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PREFACE 

This study was conducted during the 1967-68 school 

year in the Casa Grande, Arizona, District Number Four, 

Public Schools. The purpose of the study was to compare the 

teaching of fractions using the decimal-common and the 

common-decimal sequence in the areas of total achievement, 

problem solving-selecting answers, problem solving-selecting 

equations, problem solving-solving equations, concepts, in

formation, computation, and attitudes. The question to be 

answered was: Will the teaching of fractions using the 

decimal-common fraction sequence produce significant statis

tical gains over the teaching of fractions using the conven

tional common-decimal sequence? Cooperation between the 

College of Education of The University of Arizona and the 

Casa Grande Elementary School District was essential to the 

successful completion of this study. 

The writer is indebted to the School Board and the 

Administration of the elementary schools of Casa Grande for 

their support of the study. Acknowledgement is also given 

to' the following Casa Grande School District personnel who 

cooperated in the study: Mr. John McCusker, Principal of 

Evergreen Elementary School; Mrs. Grace Nagel, Mrs. Ruth 

Lantzer, Mr. Andre Siegel, and Mr. Joe Parris, fifth grade 

teachers. 
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ABSTRACT 

In the elementary school systems of the United 

States, the teaching of arithmetic is the subject of much 

debate. New programs have been developed with an emphasis 

in such areas as principles, new content and the downgrading 

of existing content to earlier grades. Lack of research in 

the area of sequence indicated the need to compare the 

decimal-common and common-decimal fraction sequences. 

The Problem 

The purpose of the study was to compare the teaching 

of fractions using the decimal-common and the common-decimal 

sequences in the areas of total achievement, problem solv-

ing-selecting answers, problem solving-selecting equations, 

problem solving-solving equations, concepts, information, 

computation, and attitudes. The question to be answered 

was: Will the teaching of fractions using the decimal-

common fraction sequence produce significant statistical 

gains over the teaching of fractions using the conventional 

sequence? 

Procedure 

The subjects for the experiment were 112 fifth grade 

students taught fractions using the decimal-common or the 

common-decimal sequence. These subjects were divided into 

ix 
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four heterogeneous groups and formally introduced to frac

tions from mid-January through April using the two sequences. 

Two of the groups, which comprised the experimental group, 

were taught fractions using the decimal-common sequence and 

two of the groups, which comprised the control group, were 

taught fractions using the conventional common-decimal 

sequence. 

Parts of the data were submitted to a t-test and 

levels of significance were computed for one hypothesis. 

The main portion of the data was submitted to an analysis of 

co-variance and F-values were computed for factors involved 

in the remaining hypotheses to be tested. 

Findings 

The t-test identified significant gains in achieve

ment within groups for each fraction sequence. An analysis 

of co-variance when applied between the groups of experi

mental and control students indicated no significant differ

ences for the experimental group in any of the areas 

analyzed. Therefore, in the areas of total achievement, 

problem-solving-selecting answers, problem solving-selecting 

equations, problem solving-solving equations, concepts, 

information, computation, and arithmetic attitudes there 

were no significant differences indicated. 



Conclusions 

Fifth grade students can be taught fractions using 

either the decimal-common or the common-decimal fraction 

sequence and achieve significant gains. 

When comparing the experimental and control groups, 

the experimental group did not make significantly greater 

gains when,using the decimal-common fraction sequence for 

the formal introduction of fractions in any of the areas 

analyzed. 

Therefore, the following recommendations appear to 

be warranted: 

1. The decimal-common fraction sequence be 

researched further to include multiplication and 

division of fractions. 

2. The decimal fraction be researched 

further prior to the formal introduction of 

fractions in lieu of the common fraction at 

lower grade levels. 

3. Further research studies be conducted 

to analyze the sequence of arithmetic in terms 

of child growth and development. 

4. It is also recommended that more 

evaluative instruments be developed that will 

measure modern arithmetic programs. 



CHAPTER I 

THE PROBLEM, DEFINITIONS, ASSUMPTIONS, AND 

CONDITIONS AND LIMITATIONS 

In the elementary school systems of the United 

States, the teaching of arithmetic is the subject of much 

debate. Never before has there been as much demand for 

mathematical training as there is at the present time. Due 

to this demand, the most recent approach to arithmetic has 

been developed based on the needs of our changing society. 

Although there have been many approaches to the 

teaching of this subject, the basic approaches to arithmetic 

have been recognized as Utility, Disciplinary Value, Social 

Utility, and Meaningful Arithmetic, with the last being the 

most recent (Banks, 1959, pp. 3-5)• 

Arithmetic made its entrance into the curriculum of 

the Latin grammar school in colonial times because of its 

utility (Banks, 1959, p. 4)• This approach was based on the 

needs of the time which were primarily navigation, commerce, 

and surveying. Using this approach, the main emphasis for 

the instructional process was the memorization of rules for 

"cyphering". In order to solve a problem, it was first 

classified by type and then mechanical rules were applied. 

1 
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It was believed that repeated practice with basic facts of 

arithmetic was sufficient for mastery and that practice was 

the main requisite for achievement. As times changed, so 

did the content of mathematics, as well as the drill theory 

which was found to be lacking when understanding did not 

take place. 

During the early part of the nineteenth century the 

Pestolozzian influence brought about changes in content and 

method as is evidenced by the writings of Colburn (Banks, 

1959, p* 3)• He placed great emphasis on the discovering of 

rules by the learner and discarded the formal rules for 

solving problems. This resulted in the decline of the Latin 

grammar school and gave rise to the academy. Mathematics 

was then justified for its disciplinary value rather than• 

its practical value. 

Later in the nineteenth century, the idea of social 

utility appeared in which only minimum needs were taught, 

based on definite proof. This approach was based on the 

"incidental learning" theory which held that proper motiva

tion for learning fundamental facts can be achieved by 

presenting these facts as part of a more general learning 

situation (for example, the group activity of operating a 

model store) (Bell, Hammond, and Herrera, 1962, p. 4). Even 

though this approach has been received enthusiastically by 



some educators, it has never had widespread acceptance. 

This is probably due to a lack of skill on the part of the 

teacher, and the group activity, which is not arithmetic, 

often overshadows the other elements of the learning situa-

' tion. Another dissatisfaction with this approach is the 

inability to match the skills needed with the systematic and 

sequential development of the arithmetic program. On the 

other hand, the incidental program can motivate problems for 

discussion beyond the level of skills intended as the out

come of a particular activity (Bell, et al., 1962, p. 4). 

Starting in the 1930's the meaning theory came into 

the forefront. This was in large part due to the inadequa

cies of the drill theory and the incidental-learning theory. 

The main thesis of this theory holds that children can 

master the ideas and skills in arithmetic if practice is 

provided after understanding has been developed. It is 

important to note that this theory does not completely dis

pense with drill. It does assume that there is a greater 

transfer and retention of ideas if the student thoroughly 

understands what is being studied (Katona, 1940» p« 244)• 

"Likewise, in the matter of motivation, it does not say that 

incidental learning situations are useless, but it does hold 

that the development of mathematical concepts must be sequen

tial and systematic" (Bell, et al., loc.cit.). 
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In 1935> Brownell (pp. 10-31) presented a compre

hensive view of what is now generally called meaningful 

arithmetic. This viewpoint may be illustrated by some of 

his typical statements: "Arithmetic is best viewed as a 

system of quantitative thinking...." "The meaning theory 

conceives of arithmetic as a closely knit system of under

standable ideas, principles and processes." "The basic 

tenet in the proposed instructional reorganization is to 

make arithmetic less a challenge to the pupil's memory and 

more a challenge to his intelligence." 

Changes which accompanied the meanings approach 

were: greater use of manipulative devices to help bridge 

the gap from the concrete to the abstract; utilization of 

the discovery approach by the teacher to help the student 

discover relations, algorithms, and generalizations; and the 

provisions of a variety of experiences to meet the needs of 

individual differences among students. 

Even though these changes brought about an improved 

curriculum there was a lack of attention to basic properties 

of the operations on the various sets of numbers. This re

sulted in some "meanings" being taught incorrectly and having 

to be unlearned later (Marks, Purdy, and Kinney, 1965, 

p. 18). 
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In recent years many experimental mathematics pro

grams have been in progress at one time. These came into 

existence not to eliminate the meanings approach, but to 

eliminate ineffective procedures and to incorporate more 

mathematical ideas and effective methods for teaching those 

ideas. This situation was also the result of increased de

mands for mathematics, need for mathematical manpower, and 

the citizen's need for more mathematics. As our society 

changes, so must our mathematical needs change to keep pace 

with society's demands. 

Another factor which has had great influence on the 

current status of arithmetic is the vast explosion of know

ledge in recent years. Since there is so much which can be 

taught, educators must make decisions as to what should be 

taught that will fit the needs of man in the future. This 

has resulted in many programs being changed from programs of 

application to those based on principles. The thinking is 

that it is not known what specific applications will be 

needed in the future, but that principles can be taught 

which will not change. These principles are based on under

standing which emphasizes the importance of meaningful 

arithmetic. 
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The new programs of today are commonly referred to 

as "modern mathematics" and/or the "new mathematics". These 

two terms do not mean the same thing even though they are 

used interchangeably. 

First, considering "modern mathematics", which may 

be an unfortunate choice of terminology because of its con

notations, some people think that it means mathematics was 

never modern before. Others feel that conventional mathe

matics no longer has anything to offer. Generally speaking, 

modern mathematics is the mathematics which is now being 

developed and applied, with special significance for the 

second half of the twentieth century (Evenson, 1962, p. 1). 

Second, consider the term "new mathematics". In 

mathematics some new areas are now being included in the 

mathematics program. They are called new because they have 

not been included in programs of the past and not because 

they were developed recently. The study of some "new" areas 

of mathematics began many years ago. An example of this 

would be the theory of sets, which was developed largely by 

a German mathematician, George Cantor (1$45-191&). This is 

an advanced idea, but it can be used to clarify and unify 

other mathematical concepts, such as cardinal number, vari

able, and relation (Evenson, 1962, p. 3). 
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It is evident that changes are still being found 

which can be made in current programs, and some of these 

changes form a basis for this study. Educators now know 

that more effective procedures are possible; therefore 

pupils can learn more mathematics, pupils can learn mathe

matics earlier, pupils learn related ideas, and pupils are 

more enthusiastic. Even though there is no objective re

search available to substantiate an increase in enthusiasm, 

teachers are reporting this condition. 

The Problem 

The basic elements of the problem devised for the 

investigation of "A Comparison of Decimal-Common Fraction 

Sequence with Conventional Sequence for Fifth Grade Arith

metic" included (1) the statement of the problem, (2) impor

tance of the study, and (3) the objectives of the study. 

Statement of the problem. The decimal-common frac

tion sequence entailed the teaching of the decimal fraction 

prior to the teaching of the common fraction, the latter 

normally being taught first in the public schools of today. 

Therefore, it was the purpose of this study (1) to compare 

arithmetic achievement of groups of children taught arith

metic by the decimal-common fraction sequence and by the 

conventional sequence; and (2) to compare the attitudes of 

children toward arithmetic taught by the decimal-common 

fraction sequence and by the conventional sequence. 
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The following hypotheses were basic to the study: 

1. There will be no significant statistical gains 

in total achievement of the subject matter taught for each 

sequence, as measured by "The Seeing Through Arithmetic 

Test." 

'2. There will be no significant statistical differ

ences in total achievement of the subject matter between 

groups of children taught arithmetic by the decimal-common 

fraction sequence and by the conventional sequence, as meas

ured by "The Seeing Through Arithmetic Test." 

3. There will be no significant statistical differ

ences in problem solving in terms of selecting answers 

between groups of children taught arithmetic by the decimal-

common fraction sequence and by the conventional sequence, 

as measured by "The Seeing Through Arithmetic Test." 

4. There will be no significant statistical dif

ferences in problem solving in terms of selecting equations 

between groups of children taught arithmetic by the decimal-

common fraction sequence and by the conventional sequence, 

as measured by "The Seeing Through Arithmetic Test." 

5. There will be no significant statistical dif

ferences in problem solving in terms of solving equations 

between groups of children taught arithmetic by the decimal-

common fraction sequence and by the conventional sequence, 

as measured by "The Seeing Through Arithmetic Test." 



9 

6. There will be no significant statistical dif

ferences in computation between groups of children taught 

arithmetic by the decimal-common fraction sequence and by 

the conventional sequence, as measured by "The Seeing 

Through Arithmetic Test." 

7. There will be no significant statistical differ

ences in information achievement between groups of children 

taught arithmetic by the decimal-common fraction sequence 

and by the conventional sequence, as measured by "The Seeing 

Through Arithmetic Test." 

8 .  There will be no significant statistical dif

ferences in concept achievement between groups of children 

taught arithmetic by the decimal-common fraction sequence 

and by the conventional sequence, as measured by "The Seeing 

Through Arithmetic Test." 

9. There will be no significant statistical dif

ferences in attitudes toward arithmetic between groups of 

children taught arithmetic by the decimal-common fraction 

sequence and by the conventional sequence, as measured by 

Dutton's "A Study of Attitude Toward Arithmetic." 

Importance of the study. Professional literature 

today emphasizes the fact that many children are not learn

ing arithmetic adequately in the elementary school. The 

amount of professional suggestions offered by educators in 



10 

the area of remedial arithmetic and the remedial arithmetic 

done by teachers point up the fact that there is a need to 

examine methods, materials, content, and sequence used in 

the teaching of arithmetic. 

In attempting to solve the problem of children who 

have not learned to do arithmetic, fractional instruction 

should be an area of consideration. 

Johnson (1956, pp. 201-203) reported an experiment 

on fraction sequence in which he stated three reasons why-

decimals could be taught first: 

First, after United States money is 
taught in the fourth grade it is an easy step to 
one- and two-place decimals instead of breaking 
in with common fractions with their entirely 
different kinds of operations. There is no place 
value in common fractions, hence an entirely new 
system of procedure has to be taught throughout 
addition, subtraction, multiplication and divi
sion of common fractions and before any of these 
four fundamental operations in whole numbers are 
mastered. 

Second, a needed continuation and rein
forcement of the place value concept takes place 
in decimals after operations in whole numbers 
have been only partly learned. 

Third, it is easier to find and correct 
errors for both teacher and pupil. In addition 
and subtraction of decimals there are only two 
new and comparatively easy skills to learn, viz., 
the writing of decimals and the keeping of the 
decimal point in a column. Whereas in common 
fractions there are at least eight separate and 
distinct, rather difficult skills to teach and 
learn in connection with the different combination 
of denominators and mixed numbers. 
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In a similar study, Faires "0-962, pp. 63-69) found 

that the decimal fraction can be taught prior to the common 

fraction with significant gains in the areas of computation 

with decimal fractions, and in achievement with the four 

basic processes with whole numbers. 

From a historical standpoint, the common fraction 

was being used in Egypt in 1600 B.C., but the decimal frac

tion was not invented until about 1600 A.D. Due to this 

situation, the common fraction has been taught first, based 

on its priority in time. 

In relation to the above statement, a revealing 

situation has been found in the historical development of 

geometry and what Piaget (1953» PP» 74-79) found when study

ing how children form mathematical concepts. He states: 

A child's order of development in 
geometry seems to reverse the order of histor
ical discovery. Scientific geometry began with 
the Euclidean system (concerned with figures, 
angles and so on), developed in the 17th Century 
the so-called projective geometry (dealing with 
problems of perspective) and finally came in the 
19th Century to topology (describing spatial 
relationships in a general qualitative way—for 
instance, the distinction between open and closed 
structures, interiority and exteriority, proxi
mity and separation). A child begins with the 
last; his first geometrical discoveries are topo
logical. ... 

Another area of concern to the educator is that 

children have unique problems in learning arithmetic. 
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Some of the methods in use are not consistent with 

known research in child development, nor with knowledge of 

laws of learning. More research is needed in actual class

room situations, with methods, materials and techniques. 

In considering the learning process, Watson (1961, 

p. 2) offers the following propositions to the educators: 

"Behaviors which are rewarded are more likely to recur. The 

best planned learning provides for a steady cumulative se

quence of successful behaviors." Yet educational records 

and literature show that many children do not experience a 

steady cumulative sequence of successful behaviors in the 

classroom learning situation. "Reward (reinforcement), to 

be most effective in learning, must follow immediately after 

the desired behavior and be clearly connected with that 

behavior in the mind of the learner" (p. 2). 

Although teacher personality is a big factor in the 

area of reinforcement, some arithmetic methods lend them

selves more readily to pupil satisfaction than do other 

methods and materials. 

Opportunity for fresh, novel and stimu
lating experiences is a kind of reward which is 

• quite effective in conditioning and learning. 
One trouble with the typical school day is that 
it is too dull; pupils find too few stimulating 
new insights to reward their efforts (Watson, 
p. 4). 
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Materials which stimulate the imagination, and 

methods which encourage pupil participation help to dispel 

dull routine. "The most effective effort is put forth by 

children when they attempt tasks which fall in the 'range of 

challenge,1 not too easy and not too hard—where success 

seems quite possible, but not certain" (Watson, p. 5)« 

Some arithmetic methods and materials are too dif

ficult for many children and, for children with poor arith-

matic backgrounds, are insurmountable barriers. "When 

children (or adults) experience too much frustration, their 

behavior ceases to be integrated, purposeful, and rational. 

Blindly they act out their rage or discouragement or with

drawal. The threshold of what is 'too much' varies; it is 

lowered by previous failures" (Watson, ,p. 6). 

Some arithmetic methods and materials do not offer 

successful experiences for children from the very first; 

this means that simple failures are compounded, and these 

children begin to fail because their past experiences influ

ence the learning attitude, confidence is lost, and defeat 

becomes a pattern of classroom performance. 

By changing the fraction sequence of the arithmetic 

program, it was believed by this writer that the above pro

blems, in part, would be overcome. 
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Objectives of the study. One objective of any edu

cational research is to improve instruction, and any educa

tional research in the area of arithmetic is to improve 

instruction in that specific field. It is the responsibility 

of the educator to respond to the needs of children by ob

taining adequate information upon which to make decisions 

which affect those needs. Perusal of the professional lit

erature in the field of arithmetic shows that educators fall 

short in arithmetic instruction and are not yet meeting the 

needs of all children who are learning arithmetic. Forma

tion of remedial measures is one attempt to meet those needs. 

Educational research is another attempt to meet those needs. 

The main objective of the study was to compare 

arithmetic achievement of groups of children taught arith

metic by the decimal-common fraction sequence and by the 

conventional common-decimal fraction sequence. This objec

tive was evaluated by a standardized achievement test and 

then subjected to a statistical analysis. 

Another objective of this study was to compare the 

attitudes of children toward arithmetic taught by the deci

mal-common fraction sequence and by the conventional se

quence. This objective was measured by an attitude scale 

and then subjected to a statistical analysis. 
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This procedure has had very limited use in the 

public school classroom and never has this procedure been 

used with one of the modern arithmetic programs in relation 

to both achievement and attitudes. 

Definitions of Terms Used 

The statement nf the problem for this study contains 

terms which have been defined in many ways. For the purpose 

of this study those terms and others are defined as: 

Attitude. Attitude is a reaction, or feeling in 

regard to mathematics. 

Common fraction. A common fraction is a numeral 

written in the a/b form which is used to represent rational 

numbers. 

Computation. Computation refers to the act or pro

cess of computing-calculation. 

Conventional sequence. Conventional sequence refers 

to the teaching of the common fraction before the decimal 

fraction. 

Decimal fraction. A decimal fraction is a numeral 

written using the Hindu-Arabic numeration system as well as 

place-value positions to the right of the decimal point. 
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Decimal-common fraction sequence. Decimal-common 

fraction sequence refers to the teaching of the decimal 

fraction before the common fraction. 

Total achievement. Total achievement refers to the 

test scores relating to the child's success, on "The Seeing 

Through Arithmetic Test," in the areas of problem solving-

selecting answers, problem solving-selecting equations, 

problem solving-solving equations, computation, information, 

and concepts. 

Assumptions of the Study 

In order to function adequately in today's complex, 

dynamic society, it is necessary that the individual be able 

to work with quantitative situations effectively. The 

school is an instrument of a democratic society, and is 

obligated to prepare the youth of that society so that they 

may function adequately in that society. 

The elementary school is obligated to provide arith

metic instruction, of which fraction instruction is a vital 

part, for every pupil. 

Educators have not yet determined which sequence of 

teaching fractions is the most effective, nor whether a par

ticular sequence of teaching fractions is in harmony with 

the research findings of educational psychologists arith

metic authorities, and the experts in the field of child 

development. 
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New methods, materials, and sequence of presentation 

should be researched in the classroom, under the everyday, 

normal conditions of an elementary school system. Research 

may be functional and may have a direct bearing on the 

quality of teaching. 

Conditions and Limitations of the Study 

The study was concerned with 112 fifth grade pupils 

who were enrolled in Evergreen Elementary School, Casa 

Grande, Arizona, and who completed the 1967-63 school year. 

The study was also concerned with the subject matter 

achieved by the students in the sample defined above, as 

measured by "The Seeing Through Arithmetic Test" published 

by Scott, Foresman and Company. 

The study was also concerned with attitude change 

indicated by the students in the sample defined above, as 

measured by Dutton's "A Study of Attitude Toward Arith

metic." 

The students in the sample were four heterogeneous 

groups considered to be typical groups by the elementary 

school district administration. The groups were randomly 

assigned to a sequence, and teachers were randomly assigned 

to a sequence and group. The arithmetic experience was 

started from a common base, in that all four groups were 

taught in the fourth grade with the same program. 
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The four teachers involved in the study were evalu

ated by the administration as being essentially comparable 

in training, experience and competence. They were all inter

mediate teachers, with four years or more experience, and 

were considered to be effective professional practitioners, 

based on observations conducted by the principal of Ever

green Elementary School. 

The limitations of this study can be classified as 

those imposed by the methods of teaching mathematics, those 

imposed by the instruments, and those imposed by extraneous 

factors such as socio-economics, ethnic group, parents' 

knowledge and education in mathematics, home influences, and 

prejudices. 

The various areas being measured by "The Seeing 

Through Arithmetic Test" are limited by the ability of the 

STAT sub-tests to measure these variables and upon the know

ledge of these variables. 

Attitudes toward arithmetic in this study were 

determined by Dutton's "A Study of Attitude Toward Arith

metic." The scale consists of fifteen items which reflect 

either a negative or positive attitude toward arithmetic. 

A scale value of 1.0 to 10.3 is assigned to each item and 

when the items checked by the student are treated statisti

cally, the attitude of a student toward this subject can be 
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determined. Any limitation of Dutton's scale, therefore, 

also limits that study. 

The likelihood of the. "Hawthorne Effect" was remote 

in terms of student communication, since no mention was 

made to any of the students that they were involved in an 

experiment. The effect due to teachers, however, commenting 

in such a way as to increase the "X'-group" notion was not 

determined. A "mathematics drive" may have been apparent in 

some classes where teacher and/or parents have an extreme 

drive to make any program of teaching mathematics succeed; 

however this situation, too, may not have resulted in meas

urable bias for the same reasons. 

"Hawthorne Effect" and "mathematics drive" have not 

been directly controlled in this experiment. There is rea

son to believe that these factors have been reduced, due to 

the reasons already stated. 

Insofar as the teaching of the two approaches is 

influenced by the materials, the results of this experiment 

are therefore limited. 

The results of this study are also limited by sev

eral extraneous factors. These factors include socio

economics, ethnic group, parents' knowledge and education in 

mathematics, home influences, and prejudices. The statis

tical analysis in this experiment was an analysis of 
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covariance which uses pre-tests and post-tests in problem-

solving, computation, information, concepts, and attitudes 

to compensate for individual differences. Although these 

tests are designed to measure specific variables, those 

variables are greatly affected by the factors mentioned 

above. Hence, an allowance for the effects of these factors 

has been considered. 

Instruments used in this study were "The Seeing 

Through Arithmetic Test, Grade 5," published by Scott, 

Foresman and Company, and Dutton's "A Study of Attitude 

Toward Arithmetic." 

Organization of Remainder of Study 

The introduction, the problem, definition of terms 

used, assumptions inherent in the study, and conditions and 

limitations of the study are contained in Chapter I. A 

review of the literature related to the study follows in 

Chapter II. Methods, procedures, techniques, and instru

ments used to collect and analyze data and findings are in 

Chapter III. Analyses of the data are presented in Chap

ter IV. The summary, conclusions, and recommendations for 

use of the findings are elaborated in Chapter V, the final 

chapter. A list of references and an appendix of one test 

follow the final chapter. 



CHAPTER II 

REVIEW OF THE LITERATURE 

The literature in the field of arithmetic was 

abundant and comprehensive, and it indicated that there are 

still many questions to be answered in the teaching of 

arithmetic. Since the literature was so abundant, this 

study was limited to a review of that literature which the 

researcher found to be pertinent to the present study. No 

research review can be completely comprehensive—human judg

ment is not infallible and space limits reviews. Therefore, 

any oversights and omissions may be attributed to one of the 

three indicated above. 

Fractions 

Early development. From a historical standpoint, 

the common fraction was being used in Egypt in 1600 B.C., 

but the decimal fraction was not developed until about 

1600 A.D. Due to this situation, the common fraction has 

been taught first, based on its priority in time. Even 

though the common fraction is still being presented prior to 

the decimal, Johnson (1956, pp. 201-203) believed that the 

evidence supported the teaching of the decimal first, due to 

its ease of use and learning. 

21 
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A long time ago, as evidenced by the above discus

sion, man found that there was a definite need for frac

tions. Many of the situations with which he dealt became 

broken into parts, or he divided them into parts (Swenson, 

1964* p. 312). He found that he had to deal with those 

entities that were at once parts of other wholes and wholes 

in themselves (p. 312). It is of interest to note the 

origin of the word "fractions", indicating the "broken part" 

idea, which comes from the past participle fractus of the 

Latin verb frangere . "to break". 

Even though the development of the concept of the 

fraction was a major breakthrough for man when wanting to 

express quantities less than one whole, the Egyptian system 

was somewhat difficult to deal with from a practical stand

point. As long as unit fractions were being utilized, such 

as l/2 and l/4, this presented no problem. On the other 

hand, when dealing with a fraction such as 5/6, which is very 

easy for us to express, the Egyptians had to express this as 

the sum of one-half and one-third, due to the limitation of 

the unit fraction concept. Swenson (1964, p. 313) points 

out that this was not overly difficult, but that the diffi

culty was more striking when a fraction like 2/43 is shown 

as the equivalent of our l/42 + l/86 + l/l29 + 1/301. An 

interesting observation in relation to the above example is 

why 2/43 was not expressed as l/43 + l/43» The example of 
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2/43 being expressed as 1/42 + 1/86 + 1/129 + 1/301 appears 

in the classic Egyptian source, the Rhind Papyrus (circa 

1650 B.C.), which includes a table for expressing all frac

tions of the form 2/n for all odd n from 5 "to 101 and only 

one decomposition was given for each fraction (1964, p. 313)• 

Mueller (1956, p. 152) has pointed out that we use 

a somewhat similar idea of the unit fraction when making 

change with our modern money denominations. If we want to 

receive as few coins as possible in receiving change, a 

cashier usually tries to meet our desire. When making change 

for "90 out of a dollar," you may receive one half-dollar, 

one quarter, one dime, one nickel, and one penny. There

fore, you would receive l/2 + 1/4 + l/lO + l/20 + l/lOO 

(all parts of one dollar) instead of the "neater" 9l/l00, 

which is in unit fraction form. 

Finally, the Egyptian system did provide man with a 

means for expressing any size part, but the system was quite 

restricted since only one of those parts -could be shown. 

Later the Babylonians, Greeks, and the Romans influ

enced the development of the fraction. For example, the 

Babylonians used a base of sixty when working with whole 

numbers, which explains, at least in part, why they used 

sixtieths and sixty-times-sixtieths as fractions. One very 

interesting and important difference between the Egyptian 

and the Babylonian systems was the fact that the Babylonians 



24 

did utilize the concept of place-value in their system of 

notation. This use is closely related to our expression of 

decimal fractions by place-value notation. It is also of 

interest to note that we still use sixtieths and three-

hundred-sixtieths in the telling of time and in parts of the 

circle. Not only is this an interesting comparison in it

self, but it is much more than that when we realize that this 

system is studied in some depth by students of today in the 

late elementary grades. This contrast not only leads to a 

better understanding of the difference between the Egyptian 

and Babylonian systems, which was the restriction of the 

number of parts (one of each part) imposed by the Egyptian 

system to that of certain sizes of fractional parts (sixti

eths and powers thereof) by the Babylonians, but to man's 

later need for the development of the decimal. 

Later the Romans extended the standardization of the 

size of the parts by the utilization of larger parts which 

were demanded by commerce and practical affairs. Even 

though there was this extension for the fraction, it still 

did not attain the status of the fractions of today. The 

final change was developed by the Hindus, which comes to us 

through the Arabs, when they allowed for an infinite vari

ation, both in the number of parts and in the size of parts. 
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Later development. From the previous discussion, it 

can be seen that there was some insight into the possibility 

of extending the decimal system to include fractions. This 

was not dealt with effectively until the time of Rudolff in 

1530 when, in his Exempel-Bushlin. he demonstrated a quite 

comprehensive grasp of the decimal fraction concept (Smith, 

1953* H» PP« 235-237). This work did not receive much 

impetus at that time and it was not until 15^5, when Stenin 

again presented the same concept (for which he is credited 

with the first formal introduction of the decimal fraction) 

that man began to seriously consider this area. From the 

French translation of the book La Disme. came the methods 

for the computation of fractions as though they involved 

only integers. This lead to a controversy which has shown a 

favoritism, but not continuous, for fractions in both the 

decimal and common form. 

Early in the history of arithmetic teaching in 

Europe, as well as in America, the question of sequence, in 

relation to the common and decimal fraction, arose. The 

proper emphasis that should be placed on each of these 

topics—the space that should be assigned to them and the 

order in which they should be treated—claimed the attention 

of many of the first American textbook writers, as well as 

European scholars. This is evidenced by the work of Jones 

(I960, pp. 1&4-18S), who examined the textbooks and their 
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presentation of common and decimal fractions through the 

several periods up to and including 17$9 and from that date, 

in periods of ten years, through 1&39• The arithmetic text

books in which the conflict between decimal and vulgar frac

tions can be traced are a group of approximately 100 titles, 

widely distributed over a span of 120 years. The list of 

arithmetic textbooks (p. 1&1+) thus classified began with The 

Five and Twentieth Edition of HodderTs Arithmetick, a volume 

which has the distinction of being the first separate English 

textbook on the subject published in America. It continued 

with the names of such noted educators as Thomas Dilworth, 

Nicholas Pike, Thomas Sargeant, Nathan Daboll, Daniel Adams, 

Warren Colburn, Roswell Smith, Frederick Emerson, Charles 

Dowes, Benjamin Greenleaf, and Joseph Ray, just to mention a 

few of the more influential writers. 

Before presenting any further discussion of the his

tory and development of fractions, it is necessary to know 

that the expression "vulgar fractions" referred to what are 

now called common fractions. The term "vulgar" meant frac

tions in every-day use and distinguished them from decimal 

fractions. The term "common" did not, appear until the l$20fs 

and then to a very limited extent. 

What does a study of the developmental treatment of 

vulgar fractions in these textbooks show of the conflict 

between them and decimals? 
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HodderTs Arithmetick. which was written in 1719, did 

not present the decimal. Following that textbook, every 

author for the next eighty years treated vulgar fractions 

before decimal fractions; this practice was an established 

habit. 

A shift in position about 1300 by noted authors of 

the time in relation to the placement of the topics led to 

their feeling that they must give an explanation of the 

change in their presentation. This explanation was due to 

the entrenched position of the previous order of teaching. 

During the years from 1800 through 1809» political 

events of the previous decade were beginning to show their 

effect on the arithmetic curriculum. Due to the Coinage Act 

of 1792, an American monetary system came into being which 

resulted in a decimal system of calculation. The advantages 

of this system lead the textbook writers to attempt to ex

tend the simplification to arithmetic by de-emphasizing 

vulgar fractions in favor of decimals. Even though the 

treatment of denominate fractions had long complicated the 

arithmetic material (Jones, I960, p. 1$5), proposals for 

conversion of the system of weights and measures to a deci

mal system met with little success. Comments in the various 

textbooks reveal this changed attitude of the authors toward 

the emphasis which should be placed on fractions. 

One of the early textbooks written in 1795 by Root, 

An Introduction to Arithmetic, omitted the treatment of 
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fractions. His reason was given in the preface. "I have 

omitted Fractions, not because I think them useless; but 

because they are not absolutely necessary. And common sense 

declares, we should cultivate necessaries, before conven

iences; and as this publication is designed only as an 

introduction to arithmetic, I hope the omission is pardon

able" (Jones, I960, p. 1S5). 

In 1797, Nichols expressed a similar indifference 

toward the subject of fractions. He considered them to be a 

non-essential topic, which the student could choose to learn 

or ignore, depending upon the availability of time for the 

study of arithmetic. 

Thorp, in 179&, made only one reference to frac

tions—that of reduction to decimals. After presenting a 

very brief rule for conversion, he included the following 

statement: 

Here I would observe that as the use of 
vulgar fractions will never occur in doing business 
in the federal currency, I have thought proper 
to omit them only to mention that a vulgar frac
tion is two figures set thus 3/4 the upper one is 
called numerator and the lower one denominator; 
to reduce that to a decimal, work thus by division. 

During the year 1797» Lee devoted nearly six pages 

in his Introduction to explain his position on fractions. 

He was a strong advocate for the replacement of vulgar 

fractions by decimals and for the substitution of a new 
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system of weights and measures, in keeping with the trend 

set by the adoption of a decimal money system. Jones 

(I960, p. 1#5) reports some of his most emphatic remarks 

which are as follows: 

Our tables of weight and measure . . . are 
as illy contrived for ease of calculation and 
practical convenience as can well be imagined. 
Indeed, in my humble opinion, vulgar fractions 
are a very unimportant, if not useless part of 
Arithmetic, and decimals only of any considerable 
practical consequence. 

Lee also presented a practical problem to provide 

for his argument that difficulties arise from the use of 

the existing system of weights and measures. He continued 

with his plea and recommendations (Jones, pp. IS5-IS6): 

But still this mode of operation does 
not reach the highest pitch of improvement to 
which it might be carried by decimals. An 
inconvenience will arise from the difficulty 
of readily changing these compound vulgar frac
tions into decimals, . . . and this inconvenience 
. . . will ever continue to operate in a greater 
or less degree, until this vulgar evil is plucked 
up by the very roots all these surd, untoward 
fractional numbers banished from practice and 
the several denominations in all .commercial 
tables of mixed quantities conformed to our 
Federal money, and established upon a decimal 
scale. To accomplish all this is a task too 
great for any individual in a republican govern
ment. It requires the arm of Congress to effect 
it, and it is equally to be hoped, as expected, 
that their wisdom and patriotism will not be 
inattentive to so important an object of legis
lation. 

Within the textbook written by Lee, the main treat

ment of fractions consisted of less than two.pages under 

"Decimal Practice". When stating that the two kinds of 

arithmetical fractions are vulgar and decimal fractions, he 
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placed an asterisk following the first classification and 

inserted this footnote (italicized except for the single 

word "vulgar") (Jones, p. 1&6): "As the use of vulgar frac

tions may be advantageously superseded by that of decimals, 

they are viewed as an unnecessary branch of common school 

education, and therefore omitted in this Compendium." 

Approximately three years after Lee had made his 

recommendations for Congressional action, Cook prepared a 

text along the lines of Lee's recommendations. His system 

was so completely worked out that it contained no treatment 

of vulgar fractions. This book indicated the thinking of 

the times and, had it been favorably received, it could have 

changed the entire course of arithmetic teaching. 

In the first edition of The Scholars Arithmetic of 

Adams (in which no apostrophe appears in the title), only 

two pages were given to the treatment of fractions (Jones, 

p. 186). This situation existed until the 1$20 edition in 

which the same statements were quoted, but an additional 

seven pages formed an appendix which treated the topic in a 

rather complete manner. This was the manner in which frac

tions were treated in a textbook that reached second place 

in popularity among the arithmetics published in the United 

States in the period from 1&00 to 1325. 

Grout in 1302 gave about half a page to the defini

tion of vulgar fractions and then added the footnote: "The 
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reason why I have omitted the rules for managing vulgar 

fractions, is because decimals are managed with much greater 

ease, and they answer all the valuable purposes of vulgar 

fractions" (Jones, p. 1&6). 

During the period of 1&00-1&09 the textbook of 

Hutton showed a change in attitude toward fractions. His 

preface (Jones, p. 1S6) seemed in sharp contrast to those of 

the earlier years of the decade: 

The fractions are pretty largely treated 
of, and particularly the abbreviating part: be
cause it is of the greatest use, by serving to 
abridge the operations in all the other rules. 
The advantage of fractions is so great, that I 
dare affirm it, a person who is well acquainted 
with them, will in many cases perform as many 
calculations as four or five who are not. 

Jess, who was one of the co-authors of an earlier 

arithmetic using the traditional order, justified his newer 

approach in these words: 

The position of decimals, in former 
systems of arithmetic, seem to have shut them 
out from general use—The necessity and advan
tage of that mode of calculation, for Federal 
Money, must be conspicuous to every person who 
has an acquaintance with figures; and therefore 
my early introduction of that rule, will, I hope, 
be approved (Jones, p. 1$7). 

Another writer, Daboll, author of "the most popular 

American arithmetic between 1800 and 1S50," explained the 

order of material in his textbook as follows: 

In the arrangement•of fractions, I have 
taken an entire new method, the advantages and 
facility of which will sufficiently apologize 
for its not being according to other systems. 
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As decimal fractions may be learned much easier 
than vulgar, and are more simple, useful, and 
necessary, and soonest•wanted in more useful 
branches of Arithmetic, they ought to be learned 
first, and vulgar fractions omitted, until further 
progress in arithmetic shall make them necessary. 
It may be well to obtain a general idea of them, 
and to attend to two or three easy problems there
in; after which the scholar may learn decimals, 
which will be necessary in the reduction of cur
rencies, computing interest and, many other 
branches. 

Besides, to obtain a thorough knowledge 
of vulgar fractions, is generally a task too 
hard for young scholars who have made no further 
progress in arithmetic than reduction, and often 
discourages them. 

I have therefore placed a few problems in 
fractions, according to the method above hinted; 
and after going through the principal mercantile 
rules, have treated upon vulgar fractions at large, 
the scholar being now capable of going through 
them with propriety and ease (Jones, p. 1^7) • 

Ostrander in 1B21 used what he considered the 

greater simplicity of decimals as his main reason for pre

senting them before fractions. His viewpoint follows: 

The only existing difference between 
whole numbers and decimals is the separating 
point. It is, therefore, self-evident that addi
tion of decimals should be taught immediately 
after addition of whole numbers. The same with 
subtraction, multiplication, and division. When 
a scholar has attained to a knowledge of these 
principal rules, he will be better fitted and pre
pared to do business in the United States, than 
many others who, for months, have labored to acquire 
a knowledge of the compound rules. 

Vulgar fractions, being more difficult, 
and of but little use, I have merely directed the 
pupil to reduce to a decimal; and when he is 
better capacitated for their•operation, I have 
treated them at large (Jones, p. 1&7). 
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In 1823, Value evidently preferred to consider deci

mals first because of the place value they represent, for he 

introduced his treatment of fractions by stating that "We 

are now going to attend to parts or fractions of a unit, the 

decrease of which does not offer the regularity of decimals" 

(Jones, p. 1&7)• 

Rose in IS30 stressed the relationship between the 

understanding of decimals and the monetary system and thus 

justified his early treatment of decimals in place of frac

tions. He described his arithmetic thus: 

In this work, the author has added some 
new and practical matter, and has made considerable 
alterations in the arrangement of the Rules, which 
he conceived will enable the pupil to progress 
by more natural and easy steps. He has deviated 
from all former publications of the kind, having 
commenced with Decimals, which is the foundation 
of the United States currency, and of the whole 
of this work, and which is done in so plain and 
simple a manner, that a pupil capable of adding 
figures, will be able to understand it (Jones, 
p. 187). 

In summary, for this period of development from 15^5 

to the l$30's, the common and decimal fraction have occupied 

various positions on the continuum. Up until the 1790's the 

common fraction occupied the position of importance in the 

curriculum while prior to this time they were fighting for 

their very existence. After the 1790's the positions were 

again challenged by noted authors of the times, but due to a 

previous longevity of 80 years the common fraction was firmly 

entrenched as being treated first in the curriculum. Neither 
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the adoption of a decimal monetary system nor the advantages 

the scientists advanced for a decimal system of weights and 

measurement had any lasting influence on the teaching of 

decimal fractions. This is not a unique situation, since 

when studying the history of education, numerous situations 

can be found which have never been resolved. The author 

does not wish to state definitely that such situations are 

either good or bad, but that educators must recognize the 

status of certain issues and work from that point. 

Recent development. Turning from the distant past 

to the more immediate past, there are many viewpoints which 

shed some insight on this continuous perplexing conflict. 

In 191$, Judd (p. 143-145) presented the viewpoint 

that there was no influence in American schools which did 

more to determine what was taught to students than the text

book. The reason teachers still taught the common fraction 

first was due to the traditional placement of the common 

fraction first. 

Smith (1923) gave the opinion that there had been a 

true revolution in the arrangement of the subject matter, in 

the spirit with which it was presented, and in the textbooks 

in which the work was set forth. On the other hand, in 1951» 

Wilburn and Wingo (pp. 251-63) took a much different posi

tion on this matter, as evidenced by this statement, "In 

spite of the research and publications of findings in the 
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psychology of arithmetic and related fields, and in spite of 

a large number of improvements in materials for teaching, a 

program of arithmetic in many elementary schools is not sig

nificantly different from the program in schools in the 

1$90's." They also stated further that, "There are super

ficial differences, to be sure, but in fundamental respects, 

the same procedures and the same psychology of learning are 

often obtained." 

Stern (1949, p. 274) discussed the common fraction 

first, but she implied an ease of understanding with decimal 

fractions that does not appear in the discussion of common 

fractions. This is characterized by the following: "What 

fun! We have but to write decimal point under decimal point 

and annex a few zeros. We are adding and carrying just as 

if we were dealing with integers and let positional notation 

take care of the rest." 

A modern book which placed the discussion and treat

ment of decimal fractions before that of common fractions 

was published in 1952. The authors did comment specifically 

on the uncommon sequence but some evidence of their thinking 

is reflected in the following quote: "Decimal fractions 

operate through interpretation and extension of the ideas of 

decimal integers . . . When any section of mathematics such 

as decimal fractions is chopped off and interpreted in iso

lation from the total system of concepts, there is little 
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chance for intelligent understanding of the topic" (Spencer 

and Brydegaard, 1952, p. 195). In the succeeding chapter on 

the nature of common fractions the same basic thought is 

projected. It is: "Common fractions do not belong within 

the decimal notation pattern. That common fractions are not 

properly a part of the decimal system of notation should be 

clearly evident" (1952, p. 215). 

In 1956, Johnson (pp. 201-203) reported two experi

ments on fraction sequence conducted while teaching at 

Chicago Teachers' College some years pric- to 1956. It was 

reported that students who were first tax , ,0 use decimal 

equivalents of common fractions performed better on addition 

and subtraction examples involving common fractions and 

whole numbers than those who were taught to use the conven

tional common denominator method with common fractions. He 

also stated three reasons why decimals could be taught 

first, which are: 

First, after United States money is 
taught in the fourth grade it is an easy step 
to one- and two-place decimals instead of break
ing in with common fractions with their entirely 
different kinds of operations. There is no place 
value in common fractions, hence an entirely new 
system of procedure has to be taught throughout 
addition, subtraction, multiplication and divi
sion of common fractions and before any of these 
four fundamental operations in whole numbers are 
mastered. 

Second, a needed continuation and rein
forcement of the place value concept .takes place 
in decimals after operations in whole numbers 
have been only partly learned. 
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Third, it is easier to find and correct 
errors for both teacher and pupil. In addition 
and subtraction of decimals there are only two 
new and comparatively easy skills to learn, viz., 
the writing of decimals and the keeping of the 
decimal point in a column. Whereas in common 
fractions there are at least eight separate and 
distinct rather difficult skills to teach and 
learn in connection with the different combina
tions of denominators and mixed numbers. 

In a similar study, Faires (1962, pp. 63-69) found 

that the decimal fraction can be taught prior to the common 

fraction with significant gains in the areas of computation 

with decimal fractions and in achievement with the four 

basic processes with whole numbers. 

Previously it has been stated that from a historical 

standpoint, the common fraction was being used in Egypt in 

1600 B.C., but the decimal fraction was not invented until 

about 1600 A.D. Due to this situation, the common fraction 

has been taught first, based on its priority in time. 

In relation to the above statement, a revealing 

situation has been found in the historical development of 

geometry and. what Piaget (1953> PP« 74-79) found when study

ing how children form mathematical concepts. He states: 

A child's order of development in geo
metry seems to reverse the order of historical 
discovery. Scientific geometry began with the 
Euclidean system (concerned with figures, angles 
and so on), developed in the 17th Century the 
so-called projective geometry (dealing with pro
blems of perspective) and finally came in the 
19th Century to topology (describing spatial 
relationships in a general qualitative way—for 
instance, the distinction between open and 
closed structures, interiority and exteriority, 
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proximity and separation). A child begins with 
the last; his first geometrical discoveries are 
topological .... 

Sueltz (Johnson, 1956, p. 206 - Editor's Note) 

agrees with Johnson that decimal fractions are easier to use 

in computation, particularly when using modern machines. On 

the other hand, he questions if the decimal is easier to 

understand, and why early attempts to replace the common 

fraction with the decimal failed. He stated that in some 

rural schools, thirty years ago, the work of grades five and 

six were taught alternately, which resulted in the learning 

of decimal fractions before common fractions by many stu

dents. Due to lack of records, the relative merits of the 

two methods cannot be determined. In addition, Sueltz sug

gested that now may be the time to revive an interest in 

earlier teaching of decimal fractions. It is of interest to 

this writer that Editor Sueltz placed teaching the work of 

grades five and six alternately some thirty years ago. Dur

ing the school years 1950-51 and 1951-52 this writer taught 

in a rural school which did alternate the work as prescribed 

by state directive, a time considerably less than thirty 

years ago. This suggests that a change in education does not 

take place as quickly as is sometimes thought. 

Others refer to Johnson's conclusions, agreeing, at 

least in part, that the traditional sequence is faulty. The 

statement of Grossnickle and Brueckner (1959, p. 290) is as 

follows: 
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It is evident that computation with deci
mal fractions is much easier for the pupil than 
computation with common fractions. For many 
years, Johnson has advocated teaching decimal 
fractions before common fractions. From the 
standpoint of ease of computation, especially in 
addition and subtraction, the traditional se
quence of teaching these fractions is faulty. 
From the standpoint of social usefulness and ease 
of understanding, the traditional sequence seems 
justifiable. Because of our system of measures, 
the pupil is certain to use such fractions as 
halves, fourths, and eighths, much more frequently 
than he will deal with fractions expressed as 
tenths or hundredths. 

Thiele (1951> p* &2) presented a viewpoint which 

supports the importance of relating decimal fractions to 

place value but he did not suggest that decimal fractions be 

taught prior to common fractions. He stated: "Theoreti

cally, there is unity in the content of arithmetic, and if 

arithmetic is learned meaningfully, new meanings are built 

on old ones." In order to extend the meaning of decimal 

fractions he believed that place value should be emphasized. 

Sauble (1945, pp« 26-7), voicing an opinion regard

ing place value, stated that in the study- of whole numbers 

the pupils had learned that our system of numbers is a deci

mal system built on powers of ten and that the value of any 

figure depends on its placement. In addition, she stated 

that in the study of decimals pupils should learn that the 

same relationship holds true when our number system is 

extended to the right of the decimal point. She further 
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contendsd that if pupils have learned the names of the places 

to the left of the one's place, they will not find it dif

ficult to learn the names of the places to the right of the 

one's place. 

Geyser (1966, pp. 644-646), of Teachers' College, 

Bloemfontein, South Africa, stated that the use of decimal 

fractions was an absolute and indisputable necessity, but 

that the present procedure led to confusion on the part of 

the pupil. He further stated that decimal fractions were 

very often taught as another kind of (vulgar) fraction which 

often resulted in the lack of understanding of decimal frac

tions for what they are, and consequently they never became 

thoroughly efficient in the use of those fractions when cal

culating. He did not recommend changing the pattern of se

quence, but that the concept of decimal fractions be taught 

as an extension of the decimal whole numbers. 

Finally, Weaver (I960, p. 271) expressed concern 

when he stated, "One particular way of organizing a body of 

mathematical content is the only correct way of doing so, or 

that a particular sequence of development is the only mathe

matically correct one." 

Attitudes 

The effect of attitudes toward mathematics has 

attracted the attention of research personnel, but this 
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research has appeared only recently in the areas of achieve

ment, parental influence, changes of attitudes from grade to 

grade, difference of attitudes between boys and girls, tea

cher influence, difference of attitudes between low and high 

achievers, selection of students for accelerated classes, 

and other areas which are reported in this review of litera

ture. Even though there were no studies which were directly 

related to sequence, there were several related in terms of 

achievement and factors which influence achievement which 

provided a basis for the study. A basis was provided in 

that this study was interested in significant differences in 

achievement between groups when utilizing a different se

quence for teaching the common and decimal fraction for the 

experimental group. This difference was the teaching of the 

decimal fraction prior to the teaching of the common fraction 

for the experimental group, while the control group was 

taught using the traditional approach, which is presentation 

of the common fraction first, followed by the decimal frac

tion. One of the assumptions in the study was that if the 

decimal-common fraction sequence resulted.in a significantly 

greater gain in achievement,this would then result in a more 

favorable attitude toward arithmetic by the experimental 

group. 

Favorable attitudes are recognized as essential for 

a successful learning environment. This is pointed out by 

Hildreth (1954* p« 3)» who states: 
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The child's attitudes are definitely 
tied in with success or failure in learning the 
'Three R's.' Fear and anxiety have inhibiting 
effects on learning. Confidence, feelings of 
security, knowledge that honest effort will be 
recognized, have the opposite effect. You can
not teach a child anything he refuses to learn 
because he sees no point in it. Every child 
must feel success in what he undertakes as moti
vation for continued effort to learn. He must 
see that his efforts count for something and he 
must be able to reach some concrete goal as a 
result of his effort. 

For the remainder of the presentation in the area of 

attitudes, this writer has chosen to present the studies in 

a chronological order. This is being done to show what 

direction has been taken in the past and what may be the 

trend of the future. 

In an investigation of achievement in introducing 

statistics by Bendig and Hughes (1954> p. 274)> they attri

buted about four percent of the variability in achievement 

to differences in students' attitudes. 

During the summer of 1955» a pilot study was made by 

Poffenberger and Norton (1956, pp. 113-11.6) to explore pre

vious influences upon students' attitudes toward arithmetic 

and mathematics. This study was undertaken to provide some 

insight as to why more students were not going into the 

fields of mathematics, engineering, and the physical 

sciences. Sixteen freshmen enrolled in two summer classes 

in mathematics at the University of California at Davis were 

sampled by means of questionnaires and personal interviews. 

The preliminary study indicated the following points: 
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(1) Parents determine initial attitudes of their 
children toward arithmetic and influence their 
attitudes toward all mathematics. 

(a) Parents who like arithmetic and mathe
matics tend to convey these positive 
attitudes to their children. 

(b) Parents who dislike arithmetic and mathe
matics tend to convey these negative 
attitudes to their children. 

(2) Parents' expectations of their children's per
formance and the encouragement they give in 
regard to the study of arithmetic and mathe
matics affect children's achievement in these 
areas. 

(a) Assuming ability is present, the children 
of parents who expect them to do well in 
arithmetic and mathematics tend to do 
better than children whose parents expect 
them to do poorly in such subjects. 

(b) Students whose parents encourage them in 
their study of arithmetic and mathematics 
tend to do better and like these subjects 
more than students whose parents do not 
encourage them. 

(3) Arithmetic and mathematics teachers can have 
strong positive or negative effects upon stu
dents' attitudes and achievement in these 
areas: 

(a) They build upon attitudes established by 
parents. 

(b) The enthusiastic teacher leads the stu
dents to liking his subject. 

(c) The teachers who tend to affect students' 
attitudes and achievement positively have 
the following characteristics: a good 
knowledge of the subject matter, strong 
interest in the subject, the desire to 
have students understand the material, and 
good control of the class without being 
overly strict. 
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A partial analysis of an arithmetic teaching experi

ment reported by Fedon (195$, pp. 304-310) was conducted in 

the third grade of an independent Wilmington School during 

the school year 1957-5&. The attitudes were measured by an 

accepted or rejected opinion based on the assumption that an 

opinion symbolizes an attitude and serves as the carrier of 

the attitudes of people. Some of the initial results ob

tained are as follows: 

1. It would seem apparent that very definite 
attitudes are being expressed, both for and 
against arithmetic as early as third grade. 

2. Dutton's attitude .scale was adequate. How
ever, it would be more practical to build an 
attitude scale with elementary school chil
dren participating in its structure. 

3. There is a general feeling that various 
aspects of arithmetic are enjoyable and 
necessary, but not always meaningfully 
significant. 

The purpose of a study conducted by Stright (I960, 

p. 2$1) was to study the attitudes of children and teachers, 

to note changes, if any, from third grade to fourth grade to 

sixth grade, to note trends in attitudes of both children 

and teachers, and to compare the attitudes of boys and girls 

toward arithmetic. One thousand twenty-three students and 

twenty-nine teachers in Pennsylvania participated in the 

study. From a summary statement of differences the follow

ing conclusions seemed significant as reported by Stright 

(I960, p. 2S5): 
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1. A small percentage in all three grades felt 
arithmetic was a waste of time. 

Third grade - 13$ 
Fourth grade - 8$ 
Sixth grade - 6$ 

2. In third grade 23$ couldn't see how arithmetic 
would be very helpful out of school, but in 
fourth grade this attitude was held by only 
12$ and in sixth grade 10$. 

3. 25$ of third graders and 23$ of fourth graders 
said they wouldn't take arithmetic if they 
didn't have to, while only 13$ of sixth graders 
gave this reply. 

4# 61$ of third graders felt that all people 
should know arithmetic, while by fourth 
grade this response had increased to 94$ 
and by sixth grade to 98$. 

5. In all three grades, more than $0$ of the 
children really enjoyed arithmetic. 

6. In third grade, $4$ found arithmetic useful 
at home; in the fourth and sixth grades, 
93$ found it useful at home. 

7« As for thinking arithmetic the best subject 
in school, 63$ of the third graders agreed; 
59$ of fourth graders; and 53$ of sixth 
graders. 

When the attitudes of all the students were totaled 

from the data obtained from the attitude scale, the follow

ing seemed to be the most interesting and worthwhile (i960, 

p. 285): 

1. Only 9$ of the children checked felt that 
arithmetic was a waste of time. 

2. 17$ felt they got too much arithmetic. 

3. 20$ thought arithmetic uninteresting. 

4. 5&$ said it was the best subject in school. 
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5. 66$ wished they had more arithmetic. 

6. 69% liked to do extra arithmetic just for fun. 

7* 8l% said they really enjoyed arithmetic. 

8. 86% classified arithmetic as the most useful 
subject in school. 

9. 87% felt that arithmetic taught them to be 
accurate. 

10. 95% of all the children felt that arithmetic 
would help them in their daily lives. 

Since studies show that boys tend to achieve better 

scholastically in arithmetic, the results of the question

naire made for an interesting comparison between the atti

tudes of boys and girls. The results were (i960, p. 236): 

1. 20% of both boys and girls felt arithmetic 
was an uninteresting subject. 

2. 54$ of the boys and 63% of the girls thought 
arithmetic was the best subject in school. 

3. 61% of the boys and 11% of the girls wished 
they had arithmetic more often. 

4. 65% of the boys and 73$ of the girls did 
extra arithmetic just for fun. 

5. 16% of the boys and #4$ of the girls stated 
that they really enjoyed arithmetic. 

6. 76% of the boys and 94$ of the girls felt 
everyone needed to know arithmetic. 

7. More than 85% of both boys and girls agreed 
that arithmetic was one of the most useful 
subjects they knew. 

The conclusions drawn from the teachers' data are as 

follows (I960, p. 2 8 6 ) :  
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1. 90$ of all teachers said that no matter what 
happens, they fit arithmetic into their 
schedule each day. 

2. 93$ stated that they really enjoy teaching 
arithmetic, while 97$ indicated that they 
thoroughly enjoy teaching arithmetic. 
Several questions were repeated in different 
form as a check. This was one which varied 
slightly. 

3. 90% of teachers felt that a good teacher 
should keep up with modern methods, but 21$ 
felt they could teach arithmetic well without 
reading periodicals and methods books. 

4. 17$ felt that methods of teaching arithmetic 
had not changed in the past thirty years. 

5. All of the teachers agreed that arithmetic 
is of great value. 

At Oxnard, California, in the Haydock Junior High 

School, an attempt was made to answer these questions: 

(1) Are the attitudes of the group of high achievers signi

ficantly different from those of the groups of lower 

achievers? (2) Will a measure of attitudes toward arith

metic aid in selection of students for accelerated classes? 

As can be seen from the questions to be answered, the stu

dents were grouped on the basis of achievement. An attitude 

scale was utilized, as developed by Dutton, to attempt to 

answer the questions. Stephens (i960, p. 350-351) reports 

that this measure would be helpful in selecting students for 

future accelerated classes, but no significant difference 

was found between high and low achievers. 
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Lerch (1961, pp. 117-119) reported a study conducted 

in which the experimental group fourth grade classes were 

grouped and regrouped when new topics of arithmetic were to 

be studied. The contrast classes were taught in non-grouped 

situations. No significant differences were found between 

the experimental and control groups, but it was noted in 

both groups that more than one-half of the pupils indicated 

changes to more favorable attitudes toward arithmetic. 

Shapiro (1962, p. 51) reported in her doctoral dis

sertation a significant positive correlation between attitude 

and overall achievement, arithmetic achievement, arithmetic 

marks, and high I.Q. for intermediate grade students. 
i> 

In a study conducted by Lerch (1963, p. 61) involv

ing fourth grade students studying a number system with base 

five, ninety-two percent of the children involved in the 

study expressed a desire to continue the study of the new 

mathematics, which indicated a favorable attitude. 

Phelps (1963, p. 50) conducted a study comparing 

attitudes toward a modern program and traditional elementary 

students in which he found no significant difference with 

the exception of the fifth grade. 

When comparing two mathematical curricula on the 

understanding of fourth grade students, Mastain (1964, p. 200) 

found no significant differences in attitudes. There was a 

correlation between teaching experience and comprehension 

and the favorable attitudes of children toward mathematics. 
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Another team of investigators (Bassham, Murphy, and 

Murphy, pp. 66-72) compared the attitudes of the upper two-

fifths of a group of fifth grade boys with the lower two-

fifths of the group. A distribution of attitude scale 

scores was significantly higher for the students classified 

as the upper two-fifths in mean scores of mastery of funda

mental concepts of arithmetic than those students in the 

lower group. 

An interesting study conducted in Brazil by Lingren, 

Silva, Faraco, and DaRocha (1964* pp. 44-45) indicated that 

attitudes toward problem solving as a function of success 

were positive and were significantly correlated to arith

metic achievement in the fourth grade. 

The results of the Feldhake (1966, p. 20) study 

indicated the upper group of students preferred new mathe

matics because it was easier to understand. In addition, 

the upper group had more positive attitudes. 

Abrego (1966, p. 208) found in a study of fourth 

grade students that there was no significant difference be

tween modern and traditional mathematics, no relationship 

existed between achievement and attitudes for the two pro

grams (these may have been influenced by a high percentage 

of above-average students), and little difference, between 

boys and girls in their attitudes toward arithmetic. 
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Summary 

The studies cited in this work seem to indicate that 

the problem of attitudes toward mathematics is in a state of 

flux. The majority of the studies would indicate that more 

favorable attitudes toward mathematics are found in the 

modern programs. On the other hand, there are some indica

tions that the influence of the attitudes of teachers and 

parents may be influencing this area more than the program 

per se. 

Meader (1964, p. 56) summed up a survey of a number 

of studies of current experimental programs with the remark, 

"But one startling fact recurs over and over again. Modern 

mathematics is no more difficult for the learner than tradi

tional mathematics. On the contrary, they may be more 

understandable and satisfying." 

Even though the area of sequence in arithmetic has 

received a lot of verbal attention over the years, little 

research has taken place to substantiate either position. 

Jones (i960, p. 1$7) stated, "Unquestionably it will only be 

through extensive experimental research in the classroom 

that an answer will be found as to the proper order in which 

the two kinds of fractions can be taught to the best advan

tage." Goodlad (1962, p. 87) also had a pertinent thought 

when he stated that one of the shortcomings of current cur

riculum reform movements running almost uniformly through 

the projects was the sparsity of data regarding their effec

tiveness. 



.51 

It seems widely recognized in current literature, 

that the cooperation of mathematicians, psychologists, and 

educators is necessary to improve the teaching of mathe

matics in the elementary school (Joyce and Joyce, 1964, 

p. 303)o 



CHAPTER III 

PROCEDURES, METHODS, TECHNIQUES, AND INSTRUMENTS 

The purpose of this chapter is to describe the pro

cedures, methods, techniques and instruments used in testing 

the hypotheses posed in Chapter I. The location of the ex

perimental subjects, their numbers, instruments used, their 

application and appropriateness, and the statistical methods 

used to analyze the data are described in detail. 

Procedures 

The procedures in this study consisted of (1) a sur

vey of the literature in order to determine the status of 

fractions in current arithmetic programs; (2) a survey of 

existing research; (3) securing permission to involve the 

elementary schools of Casa Grande in the research; (4) an 

investigation of the evaluation report of the elementary 

schools of Casa Grande which was completed in May of 1963; 

(5) selection of methods, techniques and instruments; 

(6) selection of teachers; (7) selection of subjects; 

[&) application of methods, techniques and instruments; 

(9) submitting of data to analysis of co-variance and depen

dent t-test; (10) analysis and interpretation of results; 

and (11) writing of final report. 

52 
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Survey of the literature. A survey of the litera

ture deemed pertinent to this study is found in Chapter II. 

Survey of existing research. A survey of existing 

research deemed pertinent to this study is found in Chap

ter II. 

Permission to research. The Administration and the 

School Board of the elementary school system of Casa Grande 

consented to the research being conducted at Evergreen School 

during the 1967-63 school year. 

Selection of methods, techniques, and instruments. 

The experimental method of research was selected by the in

vestigator for the study as well as the comparative group 

technique. "The Seeing Through Arithmetic Test, Grade 5," 

published by Scott, Foresman and Company, was chosen to mea

sure the level of arithmetic achievement for the pre- and 

post-testing periods. Dutton's "A Study of Attitude Toward 

Arithmetic" was chosen for the measurement of attitudes for 

the pre-and post-testing periods. 

Selection of teachers. Mr. John McCusker, Principal 

of Evergreen School, selected four intermediate teachers on 

the basis of training, personality, personal adjustment, and 

competency, using his professional judgment and his experi

ence with teachers, together with the teachers' past per

formance as a criteria. The teachers were approached by 

Mr. McCusker and by the researcher, and all agreed without 

reservation to participate in the study. 
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The teachers indicated no preference as to the se

quence each would teach. None of the teachers had taught 

the decimal-common fraction sequence but they all had taught 

the conventional common-decimal fraction sequence. Each 

teacher had four or more years of intermediate teaching ex

perience. The teachers were randomly assigned to a group 

and to a sequence. 

As a preliminary to the study, the researcher met 

with the teachers involved and outlined the procedure they 

were to follow. 

All four teachers followed their teacher's manuals 

and the researcher was available for consultation whenever 

requested. 

The same books, materials and audio-visual equipment 

were made available to all four groups. The instructional 

program used by both the control and experimental groups was 

the material of the Addison-Wesley Publishing Company, Elem

entary School Mathematics, Book 

During the study the control group followed the tra

ditional common-decimal fraction sequence as presented in 

Chapters 8, 9, 10, and 11 of the basic text utilized during 

the experiment. The experimental group followed the 

rearranged decimal-common fraction sequence as presented in 

Chapters 11, S, 9, and 10 of the same basic text. 

Selection of subjects. At the end of the school 

year 1966-67, t;ha 112 students involved in the study had 
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been randomly assigned to a group for the school year 1967-

68. This assignment resulted in the formation of four 

-heterogeneous groups of fifth grade students, with each 

group representing the various ethnic groups of Negro, Mexi-

can-American, Indian and Anglo, as well as like parental 

occupational status, based on Agriculture, Industry, Busi

ness, Professions, and those of no known occupational status. 

Application of methods, techniques, and instruments. 

Application of methods, techniques and instruments covered 

the 1967-68 school year from mid-January through April. The 

data collected for each group included the following: 

1. Pre-test and post-test scores in: 

a. Total arithmetic achievement 
b. Concept achievement 
c. Information achievement 
d. Computation achievement 
e. Problem solving achievement in terms of 

selecting answers 
f. Problem solving achievement in terms of 

selecting equations 
g. Problem solving achievement in terms of 

solving equations 

'2. Pre-test and post-test scores in arithmetic 
attitudes 

Analysis of co-variance and dependent t-test. All 

statistical data were submitted to an analysis of co-vari-

ance or the dependent t-test with all hypotheses (1-9) being 

tested at the five per cent level of significance. Data 

were punched into IBM cards and processed by computer. 
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Analysis and interpretation of results. The analy

sis and interpretation of results are found in Chapters IV 

and V. 

Methods 

The experimental method of research, which is dis

cussed in the subsequent paragraph, was used by the re

searcher in t} is study. 

According to Monroe and Engelhart, as found in 

Whitney (1956, p. 214), a successful experimental research 

employs the method of reflective thinking: 

Experimentation is the name given to the 
type of educational research in which the inves
tigator controls the educative factors to which 
a child or group of children is subjected during 
the period of inquiry and observes the resulting 
achievement... In the simplest type of educational 
experiment the investigator seeks to evaluate 
the influence of some one educative or 'experi
mental' factor on a single group of children. 
He must start the experiment with some measure
ment of the initial attainment of the children 
in the trait or ability to be influenced. He 
then subjects the group to the experimental fac
tor, such as a particular type of- drill material 
in arithmetic, for the duration of the experi
ment. At the end, the investigator applies a 
final test for the purpose of determining the 
gain in achievement that has resulted from the 
application of the experimental factor. 

The investigator was aware of the problems in class

room research in areas such as teacher competence and en

thusiasm, equating groups, and the satisfactory validity and 

reliability needed in measuring instruments. . Even though 

it is difficult to control the many variables that 



influence the teaching-learning situation, classroom re

search can be successfully conducted. According to Best 

(1959, p. 130), as long as these limiting variables are 

recognized, and the classroom research is kept as scienti

fic as possible, and if caution is exercised in interpreting 

the results, then such research can be satisfactory. 

In this study the students were measured by "The 

Seeing Through Arithmetic Test, Grade 5»" published by Scott, 

Foresman and Company. They were then subjected to an experi

mentation period from mid-January through April, during 

which two of the groups were taught the decimal fraction 

first. At the end of the experiment the groups were re-

tested and part of the results were subjected to an analysis 

of co-variance and part to the dependent t-test. 

The data evolving from the study were reported from 

the point of view of the objectives and the basic assump

tions of this study. 

Techniques 

The following techniques were utilized in completing 

the procedures. 

Survey of the literature and research. Prior to 

conducting the study a survey of the literature was made by 

the investigator. This survey was done to clarify current 

methods and materials used in the teaching of elementary 
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arithmetic, to examine the principles on which present opera 

tions a~e based, to define the problems and needs, and to 

interpret assumptions inherent in present practices. 

The survey covered a study of pertinent research 

completed in the field of arithmetic; research projects now 

in progress; books and articles written by accepted authori

ties in fields such as elementary education, child develop

ment, arithmetic, and educational psychology. 

An attempt was made to answer the questions: "What 

has been considered 'good1, and what further research is 

needed?", and, "How can the researcher help--what can this 

researcher add to what already has been done in the field of 

arithmetic?" 

Description of community and schools. Casa Grande 

is a typical growing community with a population of 3,211, 

as of July, 1963. This is an increase of about 4,000 since 

1950, as indicated in the Arizona Statistical Review of 1962 

The schools of Casa Grande are representative of the elemen

tary schools of the southwest, as is the City of Casa Grande 

since approximately twenty-three per cent of the families 

speak Spanish in the home, and ten per cent speak Pima and 

Papago in the home. Therefore, a study concerned with the 

sequence of teaching arithmetic conducted in Casa Grande may 

have implications for other elementary classrooms in schools 

of the southwest. 
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Permission to research. Personal contact was made 

by the investigator with Mr. John Bendixen, Superintendent 

of the elementary schools of Casa Grande, who, in turn, con

tacted the members of the School Board, and the principals 

of the elementary schools. An appointment was made to meet 

with the Superintendent, and at this meeting permission was 

granted to conduct the study at Evergreen School. 

Casa Grande evaluation report. The elementary 

schools of Casa Grande conducted an evaluation during the 

1962-63 school year which was directed by Dr. Howard J. 

Demeke of the Bureau of Educational Research & Services, 

Arizona State University. The final report was completed 

and published in May, 1963. Tables I, II, and III show 

enrollment by grades, age-grade distribution, and the occu

pational status of the parents, which were taken from this 

report. 

Table I shows enrollment by grade for the years 

1959-60 through the seventh month of the school year 1962-

63. This table was taken from the Report of Evaluation 

Study; Casa Grande Elementary Schools. 
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TABLE I 

Enrollment by Grades 

1959-60 1960-61 1961-62 1962-63* 
Grades Total Total Total Total 

Sixth 335 373 345 394 

Fifth 335 365 389 400 

Fourth 347 392 3&3 393 

Third 376 392 349 437 

Second 394 390 413 415 

First 434 4 73 402 430 

Total 2,271 2,390 2,231 2,519 

* 1962-63 figures reflect totals at end of seventh school 
month. All other figures were taken from Superinten
dent's Annual Attendance Reports for the school years 
shown. 
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Table II shows the age-grade distribution of stu

dents as of October, 1962. This table was also taken from 

the Report of Evaluation Study: Casa Grande Elementary 

Schools. 

TABLE II 

Age-Grade Distribution - October 1962 

Grade 5 6 7 3 
Age 
9 10 11 12 13 14 15 16 

Sixth 1 49 194 76 19 5 1 1 

Fifth 57 139 30 22 1 2 

Fourth • 74 142 32 24 3 

Third 59 203 70 13 5 

Second 53 194 52 12 1 1 

First 99 232 33 5 1 1 

Total 99 290 291 334 233 340 304 101 20 7 1 1 

Table III shows the occupational status of the 

parents as of October 1962. This table, too, was taken from 

the Report of Evaluation Study; Casa Grande. Elementary 

Schools. 
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TABLE III 

Occupational Status of Parents 

October 1962 

Men Women Total 
Occupational Number Per Cent Number Per Cent Number Per Cent 

Agriculture 342 31 .31 56 14. 70 393 27. .34 

Industry- 147 13 .67 19 4. 93 166 11. ,40 

Business 426 39 .63 156 40. 94 532 39-.97 

Professions 95 3 .34 67 17. 59 162 11, .12 

Unknown 65 6 .05 33 21. 79 143 10, .17 

Total 

— 

1,075 100 .00 331 100. 00 l,456a 100. .00 

a Of the above, 23.15 per cent speak Spanish in the home. 
An additional 9.5$ per cent speak Pima and Papago in the 
home. 

At that time the evaluation report indicated that 

Casa Grande would be a good center for research due to the 

"good" rating the district received. This rating was based 

on an examination of the curriculum, Guidance Services, 

school plant, school staff and administration, professional 

preparation, and teacher load. It was also noted that there 

was a representative sampling of ethnic groups, parent occu

pations, a relative stable population, and a normal student 

age-grade distribution. 
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Table IV shows enrollment by grade since 1964, which 

indicates that total enrollment had been going down, but by 

1967-63 appeared to have leveled off. 

TABLE IV 

Enrollment by Grades 

1964-65 1965-66 1966-67 1967-63 
Grades Total Total Total Total 

Sixth 36 0 365 344 329 

Fifth 39 0 3.73 313 359 

Fourth 369 336 352 324 

Third 337 3 SO 320 323 

Second 427 361 317 341 

First 353 363 393 330 

Total 2,241 2,133 2,049 2,056 

a Figures were taken from Superintendent's Annual Attendance 
Reports for the school years shown. 

Table V shows the age-grade distribution as of June 

1968, which approximates closely the distribution of 

October 1962. 
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TABLE V 

Age-Grade Distribution - June 1963a 

Grade 5 6 7 a 
Age 
9 10 11 12 13 14 15 16 

Sixth 5^ 205 54 3 3 1 0 

Fifth 1 59 209 69 13 3 

Fourth 4 73 139 43 7 

Third 55 199 62 5 2 

Second 63 202 66 9 1 

First 99 226 52 2 1 

Total 99 239 313 341 320 321 233 67 16 3 1 0 

a Figures were taken from Superintendent's Annual Attendance 
Report for the school year shown. 

Since the parent occupations, representative ethnic 

groups, stable population, and age-grade student distribution 

were basically the same as during the school year 1962-63, 

it was determined that Casa Grande was still a good center 

for research. This assumption was based further on the fact 

that eleven of the thirteen recommendations listed in the 

evaluation report made in 1962-63 have been completed by the. 

district. 
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Instruments 

Two instruments were used to collect the data neces

sary to test the hypotheses. Pre-tests were administered in 

January and post-tests were administered in April for 

achievement. For the area of attitudes, pre-tests and post-

tests were also administered in January and April. 

"The Seeing Through Arithmetic Test, Grade 5»" pub

lished by Scott, Foresman and Company, was administered as a 

pre-test and post-test for the area of achievement. This 

instrument was chosen due to a lack of a standardized test 

for the instructional text used and the inability of the 

most commonly used achievement tests to measure a modern 

arithmetic program. In the Sixth Mental Measurements Year

book (Buros, Ed., 1965, p. 907), William H. Lucio, Professor 

of Education, University of California, had the following to 

say about the test: 

Though the STAT are designed to assess 
the explicit outcomes of instruction based on 
the use of Scott, Foresman Seeing Through Arith-

'metic textbook series, nevertheless they should 
be of value for assessing pupil achievement in 
any modern arithmetic program because of their 
comprehensive coverage of concepts and processes. 
The reviewer considers that these'tests reflect 
expert skill in test construction, and that they 
should facilitate more effective measurement of 
mathematical behavior of elementary school 
pupils. 

Dutton's "A Study of Attitude Toward Arithmetic," as 

developed by Dr. W. H. Dutton, Professor of Education, Uni

versity of California. Los Angeles, was used as a pre- and 

post-test of arithmetic attitudes. 
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The scale consists of fifteen items which reflect 

either a negative or positive attitude toward arithmetic. A 

scale value of 1.0 to 10.3 is assigned to each item and when 

the items are checked by the student and are treated statis

tically, the attitude of the student toward this subject can 

be determined. A copy of this scale is included in Appen

dix A. 

Treatment of the Data 

If individual differences among the members within 

the groups are either known to influence the criteria or 

suspected of such influence, an attempt must be made to con

trol these individual differences. 

If individual differences on the criteria are not 

controlled, the presence or absence of differences among 

groups being compared on the basis of the criteria cannot be 

specifically attributed to the treatments being tested. To 

provide the investigator with a means of attaining a measure 

of control of individual differences, the statistical tech

nique known as analysis of co-variance was used. The useful

ness of this procedure for statistical analysis as discussed 

by- Garrett (1965, p. 295) is as follows: 

Go-variance analysis is especially use
ful to experimental psychologists when, for 
various reasons, it is impossible or quite 
difficult to equate control and experimental 
groups at the start: a situation which often 
obtains in actual experiments. Through co-
variance analysis one is able to effect adjust
ments in final or terminal scores which will 
allow for differences in some initial variable. 
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Analysis of co-variance incorporates elements of the 

analysis of variance and regression. In general, it will 

provide tests of significance for the comparison groups 

whose members may have been stratified and whose members 

have been measured with regard to one or more variable char

acteristics, by means of pre-tests and the criteria post-

tests (Wert, Neidt, and Ahmann, 1954> p. 343)• 

Part of the data in this experiment have been sta

tistically controlled for the individual differences in 

arithmetic attitudes, concepts, information, computation, 

problem solving-selecting answers, problem solving-selec-

ting equations, problem solving-solving equations, and total 

achievement by using the pre-test scores for each of these 

variables as control variates when the null hypotheses were 

tested. The post-test scores on each of these variables 

became the criteria measures. 

The remainder of the data was submitted to a two-

tailed t-test of significance since the problem was not one 

of dealing with independent groups. It was the purpose of 

this study to measure the effect of training upon the-second 

set of scores or to estimate the effects of some activity 

interpolated between test and retest. All hypotheses were 

tested at the .05 level of significance. 
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Analyses of co-variance tables and t-test tables 

were constructed for each of the post-test criteria for each 

hypothesis. In agreement with the analysis of variance, the 

F-values or ratios of variances as well as the t-values or 

t-ratios were computed for the factors involved in the 

hypotheses to be tested. 

Summary 

This study was conducted in one elementary school in 

the Casa Grande Elementary School District, Casa Grande, 

Arizona. The subjects consisted of 112 fifth grade students. 

The data were treated statistically by an analysis of co-

variance using pre-test scores as control variables and the 

t-test for significant gain within a group. The instruments 

used to measure the variables were "The Seeing Through 

Arithmetic Test, Grade 5," and Dutton's "A Study of Attitude 

Toward Arithmetic." The instructional program used by both 

the control and experimental groups was the material of the 

Addison-Wesley Publishing Company, Elementary School Mathe

matics , Book jj. 



CHAPTER IV 

ANALYSIS OF THE DATA 

The analysis of the data collected during this study 

is presented in nine major divisions corresponding to the 

hypotheses to be tested. The nine major divisions are on 

total achievement within groups, total achievement between 

groups, problem solving-selecting answers between groups, 

computation between groups, problem solving-selecting equa

tions between groups, problem .solving-solving equations 

between groups, information between groups, concepts between 

groups, and arithmetic attitudes between groups. 

Total Achievement Within Groups 

The results of the t-test for hypothesis one are in 

Tables VI through XII, pages 70 through 76. Even though 

hypothesis one was only concerned with total achievement of 

each group, the various sub-tests have been analyzed in 

order to provide a better understanding of the study in 

terms of all hypotheses tested. Tables VII through XI pre

sent an analysis for each sub-test while Table VI presents 

an analysis for total achievement. 

Hypothesis one is stated as follows: "There will be 

no significant statistical gains in total achievement of the 

69 



70 

subject matter taught for each sequence, as measured by 'The 

Seeing Through Arithmetic Test'." 

Table VI shows an analysis of the sub-test pertain

ing to total achievement within groups. A t-score of $.72 

for the experimental group and a t-score of 8.79 for the con

trol group are both significant at the .05 level of signi

ficance. 

TABLE VI 

Total Achievement Within Groups 

Experimental Control 

N 56 56 

Sum X 1999 2130 

Mean X 35.70 3$.04 

Sum Y 2507 2593 

Mean Y 44.77 46.30 

Sum Difference 50$ 463 

Sum Difference Squared 7932 6499 

Standard Error 1.0$ . $7 

Square Root 1.04 .94 
a t-score $.72****b g.79**** 

a A t-score of 2.00 is needed at 
significance. 

the .05 per cent level of 

b **** indicates significance at the .001 level. 
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Problem Solving: Selecting Answers Within Groups. 

A t-score of 3 - 59 for the experimental group is significant 

at the .05 level of significance for problem solving-selec-

ting answers. For the control group a t-score of 1.57 is 

not significant at the .05 level, as is indicated in 

Table VII. 

TABLE VII 

r Problem Solving: Selecting Answers 
Within Groups 

Experimental Control 

N 56 56 

Sum X 411 44$ 

Mean X 7.34 8.15 

Sum Y 469 474 

Mean Y S.3S £.62 

Sum Difference 5$ 26 

Sum Difference Squared 316. 270 

Standard Error 

•t
o o
 • .09 

Square Root .29 .30 
a 

t-score 1.57 

a A t-score of 2.00 is needed at 
significance. 

the .05 per cent level of 

the .001 level. 
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Problem Solving: Selecting Equations Within Groups. 

The sub-test results pertaining to problem solving-selecting 

equations within groups are indicated by Table VIII. The 

t-scores of 3«37 for the experimental group and 2.21 for the 

control group are significant gains at the .05 level of con

fidence . 

TABLE VIII 

Problem Solving: Selecting Equations 
Within Groups 

Experimental Control 

N 56 56 

Sum X 2 32 293 

Mean X 5-04 5.23 

Sum Y 333 334 

Mean Y 5.95 5.96 

Sum Difference 51 41 

Siom Difference Squared 257 367 

Standard Error .07 .11 

Square Root .27 .33 

t-score 3 >37** 
, ,b 2.21*° 

a A t-score of 2.00 is needed at the .05 per cent level of 
significance. 

r. 
**** indicates significance at the .001 level. 

* indicates significance at the .05 level. 
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Problem Solving: Solving Equations Within Groups. 

An analysis of the results of problem solving-solving equa

tions within groups indicates that the t-scores of 3«76 for 

the experimental group is significant as well as 4.67 for 

the control group. These results are contained in Table IX. 

TABLE IX 

Problem Solving: Solving Equations 
Within Groups 

Experimental Control 

N 56 56 

Sum X 363 3̂ 9 

Mean X 6.4S 7.07 

Sum Y 443 439 

Mean Y 7.91 g.S9 

Sum Difference . go 100 

Sum Difference Squared 544 630 

Standard Error 

1—1 • .15 

Square Root .32 .39 

4- a t-score 3.76****b 4.67 

a A t-score of 2.00 is needed at 
significance. 

the .05 per cent level 1 

b #*** indicates significance at the .001 level. 
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Computation Within Groups. Upon examination of 

Table X the t-scores of 3*31 and 5.54 for the experimental 

and control groups respectively are shown to be significant 

at the .05 level for the area of computation. 

TABLE X 

Computation Within Groups 

Experimental Control 

N 56 56 

Sum X 360 33^ 

Mean X 6.55 6.04 

Sum Y 424 447 

Mean Y 7.71 7.9^ 

Sum Difference 64 109 

Sum Difference Squared 442 5 S3 

Standard Error .12 .12 

Square Root • 35 .35 

t-score 3.31***b 5.54**** 

a A t-score of 2.00 is needed at the .05 per cent level of 
significance. 

b %%% indicates significance at the .005 level. 

c indicates significance at the .001 level. 
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Information Within Groups. Table XI contains an 

analysis of the sub-test information within groups. A 

t-score of 5.^2 for the experimental group and a t-score of 

5.69 for the control group are both significant gains at the 

.05 level of significance. 

TABLE XI 

Information Within Groups 

Experimental Control 

N 56 56 

Sum X 2 SO 316 

Mean X 5.00 5.64 

Sum Y 407 427 

Mean Y 7.27 7.63 

Sum Difference 127 111 

Sum Difference Squared 741 579 

Standard Error .15 " .12 

Square Root .39 .35 
, a t-score 5. S2**: , ,b 5.69**** 

A t-score of 2.00 is needed at the .05 per cent level of 
significance. 

b« indicates significance at the .001 level. 
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Concepts Within Groups. A t-score of 5 .10 for the 

experimental group and a t-score of 5.7$ for the control 

group contained in Table XII are both significant at the .05 

level of confidence for the area of concepts within groups. 

TABLE XII 

Concepts Within Groups 

Experimental Control 

N 56 56 

Sum X 303 340 

Mean X 5.51 6.07 

Sum Y 415 427 

Mean Y 7.55 7.63 

Sum Difference 112 B7 

Sum Difference Squared 706 357 

Standard Error .16 .07 

Square Root .40 .27 

t-score 5#10****b 

a A t-score of 2.00 is needed at 
significance. 

the .05 per cent level of 

b **** indicates significance at the .001 level. 
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Since hypothesis #1 was concerned only with total 

achievement which is indicated by Table XII, the t-values of 

8.72 and 8.79 for both experimental and control groups res

pectively, are significant. Therefore, the hypothesis that 

there is no significant difference within groups in total 

achievement gains for both experimental and control groups 

is not acceptable. 

Total Achievement Between Groups 

The second hypothesis, presented on page 8, stated, 

"There will be no significant statistical differences in 

total achievement of the subject matter between groups of 

children taught arithmetic by the decimal-common fraction 

sequence and by the conventional sequence, as measured by 

'The Seeing Through Arithmetic Test'." 

At this point in the analysis of the data one of the 

assumptions on which the statistical model is based was vio

lated. In the following paragraph these assumptions and the 

procedures from that point are discussed. 

Various assumptions are made on the many available 

statistical models. When the model of analysis of co-

variance is used three assumptions are made. These assump

tions are: (1) normality of the population or populations 

from which the subjects are drawn, (2) equality of variance, 

and (3) homogeniety of regression. Since the students were 

randomly assigned to the various classes and the various 
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classes were randomly assigned to experimental-control group 

situations, nothing would indicate a departure from either 

assumption one or two. What happens when one of the assump

tions has been violated? Certain transformations can be 

made with the data to correct for the violation of the 

assumption. In the case of the violation of the assumption 

of homogeniety of regression a logarithmic transformation 

can be made. In the analysis of the total test scores the 

assumption of homogeniety of regression was violated. The 

scores were transformed to logarithms and the analysis 

repeated. 

The results of analysis of co-variance for total 

achievement between groups are contained in Table XIII with 

an indicated F-value of 1.12. This is not significant at 

the .05 level of confidence since an F-value of 3.92 for 

(1,120) degrees of freedom is needed at that level. There

fore, the null hypothesis that there will be no significant 

statistical differences in total knowledge of the subject 

matter taught by the decimal-common fraction sequence and by 

the conventional sequence is acceptable at the .05 level. 
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TABLE XIII 

Total Achievement Between Groups 

Adjusted . Degrees • 
Source ©f- Sum of of Mean Level of 
Variation Squares Freedom Square F-Value Significance3 

Within 0.7991 109 .0073 

Between 0.00&2 1 .00^2 1.12 b n. s. 

Total 0.£073 110 

a Two-tailed probability 

b F .05 (1,120) = 3-92 

Problem Solving: Selecting Answers Between Groups 

Hypothesis three, presented on page 3, stated that 

there would be no significant statistical differences in 

problem solving in terms of selecting answers between groups 

of children taught arithmetic by the decimal-common fraction 

sequence and by the conventional sequence, as measured by 

"The Seeing Through Arithmetic Test." 

Table XIV contains the results of analysis of co-

variance for problem solving-selecting answers with an indi

cated F-value of 1.66. 
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TABLE XIV 

Problem Solving: Selecting Answers 
Between Groups 

Source of 
Variation 

Adjusted 
Sum of 
Squares 

Degrees 
of 

Freedom 
Mean 
Square 

Level of 
F-Value Significance 

Within 505.21 109 4.63 

Between 7.67 1 7.67 1.66 n.s.*3 

Total 512.SB 110 

a Two-tailed probability 

b F .05 (1,120) = 3-92 

This is not significant at the .05 per cent level of 

confidence. Therefore, the null hypothesis that there will 

be no significant statistical differences in problem solving-

selecting answers between groups of children taught arith

metic by the decimal-common fraction sequence and by the 

conventional sequence is accepted. 

Problem Solving:: Selecting Equations Between Groups 

Hypothesis four, presented on page 6>, stated, "There 

will be no significant statistical differences in problem 

solving in terms of selecting equations between groups of 

children taught arithmetic by the decimal-common fraction 

sequence and by the conventional sequence, as measured by 

•The Seeing Through Arithmetic Test'." 



The results of analysis of co-variance for problem 

solving-selecting equations are found in Table XV with an 

indicated F-value of .05. Since an F-value of 3*92 is 

needed to be significant at the .05 per cent level of confi

dence, the F-value of .05 is not significant. Therefore, 

the null hypothesis that children taught arithmetic by the 

decimal-common fraction sequence and by the conventional 

sequence will produce no significant statistical differences 

in problem solving in terms of selecting equations is 

accepted. 

TABLE XV 

Problem Solving: Selecting Equations 
Between Groups 

Source of 
Variation 

Adjusted 
Sum of 
Squares 

Degrees 
of 

Freedom 
Mean 
Square F-Value 

Level of 
Significance3 

Within 436.94 109 4.01 

Between• .20 1 • o
 

• o
 

vn
 n. s.k 

Total 437.14 110 

a Two-tailed probability 

b F .05 (1,120) = 3.92 

Problem Solving: Solving Equations Between Groups 

The fifth hypothesis, presented on page $, stated, 

"There will be no significant statistical differences in 

problem solving in terms of solving equations between groups 
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of children taught arithmetic by the decimal-common fraction 

sequence and by the conventional sequence, as measured by 

'The Seeing Through Arithmetic Test'." 

The analysis of co-variance results for problem 

solving-solving equations is found in Table XVI. An F-value 

of .60 is indicated but an F-value of 3*92 is needed at the 

.05 .per cent level of confidence. Therefore, the null hypo

thesis that there will be no significant statistical differ

ences in problem solving in terms of solving equations 

between groups of children taught arithmetic by the decimal-

common fraction sequence and by the conventional sequence is • 

accepted. 

TABLE XVI 

Problem Solving: Solving Equations 
Between Groups 

Source of 
Variation 

Adjusted 
Sum of 
Squares 

Degrees 
of 

Freedom 
Mean 
Square F-Value 

Level of 
Significance 

Within 871.44 109 7.99 

Between 4.82 1 4.82 .60 n. s.k 

Total 876.26 110 

a Two-tailed probability 

b F .05 (1,120) - 3.92 
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Computation Between Groups 

Hypothesis six, presented on page 9> stated, "There 

will be no significant statistical differences in computa

tion between groups of children taught arithmetic by the 

decimal-common fraction sequence and by the conventional 

sequence, as measured by 'The Seeing Through Arithmetic 

Test'." 

Table XVII contains the results of analysis of co-

variance for computation with an indicated F-value of I.56. 

TABLE XVII 

Computation Between Groups 

Source of 
Variation 

Adjusted 
Sum of 
Squares 

Degrees 
of 

Freedom 
Mean 
Square 

Level of 
F-Value Significance3 

Within 757.29 109 6.95 

Between 10. £4 1 10.34 1.56 n.s.k 

Total 763.13 110 

a Two-tailed probability 

b F .05 (1,120) = 3.92 

The F-value of 1.56 is not significant at the .05 

per cent level of confidence. Therefore, the null hypothe

sis that there will be no significant statistical differ

ences in computation achievement between groups of children 

taught arithmetic by the decimal-common fraction sequence 

and by the conventional sequence is accepted. 
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Information Between Groups 

Hypothesis seven, presented on page 9, stated that 

there would be no significant statistical differences in 

information achievement between groups of children taught 

arithmetic by the decimal-common fraction sequence and by 

the conventional sequence as measured by "The Seeing Through 

Arithmetic Test." 

Table XVIII contains the results of analysis of co-

variance for information with an indicated F-value of .05 

which is not significant at the .05 per cent level of confi

dence. Therefore, the null hypothesis that there will be no 

significant statistical differences in information achieve

ment between groups of children taught arithmetic by the 

decimal-common fraction sequence and by the conventional 

sequence is accepted. 

TABLE XVIII 

Information Between Groups 

Source of 
Variation 

Adjusted 
Sum of 
Squares 

Degrees 
of 

Freedom 
Mean 
Square F-Value 

Level of 
Significance 

Within 777.95 109 7.14 

Between .36 1 .36 .05 
b 

n. s. 

Total .778.31 110 

a Two-tailed probability 

b F .05 (1,120) = 3.92 
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Concepts Between Groups 

Hypothesis eight, presented on page 9, stated, 

"There will be no significant statistical differences in 

concept achievement between groups of children taught arith

metic by the decimal-common fraction sequence and by the 

conventional sequence, as measured by 'The Seeing Through 

Arithmetic Test'." 

The results of analysis of co-variance for concept 

achievement are found in Table XIX with an indicated F-value 

of . 5&. Since an F-value of 3*92 is needed to be signifi

cant at the .05 per cent level of confidence, the F-value of 

.5$ is not significant. Therefore, the null hypothesis that 

there will be no significant statistical differences in con

cept achievement between groups of children taught arith

metic by the decimal-common fraction sequence and by the 

conventional sequence is accepted. 

TABLE XIX 

Concepts Between Groups 

Source of 
Variation 

Adjusted 
Sum of 
Squares 

Degrees 
of 

Freedom 
Mean 
Square F-Value 

Level of 
Significance 

Within 649.79 109 5.96 

Between 3 • 44 1 3-44 .53 
b n. s. 

Total 653.23 110 

a Two-tailed probability 

b F .05 (1,120) = 3.92 
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Arithmetic Attitudes Between Groups 

Hypothesis nine, presented on page 9, stated, "There 

will be no significant statistical differences in attitudes 

toward arithmetic between groups of children taught arith

metic by the decimal-common fraction sequence and by the 

conventional sequence, as measured by Dutton's 'A Study of 

Attitude Toward Arithmetic'." 

Table XX presents the results of analysis of co-

variance for information with an indicated F-value of 2.17 

which is not significant at the .05 per cent level of con

fidence. Therefore, the null hypothesis that there will be 

no significant statistical differences in attitudes toward 

arithmetic between groups of children taught arithmetic by 

the decimal-common fraction sequence and by the conventional 

sequence is accepted. 

TABLE XX 

Arithmetic Attitudes Between Groups 

Adjusted Degrees 
Source of Sum of of Mean Level of 
Variation Squares Freedom Square F-Value Significance 

Within 68788.06 109 608.7k 

Between 1319.86 1 1319.36 2.17 n. s .k 

Total 70107.92 110 

a Two-tailed probability 

b F .05 (1,120) = 3.92 
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Summary 

The t-test has indicated significant statistical 

differences for gains in knowledge of subject matter taught 

by both the decimal-common fraction sequence and the con

ventional sequence. These significant gains resulted in 

hypothesis //l not being accepted. 

The analysis of co-variance indicated no differences 

for any of the areas tested between groups taught arithmetic 

by the decimal-common fraction sequence and by the conven

tional sequence. Therefore, null hypotheses #2-9 were 

accepted in the areas of total achievement, concepts, infor

mation, computation, problem solving-selecting answers, 

problem solving-selecting equations, problem solving-solving 

equations, and arithmetic attitudes. 



CHAPTER V 

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 

This study was designed to determine if the arith

metic achievement and the arithmetic attitudes of fifth 

grade students who are taught fractions using the decimal-

common fraction sequence are different from fifth grade 

students who are taught fractions using the conventional 

common-decimal fraction sequence. 

This chapter contains a summary of the experiment, 

conclusions obtained from the analysis of the data, and 

recommendations which are the results of the conclusions. 

Summary 

The main objective of this study was to improve 

arithmetic instruction in the areas of decimal and common 

fractions. The study was primarily concerned with determi

ning whether significant statistical differences would be 

found in problem solving-selecting answers, problem solving-

selecting equations, problem solving-solving equations, 

concepts, information, computation, total achievement, and 

arithmetic attitudes between groups of children taught frac

tions using the decimal-common fraction sequence and the 

conventional common-decimal fraction sequence. 
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Answers to these questions were found by testing the 

following hypotheses: 

1. There will be no significant statistical gains 

in total achievement of the subject matter taught for each 

sequence, as measured by "The Seeing Through Arithmetic 

Test." 

2. There will be no significant statistical differ

ences in total achievement of the subject matter between 

groups of children taught arithmetic by the decimal-common 

fraction sequence and by the conventional sequence, as mea

sured by "The Seeing Through Arithmetic Test." 

3. There will be no significant statistical differ

ences in problem solving in terms of selecting answers be

tween groups of children taught arithmetic by the decimal-

common fraction sequence and by the conventional sequence, 

as measured by "The Seeing Through Arithmetic Test." 

4. There will be no significant statistical differ

ences in problem solving in terms of selecting equations 

between groups of children taught arithmetic by the decimal-

common fraction sequence and by the conventional sequence, 

as measured by "The Seeing Through Arithmetic Test." 

5. There will be no significant statistical differ

ences in problem solving in terms of solving equations 

between groups of children taught arithmetic by the decimal-

common fraction sequence and by the conventional sequence, 

as measured by "The Seeing Through Arithmetic Test." 
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6. There will be no significant statistical differ

ences in computation between groups of children taught 

arithmetic by the decimal-common fraction sequence and by 

the conventional sequence, as measured by "The Seeing 

Through Arithmetic Test." 

7. There will be no significant statistical differ

ences in information achievement between groups of children 

taught arithmetic by the decimal-common fraction sequence 

and'by the conventional sequence, as measured by "The Seeing 

Through Arithmetic Test." 

8 .  There will be no significant statistical differ

ences in concept achievement between groups of children 

taught arithmetic by the decimal-common fraction sequence 

and by the conventional sequence, as measured by "The Seeing 

Through Arithmetic Test." 

9. There will be no significant statistical differ

ences in attitudes toward arithmetic between groups of chil

dren taught arithmetic by the decimal-common fraction 

sequence and by the conventional sequence, as measured by 

Dutton's "A Study of Attitude Toward Arithmetic." 

The modern mathematics program used in this study 

was the material contained in the Addison-Wesley Publishing 

Company's Elementary School Mathematics, Grade £. 

Each group was taught the same material. The 

sequence was rearranged for the experimental group. The 
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experimental group was taught the decimal fraction first, 

followed by the common fraction, while the control group was 

taught the common fraction first, followed by the decimal 

fraction. 

The study covered the period from mid-January 

through April during the 1967-68 school year. The subjects 

were 112 fifth grade pupils of Evergreen School, Casa Grande, 

Arizona. Classes were four heterogeneous groups composed of 

Anglo, Mexican-American, Indian and Negro children. 

The four teachers involved in the study were evalu

ated by the administration as being essentially comparable 

in training, experience, and competence, and all four tea

chers consented without reservation to participate in the 

study. 

Pre- and post-tests were administered to all groups 

and the scores were then submitted to either a t-test or an 

analysis of co-variance. All hypotheses (1-9) were tested 

at the .05 per cent level of significance. 

On the basis of the findings of this study the fol

lowing conclusions and recommendations are presented. 

Conclusions 

The results of the analysis in Chapter IV have been 

summarized in Table XXI. Each significant difference for 

the various variables have been indicated by a small x for 

the .05 level of significance. 
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TABLE XXI 

Summary of Analysis of Data 

Criterion Experimental Control 

Achievement Within Groups 

Achievement Between Groups 

Problem Solving: Selecting Answers 

Computation 

Problem Solving: Selecting Equations 

Problem Solving: Solving Equations 

Information 

Concepts 

Arithmetic Attitudes 

a A small x indicates significant differences at the .05 
level. 

k An * indicates no significant differences at the .05 
level. 

An analysis of Table XXI indicated no differences 

with regard to total achievement, problem solving-selecting 

answers, computation, problem solving-selecting equations, 

problem solving-solving equations, information, concepts, 

and arithmetic attitudes--for this reason it was concluded 

that: 



Fifth grade elementary school children taught 

fractions by the decimal-common fraction se

quence or the conventional common-decimal sequence 

respond equally well in total achievement, problem 

solving-selecting answers, computation, problem 

' solving-selecting equations, problem solving-

solving equations, information and concepts. 

In addition, an analysis of Table XXI indicated no 

significant statistical differences with regard to arith

metic attitudes. Therefore, it was concluded that: 

Fifth grade elementary school children taught 

fractions by the decimal-common fraction 

sequence or the conventional common-decimal 

sequence do not differ significantly in their 

attitude toward arithmetic. 

Finally, Table XXI also indicated that each group 

made a significant gain in achievement of the subject matter 

taught by the decimal-common fraction sequence and the con

ventional common-decimal sequence. For this reason it was 

concluded that: 

Fifth grade elementary school children can make 

a significant gain in achievement of fractions 

when taught using the decimal-common fraction 

sequence or the conventional common-decimal 

sequence. 
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Recommendations 

On the basis of the findings of this study the fol

lowing recommendations appear to be in order: 

1. The pupils involved in the teaching of fractions 

using the decimal-common fraction first did not make signi

ficantly greater gains in any of the areas analyzed. There

fore, based on this study, the student may be taught the 

decimal or the common fraction first when fractions are 

formally introduced. 

2. It is recommended that the decimal-common frac

tion sequence be researched further to include multiplica

tion and division of fractions. 

3'. It should be noted that no inference has been 

made from the results of this study which would de-emphasize 

the study of the common fractions, but there was an indica

tion that they could occupy a secondary role in the sequence 

of development of fractions. One might predict that the 

student could experience more success with the decimal-

common fraction sequence during the elementary school years, 

but this must be researched carefully before a statement of 

such can be considered factual. 

4. It is further recommended that research concern

ing the sequential development of fractions at all levels of 

instruction attempt to determine the relationship between 

student success and attitudes when utilizing the decimal-

common fraction sequence. 



5. It is also recommended that more evaluative 

instruments be developed that will measure our modern arith

metic programs. It should be noted that many schools are 

evaluating modern programs with instruments developed for 

traditional programs. 

6. It is recommended that further studies be con

ducted to analyze the sequence of the arithmetic program in 

terms of child growth and development. 



APPENDIX A 

A STUDY OF ATTITUDE TOWARD ARITHMETIC 

W. H. Dutton 
University of California, Los Angeles Form C, Scale 5, 1962 

Name_ Male Female Grade in School 

Age I.Q. _Mathematics taken 
YEAR MONTHS (College students only] 

School attending Date of test_ _19_ 

Read the statements below. Choose statements which 
show your feelings toward arithmetic. Let your experience 
with this subject in the elementary school determine the 
marking of items. 

Place a check ( ) before those statements which tell 
how you feel about arithmetic. Select only the items which 
express your true feelings—probably not more than five items. 

1. I avoid arithmetic because I am not very good 
with figures. 

2. Arithmetic is very interesting. 
3* I am afraid of doing word problems. 
4. I have always been afraid of arithmetic. 
5. Working with numbers is fun. 
6. I would rather do anything else than do arithmetic. 
7. I like arithmetic because it is practical. 
8 .  I have never liked arithmetic. 
9« I don't feel sure of myself in arithmetic. 
10. Sometimes I enjoy the challenge presented by an 

arithmetic problem. 
11. I am completely indifferent to arithmetic. 
12. I think about arithmetic problems outside of 

school and like to work them out. 
13. Arithmetic thrills me and I like it better than 

any other subject. 
14. I like arithmetic but I like other subjects just 

as well. 
15. I never get tired of working with numbers. 
16. Place a circle around one number to show how you 

feel about arithmetic in general. 
1 2 3 4 5 6 7 & 9  1 0  1 1  

" " Dislike Like 
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