publications, Teachers 
College, Columbia University, 1941.

70. The Teaching of Arithmetic. Tenth Yearbook of 
the National Council of~~Teachers of Mathematics. New 
York: Bureau of Publications, Teachers College, Columbia 
University, 1935.
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meaningful theory of arithmetic.

changed from the drill to the meaningful theory.

mean

ingful arithmetic, Brownell stated that the first

problem was to identify the meanings which make arithmetic

a coherent mathematical subject.

three groups:

Ibid., p. 485.73.

of the contents of the Sixteenth Yearbook, Arithmetic in 
General Education, showed a complete acceptance of the

These meanings fall into
(1) meanings of quantitative terms and of

Thus, in a period of
14 years, the emphasis- on learning theories of arithmetic

If arithmetic is to be meaningful, children must understand whole numbers in terms of I's, and 100's and 1000's, and so on. But they 
will not understand numbers this way if their activities are restricted to pointing off the places in a few 
large abstract numbers. Instead, they need abundant experience in actually constructing numbers, many more experiences of course with two- place than with three-place numbers, 
and more experiences with three-place numbers than with four-place numbers.73

the number system, (2) meanings of the fundamental opera
tions, and (3) meanings of the processes of computation.

In a discussion that dealt with the nature of
72

72. W. A. Brownell, "When is Arithmetic Meaningful?" 
Journal of Educational Research, XXXVIII (November, 1945) 
481-498. ‘
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Each of the meanings identified and grouped by

Brownell were included and repeated in the Functional

Evaluation in Mathematics Test used in this study.

meaning in the teaching of arithmetic, Brownell stated
that meaningful arithmetic is not concerned with mere
mechanical manipulation of numbers; it is not a process
which makes proficiency in computation an end in itself.

75

The Functional

W. A. Brownell,

75.

Rationale of Test Used in This Study.
Evaluation in Mathematics Test (by Brownell and Sueltz)

To be of use, computational habits 
must first of all be retained. As 
has. . .been stated, skills which are learned mechanically, with a 
minimum of learning, quickly deteri
orate. To keep them alive, one must 
practice them ceasingly. However, the conditions of life afford little 
opportunity for continuous practice, 
and once the unremitting drill of the 
school is withdrawn, the skills 
suffer. To be of use, moreover, computational habits must be adaptable to a wide variety of circumstance, and 
mechanical skills, even when they are retained, cannot meet the test. There
fore, whether the criterion be retention or functional value, meaningless 
arithmetic defaults on its one claim - the assuring of competence in computation.

74. W. A. Brownell, "The Place of Meaning in the Teaching of Arithmetic," Elementary School Journal, XLVII 
(January, 1947), 256-265.

Ibid., p. 261.

In a second discussion that dealt with the place of
74
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meanings inherent in meaningful learning. The test items
include such factors as simple principles of the number
system, understanding of fractions and decimals, and
algebraic and geometric understandings. It was found by
the authors of the test that in the realm of understand- ■
ing, the experiences and backgrounds of the pupils have
played an important role. Thus, pupils who did poorly on
the test usually were those whose education was confined
largely to abstract computations or they were the pupils

This first test
The authors found that

very few of the pupils tested guessed at the correct
It was found that when the pupils tested readanswer.

and actually used their thought processes, they tended to

ability of the individual to solve word problems. The
problems that go to make up the test are related to the
kinds of things pupils do or read about. The authors
state that the word problems included in the Problem

answer in the light of their knowledge and understanding.
The second section of the test (Test 5) measures the

used in this study is composed of three parts or sections.
The first part (Test 4) measures the ability of the indi
vidual to think in terms of quantitative relationships.
Included in these relationships are the principles and

Solving Test consist of the most important problem-goals 
that teachers recognize.

who lacked real experiential background, 
has "multiple-choice" answers.
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The authors of the
test state that the gradations for the computational test
used in the study are less fine because a larger number
of major computational types had to be represented.

contrasted with meaningless arithmetic, is not merely con
cerned with mechanical manipulation of numbers. Instead,
meaningful arithmetic is concerned with the understanding
of basic arithmetical concepts and principles such as
those which were tested in the present study.

Summary

An examination of the literature pertinent to this
study revealed that a majority of the investigations con
ducted to determine the status of college freshmen in
arithmetic were computational in nature. Through this re
view of the literature, it was found that a significant
proportion of the freshmen tested were inferior to the
average eighth-grade student in computational skill.
Further examination of the literature pertinent to this
study has shown that studies made to determine the status
of freshmen in problem solving and in the understanding of 
basic arithmetical concepts have been limited in number.
These studies indicated that the tested groups of freshmen

The third section of the test (Test 6) measures the 
computational ability of the pupil.

The nature and function of meaningful arithmetic, as
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and quantitative understanding phases of arithmetic.

A review of the investigations concerned with com

parisons in the several areas of arithmetic revealed that

research of this type has been quite limited. The few

studies made in the light of these comparisons showed
that ability in computation was more closely related to
problem solving ability than was general reading ability,
and that in one study almost one-half of the variance in
arithmetical problem solving ability was due to variation
in computation.

A review of the studies made to determine the rela
tionship between several socio-psychological factors and
the performance of students in arithmetic indicated that
some relationship did exist between these factors and
the competence of the students in arithmetic.

When a study of the dates of these investigations

distributed in a bi-modal curve.
I9I7 and continuing to the present, it was found that the
two peak years in frequency of studies were I932 and
1946.

An examination of the literature has shown that

little has been reported by the teachers colleges to

determine the effect of their training programs in

were lacking in proficiency in both the problem solving

was made, it was found that these investigations were

Starting with the year
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arithmetic on the arithmetic competence of their students.

number of investigations have attempted to determine the
practices of teachers colleges in the subject field of
arithmetic and that many recommendations have been made
pertaining to the type of course work prospective teach-

teachers of arithmetic. In several cases, studies were
made that attempted to determine the arithmetical status
or competence of elementary school teachers. The results
of these studies seemed to indicate that many of the
tested elementary school teachers lacked competence in
arithmetic.

It was pointed out that the test used in this study
had to be chosen in terms of the learning theory of
arithmetic held by the author. In order to clarify the
learning theory of the author it became necessary that
consideration be given to these several theories and that
some discussion of the concept of arithmetic held by the

This section of the chapter empha-author be included.
sized the meaning theory of arithmetic because it is the
one which is basic to this study.

However, the review of literature has revealed that a

ers of arithmetic should experience to become competent



CHAPTER III

METHODS AND TECHNIQUES EMPLOYED IN STUDY

presented in Chapter I. One basic purpose of this study

was to determine the status of a group of freshmen ele

mentary education majors in the quantitative understand

ing, problem solving, and computational phases of

arithmetic. A second purpose was to consider the

arithmetical performance of this freshmen group in the

light of certain socio-psychological factors or charac

teristics.

A review of the literature pertinent to this study
was presented in Chapter II. From this review it was
found that many studies had been conducted which attempted
to determine the computational status of entering college
freshmen. Only a few studies were found that considered
the status of freshmen in the problem solving phase of
arithmetic or that compared the performance of freshmen
in the problem solving and computational phases of

None of these studies attempted to determinearithmetic.
the status of a single group of freshmen in the quantita
tive understanding, problem solving, and computational
phases of arithmetic. The emphasis appeared to be placed
on computation.

' 76

A two-fold purpose of this present investigation was
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well as problem solving and computation. Therefore it
became necessary to find a test which measured these
three aspects of arithmetic.

Selection of Measuring Instrument. The Upper Level
section of the test series, Functional Evaluation in
Mathematics by Brownell and Sueltz, was chosen as the
measuring device to determine the status of the freshmen
group of elementary education majors in the quantitative
understanding, problem solving and computational phase
of arithmetic. Functional Evaluation in Mathematics

is made up of two levels, the Elementary Level (Grades

4-6) and the Upper Level (Grades 7-9). The Upper Level

test was used in this investigation. The three tests

comprising this level are designed to measure the

arithmetic abilities of students at the seventh, eighth.

The Upper Level consists ofand ninth-grade levels.
Test 4, Quantitative Understanding; Test 5, Problem

Solving; and Test 6, Basic Computation. Copies of the
tests are included in Appendix A.

Test 4, Quantitative Understanding, is made upauthor.

The phases of arithmetic measured by this test series 
coincides with the theory of arithmetic held by the

As was pointed out in Chapter II, the author accepts 
the "meaning" theory of arithmetic and believes that
arithmetic instruction must emphasize number meaning as
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cepts, and relationships inherent In meaningful learning

and understanding. It consists of a wide range of
materials, including items from principles of the number
system to algebraic and geometric understandings. Test 5,

Problem Solving, includes problems that are related to

the functions of everyday life. In the problem solving

test, careful consideration is given to gradation of

relationships and reasoning in problem situations.

Test 6, Basic Computation, measures the students' com

petence in the mechanics of computation. All the tests

are designed to measure the students' knowledge and

ability to use arithmetic and mathematics in functional

situations.
The reliability coefficient of the quantitative

The test norms

are based on test results from all major sections of the

United States.

In summary, the Upper Level section of the test

By use

represent a reliable measure of the phases of arithmetic 
which coincided with the concept of arithmetic held by 
the author and the purpose of the present study.

understanding test is .89; for the problem solving test, 
.83; and for the computation test, .84.

series, Functional Evaluation in Mathematics by Brownell 
and Sueltz, was chosen because these tests seemed to

of items which test various principles, meanings, con-
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of such a measuring Instrument, the author sought to
determine the status of the freshmen elementary educa
tion majors In the quantitative understanding, problem
solving, and computational phases of arithmetic.

Conducting the Pilot Study. During the summer
school session of 1952, plans were made to conduct a
pilot study. The purpose of the pilot study was to have
a working model of the main investigation.

A preliminary data sheet was devised (Appendix B)
Tests 4, 5, and 6 (Upperand attached to the test forms.

Level section of the test series Functional Evaluation in
Mathematics) were administered to a group of undergradu
ate students majoring in elementary education. The
sample consisted of 48 undergraduate students enrolled
in the College of Education, University of Alabama.

Prior to the start of the 1952-53 school year, these
tests were scored and the results analyzed statistically
in the light of the data sheet information.

A study of the statistical analysis and the data

This initial data sheet did not provide the information

sheets, plus a study of the techniques and procedures 
used in the pilot study, revealed a few weaknesses in
the original planning of the investigation.

A thorough review and study of the pilot investiga
tion showed that the data sheet was quite inadequate.
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needed to answer adequately the subsidiary questions

listed under the second purpose of the study, i.e., to

consider the performance of the tested group of freshmen

in relation to certain socio-psychological characteris

tics.

A study of the technique used in the test adminis

tration showed that a time-period of one and one-half

hours was not sufficient to give meaningful and clear-cut

directions.
Even though the tests were designed as power tests

rather than speed tests, it was found that a periodic

reminder of the time used disturbed the group. Each of
the three tests had a working time of 25 minutes.

As a result of the pilot investigation, pertinent
A new and more com-and time-saving changes were made.

plete data sheet (Appendix C) was constructed. Instead
of a one and one-half hour block of time, plans were made
by the writer for a two-hour block of time.

From such a preliminary investigation the author was
able to gain valuable insight into aspects of the in

Errors and flaws

Final plans for the main study, as aquite obvious.

security.

vestigation not previously considered.
in planning and techniques not initially observed became

result of the experience gained through the pilot study, 
were made with a greater feeling of confidence and
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the study and requested permission to administer the

arithmetic tests to freshmen students ma jnrHng tn ele

mentary education. Each of the institutions of higher

learning granted permission for the tests to be given.

After additional correspondence between the author and

the representatives of these institutions, final ar

rangements were made for the administration of the tests.

concluded the second week of December, 1952.

The tests were administered by the author of the

investigation. In one case, however, the author obtained
only 13 per cent of the possible oases. These test
scores were not included in the study for fear of a
biased sample. In a second case, the number of freshmen
who had indicated choice of a major in elementary educa
tion was so small, that it did not seem desirable to
spend the time necessary to test these students.

After the administration

By using the 
table of standard scores and percentile ranks included in

Analyzing the Test Scores.
of the test series to the group of 212 freshmen students, 
the tests were hand-scored by the author.

The period of testing started November 18, 1952 and was

Conducting the Investigation. Early in the fall 
semester of 1952, letters were written to each of the
white state supported institutions of higher learning in 
Alabama. These letters explained the basic purpose of
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the test manual, the raw scores were converted into

three sets of standard scores. One set was based on the

standard scores of the seventh grade, one set on the
standard scores of the eighth grade, and one set on the
standard scores of the ninth grade. These three sets of
standard scores were used in the statistical analysis.

Distribution tables (Appendix D) of the test

were used to determine the mean standard scores, standard
deviations, and significance of differences between mean
standard scores and standard deviations.

The tests used measured the ability of thecation.
freshmen to perceive quantitative relationships, mea
sured their ability to solve word problems, and measured

The test series used in thistheir skill in computation.

Summary of Methods and Techniques Employed in Study.

The Upper Level section of the test series, Functional

eighth, and ninth-grade levels.

chosen because it represented a reliable measure of the

investigation was designed for students at the seventh,

This particular test was

1. C . WStatistics. ]
r. Odell, An Introduction to Educational New York: Prentice-Hall, TncT, 1946.

Evaluation in Mathematics by Brownell and Sueltz, was 
administered to 212 freshmen majoring in elementary edu-

scores
were constructed and the formulas suggested by Odell’1’
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phases of arithmetic which coincided with the concept of

arithmetic held by the author.

From the experience gained through conducting a

pilot study, the writer was able to gain valuable insight

into the aspects of the investigation not considered.

Arrangements were made with the state supported

teacher-education institutions of Alabama whereby the

author was granted permission to test the freshmen stu

dents majoring in elementary education.

Through the use of the table of standard scores and

percentile ranks included in the test manual, the raw

scores were converted into three sets of standard scores.

These three sets of standard scores were constructed in

terms of seventh, eighth, and ninth-grade performance by

the standardization population.

Distribution tables were made and the formulas to

determine the average performances and spreads of scores

were used.

The following chapter presents the findings of this

The first sectioninvestigation in two major sections.

is concerned with the arithmetic abilities of the tested

freshmen group and a comparison of their performance in

the

The

students in relation to certain socio-psychologicalthe
charac teristic s.

several phases of arithmetic under consideration.
second section considers the arithmetic abilities of



CHAPTER IV

FINDINGS FOR THE STUDY

Up to this point the discussion has centered around:

(1) the statement of the problem and the justification

techniques employed in the gathering and the treatment

of the data. The findings for the tested group of Ala
bama freshmen are presented in this chapter.

The data presented in this chapter were derived from
a statistical treatment of the test scores of the fresh
men elementary education majors tested in this study.
The Brownell and Sueltz Functional Evaluation in Mathe
matics test was administered in November, 1952 to 212
freshmen students majoring in elementary education. The
sample included approximately 88 per cent of the fresh
men elementary majors who attended five of the state
supported institutions of higher learning in Alabama.

Form A of the test was used in each case.

84

These freshmen took Test 4, Quantitative Understanding;

Test 5, Problem Solving; and Test 6, Basic Computation.

The findings for the tested group of elementary edu

cation majors are presented in this chapter under two

and scope of the study; (2) the review of the literature 

pertinent to this investigation; and (3) the method and
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main headings. The data in the first section of the
chapter are presented so as to describe not only the
status of the freshmen in the quantitative understanding,
problem solving, and computational phases of arithmetic
but also so as to compare the performance of the freshmen
in these three areas of arithmetic. The data are pre
sented in the second section of the chapter so as to re
late the performance of the freshmen to several socio-
psychological characteristics.

The findings presented in the first part of this

chapter are concerned with the abilities of the students

in the quantitative understanding, problem solving, and

computational phases of arithmetic and a comparison of

their competence in each of these three areas.

A

freshmen more nearly equaled the ninth-grade norms than

either the norms of the eighth or seventh grades. There
fore, a considerable portion of the discussion will deal
with the performance of the students in terms of ninth
grade norms.

Table 1 compares the tested group of students in 
quantitative understanding (Test 4), problem solving

Status of Group in Three Areas of Arithmetic.
study of the findings showed that the performance of the

Arithmetic Abilities of the Tested Group of 
Alabama Freshmen
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(Test 5), and computation (Test 6) with ninth-grade

Presented in Table 1 are the distributions ofnorms.

standard scores, percentile equivalents, and standard
deviations for the 212 freshmen in these three areas of
arithmetic,

An inspection of the distributions for the three
areas of arithmetic shows that in quantitative under
standing the distribution of scores approximated a
normal distribution, while in problem solving and compu
tation there was a slight tendency for the distributions
to be skewed positively. That is, in problem solving and
computation the scores tended to gather at the lower end
of the distributions and spread out gradually toward the
high end of the distributions.

Further study of the distributions presented in
Table 1 shows that on the quantitative understanding test
the greatest frequency of cases was at the interval 48-50.
That is, in quantitative understanding the interval on
the scale at which most of the scores fell approximated
the median performance of ninth-grade pupils. The

mode for the freshmen in quantitative under
In problem solving the "empirical" modestanding was 49.

In this instance, most scores fell at intervalwas 46.
In problem solving, the point at which most^5-47.

ninth-grade scaled scores, cumulated percentages, mean

"empirical"
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TABLE 1

Test 6Test 4 Test 5

N
Mean
Percentile equivalent
Standard deviation

DISTRIBUTION OF NINTH-GRADE SCALED SCORES AND CUMULATED 
PERCENTAGES FOR FRESHMEN IN THREE AREAS OF ARITHMETIC

212
52.27588.58

f
I
2 

12 
20 
28 
18 
24 
41 
10 
22 
14

3 
3 
4

72-74 
69-71 
66-68 
63-65 
60-62 
57-59 
54-56 
51-53 
48-50 
45-47 
42-44 
39-41 
36-38 
33-35 
30-32

212
49.3646
9.09

f 
1 
3 
9 8 

18 
12 
15 
19 30 24 
31 
19 14
4

72-74
69-7166-68
63-6560-62
57-5954-56
51-5348-50
45-4742-44
39-4136-38
33-3530-32
N = 212

f
3 
7 
7 10 

11 
19 18
28 
20 
49 23 8 
6 
1
2

N = 212

72-74 
69-71 
66-68 
63-65 
60-62 
57-59 
54-56 
51-53 
48-50 
45-47 
42-44 
39-41 
36-38
33-35 30-32
N = 212

21251.40
548.61

Test 6
Basic 

Computation
Per 
cent 
100 
99 98 
94 
90 81 
75 68 
59 
45 
35 20
11
4
2

Test 5 
Problem 
Solving

Per 
cent 
100 
99 96 
92 88 
83 
73 
65 
51 42
198
6
1
2

Test 4 
Quantitative 
Understanding 

Per 
cent
100 
98 

ll 88
79 66
57 46 
26 
2211 
5 
32
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mode
was 43. In this Instance, most scores fell at the 42-44
interval. Thus, the point at which the most scores fell
was considerably lower than the median performance of the
ninth-graders.

A study of the cumulated percentages shows that in
quantitative understanding 46 per cent of the scores were
at or below the median performance of the ninth grade. In
problem solving, 51 per cent of the scores were at or
below the median ninth-grade performance, while in compu
tation, 59 per cent of the scores were at or below the
ninth-grade median. In other words, the smallest per

centage of scores at or below the ninth-grade median

occurred in the quantitative understanding phase of

arithmetic, while the largest percentage of scores at or

below the ninth-grade median occurred in the computational

phase of arithmetic.

The mean standard score in quantitative understanding

of 52.27 corresponded to a ninth-grade percentile rank of

58. This means that the average performance of the
freshmen in quantitative understanding was somewhat above
the median performance of the ninth-grade pupils on whom
the norms were based.

For the problem solving test, the mean standard
score 51.40 corresponded to a ninth-grade percentile rank

scores fell was lower than the ninth-grade median per
formance. On the computation test the "empirical"
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of 54; that is, on the problem solving test, the freshmen

exhibited an average performance that was only slightly

above the median performance of the ninth-graders who

took the same test.

The mean standard score of 4-9.36 in computation

corresponded to a ninth-grade percentile rank of only 46.

In other words, the average performance for the freshmen

who took the problem solving test was slightly below the

median performance of the ninth-grade pupils.

In a normal distribution 99.73 per cent of the en

tire distribution of scores lie within the limits of a

mean score plus and minus three standard deviations. An

inspection of Table 1 shows that in quantitative under-

of 8.58 (26.53) includes the entire distribution of
That is, in quantitative understanding,scaled scores.

the entire distribution of scaled scores fell between

This is also true forlimits of a normal distribution.

That is, all three

areas of arithmetic yielded distributions which lie

within the limits of the mean standard score plus and

minus three standard deviations.

the distributions of scores on problem solving (S.D. = 
8.61) and computation (S.D. = 9.09).

standing (Test 4) the mean standard score of 52.27 plus 

three standard deviations of 8.58 (78.01) and the mean 

standard score of 52.27 minus three standard deviations
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So far the discussion has dealt with the arithmetical

seventh and eighth-grade norms.

Figure I shows the percentage of freshmen scoring

below, at, and above the seventh, eighth, and ninth-grade

median performances. A study of Figure I shows that in

On the

the students had scores that reached or exceeded the

In

freshmen dropped below this median.
In terms of eighth-grade norms, almost three-fourths

the freshmen group reached or exceeded the seventh-grade 
median, while almost one-third (32 per cent) of the

of the students on the quantitative understanding test 
reached or exceeded the median performance, while a little

seventh grade median, while approximately one-fifth (19 
per cent) of the students dropped below this median. : 
computation, a little over two-thirds (68 per cent) of

the median performance of the seventh-grade.
problem solving test, about four-fifths (81 per cent) of

exceeded the median performance of the seventh-grade 
pupils, while about one-sixth (17 per cent) fell below

status of the students in relation to ninth-grade norms.
In order to present a more complete picture of the
arithmetical status of this group of students, some con
sideration will be given to their standing in relation to

quantitative understanding approximately five-sixths (83 
per cent) of the tested group of freshmen reached or
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FIGURE I
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standard score of the eighth grade.

dents reached or surpassed the median performance of the

In the computational

phase of arithmetic, over one-half (53 per cent) of the

ceeded the median standard score of the ninth grade, a

little less than three-fifths (58 per cent) reached or

Almostsurpassed the ninth-grade median in computation.

one-third (31p per cent) of the freshmen group fell below

grade pupils in the quantitative understanding, problem

the median performance of the ninth grade in quantitative 

understanding, over two-fifths (42 per cent) dropped 

below the ninth-grade median in problem solving, and al

most one-half (4-9 per cent) dropped below the ninth-grade

median in computation.

Figure I shows that a great majority of the freshmen 

reached or exceeded the median performance of the seventh

students reached or surpassed the eighth grade median, 

but almost one-half (47 per cent) fell below the median.

exceeded the ninth-grade median in problem solving, and 

about one-half (51 per cent) of the students reached or

eighth-grade pupils, while a little over one-fourth (28 

per cent) dropped below this median.

In problem solving, 

a little under three-fourths (72 per cent) of the stu-

On the quantitative understanding test, approximately 

two-thirds (66 per cent) of the students reached or ex

over one-fourth (26 per cent) dropped below the median
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solving, and computational phases of arithmetic, that a

and that

almost as many of the students fell below the ninth
grade median as reached or exceeded this median. It can

be observed that the performance of the students in these

three areas of arithmetic were considerably above the

median performances of the seventh and eighth grades, but

came close to matching the performance of the ninth-grade

pupils.

As was mentioned above, the standard deviations for

the total group of freshmen in these three areas of

arithmetic were similar in that the entire distributions

of scores fell within the limits of a normal distribu-

At this point in the discussion it is desirable totion.

consider the performance of the middle two-thirds of the

study population in terms of seventh, eighth, and ninth

grade norms.
In a normal distribution the mean score, plus and

minus one standard deviation, will include approximately

In discussing thethe middle two-thirds of a group.

distribution.

findings presented in Figure II, the middle two-thirds 

will be considered as the "central group" of the test

majority of the students reached or exceeded the eighth

grade median in these three areas of arithmetic,
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ninth-grade performances and also the average performances
of the freshmen in relation to these norms. The highest

performance was shown by the "central groups" which were

ninth-grade norms. A similar trend was found for the

In each of these three areas ofmean standard scores.

arithmetic the highest mean standard scores for the

freshmen were found when their average performances were

compared with seventh-grade norms, the next highest aver

age performance when compared with the eighth-grade

norms, and the lowest average performance when compared

with the ninth-grade norms.

Figure II also shows that the students varied con

siderably in their performance in each of these three

Whether the performances of theareas of arithmetic.

freshmen are compared to seventh, eighth, or ninth-grade

study of Figure II shows that the students

exhibited marked variation in performance in each of

On quantitative under-these three areas of arithmetic.

standing, the scores of the "central group" ranged 1.4

with the eighth-grade norms, and the lowest performance 

by the "central groups" which were compared with the

compared with the seventh-grade norms, the next highest 

performance by the "central groups" which were compared

Figure II shows the status of the "central groups" 

of the freshmen in relation to seventh, eighth, and

norms, a
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standard deviations above the median standard score of
seventh graders and .2 of a standard deviation below this
median.

test scores of the

deviations above the eighth-grade median standard score

and .4 of a standard deviation below this median. When

compared with the ninth-grade norms, the test scores of
the same group ranged 1.1 standard deviations above the
ninth-grade median and .6 of a standard deviation below
this median.

On the problem solving test, the middle two-thirds of

the scores ranged 1.3 standard deviations above the

seventh-grade median standard score, 1.2 standard devia

tion above the eighth-grade median standard score, and

1.0 standard deviation above the ninth-grade median

In problem solving, the test scores ofstandard score.

a standard deviation below the median standard score of

the eighth graders, and .7 of a standard deviation below

the "central groups" ranged .3 of a standard deviation 

below the median standard score of seventh graders, .6 of

1.4 standard deviations above the seventh-grade median, 

.9 of a standard deviation above the eighth-grade median, 

and .8 of a standard deviation above the ninth-grade

the median standard score of ninth graders.
In computation, the "central group" scores ranged

When compared with the eighth-grade norms, the 

"central group" ranged 1.3 standard
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median; while the test scores ranged .5 of a standard
deviation below the seventh-grade median, .8 of a
standard deviation below the eighth-grade median, and 1.0
standard deviation below the ninth-grade median.

A study of the "central groups" showed that great
variance In individual performance existed in each of the
three areas of arithmetic under consideration whether the
performances were considered in terms of seventh, eighth,
or ninth-grade norms. In the quantitative understanding
and problem solving phases of arithmetic, some members of
the population exhibited performances that approximated
the highest performances of the seventh, eighth, and
ninth graders, while on the computation test, some members
of the population exhibited performances that approximated
the lowest performances of the seventh, eighth, and ninth

The important aspect of the findings presentedgraders.
in Figure II, is that in each of the three areas of
arithmetic, the freshmen varied considerably in individual

In some instances, they equaled the highestperformance.
and lowest performances of the seventh, eighth, and

areas of arithmetic the status of the freshmen approximated

ninth-grade pupils who took the test.
It can be stated in summary, that in these three

typical ninth-grade performance.
A summary of the findings show that a larger per

centage of the students reached or exceeded the seventh
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and eighth-grade median scores than the ninth-grade median

It was found that a larger percentage of thescore.
students dropped below the seventh, eighth, and ninth
grade medians in the computational phase of arithmetic
than in the other two phases. The lowest percentage of
the students who dropped below the seventh, eighth, and
ninth-grade medians did so in the quantitative understand
ing phase of arithmetic.

A study of the standard deviations showed that in
each of these three areas of arithmetic the entire dis
tribution of scaled scores fell within the limits of a
normal distribution.

It was found that the students varied considerably
in their performance on each phase of arithmetic. The
middle two-thirds of each distribution showed that in the

quantitative understanding and problem solving phases,

some of the freshmen exhibited performances that equaled

the top performances of a corresponding middle group of

seventh, eighth, and ninth-grade pupils. In computation
some of the students exhibited performances that equaled
the lowest performance of these Junior high school
pupils.

Arithmetic .
sion has been concerned with the status of the freshmen

Comparison of Performance in Three Areas of
Up to this point in the chapter, the discus-
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In relation to seventh, eighth, and ninth-grade pupils.

It was found from a study of Table 1 that certain dif

ferences existed in performance in the three tests. The

purpose of this section of the chapter is to test the

determine whether these differences are true or can be

attributed solely to accidents of sampling.

Table 2 shows the difference among the mean standard

scores on the quantitative understanding, problem solving

and computation tests. Table 2 shows that the mean

standard scores on quantitative understanding (Test 4) and

The

difference between the mean standard scores for the

quantitative understanding and basic computation tests

was statistically significant at the 1 per cent level.

For the problem solving and basic computation tests the
difference between the mean standard scores was statis
tically significant at the 5 per cent level. The differ
ence between the mean standard scores on the quantitative
understanding and problem solving tests was not statis
tically significant, but the higher mean standard score
was in favor of quantitative understanding. In other
words, Table 2 shows that this group of 212 freshmen
exhibited greater competence in the quantitative under
standing and problem solving phases of arithmetic than

problem solving (Test 5) were each significantly higher 
than the mean standard score on computation (Test 6). '

statistical significance of these differences, i.e., to
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they did in the computational phase of arithmetic, but

there was no statistically significant difference in

competence between quantitative understanding and

problem solving.

A study of the findings presented in Table 2 showed
that the students exhibited a higher average performance
in the quantitative understanding and problem solving
phases of arithmetic than they did in the computational
phases of arithmetic. The data presented in Figure I
supplement this finding. An inspection of Figure I shows
that the greater percentage of freshmen to reach or ex
ceed the median performances of the seventh, eighth, and
ninth-grade pupils and the smaller percentage of students
to drop below these median performances occurred on the
quantitative understanding and problem solving tests
indicating that the freshmen encountered most difficulty
with computation.

The spread of scores in each distribution has been

reported earlier in the form of standard deviations.

When the reliability of the difference between standard

deviations was determined for the greatest existing dif

ference, it was found that this difference between spread

of scores was not statistically significant. The t-ratio

be at least 1.97.

of this greatest difference for spread of scores was 1.79.

To be statistically significant the t-ratio would have to
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In summary, it was found that the students showed

greater ability in perceiving quantitative relationships

and in solving word problems than in computation. This

group of freshmen students exhibited about the same
facility for solving word problems as they did in per
ceiving quantitative relationships.

This group of freshmen elementary education majors
did not show significant differences in amount of varia
tion among the test distributions.

The second section of this chapter is concerned with
the relationship of certain socio-psychological charac
teristics of the study population to their performance

The arithmetical performancein three areas of arithmetic.
of the freshmen will be considered in relation to eight
socio-psychological characteristics.

of the students from rural and urban communities. In

quantitative understanding, the mean standard score for

the students who came from urban centers was 53«32. In

For the

problem solving the mean standard score was 51.61, and in 

computation the mean standard score was 50.49.

students who came from rural communities, the mean standard

Relationship of Socio-Psychological Characteristics 
to Performance in Arithmetic

Comparison of Performance for Students from Urban and 

Rural Communities. Table 3 shows the average performances
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TABLE 3

Test 4 Test 6Test 5
Urban Rural Urban Rural Urban Rural

N 109 103 109 103 109 103
50.6550.96 51.61 50.49Mean 48.3253.32

8.34S. D. 7.89 8.91 9.039.27 9.33

Significance of Difference between Means

t-ratio

(Test 4) 2.36Urban - Rural 1.19
.834(Test 5) .96 1.15Urban Rural

1.26(Test 6) 1.72Urban 2.17Rural

COMPARISON OP PERFORMANCE FOR FRESHMEN FROM RURAL 
AND URBAN AREAS

Difference 
between 
Means

*Beyond .05 level of significance

S. E. of 
Difference

1.98*
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score was 50.96 in quantitative understanding, 50.65 in
problem solving, and 48.32 in computation. Except in
quantitative understanding where the average performance

of the freshmen from urban centers exceeded the ninth

grade median score of 50 by almost one-third of a standard

deviation, the mean performance for both rural and urban

students approximated the median ninth-grade performance.

Inspection of Table 3 shows that on each of these

However, only on the quantitative under

standing test was the difference between the mean standard

scores statistically significant. This difference was

significant at the 5 per cent level.

An inspection of the standard deviations presented in

Table 3 shows that in quantitative understanding, the

standard deviation was 7.89 for students who came from

urban centers and 9.27 for students who came from rural

In problem solving, the standard deviationcommunities.
was 8.34 for urban students and 8.9I for rural students,

while in computation the standard deviation was 9.03 for

urban students and 9.33 for rural students.
Study of Table 3 shows that the total range of scores

on the test distributions fell within the limits of a

Inspection of the standard devianormal distribution.
tions shows that on each of the three tests, the students

three tests the 109 urban students had the higher mean 
standard scores.



105

from rural and urban communities exhibited wide but
normal differences in individual performance.

Further observation shows that differences did exist
in the standard deviations among the test distributions.
When the reliability of the difference between standard
deviations was determined for the case where the dif
ference between the standard deviations was greatest, it
was found that the greatest difference was I.38. The
t-ratlo for the difference between standard deviations

This difference "approximates" significancewas I.91.
at the 5 per cent level. To have been significant at
the 5 per cent level with 211 degrees of freedom, the
t-ratio would have to be at least 1.97. Because the
number of cases under consideration remained the same,

it follows that the smaller differences between the re

maining standard deviations were not statistically

significant. Even though on the quantitative understand
ing, problem solving, and computation tests the wider
spread of scores favored the students from rural areas,
none of these differences was statistically significant.

In summary, the average performances of the stu
dents who came from rural and urban communities ap
proached closely the median performance of ninth-graders
in the problem solving and computational phases of

The students who came from urban centersarithmetic.
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excelled the median performance of ninth-grade pupils in

quantitative understanding.

The students who came from urban centers exhibited

greater competence in the quantitative understanding

phase of arithmetic than did the rural students. How

ever, in the problem solving and computation phase of
arithmetic the difference in average performance between
the freshmen from rural and urban communities was not
statistically significant.

On no test was there a significant difference in
spread of scores in the test distributions between the
freshmen who came from rural and urban communities.

areas of arithmetic for students whose graduating classes
In this study awere small, average, and large in size.

graduating class of not more than 50 students was con-

A graduating class that ranged from 50sidered small.
to 150 students was considered average in size, and a

graduating class over I50 students was considered large

It was assumed that the size of the high schoolin size.

a

Comparison of Performance for Freshmen Whose High 

School Graduating Classes Differed in Size. Table 4 

shows the average performance of the students in three

graduating class would indicate roughly the size of the 

high school (It was felt that the students could give 

more accurate estimation of the size of their graduating
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class than they could for the whole high school.). It

is advisable when studying Table 4, that the reader

think in terms of size of high school as well as size

of the graduating class.

Table 4 shows that the mean standard scores for the

students who graduated from small high schools were 51.74

on the quantitative understanding test, 50.93 on the

problem solving test, and 49.12 on the computation test.

For the students who graduated from high schools average

in size, the mean standard score was 51.99 in quantita

tive understanding, 50.72 in problem solving, and 49.45

in computation. For those who graduated from large high

schools, the mean standard scores were 54.30 on the

quantitative understanding test, 53.09 on the problem

In thesolving test, and 51.75 on the computation test.

quantitative understanding phase of arithmetic, the

students who graduated from large high schools exhibited

a mean standard score that surpassed the ninth-grade

median by almost one-half standard deviation. However,

in the remaining cases, the average performances of the

students were about the same as the median performance of

tive understanding, problem solving, and basic computation

ninth-grade pupils.
An inspection of Table 4 shows that on the quantita-
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the average performances of the freshmen who graduated
from average and small high schools, it was found that
the difference between the mean standard scores was not
statistically significant. The 75 freshmen who

graduated from high schools of average size had an

average performance that was slightly higher than the

average performance of the 93 freshmen who graduated

from small high schools. This was true for each of the

three areas of arithmetic. However, in none of the cases

was the difference between the means statistically

The author recognizes the fact that possi-signifleant.
ble errors may exist in the estimated size of the high

The accuracy of the estimates of the size ofschools.

the high school graduating class depends on the accuracy

of the memory of the students and their ability to

estimate quantitative situations.

A study of the standard deviations shows that on the

quantitative understanding test, the standard deviation

was 9.12 for those who graduated from small high schools,

8.94 for those who graduated from average sized high

However, when comparing the average performance of the 

44 freshmen who graduated from a large high school with

tests, the highest average performance was achieved by 

the 44 freshmen whose high school graduating classes 

were large (or who graduated from a large high school).



110

In com
putation, the standard deviation ran somewhat higher:
9.03 for small high schools, 9.24 for average sized high
schools, and 9.21 for large high schools. Further study
of spreads of scores shows that on each of the three
tests, the students who graduated from small, average,
and large high schools exhibited wide but normal dif
ferences in individual performance.

Inspection of Table 4 shows that on each of the
three tests, the students who graduated from high schools
of average size had the wider spread of scores on the
test distributions. Though the significance of the dif

ference between standard deviations is not shown in

Table 4, the reliability of the difference between

standard deviations was determined for the several in

stances where the difference between the standard devia-

The highest t- ratio obtained was

1.51.
tions was greatest.

For a difference between two standard deviations

In problem solving, the standard deviation 
was 8.82 for small high schools, 9»15 for average sized 
high schools, and 7-89 for large high schools.

schools, and 7.53 for those who graduated from large 
high schools.

to have been statistically significant at the 5 per cent 
level, the t- ratio (for 117, 135» or 166 degrees of 
freedom) would have had to be at least 1.97» Therefore, 
the differences between the spreads of scores in the test
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from large or small high schools were not statistically
significant.

A summary of the findings shows that generally the

average performances of the students who graduated from

high schools of different sizes approximated a ninth

grade median score of 50.

It was found from these findings that there was no

difference in average performance of the freshmen in

terms of the size of their high school graduating

classes. For the group of freshmen in this study, there

seemed to be no relationship between the size of the

high school or graduating class and the average per

formance of the students.

In each of the three areas of arithmetic and for

each of the possible comparisons among the freshmen who

graduated from high schools of different sizes, there

were no significant differences among the spreads of

scores in the test distributions.

In this study anmentary schools are shown in Table 5.

elementary school was considered small if its enrollment

distributions for the freshmen who graduated from high 

schools of average size and the freshmen who graduated

Comparison of Performance for Freshmen Who Attended 

Elementary Schools Differing in Size. The findings for 

the freshmen who attended small, average, and large ele-
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was 200 pupils or less; average in size if the enrollment
ranged from 200 to 400 students; and large in size if
the enrollment ranged from 400 to 800 students. It is
recognized by the author that errors may exist in the
estimation of size of the school. Approximately six

years have elapsed since these students last attended

an elementary school and it is possible that in some

cases their memories may have been Inaccurate. It is

also possible that some of these students may have been

poor in estimating quantitative situations.

It can be observed from a study of Table 5 that on

the test of quantitative understanding the students who

attended large elementary schools had a mean standard

score of 54.88. In other words, the average performance

standard deviation above the median standard score of
Further inspection of Table 5 showsninth-grade pupils.

that on the quantitative understanding and problem

solving tests, the freshmen who attended elementary

schools small in size exhibited an average performance

The freshmenthat approximated the ninth-grade median.

who attended large and average size elementary schools

showed about the same average performances in problem

solving and computation as typical ninth-grade pupils.

for this group of students was almost one-half of a
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A study of Table 5 shows that on the quantitative

understanding and computation tests, the 97 freshmen who

attended an average size elementary school had statis-

The

difference in quantitative understanding was statis-

same

two groups was not statistically significant.

dents who attended average size elementary schools.
In the quantitative understanding phase of arithme

tic, the 48 students who attended large elementary
schools had a statistically significant higher mean
standard score than the 68 freshmen who attended small
elementary schools. The difference was statistically

In the problemsignificant at the 1 per cent level.
solving and computation phases of arithmetic, the dif

ferences between the mean standard scores for the

freshmen who attended large and small elementary schools

were not statistically significant. On the problem

solving test, there was almost no difference in average

elementary schools.

tically significant higher mean standard scores than the 

68 freshmen who attended a small elementary school.

performance, while on the computation test, the higher 

mean performance favored the group who attended large

tically significant at the 1 per cent level and in compu

tation at the 5 per cent level.

However, 

the higher mean standard score was in favor of the stu-

In problem solving, the 

difference between the mean standard scores for the
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Table 5 shows that in the three areas of arithmetic
under consideration, the differences between the mean
standard scores for the large and average sized ele
mentary schools were not statistically significant. In
quantitative understanding the higher mean standard
score favored the freshmen who attended large elementary
schools; in problem solving the higher mean score favored
the students who attended average size elementary
schools; and in computation the average performance of
all groups was about the same.

An inspection of the standard deviations presented
in Table 5 shows that in quantitative understanding, the
standard deviations were 8.37, 8.73, and 8.07 for the
students who attended small, average sized, and large

For the students whoelementary schools respectively.

In computation, the standard

students exhibit marked differences in individual per-

The reliability of the difference between standard
deviations was determined for the standard deviations

tended small, average sized, and large elementary schools.
Further study shows that not only did the three groups of

attended small, average sized, and large elementary 
schools, the standard deviations were 8.07, 9.I5, and 
7.80 in problem solving.
deviations were 6.87, 9.63, and 8.40 for those who at-

formance, but they also exhibited differences in spreads 
of scores among the test distributions.
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with the greatest differences. In the computational

phase of arithmetic a statistically significant dif

ference was found between the standard deviations for

the freshmen who attended small and average sized ele

mentary schools, with the wider spread of scores favoring

the group who attended average sized elementary schools.

The difference was statistically significant at the 1

per cent level. In the remaining possible comparisons,

the differences between the standard deviations were not

statistically significant. However, in each of the three

areas of arithmetic, there was a tendency for the wider

spread of scores to be in favor of the students who at

tended average sized elementary schools.

To summarize the findings it can be stated that re

gardless of elementary school size, the mean standard

scores did not deviate much from ninth-grade median per

formances.

As a whole, these findings indicate only a slight

relationship between the size of the elementary school

and the performances exhibited by the freshmen in the

The freshmen who attendedthree areas of arithmetic.

elementary schools of average size tended to exhibit a

higher average performance in the three areas of

arithmetic than the freshmen who attended elementary

schools small in size, but only in the quantitative
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understanding and computational phases of arithmetic

There were no significant differences in average

performances between the group of freshmen who attended

average sized elementary schools and the group of fresh

men who attended large elementary schools.

When comparing the average performances of the

freshmen who attended large elementary schools with the

performances of the freshmen who attended small ele

mentary schools, it was found that in the quantitative

understanding phase of arithmetic, the freshmen who

attended large elementary schools obtained the higher

However, in the problem solvingaverage performance..

and computational phase of arithmetic, the differences

between the average performances were not statistically

significant.
On the quantitative understanding, problem solving,

and basic computation tests, there was no significant

difference in spreads of scores for the freshmen who

attended elementary schools of different sizes except for

the freshmen who attended small and average size ele-

This statistically significant dif-mentary schools.

tended average size elementary schools.

ference in spread of scores was on the basic computation 
test and the wider spread favored the students who at-

were these differences statistically significant.
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grounds of mathematics in high school. These differences
in mathematics background can be grouped into four cate
gories: Category 1 consists of the 39 freshmen who took
only a high school course in general mathematics; Cate
gory 2, the 17 freshmen who took high school courses in
general mathematics and commercial mathematics; Category
3, the 51 freshmen who took high school courses in gen
eral mathematics and algebra; and Category the 103
freshmen who took high school courses in general mathe
matics, algebra, and geometry.

A study of Table 6 shows that in quantitative under

average performance that was one-half of a standard
On the computa-deviation above the ninth-grade median.

a standard deviation below the ninth-grade median. How
ever, except for the two instances Just mentioned, the
average performances of the freshmen in these three areas
of arithmetic were about the same as the median per

In fact, the students whoformances of ninth-graders.

tion test, the average performance of the freshmen who 
had general mathematics (Category 1) dropped one-half of

Comparisons of Performance for Students Who Had 
Different Backgrounds of High School Mathematics. Table 6 
shows the findings for students who had different back-

standing, the group of students who had general mathe
matics, algebra, and geometry (Category 4) exhibited an
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must be considered in terms of the course content as well

as the number of courses.

A study of Table 6 shows that in each of the three

areas of arithmetic, the freshmen who had Category 4

mathematics background exhibited throughout the highest

The differences between the averaverage performances.

age performances for the freshmen who had Category 4

mathematics background and the freshmen who had Category 3

mathematics background were statistically significant.

On the quantitative understanding and computation tests,

the differences were statistically significant at the

1 per cent level; on the problem solving test, at the

On

took general mathematics and algebra (Category 3) had a 

mean standard score in problem solving that exactly 

equaled the median performance of ninth-grade pupils.

Any relationships that exist among the several dif

ferent mathematical backgrounds and the average per

formance of the students in the three areas of arithmetic

5 per cent level. In the comparison of the group who 

had general mathematics, algebra, and geometry (Category 

4) with the group who had only general mathematics 

(Category 1) in high school, the differences between 

average performances were statistically significant, 

the quantitative understanding and computation tests, the 

differences were significant at the 1 per cent level and
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in problem solving, at the 5 per cent level. For the
freshmen who had Category 4 mathematics background and
the freshmen who had Category 2 mathematics background,
the difference between the average performances was not
statistically significant.

The students who took general mathematics and com

mercial mathematics (Category 2) in high school showed

a higher average performance in each of the three areas

of arithmetic than either the freshmen who took general

However, none of

these differences was statistically significant.

However, these differences between meanhigh school.

standard scores were not statistically significant. The

performance of the two groups of students in quantita

tive understanding was about the same.

In reference to the standard deviations presented

in Table 6, it can be observed that, with one exception,

the standard deviations run about the same as for other

The standard deviations

In problem solving and computation, the freshmen 

who took general mathematics and algebra (Category 3) in

mathematics and algebra (Category 3) or general mathe

matics (Category 1) in high school.

high school showed a higher average performance than the 

freshmen who took general mathematics (Category 1) in

groupings reported earlier.

were 5.97 (Category 1), 7-89 (Category 2), 7.95 (Cate

gory 3), and 8.70 (Category 4) in quantitative
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understanding.

It is interesting to note the smaller variation

indicated for the Category 1 group in quantitative under

standing (5.97). A study of the standard deviations

shows that some differences existed in spreads of scores

among the test distributions.

An inspection of Table 6 shows that the students who

in the test distributions. In only one case, however, was

significant.

This difference was statistically signifi-high school.

school.

cant at the 1 per cent level.

Diagram I summarizes the performance of the fresh

men in relation to their high school mathematics back-

background in high school had a statistically significant 

wider spread of scores in quantitative understanding than 

the freshmen who had Category 1 mathematics background in

the difference between spreads of scores statistically

The freshmen who had Category 4 mathematics

had general mathematics, algebra, and geometry (Category 

Zj.) in high school exhibited the widest spread of scores

In problem solving, the standard devia

tions were 8.37 (Category 1), 7.1^1 (Category 2), 8.31 

(Category 3), and 9»O3 (Category 20, while in computa

tion the standard deviations were 8.61 (Category 1), 

7.62 (Category 2), 8.88 (Category 3)» and 9.03 (Category 

4).

ground. Diagram I shows the ranking of the highest to 

the lowest performances of the freshmen in terms of the 

type mathematics background they experienced in high
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DIAGRAM I

Ranks
Test 4 Test 6Test 5

1 1 1

222

4 3 3

4 43
General mathematics

(Category 4)

General mathematics 
and commercial mathematics 
(Category 2)

A RANKING OF PERFORMANCE FROM HIGHEST TO LOWEST IN 
RELATION TO HIGH SCHOOL MATHEMATICS BACKGROUND

General mathematics, 
algebra, and geome
try (Category 4)

General mathematics 
and algebra (Category 3)



125

petence in these three areas of arithmetic than the
freshmen who had taken other patterns of high school
mathematics. Diagram I shows that the freshmen who had

try ranked highest in each of these three areas of
arithmetic. The freshmen who had a background in general
mathematics and commercial mathematics ranked second in
each of the three areas of arithmetic. In the problem
solving and computational phases of arithmetic the fresh
men who had a background in general mathematics and
algebra ranked third, and the freshmen who had a back
ground in general mathematics ranked fourth in the
problem solving and computational phases of arithmetic.
In the quantitative understanding phase of arithmetic.
the freshmen who had general mathematics ranked third in

grounds of mathematics in high school approached closely
Only in two instances

On the computation

Generally, the freshmen who took general mathematics, 
algebra, and geometry in high school showed higher com-

a ninth-grade median score of 50» 
was there an exception to this finding.

age performance.
A summary of these findings show that the average 

performances of the students who had different back-

average performance, and the freshmen who had a background 
of general mathematics and algebra ranked fourth in aver-

a background in general mathematics, algebra, and geome-
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test, the average performance of the freshmen who had

clearly surpassed the median performance of ninth graders.

competence in quantitative understanding, problem solv

ing, and computation than the freshmen who took general

mathematics and algebra (Category 3), general mathe

matics and commercial mathematics (Category 2), or gen

eral mathematics (Category 1) in high school.

Generally, the differences among spreads of scores

in the three areas of arithmetic were not statistically

significant. The only exception occurred in quantita

tive understanding where the difference in spread of

scores between the students who took general mathematics

significant.
mattes background in high school had the statistically

significant wider spread of scores.

It was found that the students who had Category 1|. 

mathematics background in high school exhibited greater

only general mathematics in high school did not reach 

the ninth-grade median, while in quantitative understand-

(Category 1) and general mathematics, algebra, and 

geometry (Category 4) in high school was statistically

The freshmen who had Category If. mathe-

ing, the students who had general mathematics, algebra, 

and geometry exhibited an average performance that

It must be pointed out that several factors are in

volved in the particular performance exhibited by these



four groups of students.

not only the number of courses taken, but include the

nature or type of the course and the combination of the

several types of course content.

Table 7 shows the findings in three areas

who indicated that they were "B" students in high school,

"C"and for the 52 freshmen who indicated that they were

students in high school.

The findings presented in Table show several in

teresting facts when consideration is given to the status

Inof the students in relation to ninth-grade norms.
quantitative understanding, the mean standard score was

In problem solving,were

men,

deviation in problem solving, and five-tenths of a standard

In other words, in eachdeviation in computation.

the mean standard score was 57*03 for this group of fresh- 

and in computation the mean standard score was 54.52.

127

The factors involved include

Comparison of Performance for Freshmen Who Indi

cated That They were Superior, Good, and Average Students 

in High School.

of arithmetic for the 38 freshmen who indicated that they

ninth-grade median nine-tenths of a standard deviation 

in quantitative understanding, seven-tenths of a standard

58.84 for the college freshmen who indicated that they 

"A" students in high school.

The average performances of the students who indicated 

that they were "A" students in high school exceeded the

were "A" students in high school, for the 122 freshmen
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in high school was considerably higher than the median

performance of ninth-graders. The average performance

for those who indicated that they were "B" students in

high school approximated the median performance of ninth

grade pupils. The average performance for the students
who indicated that they were "C" students in high school
was somewhat below the median score of ninth-graders in
the problem solving and computational phases of

In the computational phase of arithmetic,arithmetic.
the mean standard score dropped almost one-half of a

Table 7standard deviation below the ninth-grade median.

shows that in each of these three areas of arithmetic,

areas of arithmetic.

the highest mean standard scores in each of the three

The differences between the mean

An inspection of Table 7 shows that the students who 

indicated that they were "A" students in high school had

the "A" students had a higher average performance than 

the ninth-grade pupils, the "b" students had an average

of these three areas of arithmetic the average performance 

of the freshmen who indicated that they were "A" students

performance that approximated the median ninth-grade 

performance, and that the average performance of the "C" 

students was below the ninth-grade median.

standard scores for the "A" students and "B" students, and 

for the "A" students and "C" students were statistically
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Further inspection shows that the freshmen who indi

cated that they were "B" students in high school had

statistically significant higher mean standard scores

than the students who indicated that they were "C" stu

dents in high school. In the quantitative understanding

phase of arithmetic the difference between performances

was statistically significant at the 5 per cent level,

while in the problem solving and computational phases of

arithmetic the differences were statistically significant

students.

students.

dents, but they exhibited a higher average performance 
than the freshmen who were "C" students in high school.

On the computation test the standard 
deviation was 8.58 for "A" students, 8.97 for "B" stu
dents, and 8.07 for "C"

On the problem solving test the standard deviation was 
9.09 for "A" students, 8.52 for "B" students, and 7.35

It can be seen from a

significant at the 1 per cent level. In other words, the 
"A" students exhibited greater competence in each of the 
three areas of arithmetic than either the "B" students

for "C"

at the 1 per cent level. Thus, the "B" students did not 

exhibit as high an average performance as the "A" stu-

or "C" students.

Table 7 shows that on the quantitative understand

ing test, the standard deviation was 7*56 for the stu

dents who indicated that they were "A" students in high 

school, 8.42 for "B" students, and 8.40 for "C" students.
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study of these standard deviations that differences
existed not only in individual performance but also in
the spreads of scores among the test distributions as
well.

In each of the three areas of arithmetic, the

freshmen who indicated that they were "A" students in

high school had the narrowest spread of scores on the

quantitative understanding test, the widest spread of

scores on the problem solving test, and next to the

widest spread of scores on the basic computation test.

The freshmen who indicated that they were "B" students

in high school had the narrowest spread of scores on the

quantitative understanding test, next to the widest

spread of scores on the problem solving test, and the

widest spread of scores on the basic computation test.

The freshmen who indicated that they were "C" students

in high school had next to the widest spread of scores

on the quantitative understanding test, the widest

spread of scores on the problem solving test, and the

narrowest spread of scores on the computation test.

However, when the reliability of the differences

between standard deviations was determined, it was found

that none of the differences between spread of scores

The t-ratio for thiswas statistically significant.

For the difference togreatest difference was 1.30.



132

dents exceeded a ninth-grade median score of 50. Those

who indicated that they were "B" students had an average

performance that approximated ninth-grade median per

formance, and the performance of the freshmen who indi

cated that they were "C" students was below the median

performance of ninth graders.

In the light of the average performances, all com

parisons showed statistically significant differences.

In other words, greatest competence in each of the three

areas of arithmetic under consideration was exhibited by

the freshmen who indicated that they were superior stu-

school, and the poorest performance by those who indi

cated that they were average students.

There was no statistically significant difference

in the spread of scores in the test distributions in any
In other words, there wasof the possible comparisons.

tributions.

no apparent relationship between the academic ratings of 
the students and the spread of scores in the test dis-

dents in high school, the next highest performance by 

those who indicated that they were good students in high

In summary, the findings show that the performance 

of the freshmen who indicated that they were "A" stu-

have been statistically significant, the t-ratio (with 

88, 158, or I72 degrees of freedom) would have had to be 

at least 1.98.
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men who indicated that they have had employment which in

cluded the functional use of arithmetic stated that they

worked as sales clerks in grocery stores end ten cent

stores. The freshmen who had this type of employment in

dicated that they made change and were responsible for

keeping a running account of the sales they made. Others

indicated that they worked as cashiers in grocery stores,

Others indicateddry good stores, and hardware stores.

that they worked in the high school principals’ offices.

where they made extensive use of arithmetic in the many

A few indicatedreports characteristic of such an office.

had been employed by banks as statement clerks.

When considering the status of these two groups,

Table 8 shows that the mean standard score for the fresh-

that they had experienced employment which included book

keeping, and several of the freshmen stated that they

Performance of Freshmen Who Reported Vocational 

Experience Compared with That of Those Who Reported No 

Vocational Use of Arithmetic. The findings for the fresh

men who reported employment which included the functional

men who reported employment was 52.92 in the quantitative 

iindpi-n.qf.anrUng phase of arithmetic, 53*51 in problem 

solving, and 50.67 in computation. The mean standard

use of arithmetic and for those who did not report em

ployment are presented in Table 8. A majority of the fresh-
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TABLE 8

Test 4 Test 6Test 5

108108108 103103B 103
50.67 47.8749.3953.51Mean 52.1352.92
9.81 8.497.418.94 8.76S. D. 9.30

Significance of Difference between Means

t-ratio

did not
.6471.22.79

Worked
1.164.12 3.55**

Worked
1.262.80 2.22*

Have 
Worked

COMPARISON OF PERFORMANCE FOR FRESHMEN WHO REPORTED 
EMPLOYMENT AND FOR THOSE WHO DID NOT REPORT EMPLOYMENT

Have 
Worked

Non
Workers

Difference 
between 

Means

Non
Workers

Have 
Worked

Non
Workers

S. E.
of 

Difference

did not 
work (Test 5)

did not 
work (Test 6)

*Beyond .05 level of significance
Beyond .01 level of significance

Worked
work (Test 4)
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It should be noted that for

the freshmen who did not report employment, the mean

standard score in the problem solving phase of arithmetic

was about the same as the ninth-grade median score of 50,

and that in computation the average performance of those

who reported employment closely approached the ninth

grade median.
Table 8 shows that in quantitative understanding,

problem solving, and computation, the freshmen who indi

cated that they have had employment which included the

functional use of arithmetic had higher mean standard

scores than the freshmen who did not report such employ-

However, only on the problem solving and computa-ment.

tional tests were the differences between mean standard
In the problem solvingscores statistically significant.

level.

test was not statistically significant.

Table 8 shows that on the test of quantitative under

standing, the students who reported employment had a

On the computation test, the difference between 

the mean standard scores was statistically significant

score for those who did not report employment was 52.13 

in quantitative understanding, 49.39 in problem solving, 

and 47.87 in computation.

phase of arithmetic, the difference between mean standard 

scores was statistically significant at the 1 per cent

at the 5 per cent level, while the difference between the 

mean standard scores on the quantitative understanding
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standard deviation of 8.94 and those who did not report
employment a standard deviation of 8.76. On the problem
solving test the standard deviation was 9.30 for those
who reported employment and 7.41 for those who did not
report employment. On the basic computation test the

standard deviation was 9.81 for those who reported em

ployment and 8.49 for those who did not.

In each of the three areas of arithmetic, the stu

dent who reported employment which included the func

tional use of arithmetic exhibited a wider spread of

scores than the students who did not report such employ

ment. However, only on the problem solving test was the
difference between standard deviations found to be
statistically significant. In this case, the difference
between the spreads of scores in the test distributions

that the arithmetical status of the group who reported
employment and for the group who did not report employ
ment was similar to the median performance of ninth-grade
pupils.

The freshmen who reported employment which included

the use of arithmetic exhibited greater competence on

Thus, there
the problem solving and basic computation tests than the 
freshmen who did not report such employment.

was significant at the 1 per cent level.
A summary of the findings presented in Table 8 shows
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these two areas of arithmetic.

the average performances of these two groups of freshmen.

Even though the wider spread of scores in the test

distributions seemed to favor the freshmen who reported

employment, only on the problem solving test was the

difference in spread of scores statistically significant.

arithmetic, the 27 freshmen who felt indifferent towards

arithmetic, and the 62 freshmen who indicated a dislike

grade median score of 50 over one-third of a standard

For

the group who indicated that they like arithmetic ex

hibited mean standard scores that exceeded the ninth

deviation, while in computation the mean standard score 

of this group approximated the ninth-grade median.

those who indicated that they felt indifferent towards 

arithmetic, the mean standard score of 54.11 exceeded the 

ninth-grade median almost one-half of a standard devia

tion In quantitative understanding, while in problem

for arithmetic are presented in Table 9.

In quantitative understanding and problem solving,

appears to be a relationship between those who reported 

that they had been employed and their competence in

However, on the quantita

tive understanding test there was little difference in

Comparison of Performance of Freshmen in Relation to 

Their Expressed Attitude Towards Arithmetic. The find

ings for the 117 students who Indicated a liking for
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solving and computation the mean standard scores of this

group of students approximated the ninth-grade median.

In quantitative understanding, those who indicated a dis

like for arithmetic had a mean standard score of 50.67

about one-third of a standard deviation below ninth-grade

median performance. In computation, the mean standard

score of 45.05 was almost one-half of a standard deviation

below ninth-grade median performance. In other words, the

students who indicated that they liked arithmetic or felt

indifferent towards arithmetic had an average perfor

mance that either approximated or surpassed the median

performance of ninth-grade pupils, while in problem solv-

dropped below ninth-grade median performances.

An inspection of this table shows that on the

quantitative understanding, problem solving, and basic

computation tests, the freshmen who indicated a liking

for arithmetic performed better than the freshmen who

indicated a dislike for arithmetic. The difference be

tween the average standard scores on the quantitative

understanding test was statistically significant at the

which approximated ninth-grade median performance, while 

in problem solving a mean standard score of 46.92 was

ing and computation, the students who indicated that they 

disliked arithmetic exhibited an average performance that
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5 per cent level. On the problem solving and basic com

putation tests, the differences were statistically
significant at the 1 per cent level.

When a comparison was made between the average per
formances of the freshmen who felt indifferent towards
arithmetic and the freshmen who disliked arithmetic, It
was found that in the problem solving and computational
phases of arithmetic the freshmen who felt indifferent
towards arithmetic performed better than those who dis
liked arithmetic. In the problem solving phase of
arithmetic, the difference was statistically significant
at the 5 per cent level. In the computational phase of

the difference between mean standard scoresarithmetic,

In the quanti-was significant at the 1 per cent level.

tative understanding phase of arithmetic the difference

between the mean standard scores for the freshmen who

felt indifferent towards arithmetic and the freshmen who

disliked arithmetic was not statistically significant.

In order for this difference to have been

of freedom would have to be at least 1.99. However, it

must be remembered that the number of freshmen who felt

indifferent towards arithmetic was comparatively small

was I.78).
statistically significant, the t-ratio with 88 degrees

In this instance, the advantage favored the freshmen who 

reported indifference towards arithmetic (the t-ratio



141

(27), and to have a difference that would be statisti

cally significant, the difference between the mean

standard scores would have had to be quite large.

There was no statistically significant difference

in the three areas of arithmetic between the freshmen

who liked and felt indifferent towards arithmetic,

though in the problem solving and computational phases

of arithmetic the advantage favored the freshmen who

liked arithmetic.
In reference to the standard deviations presented

in Table 9, it can be observed that in quantitative

understanding those who liked arithmetic had a standard

For those who felt indifferent to-

for those who disliked arithmetic, 7-98. In problem

solving, those who liked arithmetic had a standard

The standard deviation for those whodeviation of 8.82.
felt indifferent towards arithmetic was 8.70, and 6.42

In computation, thefor those who disliked arithmetic.

standard deviation was 8.97 for those who liked

It can be seen that on each of the three tests, the

three groups of students who indicated their particular

attitude towards arithmetic exhibited wide but typical

differences in individual performance.

arithmetic, 9.5I for those who felt indifferent towards 

arithmetic, and 7.08 for those who disliked arithmetic.

deviation of 9.09.

wards arithmetic the standard deviation was 8.37, and
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A study of the standard deviations (spread of

scores in the test distributions) shows that on the

quantitative understanding and problem solving tests the

freshmen who liked arithmetic had a wider spread of

scores than the freshmen who either felt indifferent to

wards or disliked arithmetic. On the basic computation

test, the freshmen who felt indifferent towards arithme

tic had a wider spread of scores than either the fresh

men who liked or disliked arithmetic. However, when the

reliability of difference between standard deviations

was determined for the greatest differences, it was

found that in only one case was the difference between

standard deviations statistically significant. In this

instance, the greatest difference between standard

deviations was in problem solving and the students who

expressed a liking for arithmetic exhibited a statisti

cally significant wider spread of scores than those who

indicated that they disliked arithmetic. This difference

between standard deviations was significant at the 1 per

The next greatest difference betweencent level.

standard deviations was not statistically significant.

In order for the next

greatest difference between standard deviations to have

been significant, the t-ratio with 178 degrees of freedom

would have had to be at least 1.97« It follows that the

In this case, the t-ratio was 1.71.
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differences between the remaining standard deviations

were not significant.

As a summary of these findings with respect to atti

tude towards arithmetic, it can be stated that when the

mean standard scores of the freshmen were compared to

ninth-grade norms, some variation in performance was

noted. The students who indicated that they liked
arithmetic or felt indifferent towards arithmetic had
an average performance in these three areas of arithme
tic that either reached or surpassed the median per

In problem solving andformance of ninth-grade pupils.
computation, the students who indicated that they dis

liked arithmetic exhibited an average performance that

The

ent towards arithmetic exhibited greater competence in

these three areas of arithmetic than those who disliked

There were no statistically significantarithmetic.

differences between average performances for the fresh

men who liked and felt indifferent towards arithmetic.

to show the widest spread of scores.

fell below the typical ninth-grade performance.

remaining average performances were similar to the

typical ninth-grade performance.
It was found that those who liked or felt indiffer-

Except in the computational phase of arithmetic, 

there was a tendency for the freshmen who liked arithmetic 

On the problem
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favored the freshmen who liked arithmetic* However, in
quantitative understanding and computation, the differences

among the standard deviations were not statistically

significant.

129 freshmen who expressed a need for a refresher course

in arithmetic end the 81 freshmen who said that they did

not need a refresher course in arithmetic.

A study of the findings of Table 10 shows that only

median score of 50.

score
This group of

The re

solving test, the statistically significant wider spread 

of scores for those who liked and disliked arithmetic

median performance.

An inspection of this table showed that on the 

quantitative understanding test, problem solving test, 

and basic computation test, the freshmen who did not feel 

the need for a refresher course in arithmetic exhibited

freshmen surpassed the median performance of ninth-grade 

pupils by four-tenths of a standard deviation.

maining mean standard scores approximated ninth-grade

of the freshmen who did not express a need for a 

refresher course in arithmetic was

in quantitative understanding did the average performance 

of a freshmen group considerably exceed a ninth-grade

In this instance, the mean standard

Comparison for Those Who Expressed a Need for a Re

fresher Course in Arithmetic and for Those Who Expressed 

No Need. Presented in Table 10 are the findings for the
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TABLE 10

Test 4 Test 6Test 5

(1) (2)(2) (1) (1) (2)

Significance of Difference between Means

t-ratio

2.96 1.30 2.27*
.741.24.92

1.531.312.00

(2) Freshmen who expressed no need for a refresher 
course in arithmetic.

(1) Freshmen who expressed a need for a refresher 
course in arithmetic.

COMPARISON FOR THOSE WHO EXPRESSED A NEED FOR A REFRESHER 
COURSE IN ARITHMETIC AND THOSE WHO DID NOT

EXPRESS SUCH A NEED

Difference 
between 
Means

129
48.93
9.15

81
50.929.18

N
Mean
S. D.

S. E. of 
Difference

129 81
51.56 54.52
7.50 10.05

Expressed no need - ex
pressed need (Test 4) 

Expressed no need - ex
pressed need (Test 5) 

Expressed no need - ex
pressed need (Test 6)

*Beyond .05 level of significance

129 81
51.07 51.99
8.52 8.79
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the higher mean standard scores. However, only on the

quantitative understanding test was the difference

between average performances statistically significant.

This difference between the standard scores for those

who felt the need for a refresher course in arithmetic

and for the freshmen who felt no such need was statisti

cally significant at the 5 per cent level. That is, only

in the arithmetical area of quantitative understanding

was the difference between average performances statisti

cally significant, and in this case, the higher average

performance favored the freshmen who did not feel the

need for a refresher course in arithmetic.

An inspection of Table 10 shows that on the test of

quantitative understanding, the standard deviation for

the students who expressed a need for a refresher course

In

In computation, the standard deviation was 9.I5

for those who expressed a need for a refresher course

and 9.18 for those who expressed no need. While the

standard deviations show that the freshmen exhibited

considerable difference in performance on each of the

problem solving, the standard deviation for those who 

expressed a need for a refresher course was 8.52, and for

in arithmetic was 7.50, while the standard deviation for 

need was very large (10.05).those who expressed no

those who expressed no need the standard deviation was 

8.79.
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three tests, the greatest difference was shown in

quantitative understanding for the group who did not

express a need for a refresher course in arithmetic.

Further Inspection of Table 10 showed that in each

of these three areas of arithmetic, the freshmen who

did feel the need for a refresher course in arithmetic

had the wider spread of scores in the test distributions.

When the reliability of difference between standard

deviations was determined for the greatest differences,

it was found that only on the quantitative understanding

test was the difference between the spreads of scores

This difference was statisti-statistically significant.

cally significant at the 5 per cent level. In other

words, even though the freshmen who did not express the
need for a refresher course in arithmetic had the wider
spread of scores in the test distributions, only in the
quantitative understanding area of arithmetic was the
difference statistically significant.

In summary, the ninth-grade median performance was
approximated by the average performances of both the
students who did not express a need for a refresher

in arithmetic and the students who did expresscourse

such a need.
These findings show that there seemed to be little 

relationship between the expressed needs of the freshmen
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and their competence in these three areas of arithmetic.

In the problem solving and computational areas of

petence between the freshmen who expressed a need to take

a refresher course in arithmetic and the freshmen who

expressed no such need. However, in the quantitative

understanding phase of arithmetic, greater competence was

exhibited by the freshmen who did not feel the need to

take a refresher course in arithmetic.

Even though there was a tendency for the wider spread

of scores in the test distributions to be in favor of the

freshmen who did not feel a need to take a refresher

course in arithmetic, only on the quantitative understand

ing test was this difference statistically significant.

three areas of arithmetic under consideration.

spection of Table 11 shows that seven-tenths (70 per

Approximatelyfreshmen liked basic computation least.

number meaning least.

many of the freshmen liked computation as liked problem

cent) of this freshmen group liked problem solving least, 

while a little less than one-tenth (9 per cent) of the

Preferences of Freshmen in Three Areas of Arithmetic.

Table 11 shows the percentage of students who expressed 

certain preferences (or the opposite) for each of the

An in-

one-fifth (21 per cent) of this freshmen group liked

In other words, seven times as

arithmetic, there was no significant difference in com-
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TABLE 11

N

70%131Liked problem solving least

40 21%Liked number meaning least
9%16Liked computation least

10%19Liked problem solving best

5%10Liked number meaning best
85%158Liked computation best

PERCENTAGE OF LIKES AND DISLIKES FOR EACH OF THESE 
AREAS OF ARITHMETIC

Percentage 
of Total
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Further examination of the table shows that a little

meaning best.

a neutral rating. This may indicate that a large propor-

These facts are quite interesting when related to

the results presented in Table 2. Table 2 showed the

status of the total freshmen group in three areas of

Table 2 showed that these freshmen exhibitedarithmetic.

group declared that they liked computation best. Seven

tenths of the freshmen indicated that they liked problem 

solving least, yet their competence in this area of

tion of the freshmen did not understand what was meant by 

"number meaning," and as a result they did not rate it 

either high or low on preferences.

solving, while twice as many liked number meaning as liked 

problem solving.

poorest competence in basic computation, yet Table 11 

shows that over five-sixths (85 per cent) of this freshmen

If "liked least" is given a rating of 1, and "liked 

best" a rating of 3* 2 would represent a neutral rating. 

In terms of such a rating, approximately three-fourths 

(74 per cent) of this freshmen group gave number meaning

over five-sixths (85 per cent) of the freshmen liked com

putation best, while only one-tenth (10 per cent) liked 

problem solving best. Only a small fractional part (1/20) 

of this freshmen group indicated that they liked number
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competence in this area of arithmetic was equal to their

competence in problem solving and superior to their com

petence in computation.

arithmetic, the freshmen who indicated a liking for

arithmetic exhibited a higher average performance than the

freshmen who indicated a dislike for arithmetic. That is,

Table 9 shows that the freshmen who liked arithmetic ex
hibited greater competence in arithmetic than those who
disliked it.

the computational phase of arithmetic, yet liked this

The freshmen liked problem solving least, yetphase most.

they showed relatively superior performance in this phase

of arithmetic.

student filled in the questionnaire, he became obligated

liked best.

to indicate which phase he liked least and which phase he 

Thus, a freshman who liked arithmetic was

However, a comparison of Tables 2 and 11 

shows that the freshmen exhibited lowest competence in

freshmen who liked, felt indifferent towards, and disliked 

arithmetic) showed that in each of the three areas of

arithmetic was superior to their competence in computation.

Almost three-fourths (?4 per cent) of the freshmen gave 

quantitative understanding a neutral rating, yet their

However, Table 9 (which presented 

the results in the three areas of arithmetic for the

At first thought, one might consider these several 

findings contradictory to one another. However, when the
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Similarly, the student who did not like arithme-

Therefore, whether a student exhibited superior,

average, or poor competence in arithmetic or whether he

in order of preference.

In summary, a significant proportion of the fresh-

Through

students indirectly ranked number meaning in between

computation and problem solving.

the freshmen in relation to each socio-psychological

characteristic considered in this investigation has been

discussed separately. A thorough study, however, of

certain consistencies.

follows:

students who attended average sized and large elementary 

schools came from urban centers; (2) generally, the 

freshmen who liked arithmetic were also the same students

comparisons among the items on the data sheets revealed

These noted consistencies are as

men preferred computation to problem solving.

inference, it can be stated that a majority of the

liked, felt Indifferent towards, or disliked arithmetic, 

he was requested to rank these three areas of arithmetic

tic in general still had to rate one phase as "liked 
best."

(1) generally, the students who attended small 

elementary schools came from rural communities and the

Interrelationships Among Data on Different Socio- 

Psychological Factors. The arithmetic performance of

still faced with the choice of rating one area as "liked 
least."
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students who did not express a need for a refresher

freshmen who indicated that they were superior and above

average students in high school tended to take general

mathematics, algebra, and geometry in high school.

Chapter Summary

arithmetic.
A summary of the findings of the first part of this 

chapter shows that in the three areas of arithmetic under

his study.

headings: (1) the findings which showed the status in 

three areas of arithmetic for a group of Alabama freshmen

who took general mathematics, algebra, and geometry in 

high school; (3) the freshmen who indicated that they

were superior and above average students in high school 

tended to like arithmetic; (4) the freshmen who indi-

course in arithmetic indicated that they were superior 

and above average students in high school; and (6) the

The author has presented in this chapter the data of 

The findings were presented under two main

elementary education majors and a comparison of their 

performance in these three areas of arithmetic, and

(2) the findings which showed the relationship of certain 

socio-psychological characteristics to competence in

cated that they were average students in high school 

tended to dislike arithmetic; (5) a majority of the
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consideration, the average performance of the students

A study of the distribution tables showed that in

quantitative understanding the distribution of scores

the scores to gather at the lower end of the distribu

tions.

When consideration was given to cumulative percentages,

it was found that the smallest percentage of scores at or

below the ninth-grade median occurred in the quantitative

understanding phase of arithmetic, while the largest per

centage of scores at or below the ninth-grade median oc

curred in the computational phase of arithmetic.

In each of these three areas of arithmetic, over 50

per cent of the students reached or exceeded the median

performances of the seventh, eighth, and ninth-grade

A larger percentage of the students dropped belowpupils.

phases.

did so in the quantitative understanding phase of

arithmetic.

the seventh, eighth, and ninth-grade medians in the com

putational phase of arithmetic than in the other two

The lowest percentage of the students who 

dropped below the seventh, eighth, and ninth-grade medians

approximated a normal distribution, while in problem 

solving and computation there was a slight tendency for

approximated the typical performance of ninth-grade 

pupils.
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In

grade pupils. In computation some of the students

exhibited performances that equaled the lowest performance

of these Junior high school pupils.

students exhibited greater competence on the quantitative

understanding and problem solving tests than they did on

the computation test. In other words, the students showed

greater ability in perceiving quantitative relationships
This

solving word problems as they did in perceiving quantita-

scores among the test distributions.
When the performances of students in these three 

areas of arithmetic were related to certain socio-psycho- 
logical characteristics, it was found that in some

tive relationships.
This group of freshmen elementary education majors 

did not exhibit significant differences in spreads of

and in solving word problems than in computation.

group of freshmen showed about the same facility for

When comparing the performance of the freshmen in 

these three areas of arithmetic, it was found that the

It was found that the students varied considerably 

in their performance on each phase of arithmetic (quantita

tive understanding, problem solving, and computation), 

the quantitative understanding and problem solving phases, 

some of the freshmen exhibited performances that equaled 

the top performances of the seventh, eighth, and ninth-
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instances a relationship did exist between these charac

teristics and competence in arithmetic. When the arithme

tical status of the freshmen were considered in terms of

ninth-grade norms, it was found that their status in

arithmetic approximated the median performance of ninth

grade pupils. The main exception to this general finding

was found when the standings of the freshmen were con

sidered in the light of their indicated scholastic rating.

that were above a ninth-grade median score of 50. The

average performances of the students who indicated that

munities
com-

competence in the quantitative understanding phase of 

arithmetic than did the freshmen students from rural com-

they were "b" students were similar to the ninth-grade 

median, and the students who indicated that they were "C" 

students did not reach the median performance of ninth

in this case, the students who indicated that they were 

"A" students in high school exhibited average performances

putational phases of arithmetic.

significant difference in spread of scores between the 

freshmen who came from rural and urban communities.

grade pupils.
A study of the test data showed that the freshmen 

students who came from urban centers exhibited greater

However, there were no significant differences 

in average performances in the problem solving and

On no test was there a
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the size of the high school and the average performance

of the freshmen. Also, for each of the possible com

parisons among the freshmen who graduated from high

tributions.
When the average performances of the freshmen were

considered in relation to the size of the elementary

In

tributions.

elementary schools.
differences among the spreads of scores in the test dis-

school and the average performance of the freshmen.
the computational and quantitative understanding phases

school attended, it was found that only a slight rela
tionship existed between the size of the elementary

considered in terms of size of high school attended, it 
was found that no apparent relationship existed between

schools of different sizes, there were no significant 
differences among the spread of scores in the test dis-

the quantitative understanding phase of arithmetic, the 
freshmen who attended large elementary schools exhibited 
greater competence than the freshmen who attended small

Generally, there were no significant

When the average performances for the freshmen were

Generally, the freshmen who took general mathematics, 
algebra, and geometry in high school showed higher com
petence in the three areas of arithmetic than the

of arithmetic, the freshmen who attended elementary 
schools of average size exhibited greater competence than 
the freshmen who attended small elementary schools. In
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There appeared to

be little difference among the spreads of scores in the

test distributions.
When a comparison was made between the average per

formances of the freshmen and their indicated scholastic

rating, it was found that the freshmen who indicated that

they were above average and superior students in high

school exhibited greater competence in the three areas of

arithmetic than the freshmen who indicated that they were

average students in high school. There were no signifi

cant differences among the spreads of scores in the test

distributions in any of the possible comparisons.

The freshmen who reported employment which included

the use of arithmetic showed greater competence in the

computational and problem solving phases of arithmetic

than the freshmen who did not report such employment.

Only on the problem solving test was the difference in

spread of scores statistically significant.

The freshmen who indicated that they liked or felt

indifferent towards arithmetic exhibited greater com

petence in the three areas of arithmetic than those who

expressed a dislike for arithmetic.

There was little relationship between the expressed

needs of the freshmen and their competence in arithmetic.

Only on the test of quantitative relationships was there

freshmen who had taken other patterns (including varying 

amounts) of high school mathematics.
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a significant difference between average performances,

and in this case the freshmen who did not express a need

to take a refresher course in arithmetic had the higher

average performance. When a comparison was made between

the standard deviations, it was found that only on the

test of quantitative relationships was this difference

statistically significant. In this instance, the fresh

men who did not express a need for a refresher course in

arithmetic exhibited the wider spread of scores.

It was found that a significant proportion of the

through inference,

the final chapter.

gave number meaning a neutral rating.

The findings presented in the present chapter will 

form the basis for interpretations, conclusions, and im-

Sugges-plications discussed in the following chapter.

tions for additional research will also be included in

freshmen preferred computation to problem solving, while 

a majority of the freshmen indirectly



CHAPTER V

GENERAL SUMMARY, CONCLUSIONS, AND IMPLICATIONS

elusions, interpretations and conclusions concerning

arithmetic abilities of freshmen in three areas of

arithmetic, interpretations and conclusions concerning

relationship of certain socio-psychological factors to

performance in arithmetic, implications of the study, and

need for further research are presented in this final

chapter.

Summary of Study

of Alabama freshmen majoring in elementary education and
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to compare their performance in the three areas of 

arithmetic under consideration, and (2) to study the

arithmetic performance of this group of freshmen ele

mentary education majors in relation to the following

In Chapter I the purpose of the study was presented 

along with a Justification for research of this type.

(1) to deter-

A brief summary of the study, qualifications regard
ing interpretations, general interpretations and con-

This investigation had a two-fold purpose:
mine the status in three areas of arithmetic of a group
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included the functional use of arithmetic and no such

course in arithmetic.

A review of the literature pertinent to the two

basic purposes of this study was presented in Chapter II.

The studies reviewed there were discussed under five main

headings: the status of college freshmen in the subject

field of arithmetic; comparison of the performance of

individuals in several phases of arithmetic; competence

of individuals in arithmetic in relation to socio-psycho-

IV.

logical factors; the training of teachers of arithmetic; 
and some theories of how children learn arithmetic.

employment; (g) expressed attitudes toward arithmetic;
and (h) expression of a need or no need for a refresher

study, the method employed in the main investigation, the 
tests used, and the treatment of the data.

The findings were presented and discussed in Chapter
The data of the investigation were presented under

socio-psychological characteristics: (a) environmental 
background (rural and urban); (b) size of high school 
attended; (c) size of elementary school attended;
(d) nature of background in high school mathematics;
(e) high school academic rating; (f) employment which

The method, techniques, and procedures used in the 
study were presented in Chapter III. This included a dis
cussion of the initial planning, the conduct of a pilot
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two main headings: (1) arithmetic abilities of Alabama

performance in arithmetic.

Qualifications Regarding Interpretations

As a basis for interpretation of the findings, it is

desirable that certain limitations be recognized.

First, all comparisons were made as group comparisons

and as such should not be confused with individual com

parisons. The status of the freshmen in three areas of

arithmetic and a comparison of their performance in the

quantitative understanding, problem solving, and com

putational phases of arithmetic were considered as group

Also, the relationship of

factors was considered in terms of group performance.

this particular group.

freshmen in three areas of arithmetic, and (2) relation

ship of selected socio-psychological characteristics to

status and group comparisons.

arithmetical performance to certain socio-psychological

Secondly, the investigation was done with a group of 

white college freshmen majoring in elementary education in 

Alabama state supported institutions. Since the study 

population consists of 90 per cent of all white Alabama 

freshmen majoring in elementary education, the results 

obtained and the conclusions drawn from the test data of

this freshmen group should represent a fair sample of white 

elementary education majors in the state of Alabama. The 

reported findings should be interpreted as applying to
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Thirdly, the findings of this investigation are

stated in terms of seventh, eighth, and ninth-grade

The index of the student's ability in arithmeticnorms.

was considered in terms of these junior high school

The measuring instrument used in this study isnorms.

one of the first of its kind in that the authors of the

test attempted to measure the ability of the individual

to perceive quantitative relationships. It is quite

possible that if the test series used in this study had

been standardized on an adult level, the arithmetical

status of the freshmen and a comparison of their per

formance in quantitative understanding, problem solving,

The writer

to be presented in this chapter.

General Interpretations and Conclusions

an over-all view of the findings it is possible to make

1.

the following general conclusions:
The findings seem to suggest that regardless of 

the type of comparisons made the average performance of

and computation might have been different.

is aware of possible weaknesses in any measuring instru

ment and is cognizant of its effects upon the conclusions

A study of the test data shows several general trends 

which seem to be characteristic of this population. From
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dents in high school exceed the median performance of

ninth-grade pupils in the three areas of arithmetic under

consideration.

2.

The only exception to this general conclusion occurs 

■when the performances of the freshmen are considered in

psychological factors except in the following cases: 

(1) in computation, the students who attended average 

sized elementary schools had a statistically significant 

wider spread of scores than those who attended small ele

mentary schools; (2) in quantitative understanding, the 

freshmen who took general mathematics, algebra, and 

geometry (Category 4) 1° high school had a statistically 

significant wider spread of scores than those who took 

only general mathematics in high school (Category 1);

(3) in problem solving, the freshmen who reported employ

ment which included the functional use of arithmetic had

The findings suggest that regardless of the com

parisons made and the factors considered there appears to 

be little difference among spreads of scores in the test 

di s tributi ons.

This is time with respect to all groupings on socio-

the freshmen in quantitative understanding, problem 

solving, and computation is similar to typical ninth

grade performance.

terms of high school scholastic rating. It appears that 

the students who indicate that they were superior stu-
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course in arithmetic.

3. The findings of this study seem to suggest that 

in the light of all the factors considered end comparisons 

made, there appear to be relatively few statistically 

significant differences among either average performances

a statistically significant wider spread of scores than 

those who did not report such employment; (4) in problem 

solving, the students who expressed a Hiring for 

arithmetic had a statistically significant wider spread 

of scores than those who expressed a dislike for arithme

tic; and (5) in quantitative understanding, the freshmen 

who did not express a need for a refresher course in 

arithmetic had a statistically significant wider spread 

of scores than those who expressed a need for a refresher

or standard deviations.
!).. The find! -nga of this study seem to show that in 

the light of all the socio-psychological factors con

sidered and other comparisons made, the freshmen appear to 

encounter most difficulty with computation.

The investigation does not present evidence to 

suggest any clear explanation for these four over-all 

conclusions.
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ship of certain socio-psychologlcal characteristics to

performance in arithmetic.

the fact that the performance of these freshmen as a

group was similar to average eighth-grade performance in

The few studies that were foundcomputational skill.

which dealt with the ability of the students to solve
word problems showed that upon entrance to college fresh-

The one

of ninth-grade pupils.

Status of Freshmen Group in Three Areas of Arithme-

An examination of other studies in which arithmetic

of growth and development showed that teachers college 

freshmen lacked ability in perceiving quantitative

In contrast, study of the findings of

The discussion of the findings under this first main 

heading will be divided into two parts: (1) status of 

freshmen in three areas of arithmetic, and (2) relation-

tic.

tests were administered to college freshmen has revealed

men as a group had about eighth-grade ability.

earlier investigation that had as its purpose the deter

mination of arithmetical understandings on seven levels

relationships.
this investigation showed that in quantitative understand
ing and problem solving, the students exhibited slightly 
higher average performances than the median performance

In the computational phase of

Interpretations and Conclusions Concerning Arithmetic 
Abilities of Freshmen in Three Areas of Arithmetic
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sideration, the average performance of this freshmen

group was similar to typical ninth-grade performance.

If previous research has found that entering college

freshmen as a group were much like eighth-graders, then

it appears that Alabama freshmen majoring in elementary

education have exhibited somewhat higher performance in

arithmetic than groups of entering freshmen tested in

the past.

However, certain limitations must be placed on such

First, one must take into considera-an interpretation.
tion differences between measuring instruments used in the

past and the instrument used in this investigation.

measuring instruments used in earlier studies and the 

test norms of the measuring instrument used in this study.

Secondly, one must take into consideration the differ

ences that probably exist between the test norms of the

little below the median performance of ninth-graders.

Generally, in the three areas of arithmetic under con-

In other words, the differences that exist between the 

measuring instrument used in the present investigation 

and the measuring instruments used in previous studies 

might account for the slightly higher arithmetical com

petence exhibited by the freshmen tested in this study.

The question might be asked, have all the students 

tested in this study performed satisfactorily in

arithmetic the average performance of the freshmen was a
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When the status of the

ceeded this median. In other words, almost half of the

study population did not reach average ninth-grade per

formance.

the freshmen did not reach average eighth-grade per

formance, while in terms of seventh-grade norms, approxi

mately 23 per cent of the freshmen were below the seventh-

It is safe to assume that these studentsgrade median.

who did not reach seventh, eighth, or ninth-grade median

performances exhibited performances that were not

In other words, a significant proportionsatisfactory.
of this tested freshmen group did not show adequate com

petence in these three areas of arithmetic.

It can probably be assumed that the group of stu

dents tested in this study represented a more select

freshmen was considered in terms of ninth-grade norms, it 

was found that almost as many of the students dropped

Further investigation of the findings shows 

that in terms of eighth-grade norms about 33 per cent of

group than the total group of ninth-grade pupils on whose 

performance ninth-grade norms were based, that is, select 

in terms of higher scholastic rating and in terms of

quantitative understanding, problem solving, and com

putation? It was found that on each of the three tests, 

the students exhibited wide but perhaps normal differ

ences in individual performance.

below the ninth-grade median as those who reached or ex-
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higher mental ability.

ability of the total ninth-grade group.

cates a loss since they were in the ninth grade. Also,

it must be remembered that this group of freshmen have

become more mature, that as a group they have had some

additional mathematics since their ninth-grade experiences,

and that they have had more time and opportunities to use

In the light ofarithmetic in functional situations.

these facts and the fact that many authors of previous

investigations concluded that eighth-grade performance in

arithmetic was not satisfactory for entering freshmen,

thinks not.

Conclusion:

Although the writer does not know 

how the study population performed in arithmetic when

they were ninth-graders, it is reasonable to assume that 

their ability in arithmetic was superior to the arithmetic

It appears that in quantitative under

standing, problem solving, and computation the perform

ance of many freshmen majors in elementary education is 

not as high as it should be.

In fact, it is 

possible that their present status in arithmetic indi

can the performance of the students that did not reach 

average ninth-grade performance be labeled as satisfac

tory competence in arithmetic for students who will 

eventually become teachers of arithmetic? The writer
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standing and problem solving, with lower competence in
computation. If it can be assumed that this group of

freshmen were taught arithmetic with most of the emphasis

on computation, with less time being devoted to the solv

ing of word problems, and probably little or no attention

being given to the quantitative understanding phase of

arithmetic, an assumption that seems safe when one con

siders the typical class in arithmetic, how was this

tested group of freshmen able to have average performances

in quantitative understanding and problem solving which

were superior to their performance in computation? Per
haps the answer rests on the factors of greater maturity,

life situations.

The writer
feels that of these several factors perhaps the factor

additional experience in more advanced mathematics, and 
increased opportunities to use arithmetic in practical

Comparison of Performance in Three Areas of Arithmetic.
Further study of the findings showed that the study group 
exhibited about the same competence in quantitative under-

Since this group of freshmen last studied arithmetic 
as a subject in itself, they have experienced the 
advantages derived from becoming more mature. They also 
have experienced, in varying amounts, advanced work in 
high school mathematics and have had numerous opportun
ities to use arithmetic in life situations.
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ninth-graders. It is also reasonable to assume that

perhaps this freshmen group were not as proficient in

computation as they were as ninth graders. It must be
remembered that four to five years have elapsed since

computation.

in computing. This explanation may account for the fact

in computation.

The answer is a qualified yes. Thein high school?

the emphasis on speed and accuracy.

has considered computation as an end in itself, therefore,

In courses of

students computed in general mathematics, algebra, and 

geometry, but in courses of this type emphasis was 

probably not placed on speed and accuracy in computation. 

To a considerable extent formal training in arithmetic

The question might be asked, did not these students 

compute in the advanced mathematics courses they took

that the study population exhibited greater competence 

in quantitative understanding and problem solving than

this study population last experienced formal training in 

arithmetic, training which probably emphasized drill in

As a result, it is possible that as a group 

these students have lost some of their speed and accuracy

of increased maturity has had the greatest effect on the 

ability of this group of freshmen to exhibit greater 

proficiency in perceiving quantitative relationships and 

in solving word problems than they could have shown as
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With

Conclusion;

The discussion of the findings in this section will

deal with the relation of the arithmetic competence of

the freshmen to a series of socio-psychological charac

teristics.

Interpretations and Conclusions Concerning the Relation
ship of Selected Socio-Psychological Factors to 

Performance in Arithmetic

It seems that in terms of Junior high 

school standards for this particular measuring Instrument, 

Alabama freshmen majors in elementary education do better 

in quantitative understanding and problem solving than 

they do in computation.

Comparison of Performance for Freshmen from Rural 

and Urban Communities. When the attempt was made to see 

if any relationship existed between competence in 

arithmetic and the community background (rural and 

urban) of the students, it was found that the freshmen 

who came from urban centers exhibited greater competence

advanced mathematics, computing has been used as a means 

to an end, consequently computation probably has not re

ceived as much special and separate attention.

these considerations in mind, it becomes easier for one 

to understand why this group of freshmen exhibited greater 

competence in perceiving number relationships and In the 

solving of word problems than they did in computation.
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in quantitative understanding than did the freshmen who

came from rural areas.

ex

perienced the higher quality instruction and may have had

the use of superior instructional materials. These find

ings may, on the other hand, suggest that the environ

mental background of the students who came from urban

centers was such that these students had more opportunity

to see number relationships and to utilize these basic

concepts in everyday life situations, while the environ

mental background of the students who came from rural

areas did not afford equivalent opportunities for growth

However, theand development in number relationships.

point is made by the writer that the present study pre

sents no evidence in support of either of the above

These findingsfreshmen who came from rural areas.

in urban centers.

suggest that the teaching of how to solve word problems 

may have been as poor or as good in rural communities as

This would seem to suggest that 

the freshmen who came from urban centers may have

and computational phases of arithmetic, the freshmen who 

came from urban centers performed no better than the

suggestions.
It was found that generally in the problem solving
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putation. In other words, whether the students came from

rural communities or from urban centers, both groups

exhibited about the same proficiency in computation. Be-

somewhat mechanical manipulation of number symbols, per

haps the relationship between quality of teaching and the

conducting of drill exercises in computation was such

that a significant difference in computational competence

between students from rural and urban communities should

not be expected.

centers and those who came from rural communities were

pupils.

1.Conclusions: The findings seem to suggest that 

the difference in environmental backgrounds (rural and 

urban) generally has little relation to performance in 

the problem solving and computational phases of arithmetic.

A study of the findings showed that the average per

formances of both the students who came from urban

similar to the performance of ninth-grade pupils in 

problem solving and computation, except that in quantita

tive understanding, the students from urban centers 

tended to surpass the typical performance of ninth-grade

cause the chances are good that computation was taught to 

both groups of students (rural and urban students) as

The findings show that there was no relationship 

between the environmental background (rural or urban) of 

the two groups of freshmen and their ability in com-
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2.

freshmen whether they attended high schools which were

large, average, or small in size. In other words, there

appeared to be no relationship between the size of the

high school attended and the average performance of the

One might suppose that the

located in urban centers.

This

It follows that a stu-adequate instructional program.

dent who attended a rural high school had as good an

freshmen on any of the tests.

small high schools were located in rural areas and that 

most of the average sized and large high schools were

However, the typical organi-

The only point at which a relation

ship seems to exist is in quantitative understanding in 

which case urban students appear to be superior to rural 

students.

zation of school systems in rural areas in Alabama holds 

That is, in any one rural

Comparison of Performance for Students Who Graduated 

from High Schools Differing in Size. It was found that 

there was no difference in the average performance of the

to the cluster concept.

locality, a consolidated high school may be found, 

high school obtains most of its students from smaller 

elementary schools and junior high schools located in 

areas too thinly populated to support a high school. 

Consequently, most of the consolidated high schools 

located in rural areas are large enough to maintain an
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opportunity to experience an adequate instructional

or a large high school located in the heart of an urban

tical performance among the students who attended high

schools of different sizes.

No doubt most of the competence developed by the

student in arithmetic was developed during his elementary

and Junior high school experiences, and the period of

time spent in high school did not particularly tend to

alter his competence in arithmetic. If it can be assumed

in arithmetic were so evenly distributed in the high

schools of different sizes that there was no relationship

between the size of the high school and the competence

exhibited by the students in these three areas of

arithmetic.

that the competence of the student in arithmetic was 

primarily acquired in the elementary and Junior high

Thus, whether a student 

attended a smaller high school located in a rural area

schools, it is quite possible that the number of students 

who received poor, average, and good background work in 

arithmetic and who were good, average and poor students

center, his chance for receiving adequate instruction in 

both small and large high schools was good. Perhaps this 

is one reason why no differences were found in arithme-

program as a student who attended either a large or an 

average sized city high school.
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These several factors may account for the lack of

difference in arithmetical competence exhibited by the
freshmen who attended high schools of different sizes.

Conclusion;

attended large and average size elementary schools

exhibited greater competence in quantitative understand

ing than those who attended small elementary schools. It

was also found that the students who attended average

tended small elementary schools.

possible comparisons were differences among average

It was pointed

This

mentary schools came from urban centers.
out earlier that the students who came from urban centers

exhibited greater competence in quantitative understand

ing than those who came from rural communities.

sized elementary schools had a significantly higher 

average performance in computation than those who at-

In none of the other

performances significant.
A majority of the students who attended small ele

mentary schools came from rural communities and a majority 

of the students who attended average sized and large ele-

These findings seem to suggest that the 

size of the high school attended has no relation to the 

arithmetic abilities of college freshmen.

Comparison of Performance for Freshmen Who Attended 

Elementary Schools Differing in Size. The findings for 

this particular comparison show that the freshmen who
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fact may contribute to the consistency in results as noted

in the quantitative understanding phase of arithmetic.

This would seem to suggest that the freshmen who attended

perienced the higher quality instruction and may have had

the use of superior instructional materials. This might

be one reason why the students who attended large and

average sized elementary schools exhibited greater com

petence in quantitative understanding than those who

attended small elementary schools. Another reason for

this higher performance of the students who attended large

and average sized elementary schools might be explained

As hasby the difference in environmental background.

already been pointed out in the rural and urban discus

sion, students from urban centers perhaps have experienced

growth and development.

Higher quality instruction and superior instructional 

materials probably have been responsible for the fact that 

students who attended average sized elementary schools

an environmental background that has afforded them one 

type of opportunity to see number relationships and to 

utilize these basic concepts in every day life situations, 

while students from rural communities have experienced

opportunities of another kind, perhaps these opportunities 

not affording rural students the same type of chance for

large and average sized elementary schools may have ex-
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Conclusions:

2.

1. These findings seem to suggest that, 

in general, size of elementary schools attended has little 

relation to the arithmetic abilities of the college 

freshmen.

exhibited greater competence in computation than those 

who attended small elementary schools.

In problem solving, there were no significant differ-

This suggests that problem solving was 

taught as poorly or as well in small elementary schools as 

in large and averaged sized elementary schools.

ences among average performances for the groups of stu

dents who attended large, averaged sized, and small ele

mentary schools.

One point at which a relationship 

seems to exist is in quantitative understanding, in which 

case students who attended large and average sized ele- 

mentary schools appear to be superior to students who 

attended small elementary schools.

3. A second point at which a relation

ship seems to exist is in computation, in which case 

students who attended average sized elementary schools 

appear to be superior to students who attended small ele

mentary schools.
Comparison of Performance for Students Who Had 

Different Backgrounds in High School Mathematics. The 

freshmen who took general mathematics, algebra, and 

geometry in high school exhibited greater competence in
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the three areas of arithmetic under consideration than

However, there

was no significant difference in competence between the

freshmen who took general mathematics, algebra, and

geometry in high school and the freshmen who took general

mathematics and commercial mathematics in high school.

There are several possible reasons for this latter find-

The differ

ence between the mean standard scores would have to be

ally significant.

suits obtained.

areas

It

extremely large for the difference to have been statistic- 

That is, the size of the sample was so 

small that little significance can be given to the re-

the freshman who took only general mathematics or general 

mathematics and algebra in high school.

ing. The number of freshmen who took general mathematics 

and commercial mathematics was small (17).

Except for a comparison with the freshmen who had 

general and commercial mathematics in high school, the 

freshmen who had general mathematics, algebra, and 

geometry exhibited greater competence in these three 

of arithmetic than either the freshmen who had only gen

eral mathematics or general mathematics and algebra in 

high school. It appears that the freshmen who had the 

greatest number of courses in mathematics exhibited the 

greater competence in the three areas of arithmetic, 

cannot be assumed, however, that mere number of courses
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A significant pro

mathematics, algebra, and geometry in high school. This

may indicate that the differences found for students with

different patterns of high school mathematics may

actually have been differences as noted with students'

general scholastic ability.

The factor of interest is probably closely associ-

The test results showed

A signifi-than the freshmen who disliked arithmetic.

school.

cant proportion of the freshmen who liked arithmetic also 

took general mathematics, algebra, and geometry in high

taken in mathematics would be solely responsible for this 

greater competence in arithmetic. Perhaps the nature of 

these three courses and their combination of one to the

other played some part in the superior competence in 

arithmetic exhibited by this particular group of freshmen. 

Another important factor to consider is that perhaps only 

the more capable students took general mathematics, 

algebra, and geometry in high school.

ated with the above findings.

that the freshmen who liked arithmetic performed better

portion of the students who indicated that they were "A" 

and "B" students in high school tended to take general

The relationship between the greatest number of 

courses taken in high school mathematics and the com

petence exhibited by the freshmen in arithmetic was a
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positive one.

Conclusions;

courses taken probably had its influence on the competence 

of the student in arithmetic.

1. These findings seem to suggest that 

there is no difference between the arithmetic competence 

of the students who had a mathematics background of 

general mathematics, algebra, and geometry and the 

arithmetic competence of those who had a mathematics back

ground of general mathematics and commercial mathematics; 

between the arithmetic competence of the students who had 

a mathematics background of general mathematics and com

mercial mathematics and the arithmetic competence of those 

who had a background of either general mathematics and 

algebra or general mathematics; and between the arithmetic 

competence of the students who had a mathematics back

ground of general mathematics and algebra and the 

arithmetic competence of those who had a background of only 

general mathematics.

2. A relationship does seem to exist in 

quantitative understanding, problem solving, and computa

tion in that students who had a high school mathematics

However, it can not be concluded that the 

number of courses alone affected the performance of the 

freshmen in arithmetic. As was pointed out, each of the 

factors of student capability, scholastic rating, inter

est, and the nature of the combination of the mathematics
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self* estimated scholastic rating of the student. It was

found that for each of the three areas of arithmetic

were

A majority of the fresh-

were average
Therefore, it is reasonable to assume that not only was 

high school scholarship closely related to an underlying 

ability but the psychological factor of interest appeared 

to be related to arithmetical performance.

background of general mathematics, algebra, and geometry 

appear to be superior to students who had either a com

bination of general mathematics and algebra or only 

general mathematics.

school the lowest performance.

men who indicated that they were above average and 

superior students in high school tended to like arithmetic, 

while a majority of the students who indicated that they 

students tended to dislike arithmetic.

performance, the freshmen who indicated that they were 

"B" students the next highest performance, and the stu

dents who indicated that they were "C" students in high

Comparison of Performance for Freshmen Who Indicated 

That They Were Superior, Good, and Average Students in 

High School. As has been previously reported, a relation

ship existed between competence in arithmetic and the

under consideration, the freshmen who indicated that they 

"A" students in high school exhibited the highest
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Conclusion:

ment.

significant.

If

Cer-

ability to compute and solve practical problems.

this assumption is valid, the indication is that the 

freshmen who worked had a greater opportunity to use these 

two phases of arithmetic in practical situations.

tainly, the greater the number of opportunities an

clerks in a variety of stores.

arithmetic used in these functional situations included

competence than the freshmen who reported no such employ- 

On the quantitative understanding test the differ

ence between average performances was not statistically 

A large majority of the freshmen who 

reported employment had worked as cashiers and sales 

Apparently the phases of

1. The findings suggest that a relation

ship exists between quantitative understanding, problem 

solving, and computational ability and the self estimated 

scholastic rating of the freshmen in that those who 

indicate that they were superior and above average stu

dents in high school appear to be superior to those who 

indicate that they were average students in high school. 

Comparison of Performance for Freshmen Who Reported 

Employment Which Included the Functional Use of Arithmetic 

and for Those Who did not Report Such Employment. It was 

found that on the problem solving and computation tests, 

the freshmen who reported having been employed at work 

which included the use of arithmetic exhibited greater
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Conclusions:

However, it must be noted that the number of freshmen who 

felt indifferent toward arithmetic was comparatively

Therefore little statistical significance

arithmetic exhibited greater competence in these three 

areas of arithmetic than those who disliked arithmetic.

1. The findings suggest that a rela

tionship exists between both computation and problem 

solving ability and work experience which includes the 

functional use of arithmetic in that the students who re

port employment which included the use of arithmetic 

appear to be superior to students who do not report such 

employment.

individual has had to use a skill and ability he has 

acquired, the more proficient in the particular skill and 

ability he should become.

small (27).

can be given to the average performance of such a small

2. There appears to be no relation

ship between the factor of employment and performance in 

quantitative understanding.

Comparison of Performance of Freshmen in Relation to 

Their Expressed Attitude Towards Arithmetic. A study of 

the findings which dealt with comparisons of competence 

among the freshmen groups who liked, felt indifferent 

towards, and disliked arithmetic showed that in general 

the students who liked or felt indifferent towards
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group.

attitude towards arithmetic.

These findings indicate that the factor of expressed

attitude does bear a relation to the arithmetical com

petence exhibited by the tested freshmen groups. That is,

when an individual likes and does well or does well and

likes a particular learning activity, the chances are

probably good that the individual will show increased pro

ficiency in the particular activity.

Conclusions: 1.

In other words, 87 per cent of the total group of tested 

freshmen either expressed a favorable or unfavorable

It is interesting to note, however, that out of 

212 freshmen who expressed their feelings toward arithme

tic, only 27 held a neutral attitude towards arithmetic.

The findings seem to suggest that 

some relationship exists between the factor of expressed 

attitudes toward arithmetic and arithmetic ability of the 

freshmen in that the students who like arithmetic seem 

to be superior to the students who dislike arithmetic.

2. It appears that the difference 

between a favorable and an indifferent attitude toward 

arithmetic has little relation to arithmetic abilities of 

the freshmen.
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and their competence in the problem solving and computa

tional phases of arithmetic. That is, in computation

and problem solving, the differences in performances were

not statistically significant for the students who ex

pressed a need for a refresher course in arithmetic and

for those who expressed no such need.

In quantitative understanding, however, the students

who did not express a need for a refresher course in

arithmetic exhibited a statistically significant higher

in arithmetic did not actually need such a course.

differences in individual performances show that some of

Certainly, these students do not need adistributions.
Also, some of therefresher course in arithmetic.

students who did not express a need for a refresher course

the freshmen who expressed a need for a refresher course 
in arithmetic had scores that fell at the top of the test

arithmetic actually needed such a course, 
students who did not express a need for a refresher course

The

average performance.

The author does not make the assumption that all the

students who expressed a need for a refresher course in 

or that all the

Expressed No Need.

relationship between the expressed needs of the freshmen

Comparison of the Ability of Those Who Expressed a 

Need for a Refresher Course in Arithmetic and Those ’.-/ho 

It was found that there was little
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in arithmetic had scores that fell at the lower end of
the test distributions. It is possible that these stu
dents do need a refresher course in arithmetic. There-

fore, it seems that some of the students were not able

to accurately determine their needs.

pressed their felt needs prior to taking the series of

three tests in arithmetic. Therefore, it is difficult

to determine what the freshmen considered arithmetic to

be. Some members of the group may have considered

arithmetic in terms of computation, while other members

of the group may have considered arithmetic in terms of

problem solving or a combination of problem solving and

It is doubtful if any of the freshmencomputation.
considered arithmetic in terms of number relationships,

It is possible that manyprinciples and basic concepts.

of the students who did not express a need for a refresher

course considered arithmetic in terms of computation, and

if so, probably thought that they were not in need of

further work in this area of arithmetic. For those who

considered arithmetic in terms of problem solving or at

least in part as problem solving may have felt a need for

a refresher course in arithmetic.

It is assumed by the writer that many students feel

more secure in their ability to compute than in their

It is desirable to point out that this group ex-
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This

a

2. The point at which £ relationship 

seems to exist is in quantitative understanding in which 

case the students who do not express a need for a refresher 

course in arithmetic appear to be superior to those who 

express a need for a refresher course in arithmetic.

fidence and security in their ability to solve word 

problems and as a result expressed a need for a refresher

Conclusions: 1. These findings seem to suggest that 

the factor of expressed needs (expressing of a need or no 

need for a refresher course in arithmetic) has no relation 

to the performance of the freshmen in problem solving and 

computation.

they were above average students in high school.

fact may in part explain the higher competence in quantita

tive understanding for the freshmen who did not express 

need for a refresher course in arithmetic.

course in arithmetic, while those who considered arithme

tic as computation and felt more secure in this phase of 

arithmetic (even though such a feeling of security might 

be false) felt no need for a refresher course in arithme

tic .

ability to solve word problems. If this assumption is 

valid, then many of the students felt a lack of con-

A majority of the freshmen who did not express a need 

for a refresher course in arithmetic had indicated that
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understanding.

about.

students did not feel nearly so secure in their ability

to solve word problems and consequently they tended to

Preferences of Freshmen in Three Areas of Arithmetic.

When the freshmen were asked to rate each of these three

recognize this area of arithmetic by the term quantitative 

Consequently, this group of students

could not like best or least something they knew nothing 

As a result they may have given quantitative

felt more secure

understanding a neutral rating.

Perhaps the basic reason that over five-sixths of the 

students liked computation best and that seven-tenths 

liked problem solving least is the possibility that most 

of the emphasis these students experienced in learning 

arithmetic was placed on computation, and as a result they 

in their ability to compute. Perhaps the

a neutral rating might indicate that they were not 

familiar with this area of arithmetic or that they did not

areas of arithmetic in terms of which they liked least 

and liked best, it was found that over five-sixths (85 per 

cent) of this freshmen group liked computation best, that 

seven-tenths (70 per cent) of this freshmen group liked 

problem solving least, and that almost three-fourths (7^ 

per cent) of the students (by inference) gave quantita

tive understanding a neutral rating. That almost three- 

fourths of the students gave quantitative understanding
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How

ever, when the freshmen were asked to indicate the phases

of arithmetic they liked best and liked least, they were

given a choice to indicate in one manner or the other the

way they felt about each of the three areas of arithmetic.

best.

In other words, whether a student exhibited superior, 

average, or poor competence in arithmetic or whether he 

liked, felt indifferent towards, or disliked arithmetic,

arithmetic, that the freshmen showed least competence in 

computation yet indicated that they liked computation 

best, and that they liked problem solving least yet 

exhibited a higher average performance in problem solving 

than they did in computation, one might at first consider 

these findings in direct opposition to one another.

like least the phase in which they lacked a feeling of 

security.

in order of preference.

it is possible to see that little conflict exists between 

the findings of the freshmen who indicated whether they 

liked, felt indifferent towards, and disliked arithmetic 

and the findings of the freshmen who indicated which of 

the three areas of arithmetic they liked least or liked

he was requested to rank these three areas of arithmetic

With this consideration in mind

When consideration is given to the facts that the 

freshmen who liked arithmetic exhibited greater com

petence in arithmetic than the freshmen who disliked
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Conclusion:

Implications of Study

The implications and pertinent discussions related to 

this investigation are presented as follows:

neutral rating and indicated that they liked problem 

solving least, the factors of greater maturity, experience 

in higher mathematics, and an Increase in opportunities to 

use arithmetic in practical life situations have enabled 

the freshmen to show greater ability in solving word 

problems and in perceiving number relationships while still 

holding to their earlier idea that "problem solving is 

hard."

In light of this assumption, whether they 

liked computation best or least would have little effect

1. These findings seem to suggest that a 

significant proportion of the students preferred com

putation to problem solving, while a majority of the stu

dents indirectly ranked quantitative understanding in 

between computation and problem solving.

In light of the fact that there is a tendency for 

individuals to do well in the activities they like, it 

is possible that these students experienced earlier 

"success" in computation and that this "success" may have 

been false.

on their present proficiency in computation. Even though 

this group of students gave quantitative understanding a
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1.

elementary education are deficient in quantitative under

standing, problem solving, and computation.

Even though the teacher training institutions

are not directly responsible for the particular arithme

tical status of the entering freshmen, the fact that

students are accepted by an institution of higher learning

obligates the particular institution to remedy the

deficiencies found.

On each of the three tests administered to the2.

group of freshmen, it was found that they exhibited wide

but normal differences in individual performance. When

the status of the students was considered in terms of

ninth-grade norms, it was found that a little over 50

per cent had reached or exceeded median ninth-grade per

formance in each of these three areas of arithmetic,

while almost one-half of the students dropped below this

Such findings indicate that not all of the freshlevel.

men are in need of remedial work in arithmetic. However,

the students who dropped below the median performance of

ninth-grade pupils in the three areas of arithmetic under

rec ting the arithmetical deficiencies of these beginning 

students.

In the light 

of these factors it would seem advisable that teacher

training institutions assume the responsibility for cor-

The findings of this study showed that many

Alabama college freshmen who plan to enter the field of
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arithmetic.

graders should be required to take remedial work in

arithmetic.

matter of voluntary choice.

Since a significant proportion of the students3.

did not exhibit satisfactory performance in each of these

three areas of arithmetic, it is necessary that the con

tent of the remedial course should include work in per

ceiving quantitative relationships, solving of word

If a professional course in the teaching of

arithmetic is to be effective and accomplish its objec

tives, it would seem to be necessary that many of the

students have a solid foundation in arithmetic prior to

taking course work in how to teach arithmetic. Certainly,

problems future teachers of arithmetic will face if the

Also, any of the students who approximated 

ninth-grade median performance should be allowed to take 

the remedial work, although for this group it would be a

consideration should receive some special help in

In the light of these findings, it is sug

gested that remedial work in arithmetic be offered by 

teacher training institutions.

the teacher of the professional course in arithmetic 

would be able to devote more time to methods and to the

In other words, the stu

dents who did not reach the average performance of ninth

problems, and computation.

4.
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cal background.

5.

sons engaged in education at the elementary school and

Junior high school level. If a significant proportion of

more select group of students show deficiencies ina

evaluate their programs in arithmetic. It becomes the

responsibility of school superintendents and principals

to initiate in-service-training for teachers of

arithmetic. In such an in-service-training program

6.

arithmetic, then it becomes the responsibility of the 
teachers and administrators of our public schools to

arithmetic, then it becomes the responsibility of the 
institution to correct these deficiencies.

It has been stated that if the teacher training 
institution accepts freshmen who are deficient in

However, the
findings of this study are of equal significance to per-

At the high school level, it would seem to be 

desirable that the status of all students in arithmetic

students entered such a course with an adequate arlthmeti-

emphasis should be placed on the arithmetical understand

ings and knowledge of teachers of arithmetic as well as 

on teaching methods. The teacher cannot teach for arith

metical understandings if he does not fully understand 

the concepts inherent in our number system, nor can the 

teacher adequately teach these concepts and principles if 

he does not understand the psychology of learning.
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The point is that school administrators should carefully

evaluate their programs in arithmetic and as a result of

such evaluations adjust the curriculum and improve the

quality of teaching to the place that high school gradu

ates will be able to exhibit satisfactory competence in

arithmetic.

It will be remembered that the attempt was made7.
to determine whether or not relationships existed between

the competence in arithmetic exhibited by the students and

In several

It was found thatcharacteristics under consideration.

students who came from urban centers and who attended

attended small elementary schools. The suggestion can be

made from these findings that those who teach in rural

large and average sized elementary schools tended to 

exhibit greater competence in quantitative understanding 

than those who came from rural communities and who

certain socio-psychological characteristics.

instances there appeared to be some relation between per

formance in arithmetic and some of the socio-psychological

be determined, and that special remedial work be given to 

the students who exhibit deficiencies in any of the 

several aspects of arithmetic. It is just as important 

that the high school graduates who do not go on to 

college have a working knowledge and understanding of 

arithmetic as those who plan to continue their education.
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exhibited greater competence in arithmetic than those

who indicated that they were average students in high

school* This finding indicates that students differ in

ability and that average classrooms are made up of

In other words, thestudents who differ in ability.

teacher of arithmetic should be cognizant of this fact

and as

The lessbe higher than the less capable students.

capable students should be carried along as fast

mentary schools to provide the children with the type of 

instructional materials that would emphasize the quantita-

The findings showed that students who indicated 

that they were superior and good students in high school

relationships and understandings. Also, effort should 

be made by the principals and teachers of small ele-

more capable can be carried along at a more rapid rate 

and the level of difficulty they reach in arithmetic can

tive understanding phase of arithmetic.

8.

ble enough so that the individual needs of the children 

in arithmetic can be taken care of. The children who are

a result the arithmetic program should be flexi-

areas and who teach in small elementary schools should 

see to it that the experiential background in arithmetic 

for children from rural communities includes number

as they comprehend and understand the several phases

of arithmetic. Also, less capable students should not be
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difficulty reached by any particular student.

The findings showed that in problem solving and9.

computation, the students who reported work which in

cluded the functional use of arithmetic exhibited greater

competence in these two phases of arithmetic than the

students who reported no such employment. From this find-

Such use of arithmetic shouldin and outside the school.

supplement and help to fix for retention the arithmetic

learned in the classroom.

10.

that the teacher should do all within her power to create

an active interest in arithmetic on the part of the

ing the writer suggests that the teacher of arithmetic 

make use of every opportunity for the students to use

That is, the

to understand the concepts and basic understandings of 

arithmetic; the only difference would be in the level of

required to reach the level of difficulty in arithmetic 

attained by the more capable students. By taking care of 

individual differences, all the children should be able

arithmetic in practical life situations.

teacher should encourage the children to make practical 

use of the arithmetic they learn in life situations both

The findings of this study showed that the 

students who expressed a liking for arithmetic had a 

higher average performance in arithmetic than those who 

expressed a dislike for arithmetic. This finding implies
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children. When a student becomes interested in what is

sent arithmetic in such a way that the interest of the

students will be developed and maintained at a high level.

When such a situation occurs, students of all capabilities

will increase their ability in arithmetic.

The findings of this investigation are not only of

significance to persons engaged in the training of

teachers of arithmetic but are equally significant to

school administrators, principals, and teachers of

arithmetic at the elementary school level.

Need For Further Research

quantitative understanding, problem solving, and compu-

three areas of arithmetic.

Even though the study population included almost nine- 

tenths of the Alabama college freshmen majoring in

being taught and fosters a genuine liking for a particular 

subject or does well in a particular subject and develops 

a liking for it, it is imperative that the teacher pre-

one of the first to compare the arithmetical competence 

of a group of freshmen majoring in elementary education 

in relation to certain socio-psychological characteristics.

tation and to compare their performance in each of these 
Also, this investigation is

This study is one of the first to determine the 

status of freshmen elementary education majors in
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psychological factors. The socio-psychological charac

teristics considered in this study are only a few of the

many that could be considered, e.g., mental ability,

attitude towards teachers, home environment, sex, par

ticipation in extra-curricular activities, and learning

determine the arithmetical status of college students

solving, and computation.

handicaps experienced.

There is a definite need for research that would

Consequently, there is a need for similar 

studies of this type.

elementary education, the size of the sample is rela

tively small.

majoring in elementary education at the freshmen, 

sophomore, junior, and senior class levels. Research of 

this type would determine the effectiveness of the entire 

arithmetic program of the teacher training institution 

on the competence of the student in arithmetic at four 

successive levels of growth and development. The find

ings from such research would be of invaluable aid in 

determining the nature of a desired arithmetic program. 

Research of this type should consider varied phases of 

arithmetic, e.g., quantitative understanding, problem

Certainly, the findings of a 

series of studies of similar nature would acquire more 

significance than the findings of only one study.'

It is desirable that the competence of freshmen in 

arithmetic be considered in the light of other socio-
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It is desirable that additional reliable and

valid instruments to measure the arithmetical understand

ings of individuals be developed. The more reliable and

stand the concepts and principles inherent in our number

system.

Research should be conducted that would determine

the status of teachers-in-service in each of the three

Research ofareas of arithmetic under consideration.

determination of arithmetic abilities of the same group

of students at several levels of growth and development.

elementary, Junior high, and senior high school levels.

As was found from a review of the literature, there 

is a lack of measuring instruments to determine the

It would seem to be highly desirable to determine the 

arithmetical status of the same group of students at the

this type would indicate not only the effectiveness of 

teacher training programs in the subject field of arith

metic, but it would determine to a degree the quality of 

instruction in arithmetic the pupils at the elementary

school level are receiving.

Longitudinal studies should be conducted, that is, 

studies that would have as their basic purpose the

ability of the students to perceive quantitative relation

ships.

valid the test, the greater are the opportunities to 

learn more about the ability of an individual to under-



202

The determination of the status in these three areas of

arithmetic of the same students at several levels of

growth and development would provide school administrators

with invaluable information as to the quality of instruc

tion the children are receiving, the strong and weak

points of the arithmetic part of the curriculum, and the

need for in-service-training for teachers of arithmetic.

Finally, much could be gained in the way of new data

from research that would determine the phases of

school level.

in the elementary school.

the degree of emphasis that is being placed on the 

several phases of arithmetic and to determine which of 

these phases of arithmetic is emphasized most (or least)

arithmetic that are being stressed at the elementary

It would be highly desirable to determine
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Test 4 — Quantitative Understanding

DIRECTIONS

1. Read a question and the four answers below it.

3. Look at the example questions below and

!
EXAMPLE QUESTIONS

D 100 minutes

2. Which of the pans pictured below holds the most?

B.

QUARTS3 PINTS2 QUARTS1 PINT

1___-B 10,000 C 1000 D 110

million?
3....

Go on to Paf4A

2. Without using your pencil to work out the problem, choose the answer you think is right an: 
write its letter on the dotted line at the side of the page.

Ho* 
■:4

see how the answers are marked.

the radio that it had installed over a quarter c 
a quarter of a million?

2. At the county fair, a $100 prize was given to the person who 
most accurately estimated the weight of a fat steer. Which 
number below is closest to the correct weight of 1412 pounds?
A 1250 B 1450 C 1310 D 1385

I4J2 lbs.

3, The KOOLAIR COMPANY advertised on 
a million air-conditioning plants. Which number below equals
A 1,400,000 B 250,000 C -f,000,000,000 D 25,000

1. Mr. Stevens said that he had “ten hundred pounds” of coal on his light truck. 
many pounds was that?
A 100

1. How many minutes are there in an hour?
A 10 minutes B 30 minutes C 60 minutes
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4.

B 12.8,000,000 C 12,800,000,000 D 12.8 5 

6.C 11:25

77. At one time the population of the United States was estimated at 136,538,700. How

7.D 500,000B 137,000,000 C 1365

of the fractions below does not express the same ratio or value as “five out

8.

c 2

the next two games, what

10.c Ds

11 3

Go on to Page 4

55. George read that “gasoline consumption was 12.8 billion gallons.” Which number below is 
equal to 12.8 billion?
A 12,000,000.8

■ sickness she weighed only 
i she was sick?

should this number be rounded to the nearest hundred thousand?
A 136,500,000

65. In the canning plant the foreman must turn the steam off after 1 
hour and 25 minutes of cooking. If he begins timing at the time 
shown by the clock at the right, when should he turn off the steam?

A 11:15 B 11:45 C 11:25 D 12:15

D |

4.1, A builders’ magazine states that a new apartment house is needed each year for every 1000 
people in the country. How many thousands are there in. our population of 150,000,000?

A 150,000 B 150 C 15,000 D 15,000,000 

1... Mrs. Kelly weighed 150 pounds b
120 pounds. What fractional part o

Ai B| ci

85. Which one 
of every ten”?

A i n 1?B 39

0). A ball team has won 6 of the 10 gar 
fraction of its games wall it then 1

Ai Bi c| Di

91. Sam’s glass is three-fourths full of lemonade. Joe’s glass is 
only one-fourth full. Joe’s lemonade is what fractional part of 
Sam’s lemonade?
A iA 3

c “V 100 Dv

Di
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12.
s

13...

15D first quarterB third quarter C second quarter

16..
C Wednesday D Sunday

Which number belo-

17..C6j

18.C 0.788 in. D 0.778 in.

4A

B 11 cases out of 44 pupils
D 7 cases out of 30 pupils

9

6
13
20
27

7
14
21
28

T
1
8

15
22
29

T
3

10
17
24
31

F
4

11
18
25

S
5

12
19
26

JULY
W
2
9
16

; 23
30

A 61W

15. We often speak of the first three months of the calendar year 
next three months as the “second quarter,” and so on. ] ~ 
(not a leap year) which quarter of the year is shortest?

A fourth quarter

17. Mr. Porter bought 6.6 gallons of gasoline to fill the tank in his car. 
does not show this amount?

13. Below are shown the numbers of cases of mumps in four different classes in a school. In 
which class does the largest fraction of the pupils have mumps?

A 6 cases out of 24 pupils
C 10 cases out of 39 pupils

12. The Canadian gallon contains 4 Canadian quarts. The U.S. 
gallon contains 4 U.S. quarts. The Canadian gallon equals 
5 U.S. quarts. The U.S. quart is what fractional part of 
the Canadian quart?
A| B< C|

18. George wants a steel pin 0.785 inches in diameter. Which pin
diameter given below is nearest the correct size ?
A 0.875 in. . B 0.790 in.

D6?o

^Anada|

Go on to Pap'

6 ’

1

— „  ■ as the "first quarter,” the 
By this system, in an ordinary year

16. On the calendar at the right, July fourth falls on Friday. 
On what day of the week must the month of July begin 
when the fourth falls on Sunday?
A Friday B Thursday

14. If you begin work at the time shown on clock 1, and stop at 
the time shown on clock 2, how long have you worked?

A 45 min. B 40 min. C 7 min. D 17 min.

s M

• 2

a 2
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19.1, Which one of the four wires whose diameters are given below is thinnest?

19 A 0.150 in. D 0.025 in.B 0.075 in. C 0.100 in.

MCMLII

20.D there is no such dateA 2112 C 1492B 1952

211. Which one
21 A LCIX B MIXV C CDIV

222. Some cloth is 55% wool. What per cent is not wool?
22.D 45%A 55% C 95%B you can’t tell the per cent

23.D 66f %A 9% B 75% C 3%

24.D 400%A You can’t tell exactly B 4%

Whichcent.

25.of 4 yd.B

26.E

D -j in.A 2 in. B lin.
cB

27.D 1 sq. in.C 7 sq. in.A lin. B

Go on to Page 6*A

233. What per cent of a dozen eggs is left in the carton shown at 
the right?

201 The copyright date as printed on a movie film is given at the right. 
What date is this?

of the following Roman Numerals is correctly written?

D MCMXLX

244. A spraying mixture is made by mixing 4 pounds of sulphur in each 100 gallons of water. 
What per cent of the mixture is sulphur?

C j %

C I in.

i sq. in.

7 yd.
A,

1(6. The square ABCD is one inch along each side. How long is 
the perimeter of the little square AEFG?

!’<7. How large is the area of the little square AEFG in the figure above?

Ci

»E5. Sally bought 4 yards of cloth. It will shrink not more than one-half per 
one of the following best shows the shrinkage or ow

A 7 in. Bj yd. CjofAyd. Diofl%of4yd.
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c

28.B 35°A 70° D
B

statements can never be true of a rectangle?29. Which one of the following

29.

Iff

30.A similarity B congruence C equality D parallelism ft

31.

c

8A

32DA It can’t be found from the information given B 122°

33.

5 /
EW

0,

34.7A 30° E. of N. B 60° W. of S. C 30° E. of S. D 30° W. of S.
s

Go on to Page4A

A It has equal opposite sides
C It has a 60° angle

A to the middle of page 159
C to the middle of page 160

B to the bottom of page 159
D to the bottom of page 160

28. The angle COD at the right has 35 degrees. How large is the 
angle AOB?

30. Three measuring spoons that have the same shape but different 
sizes suggest what geometric idea?

31. Ann is supposed to read half of Chapter 12. It begins at the top of page 152 and ends al 
the bottom of page 167. How far should she read?

32. In the triangle ABC, angle A — 78° and angle B = 18°. 
How large is angle C?

34. When Mr. Long was hunting, he went into the woods in the di
rection 30° east of north. This is shown by the line OA and the 
angle NOA. What direction must he travel to return along the 
same route when he comes out of the woods?

x
x.

C 96° 84°

C 50°

B It has two parallel sides
D It has a 90° angle

o
D you can’t tell without measuring

33. In the triangle above, which is the longest side?
A AB B AC C BC D you can’t tell from the information given
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35.

A .04^ C $.045 D $.45 36.

37.

38.,. In which of the figures below is there a straight line perpendicular to another straight line?

38.c.A.. B. 

39.

40.D3.6%C 3.6 mills per $1

10
B. 20A.

41.
o.

of the following statements comparing the rectangle and the para-

Go on to Page 8A.

A The areas of both figures are unequal 
the angles in both figures are equal

of these pairs of figures shows equal areas or volumes? 
IO 

F----------- !

r ]

12.!. Four lines — A, B, C, and D — enclose a rectangle. If the same four lines enclose a 
parallelogram, which one c L. „ ' '   ”
lellogram is not true?

J6.. Which one of the following is a correct way of writing the value of four and 
a half cents?

B 0.4|f!

IL. Which one

 

55.. Which one of the following is the lowest temperature?
A 0° B —10° C 7.5° D —5.5°

37,. Which of 
. A 3j ft.

perimeter' ‘ 

ZOOJlJi

the following is equal to one and one-half yards?
B 4.5 ft. C 4.6 ft. D 4 ft. 5 in.

B Both perimeters are equal C The sums of
D The altitudes of both figures are equal 42.

10.1. The tax in the village of Geneva is $3.60 per hundred dollars. Which rate below equals 
the tax rate in Geneva?
A .36 mills per $1 B 36% 

39.1 The newspaper reported that Romeville (population 3024) has gained 100% in population 
in the last 10 years. According to this statement, which one of the following is true?
A Homeville now has twice as many people as 10 years ago
B Homeville has exactly as many people now as it had 10 years ago
C The number gained is less than the number it had 10 years ago 
D Homeville now has 100 more people than 10 years ago
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43. In which one of the following sets of figures are the objects congruent?

, ■

C It contains 144 cubic inches

45.D (—8) -j- (-2)

47.A = —2 C V 42 = 8DY -Y

x

48.

X =.

49.

true for all values of X and not fo

50.

403.2.52 No. Right-----End of Test. Look over your work.4A

---------2a

B
D

44. The illustration at the right represents a cube that contains one cu
bic foot. Which one of the following statements is true about a “foot
cube?”
A Its volume is the same as that of a sphere with a diameter of one foot 
B Each of its surfaces is a square foot
D It has 8 edges, each one foot long

W
(X —1)2 = X24-1

45. Which one of the following exercises would have a negative number for
A (-8) B (-2) C (-8)

X (-2) - (-3) + (-2)

46. Which of the following can not be done to both sides of an equation without destroyinf 
the equality?
A Add the same number to both sides
C Take the square root of both sides

an answer?

50. Which one of the following equations is correct or 
some special value only?
A X —2 = 2 —X
C X2-4=(X + 2) (X —2)

A When b2 — 4ac = 0, the roots are equal to
B When b2 — 4ac is less than zero, both roots are imaginary
C When “a” is zero, there is no quadratic equation
D It is the 2a in the denominator that creates two roots

47. Which one of the following is true or correct?
--F=-2 B^ = ^

B Multiply both sides by ir 46 —
D Divide one side by 2, providing the other side is multiplied by,

48. Two tin cans, X and Y, were made the same size, but can Y has been 
deeply dented on one side. Which one of the following statements is 
true if the metal in can Y was only bent and not stretched.
A Can Y holds as much sand as can X B Can Y has as much metal as can X
C The distance around the top rim of Y is larger than the corresponding 

distance on X
D The dotted line on Y is longer than the dotted line on X

44 ■

49. The formula for the roots of the quadratic equation ax2 bx + c = 0 
is given at the right. Which one of the following statements cannot be 
true?
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William A. Brownell, Editor

. Number Right

Grades 7, 8, and 9 Jppper Level Form A

Grade  Girl (MME Boy

’esacher 
Month

ichhool 
DayMonth

'itly State Months Days

SAMPLE PROBLEMS

 
AnswersSpace for Work

1± qt.A.

qt.B. 

The pupils in one room changed the soil 
for the plants in their room. They had two 
sizes of flower pots. The large pots each 
held 2 quarts of soil and the small pots each 
held 1 quart of soil.

Philadelphia 
3433 Walnut St.

Copyright 
1952

7 
U- 

/V

Test 5 — Problem Solving 
by

BEN. A. SUELTZ

iggira

EDUCATIONAL TEST BUREAU 
EDUCATIONAL PUBLISHERS. Ine. 

Minneapolis 
720 Washington Ave. S. B

I. For new soil for the plants 1 quart of sand was 
used for each 2 quarts of soil from the garden. 
How much sand was used with a bushel (32 quarts) 
of soil from the garden?

„ How many quarts of soil were needed for 7 of the 
large-size pots?

Nashville 
210S Pierce Av<

----w

Age  
Years

'DIRECTIONS — Read each problem carefully and be sure to do just what it asks. Show your work in the work 
raiice and write your answer on the dotted line at the side of the page. The sample problems show you how to 
o this.

Born
Year

Date
Year
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AnswersSpace for Work
1 Alice is 11 years old. How much is the train fare

1. $.for her from the city to the farm?

2. $.

mi3.

.min.hr.4.

mi5.

6. $.

m.p.b7. 

yd8.

9.

4 10.

Go on to Page*5A

5, When Mr. Peters had driven 250 miles, he had used
13 gallons of gas. To the nearest whole mile, how 
many miles was this per gallon?

9. On the farm, the children got up at 6:45 in the 
morning. When did they go to sleep if they had 
9 J hours of sleep?

g. For spending money, George received 75^ per week 
and Alice 50^ per week. What was the total for 
six weeks for both children?

8. Alice helped her cousin make curtains. Each curtain 
was 60 inches long and 6 extra inches per curtain 

. were used in making hems. How many yards of 
material were needed for six curtains?

4, They started at 8:30 in the morning and arrived 
at 10 minutes after 3 in the afternoon. How much 
time was used in traveling?

3, One summer Mr. Peters took the children in his car. 
When they started, the speedometer read 49,826 
miles. When they arrived, it read 50,031 miles. 
How far did they drive?

10. They served fried chicken to a group of friends on 
Sunday. Three chickens each weighing 3 J pounds 
were used. How many people did these serve if-| 
of a pound was allowed for each person?

VACATION ON THE FARM
George ahd Alice Peters live in the city. They like to 

spend summers with their cousins Lucille and Larry on the 
farm. Sometimes Lucille and Larry visit in the city. The 
train fare between the city and the farm is $5.88 each way 
for a grown person and half as much for a child under 
12 years of age.

7. The children rode Larry’s pony. It could run a 
mile in 5 minutes. How many miles per hour 
is this?

2. Mr. and Mrs. Peters and George use full-fare 
tickets. How much do these tickets cost for the 
trip to the farm for the 3 people?
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Space for Work Answers

11. 

12. %

%13.

14. $.

lb.15.

%16.

17. $.

lb.18.

%19.

Go on to Page 4.i.

eggs weigh what per cent as 
large eggs?

111. Medium-sized eggs usually sell for 80% as much as 
large eggs. When large eggs are 554 per dozen, 
for how much should medium-sized eggs sell?

I5j. In preparing feed for laying hens, Larry had to 
put in i of 1% salt. How many pounds of salt 
did he use in mixing 1500 pounds of feed?

13,1. At the right is a chart show
ing the percentage of content 
of some chicken feed. What 
per cent of the content of this 
feed is not accounted for on 
the chart?

122, Large eggs weigh 28 ounces per dozen and extra
large eggs weigh 32 ounces per dozen. The large 

much as the extra-

8J. In a new breed of chicken, 60% of the weight is 
edible. In a 5-pound chicken of this breed, how 
much is inedible?

14,1. Larry and George brought home a load of feed that 
weighed 2250 pounds. How much did this feed 
cost at $2.80 per hundred pounds?

.6J. Mrs. Peters pays 540 per dozen for eggs for which 
the farmer gets 45 (J per dozen. Her cost is what 
per cent more than the price the farmer gets?

ft

9.. To produce one pound of chicken, 4 pounds of feed 
are needed. Feed costs 3 J cents per pound. If the 
chicken sells for 350 per pound, what per cent of 
the selling price is spent on feed?

,7.'. To build another chicken house, Larry’s father 
borrowed $1600. If he paid it back in four months, 
how much was the interest? The interest rate 
was 4% per year.

CHICKENS ON THE FARM
The farm has a few cattle and raises some grain for feed, but it 

specializes in raising chickens and selling eggs. Eggs that are fresh, P 
clean, and large bring the best prices. Alice and George learned to 1 
sort and grade the eggs. [f/PX *

Feed Content
Protein ...... 20%
Fat........ 4%
Fiber .....  8%
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fn.
 

Space for Work Answers

20. sq. ft

ft21. 

22. $ 

23. $ 

cu. ft-24. 

yd.25. 

mi26. 

27. 

No. Right.—483.4.52 End of Test. Look over your work.5A

21, The perimeter of the city living room is how many 
feet more than the perimeter of the farm living 
room, or are both the same?

22. In the city, people cook with gas. They pay 12J 
cents per 100 cubic feet of gas. How much is the 
bill for a month when 1700 cubic feet are used?

23. The farm uses electricity for cooking, washing, and 
' other machinery. The rate is $5 for all electricity 

up to 100 kilowatts, and 34 cents per kilowatt for any 
extra beyond the first 100. How much is the bill 
when 238 kilowatts are used?

24. The round water tank on the farm is 6 feet in 
diameter and 2 feet, 4 inches deep. How many 
cubic feet of water will it hold?

(V = ^h)

25. One day the boys made a rectangular yard for 
chickens. They used 120 yards of fence to enclose 
it. If the chicken yard was two times as long as 
wide, how long was it?

27. For his science class, George recorded the following 
low temperatures one week: —2°, —8°, 0°, +7°, 
—1°, +6°, +10°. What was the average of these 
temperatures ?

26. tf Alice lives “10 minutes by bus” from her school 
and the bus averages 10 miles per hour, how many 
miles is it to the school ?

THE CITY AND THE FARM
In the city George and Alice spend much of their 

spare time reading. On the farm, they helped with 
the work. George helped his cousin with the outdoor 
work and Lucille helped in the house. It was a large 
pleasant house.

20 Two living room floors are sketched above. Which 
is larger, and how many more square feet of space 
does it contain? (If they are both the same in size, 
write same.)

d
crry -

Living i^oo

/ -18,T--------
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William A. Brownell, Editor

 Number Right

Form AUppper Level Grades 7,8, and 9

Grade Girl Boy XMME 

 .... Date Teaacher DayMonthYear

 .... BomxHiool DayMonthYear

titty AgeState DaysMonthsYears

Test 6 — Basic Computations 
by

BEN. A. SUELTZ

Phil
3433 '

AU 
c.

Nashville 
2106 Pierce Ave.
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TEST 6 — Computations 

DIRECTIONS

Answers

B
ft

B $..££..?£!... .ay

Answers

3 Ih1 

A2  

T,3 

yd4 

ft5 
5 ^eet 7 barrels

in6 

bbl7 

hr8 

0!9 

flinchesU yards 10 

5^5X7|= 3| X 12-j = 11 

....it12

6A

Multiply X 
tons

Divide
4 yards

3595 32 90 
2075 3960 
4455

2 7 0,8 5 0
6 9,7 8 5

74,690
409

DIVIDE
12

Add +
1 pounds

ADD 4-
6 inches

yd.
2 8 ) 8 2 5 yd.

12|
10| -

Subtract
2 acres

Subtract —
A feet

This is a test of computations in 
arithmetic. Do as many of the examples 
as you' can. Work carefully at your 
usual rate of speed. Your score will be 
the total number that you have done 
correctly.

Write each answer under the ex
ample and again in the proper answer 
space at the side of the page. The 
samples at the right show where you 
should write your answers.

There is room to work on the test 
paper. Show all of your work for every 
example you do.

3-1
41
3

Go on to Pa?<!

A ...3.1

20|
21L

16

181

4O7
91

41
11

MULTIPLY X
9 ounces feet

SUBTRACT — 
g hours

12 2 2 16 —I674- 6 =

Find 15% of $372 
£ 37a

■ /C
/ S't d> 

,2Z2_
* 55.% o

Notice that in Sample A the answer 
was reduced to 3 J ft. All final answers 
should be given in reduced form.
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Answers13
Arrange in a column, then Add

13$ $22.22 + $2.10 + $76.95 = $. $259-$49.95 = $.

14$ 

15 ft.
15 ^et 17

in.16 

17$ 

18 in.

lb.19 oz.

gal. 20 qt.
100 gal. — 60 gal. 3qt. .hr. .min.21

22 
2322 %23 

.077 2524 24 
.mln. % .hr. 25 (IReduce answer) gal. qt.

!6i 26$ 150% of $10.50 = $44% of $75 = $ 

27 $ 

8; %28  .% of $540$42 =16 in. = .% of 24 in.

%29 

 
Go on to Page 4

1 2 lb. 9 OZ.
4 lb. 6 oz.
7 lb. 8 oz.

Find RATE PER CENT
29

7 4.6
3.14

Find PERCENTAGE
27

Fill in the blank 
spaces in the 
chart below.

200 
.025

14
Arrange in a column, then Subtract

$ 
.06JTT6

mal
.25 25%

Subtract
20

Multiply X
21

4-of 2 hr. 40 min.
4

Divide -j-
18 , ,(ans. to 1 dec. place) 

— in.
3.14) 9 6.5 in.

Frac- Deci- Per 
tion mal Cent

1
7
2_
5

MULTIPLY X
|g inches

Add +
191
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Answers

30$ = $366

31 $

32$

33 X = 

34X = 

35 X =

36X =X =x= x =x =

37 
3937

38 

39

40

MULTIPLY X Divide
41 42 41 

(-275) = (-2) = 42 

43 S = 43
S2 = 100 44 P = 
S =

45 A = 

P = 46 A = A = A =

Vo. Right —6A 484.4.52 End of Test. Look over your work.

ADD +
38

SOLVE FOR X
35

x a 18 =4V

(-48)
(+ 2)

(+10)
(-25)
(-44)
(+11)

(+27)
(-15)

(— 200)
(- 65)

(-4)
(+7)
(-8)

When b = 8, b' = 9 
h = 5, and

A = y2 (b + b') h

Find the WHOLE AMOUNT
31

 12% of $

34
6X —40 = 2X + 44

30
$3 = 1% of $.

’ = 22/r

SUBTRACT
40

Find INTEREST 
32

$330 X io® X 3f,o = $------

33
5X = 34

SOLVE FOR THE LETTER INDICATED
45 46

When r = 14, 
and A = ^r2

44
I = PRT

36
|x+10 = X-5
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APPENDIX B

DATA SHEET USED IN PILOT STUDY

Please answer briefly the following questions.

Name?

What Is your home address?

Is your home In a rural or an urban area?

teach? 

Is the school located in a rural or an urban area?

(Male - Female)What Is your sex?

Was the high school you attended In a rural or an urban

area?

What were the basic courses in mathematics which you took

in college?

What were the basic courses in mathematics which you took

in high school?

Do you consider your background in mathematics good, fair,

or poor? 

What mathematics did you teach?.

What grade do you teach?

How many years have you taught arithmetic?

How many years have you taught high school mathematics?

What is the name and address of the school in which you
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Did you enjoy arithmetic when you were in the elementary

school?

Did you enjoy mathematics when you were in high school?

Do you enjoy teaching mathematics or arithmetic?



210

APPENDIX C

BASIC DATA SHEETS USED IN STUD?

Please fill in the following blanks with care andthoughtful consideration.
1.

first middle
2.

3.
city or town state

4.
Rural —Population 2500 or less.

An area pertaining to

5.

not more than I50 studentsnot more than 50 students

over 300 studentsnot more than 300 students

6.

the size of the elementary school which you last 
attended.

Underline the enrollment figure which comes nearest the 
enrollment of your senior class in high school.

Present addre s s  
st.,no.,or dormitory city or town state

Home address  
st.,no., or P.O. Box

Urban —Population 2500 or over, 
the city or large town as 
distinguished from the country. 

Sex
M or F

■ less)

■ less) 

or less)

large (800 students or 

average (400 students 1

small (200 students or

Rurban—Population 2500 or over. A metropolitan or 
residential district which is in 
close proximity to a city or 
large town.  

Name______
last

Place a check mark on the blank following the state
ment which best describes your home location.

An area pertaining to 
the country as distinguished from a 
city or large town. 

Underline the word which comes nearest describing the 
size of the elementary school which you attended. If 
you attended more than one elementary school, consider
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7.
Underline the courses which you had in

general mathematics
algebra (2nd year)
solid geometry

8. are now

9.
 "A" student in high school

II-'B" student in high school
 "C" student in high school

II

10.

11.

(b)
(d)
(f)

algebra (1st year) 
plane geometry

(e) 
(d) 

Please place a check mark on the blank preceding the 
statement which corresponds closest to your standing.

trigonometry
commercial mathematics (h) others

List the courses in mathematics which you 
taking.

(a) 

(b) 

Look at the following list of subjects or courses in 
mathematics. Underline the courses which you had in 
high school.

(a)
(c)
(e)
(g) 

 D" student in high school
When you had arithmetic in the elementary school you 
most probably did work in computation (addition, 
subtraction, multiplication, and division of whole 
numbers and fractions), problem solving (solving of 
word problems in arithmetic), and number meaning 
(understanding of basic concepts and principles in 
arithmetic). Of the three phases in arithmetic (com
putation, problem solving, and number meaning) write 
in the blanks provided the phase which you liked 
least and the phase which you liked best.

(a) Liked least •
(b) Liked best ______________ •
You may have had odd Jobs in the summer time or in 
the afternoons which included the use of arithmetic 
(e.g., cashier in a grocery or drug store, temporary 
office work which included the use of simple arithme
tic etc.). If so, indicate by writing on the blanks
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12.

dislike arithmetic? 
intensely dislike arithmetic? 

13.

NoYes

14.

15.

(b) 

like arithmetic very much?

like arithmetic (moderately)?

feel indifferent (neutral) towards 
arithmetic?

(d)

(e)

Do you feel the need to take a refresher course in 
arithmetic (a course involving basic number work, 
problem solving, and basic computations) during your 
stay in college? If so, indicate by placing a check 
mark on the blank which follows the word yes. If 
not, indicate by placing a check mark on the blank 
which follows the word no.

Do you recall any particular factor which may have 
been a handicap to you in learning arithmetic while 
in the elementary school? If so, list the 
handicap(s) in the blanks provided.

 

provided a brief description of the Job you held. 
Describe Just the portion of the Job which Included 
the use of arithmetic.

(a) 

(b) _________________________________

(c) ______________________________________

Please indicate your present preference in education 
by placing a check mark on one of the blanks preced
ing the following statements.
(a) It is my present desire to major in  

elementary education.

It is my present desire to major in 
secondary education.

Place a check mark on one of the following blanks. 
When you were in the elementary school, did you —

(a) 

(b) 

(c)
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appendix d

DISTRIBUTIONS OF TEST SCORES

The following headings will be used to identify the

Test 4, Quantitative Understanding;distribution tables:

Test 5, Problem Solving; and Test 6, Basic Computation.

Test 6Test 4 Test
f
544
522

2220
34242622
710
34

f124
9171612

2521
32182221
75

DISTRIBUTION OF TEST SCORES FOR THE TOTAL GROUP OF 
FRESHMEN IN THREE AREAS OF ARITHMETIC

f
3
7
7

10
11
19
18
28 
20 
49 
23
8
6
1

_2
N = 212

73-75
70-72
67-69
64-66
61-63
58-60
55-57
52-54
49-51
46-48
43-45
40-42
37-39
34-36
31-33

N = 212

73-75
70-72
67-69
64-66
61-63
58-60
55-57
52-54
49-51
46-48
43-45
40-42
37-39
34-36
31-33

N = 212

72-74 
69-71 
66-68 
63-65 
60-62 
57-59 
54-56 
51-53 
48-50 
45-47 
42-44 
39-41 
36-38 
33-35 
30-32
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DISTRIBUTION OF TEST SCORES FOR RURAL AND URBAN STUDENTS

Freshmen from Rural Areas

Test 4 Test 6

Freshmen from Urban Centers

Test 6Test 4 Test 5

f
1
3
2
9

15
16
15
13 
14 
11

3
3
2
2

f
3 
2 
3
1
8
4
8

19 
10 
16 
14

5 
5 
2 
3

f
4
3

11
4

11
9

12
20
7

12
8 
6 
2

f
1
2
3 
4 
6 
9 
8

11
8

13
19 

8 
4 
6 
1

f 
1 
5 
1 
5
3

12
8

13
8

23
13

4 
4 
1 
2

68-70
65-67
62-64
59-61
56-58
53-55
50-52
47-49
44-46
41-43
38-40
35-37
32-34 _

N ■ 109

73-75
70-72
67-69
64-66
61-63
58-60
55-57
52-54
49-51
46-48
43-45
40-42
37-39
34-36
31-33

N = 103

Test 5.

72-74
69-71
66-68
63-65
60-62
57-59
54-56
51-53
48-50
45-47
42-44
39-41
36-38
33-35
30-32

N B 103

71-73
68-70
65-67
62-64
59-61
56-58
53-55
50-52
47-49
44-46
41-43
38-40
35-37
32-34
29-31

N = 103

f 
2 
1 
6 
5 
8 
6 

10 
15 
12 
26 
11
4 
2 
0 
1 

n's 10'9

71-73
68-70
65-67
62-64
59-61
56-58
53-55
50-52
47-49
44-46
41-43
38-40
35-37
32-34

S = 109

72-74 
69-71 
66-68 
63-65 
60-62 
57-59 
54-56 
51-53 
48-50 
45-47 
42-44 
39-41 
36-38 
33-35 
30-32
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Test 4 Test 6

Test 6Test 4 Test jj

DISTRIBUTION OF TEST SCORES FOR THE FRESHMEN WHOSE 
GRADUATING CLASSES DIFFERED IN SIZE

f
1
1
2

4 
2 
9 

xl
11

9 
2 
9

f
2
2
3

72-74 
69-71 
66-68 
63-65 
60-62 
57-59 
54-56 
51-53 
48-50 
45-47 
42-44 
39-41 
36-38 
33-35 
30-32

nU"

f
2
2
2
1

I
11

7 
11 
10

8
4
4
2 

75

f
1
3
2
5
4

11
8
9
9

20
14

1
3
1
2 

93

f
2

I
3
6
4
7

13
6

11
8
3
3

75

8
7
6

13
12
11

7
11

6
1

93

f
2
1
2
4
8
7
8

18
10
10
10

3
5
1
4

93

Graduating Classes with not More Than 50 Students

Test

73-75 
70-72 
67-69 
64-66 
61-63 
58-60 
55-57 
52-54 
49-51 
46-48 
43-45 
40-42 
37-39 
34-36 
31-33

NT

1
nt 75

73-75 
70-72 
67-69 
64-66 
61-63 
58-60 
55-57 
52-54 
49-51 
46-48 
43-45 
40-42 
37-39 
34-36

ITT

68-70 
65-67 
62-64 
59-61 
56-58 
53-55 
50-52 
47-49 
44-46 
41-43 
38-40 
35-37 
32-34

N ■

73-75 
70-72 
67-69 
64-66 
61-63 
58-60 
55-57 
52-54 

iUl 
43-45 
40-42 
37-39 
34-36 
31-33

N =

73-75 
70-72 
67-69 
64-66 
61-63 
58-60 
55-57 
52-54 
49-51 
46-48 
43-45 
40-42 
37-39 
34-36 
31-33

Graduating Classes That Ranged from 50 to 150 
Students in Number
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Test £ Test 6

Test

f
1
1

9
7
3
9
2
6
4

f
1
3
3
3
6

2
W

2
1
3
2
7

12
8
9

13
2
4
2
2

88

69-71 
66-68 
63-65 
60-62 
57-59 
54-56 
51-53 
48-50 
45-47 
42-44 
39-41

N -

f
1
2
1
3
3
8
4
9

11
8
2
1
1
2

68

f
1
3
2
6
3
4
6
3

11
4
1

44

68-70 
65-67 
62-64 
59-61 
56-58 
53-55 
50-52 
47-49 
44-46 
41-43 
38-40 
35-37 
32-34 
T7

7
I
2
1
2 w

f
1
1
5
6
2
7

11
7
4
9
7
5
3

38

67-69 
64-66 
61-63 
58-60 
55-57 
52-54 
49-51 
46-48 
43-45 
40-42 
37-39 
34-36 
31-33

Ns

72-74 
69-71 
66-68 
63-65 
60-62 
57-59 
54-56 
51-53 
48-50 
45-47 
42-44 
39-41 
36-38 
33-35 
30-32in

73-75 
70-72 
67-69 
64-66 
61-63 
58-60 
55-57 
52-54 
49-51 
46-48 
43-45 
40-42 
37-39 
34-36 
31-33ITT

71-73 
68-70 
64-66 
61-63 
58-60 
55-57 
52-54 
49-51 
46-48 
43-45 
40-42 
37-39

N -

Graduating Classes That Were Over I50 Students in Number

Test 4

DISTRIBUTION OF TEST SCORES FOR FRESHMEN WHO ATTENDED 
ELEMENTARY SCHOOLS OF DIFFERENT SIZES

Elementary Schools Small in Size (200 Students or Less)

Test 6Test 4

f
1
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Test Test 6

Test 4 Test £

f
1

6
2
6

i
7

io
i
4

"TO

f
4
4
4
3
6
5
7
4
7
3
1

"TO

73-75 
70-72 
67-69 
64-66 
61-63 
58-60 
55-57 
52-54 
49-51 
46-48 
43-45 
40-42 
37-39

N =

f
1
3
8
1
8
3

15
8

13
13
11
6
7

97

f
4
1
1
4

10
12
10
14
11
12

8
4
3
1
2

97

64-66 
61-63 
58-60 
55-57 
52-54 
49-51 
46-48 
43-45 
40-42 
37-39 
34-36

N -

71-73 
68-70 
65-67 
62-64 
59-61 
56-58 
53-55 
50-52 
47-49 
44-46 
41-43 
38-40 
35-37 
32-34

Ns

f
1
5
3
8
3

10
11

6
13
15

8
7
5
2

97

f
4

4
5

10
4
5
9
1
2
4

W

73-75 
70-72 
67-69 
64-66 
61-63 
58-60 
55-57 
52-54 
49-51 
46-48 
43-45 
40-42 
37-39 
34-36 
31-33 

N .

73-75 
70-72 
67-69 
64-66 
61-63 
58-60 
55-57 
52-54 
49-51 
46-48 
43-45 
40-42 
37-39

N =

69-71 
66-68 
63-65 
60-62 
57-59 
54-56 
51-53 
48-50 
45-47 
42-44 
39-41 
“ N =

Elementary Schools Large in Size (400 to 800 Students)

Test 6

Elementary Schools Average in Size (200 to 400 Students)

Test 4
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Distribution of Test Scores for Those Who Took
General Mathematics

Test 4 Test Test 6

Distribution of Test Scores for Those Who Took
General Mathematics and Algebra

Test 6Test 4

f
1

f
1
3

f
1
1
3
5
2
3
5

I
4

63-65 
60-62 
57-59 
54-56 
51-53 
48-50 
45-47 
42-44 
39-41 
36-38 
33-35 
30-32

f
1
7
4
8

J
6

67-69 
64-66 
61-63 
58-60 
55-57 
52-54 
50-51 
47-49 
44-46 
41-43 
38-40 
35-37 
32-34

N =

1
3
6

12
2
9
5

39
2

39

5
2
3

5T

2
1

4
8
7

11
3
3
1

5l

66-68 
63-65 
60-62 
57-59 
54-56 
51-53 
48-50 
45-47 
42-44 
39-41 
36-38 
33-35 
30-32

N s

f
1
1
1
3
5
7
2
3
7

10
5
3
3

51

70-72 
67-69 
64-66 
61-63 
58-60 
55-57 
52-54 
49-51

69-71 
66-68 
63-65 
60-62 
57-59 
54-56 
51-53 
48-50 
45-47 
42-44 
39-41

N =

DISTRIBUTION OF TEST SCORES FOR FRESHMEN WHO HAD 
DIFFERENT AMOUNTS OF MATHEMATICS IN HIGH SCHOOL

Test 5

f
2
2

2
3
4
5
4
6
5
4 
2 

H = 39

61-63 
58-60 
55-57 
52-54 
49-51 
46-48 
43-45 
40-42 
37-39 
34-36 
31-33

N =

43-45
40-42
37-39
34-36

Ns
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Test 4 Test Test 6

2

Distribution of Test Scores for Those Who Took
General' Ma'tHSmatics~Algebra, and Geometry

Test 6Test 4 Test jj

1

f
1

f
1
1

f 
5 
3 
4 
5 

18 
13 
10 
16 
10

8 
5 
3 
2

f
2
3
3
3

3
1

67-69 
64-66 
61-63 
58-60 
55-57 
52-54 
49-51 
46-48 
43-45 
40-42 
37-39

f
1
4

7
16

8
9

18
6

11
3
3
2

1
1 

IT

66-68 
63-65 
60-62 
57-59 
54-56 
51-53 
48-50 
45-47 
42-44 
39-41 
' N =

2
3
2
3
2
3 

1?

61-63 
58-60 
55-57 
52-54 
49-51 
46-48 
43-45 
40-42 
37-39 
34-36N =

71-7368-70
65-6762-6459-6156-58
53-5550-52
47-4944-46
41-4338-40
35-3732-34' N = 103

4
2
4
1
1
1
117

f 
3 3 6 
2 

10 
6 

13 10 
11 
19 11 
5 4 

N = 103

Distribution of Test Scores for Those Who Took 
General Mathematics and Commercial Mathematics

73-75
70-72
67-69
64-66
61-63
58-60
55-57
52-54
49-51
46-48
43-45
40-42
37-39
34-36
31-33

N - 103

73-75 
70-72 
67-69 
64-66 
61-63 
58-60 
55-57 
52-54 
49-51 
46-48 
43-45 
40-42 
37-39
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Test 4 Test 6Test £

6

Test 6Test £Test 4

1

3
5

f
1
3
2
3

12
11
11
21
16
15
13

4
6
3
1

70-72 
67-69 
64-66 
61-63 
58-60 
55-57 
52-54 
49-51 
46-48 
43-45 
40-42 
37-39

f
3
1
5
1

11

16
9

21
19
18

9
5

f
3
4
2
7

f 
1 
3 
5 

10
7 
8 

15 
16 
19 
10 
10 
10

5

f
3
1
2
2

3
10

3
1

33

72-74 
69-71 
66-68 
63-65 
60-62 
57-59 
54-56 
51-53 
48-50 
45-47 
42-44 
39-41

73-75 
70-72 
67-69 
64-66 
61-63 
58-60 
55-57
52-54 
49-51 
46-48 
43-45

ITT

f
1
1
3
1
7
3
5
3
3
7
1
3

38
' 29 1
N - 38

Distribution of Test Scores for the Freshmen Who Indicated 
That They~~Were Good (B) Students in high School

DISTRIBUTION OF TEST SCORES FOR THE FRESHT4EN WHO INDICATED 
THAT THEY WERE SUPERIOR (A), GOOD (B), AND AVERAGE (C) 

STUDENTS IN HIGH SCHOOL

73-75
70-72
67-69
64-66
61-63
58-60
55-57
52-54
49-51
46-48
43-45
40-42
37-39
34-36
31-33

N - 122

73-75 
70-72 
67-69 
64-66 
61-63 
58-60 
55-57 
52-54 
49-51 
46-48 
43-45 
40-42 
37-39 
34-36 
31-33 _
- N - 122

70-72
67-69
64-66
61-63
58-60
55-57
52-54
49-51
46-48
43-45
40-42
37-39
34-36
31-33 ~ -
' N = 122

Distribution of Test Scores for the Freshmen Who Indicated 
That They"^Jere~~Superlor (A) Students' in HigETchool
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~THey~¥ere Average (cj~S^u3enFs' in HigTT'ScHooT

Test 4 Test £ Test 6

Test £Test 4

DISTRIBUTION OF TEST SCORES FOR THE FRESHMEN WHO REPORTED 
EMPLOYMENT WHICH INCLUDED THE USE OF ARITHMETIC AND 

FOR THOSE WHO DID NOT REPORT SUCH EMPLOYMENT

f
1

f
1

f
3 
2 
2 
2

14
11
11
17
11
13

9
4
6 
2 
1

2
6
6
3
8
8
8
3
4

15
3

14
12
14
13
13

5
4

f
3
4
7

73-75 
70-72 
67-69 
64-66 
61-63 
58-60 
55-57 
52-54 
49-51 
46-48 
43-45 
40-42 
37-39 
34-36 
31-33

f
1
2
1
4
2
3
7

73-75 
70-72 
67-69 
64-66 
61-63 
58-60 
55-57 
52-54 
49-51 
46-48 
43-45 
40-42 
37-39 
34-36 
31-33

N =

69-71 
66-68 
63-65 
60-62 
57-59 
54-56 
51-53 
48-50 
45-47 
42-44 
39-41 
36-38 
33-35 
30-32to =

6
5
5
7

13
5
4
4
1
1

5?

65-67 
62-64 
59-61 
56-58 
53-55 
50-52 
47-49 
44-46 
41-43 
38-40 
35-37 
32-34 ' to -

14 
4 
6 
3 

52

3
52

f
1
2
4
6

10
4
8

12
9

20
10

6
8
6
2 

to" 108
33 1

108

73-75
70-72
67-69
64-66
61-63
58-60
55-57
52-54
49-51
46-48
43-45
40-42
37-39
34-36
31-33

to = 108

73-75 
70-72 
67-69 
64-66 
61-63 
58-60 
55-57 
52-54 
49-51 
46-48 
43-45 
40-42 
37-39 
34-36 
31-33

Dlst^.lb?t£on °,f Te3t Scores for the Freshmen Who Indicated
That TheyTere Average (cT"STu3enFs' in MlFTrSEH™!------

Distribution of Test Scores for Those Who Reported Employ- 
ment Which Included the Use of Arithmetic

Test 6
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Test 4 Test jj Test 6

Distribution of Test Scores for Freshmen Who Liked
'Arithmetic

Test 6Test 4 Test fj

DISTRIBUTION OF TEST SCORES FOR FRESHMEN WHO LIKED, 
FELT INDIFFERENT TOWARDS, AND DISLIKED ARITHMETIC

f
2
2
2
38

11
9

17
13
13
132
4
1
3

f
54
2
2

14
12
11
1712
16
11
5
51

64-66 
61-63 
58-60 
55-57 
52-54 
49-51 
46-48 
43-45 
40-42 
37-39 
34-36 
31-33

69-71 
66-68 
63-65 
60-62 
57-59 
54-56 
51-53 
48-50 
45-50 
42-44 
39-41 
36-38 
33-35 
30-32

71-73 
68-70 
65-67 
62-64 
59-61 
56-58 
53-55 
50-52 
47-49 
44-46 
41-43 
38-40 
35-37 
32-34

Distribution of Test Scores for Those Who Reported 
no Employment

73-75
70-72
67-69
64-66
61-64
58-60
55-57
52-54
49-51
46-48
43-45
40-42
37-39
34-36
’ N - 117

f 
1 
2
3
3

13
7

11
11
28
13

5
4
1 
1 

N =' 10’3

f
1
4
7

11
7
8

14
13
18
11
12

6 
4 
1 

to = 117

f
3
4
7
3

14
6

20
7

16
17
11
7
2

N - 117

f
3
6

12
4

13
12
12

8
16
12

1
4

N = 103

73-75
70-72
67-69
64-66
61-63
58-60
55-57
52-54
49-51
46-48
43-45
40-42
37-39
34-36
31-33 _

to = 103

73-75 
70-72 
67-69 
64-66 
61-63 
58-60 
55-57 
52-54 
49-51 
46-48 
43-45 
40-42 
37-39
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Test 4 Test Test 6

Distribution of Test Scores for Freshmen Who
Disliked Arithmetic

Test 6Test 4 Test

f
1

f
367-69 

64-66 
61-63 
58-60 
55-57 
52-54 
49-51 
46-48 
43-45 
40-43 
37-39

f
1
1
2
5
1
2
4
3
2
2

67-69 
64-66 
61-63 
58-60 
55-57 
52-54 
49-51 
46-48 
43-45 
40-42 
37-39 
34-36

N =

f
1
2
2
5
2
5
2
2
3
1
1
1

27

f
1
1
1
7
8

6
4
1
1

32

68-70 
65-67 
62-64 
59-61 
56-58 
53-55 
50-52 
47-49 
44-46 
41-43 
38-30 
35-37

1
38
513106
7221
3

4
27

f
1
1
4
5

8
1394432

62-63 59-61 56-58 
53-55 50-52 
47-49 44-46 
41-43 38-40 
35-37 32-34

N =

Distribution of Test Scores for Freshmen Who Felt 
Indifferent Towards Arithmetic

2
1
2
5
2 
2 
7 
1
2 

N - 27

63-65 
60-62 
57-59 
54-56 
51-53 
48-50 
45-47 
42-44 
39-41 
36-38 
33-35 
30-32 
‘ N =

70-72 
67-69 
64-66 
61-63 
58-60 
55-57 
52-54 
49-51 
46-48 
43-45 
40-42 
37-39 
34-36 
31-33

N =
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Test 4 Test 6Test

Test 6Test 5.Test 4

DISTRIBUTION OF TEST SCORES FOR FRESHMEN WHO DID NOT 
EXPRESS NEED FOR A REFRESHER COURSE IN ARITHMETIC 

AND FOR THOSE WHO EXPRESSED A NEED

f
1f

1
4

11
14
17
21
16
18
15

3
4
3
2

f
2
2
6

6
9

10
17
12
36
11

6
3

73-75 
70-72 
67-69 
64-66 
61-63 
58-60 
55-57 
52-54 
49-51 
46-48 
43-45 
40-42 
37-39 
34-36 
31-33

> Who Exp: 
'Arithmetic'

73-75 
70-72 
67-69 
64-66 
6I-63 
58-60 
55-57 
52-54 
49-51
46-48 
43-45 
40-42 
37-39

ITT

f
2
1
4

8
10

5
10

8
9
6
2
1

KI

f
5
4
3
1

11
8
4

13
7
8
7
4
6

KT

70-72 
67-69 
64-66 
61-63 
58-60 
55-57 
52-54 
49-51 
46-48 
43-45 
40-42 
37-39 
34-36 
31-33 
' N' =

f 
1 
3
3
1
7
4

12
7

12
9

11
6

9 5

67-69 
64-66 
61-63 
58-60 
55-57 
52-54 
49-51 
46-48 
43-45 
40-42 
37-39 
34-36 
31-33

N = 129 2 
N's 129

3 
5 

10
8 
3 

16 
16 
22 
10 
12
14

5 
4 

N = 129

73-75 
70-72 
67-69 
64-66 
61-63 
58-60 
55-57 
52-54 
49-51 
46-48 
43-45 
40-42 
37-39 

N

72-74 
69-71 
66-68 
63-65 
60-62 
57-59 
54-56 
51-53 
48-50 
45-47 
42-44 
39-41 
36-38 
33-35 
30-32

Distribution of Test Scores for Those Who did not 
Express Need Tor a Refresher Course in' Arithmetic

Distribution of Test Scores for Those Who Expressed 
a Need for a Refresher Course in Arithmetic
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