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CHAPTER I 

INTRODUCTION 

Statement of the Problem 

The problem of this study was to develop an instrument 

to measure the achievement in modern mathematics in the pri-

mary grades. Solving this problem involved the following 

sub-problems: 

A. Content or curricular validity for the measuring 

instrument was established in the following manner: 

1. The objectives of modern mathematics instruction 

in the primary grades were derived from analysis 

of current courses of study developed in school 

systems using modern mathematics, analysis of 

modern mathematics text books used in the pri-

mary grades^ and reports from recognized study 

groups. Selection of these sources was made 

with the assistance of the mathematics pro-

fessors of North Texas State University and 

the Association for Supervision and Curriculum 

Development. 

2. Measurable modern mathematical concepts, skills, 

knowledge? and understandings were determined 

from the above sources. 
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3. An outline of content which the test would 

cover was prepared. 

b. Test items for the measurement of achievement 

in modern mathematics in the primary grades 

were prepared, based on the above outline. 

B. Statistical validity of the measuring instrument was 

established in the following manner: 

1. A pilot study was made, including the following: 

a. The initial test items were tried out on 

a group of pupils from grades one, two, 

three, and, four. 

b. An item analysis was made to assist in 

choosing the items for the final test. 

2. A final study was made, including the fol-

lowing : 

a. The final selections of test items were 

given to students in four classes of each 

of the primary grades and the fourth grade. 

b. The final test was correlated with the 

California Short-Form Test of Mental Ma-

turity. 

c. Reliability was determined by the split-

halves method. 



Hypotheses 

In developing an instrument for the measurement of modern 

mathematical concepts the following hypotheses were tested: 

1. The average score for each grade on this test will 

be significantly higher than the average score for 

each grade below it. 

2; There will be a significant positive correlation be-

tween modern mathematics achievement, as measured by 

this test and mental ability as measured by the 

California Short-Form Test of Mental Maturity. 

3. When the split-halves correlation is made there will 

be a positive correlation of at least seventy, before 

correction, between the two halves of the test. 

Background and. Significance of the Study 

Bligh (1) says, "With the advent of modern curricular 

reforms, especially in the fields of mathematics and science, 

test developers are faced with the problem of devising achieve<-

ment tests to measure instructional goals not adequately tapped 

by existing instruments." 

Dutton (3) refers to what he calls "the dearth of evalu-

ative instruments for new mathematics." He says that although 

considerable research work and experimentation has been carried 

out to develop materials and methods, "application of modern 

evaluation processes to the arithmetic program has been 
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disappointingly slow and continues to be the most neglected 

aspect of arithmetic teaching." He says that standardized 

achievement tests have not been designed to measure modern 

mathematical concepts, and traditional tests are even being 

used to measure the effectiveness of some modern mathematical 

programs. He further says, "The challenge of introducing 

modern mathematics programs and insuring their success will 

be thwarted if present evaluation practices are continued. 

Peck (5), in "An Evaluation of Topics in Modern Mathe-

matics," had to use an achievement test based on traditional 

mathematics because of the lack of a good, test based on 

modern concepts. He suggests, "More research and evalu-

ation needs to be done in the areas of the teaching of 

modern mathematics in the elementary schools, especially 

with an instrument designed to measure the new mathematics." 

Crowder (2), in A Comparative Study of Two Methods 

of Teaching Arithmetic in the First Grade, says he had to 

develop his own test for first grade arithmetic achieve-

ment because "The available commercial standardized achieve-

ment tests for the first grade when considered alone were 

felt to be inadequate for this study because of the age 

and narrow scope of these instruments." Crowder (2) 

recommends, "A study to develop additional ways of 

measuring the arithmetic achievement of pupil's taught 
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in a modern mathematics program, especially at the primary 

level." 

In writing about the selection of mathematics tests, 

Myers says, 

In some cases selection is impossible because 
no appropriate instrument is available for the purpose 
in mind. In this era, when the mathematics curriculum 
is undergoing such extensive revision, the selection 
of appropriate evaluation instruments is becoming in-
creasingly important. There is a growing urgency to 
develop new mathematics tests to meet the measurement 
needs of the future and to provide one of the means 
for judging results of new programs (4, p. 93). 

The major testing companies have been slow to meet the need 

for modern mathematics tests, especially at the primary grade 

level. Some of the best primary grade modern mathematics 

tests are those published by textbook companies, but even 

these are rarely designed for the first and second grades. 

Tests are available to accompany the Greater Cleveland Series 

and the Scott, Foresman Series for the primary grades; and the 

American Book Company, the Holt, Rinehart and Winston Company, 

and the Silver Burdett Company each have third-grade tests to 

accompany their series. Each of these tests, however, is de-

signed to be used only by students who are studying from one 

particular mathematics series. They are, therefore, of little 

value in the comparison of different mathematics programs, or 

in the comparison of students in different mathematics programs 



It was the purpose of this study to develop a test 

which may be used to evaluate pupil progress and provide 

an instrument for educational research. 

Limitations of the Study 

The following limitations were imposed: 

1. The study was limited to the use of four sections 

of each of the first four grades spread among four 

socio-economically representative schools in a 

single school district in a large metropolitan area. 

2. The study was confined to the first, second, third, 

and fourth grades, with the final tests being given 

near the close of the school term. 

3. The study was confined, to- the consideration of ob-

jectives and test items that relate to modern 

programs in mathematics. 

4. The study did not attempt to establish casual re-

lationships between achievement gains of primary 

children and the characteristics of their teachers, 

but was concerned with the significance of indi-

vidual and group development of modren mathematical 

concepts. 

Basic Assumptions 

The basic assumptions made relative to this study were 

1. As a group the students of each grade level are 
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superior in mathematics achievement to those of 

lower grade levels in the primary grades. 

2. There is a positive correlation between mental 

ability as measured by an intelligence test and 

mathematics achievement in the primary grades. 

3. The objectives of primary grade modern mathematics 

as represented, by students' acquisition of knowledge, 

skills, understanding, and concepts are identifiable 

and. measurable. 

Procedures for Collecting Data 

Data were obtained as follows: 

1. Primary grade modern mathematics objectives were 

collected from curriculum guides and textbooks. 

2. The California Short-Form Test of Mental Maturity 

was administered and scored; and intelligence 

quotient and mental age of each student tested were 

determined. 

3. The chronological age of each student was obtained 

from the,cumulative records. 

h. The instrument developed in this study was adminis-

tered and scored. 

Procedures for Treating Data 

The following procedures were followed: 

1. The objectives of modern mathematics instruction in 

the primary grades were derived from an analysis of 
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current courses of study developed in selected 

school systems using modern mathematics, an analysis 

of selected modern mathematic textbooks used in the 

primary grades, and reports of mathematics study 

groups. Selection of these sources was made with 

the assistance of the mathematics professors of 

North Texas State University and. The Association 

for Supervision and. Curriculum Development. 

2. A tally was made of objectives used, in the courses 

of study, textbooks, and study group reports. Those 

objectives used in a majority of the sources were 

included, as objectives in this research. 

3. An outline of facts, skills, and concepts related, 

to each objective was prepared. 

k. Test items were prepared for the measurement of the 

learning of modern mathematical concepts as outlined 

above. 

5. The list of objectives along with the related test 

items was submitted to a jury of five college 

professors, considered to be authorities in the 

field, of modern mathematical instruction. The jury 

evaluated the relationship between each test item 

and the objectives it purported to measure, and 

suggestions for possible revision were received. 

Two of these five professors were from North Texas 



9 

State University, one was from East Texas State 

University, one from Texas Technological College, 

and the other from the Florida State University. 
( 

6. Revisions which were suggested by the jury were 

made in the test items and, a test was prepared for 

the pilot study. 

7. Representative items from the test were administered 

to primary students who were not included in either 

the pilot study or the final study. Interviews and 

discussion were used to see if the items were easily 

understood. Changes which seemed needed were made 

before the pilot study. 

8. The pilot study was made in the following manner: 
# 

a. Two sections of grades one, two, three, and 

four, a total of 221 students, were used. These 

classes were in the school district where the 

final study was to be made. The school district 

chosen for this study was one in which modern 

mathematics textbooks were being used and one 

which had provided in-service training for its 

teachers in teaching mathematics by the modern 

approach. The eight sielected classes were from 

a school which was, in the judgment of the local 

mathematics consultant, representative of the 

community as a whole with respect to socio-economic 
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level. These classes were, in the opinion of 

the local consultant, being taught mathematics 

by the modern approach. 

b. The children in the classes selected for the 

pilot study were given the California Short-

Form Test of Mental Maturity. 

c. The pilot study test was administered and ana-

lyzed. This analysis included a study of item 

difficulty and. discrimination. A split-half 

study was made to determine internal consistency 

in this initial form. 

d. Students who had an intelligence quotient of 

from 96 to 104, inclusive, were grouped by grade 

level. The level of difficulty of each item for 

each of these four groups was determined. Any 

it^m which was not between the .30 and .70 level 
t 

of difficulty for at least one of the grades 

was discarded. 

e. The discriminating power of each of the re-

maining items was determined for each grade 

level by J. G. Flanagan's table of normalized 

biserial coefficients, which compares the 

proportions of correct responses in the upper 

and lower 27 per cent of the group. 



11 

f. For the final test, items were selected which, 

from each grade level, showed the highest dis-

criminating power. Care was taken to see that 

all objectives were represented in the final 

test. 

9. The final study was made in the following manner: 

a. Four hundred and three children from four 

classes of each of the first four grades were 

administered the California Short-Form Test of 

Mental Maturity. The school district chosen 

for this study was one in which modern mathe-

matics textbooks were being used and one which 

had provided in-service training for its 

teachers in teaching mathematics by the modern 

approach. The sixteen selected classes were 

from four schools which were, in the judgment 

of the local mathematics consultant, repre-

sentative of the community as a whole with re-

spect to socio-economic level and which were, 

in the opinion of the local consultant, being 

taught mathematics by the modern approach. 

b. The. final instrument developed from the pilot 

study was administered to the sixteen groups 

of students. 
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The final study included the following: 

C D The amount of correlation of the final test 

with the California Short-Form Test of 

Mental Maturity was determined. 

(2) A split-half correlation was made to deter-

mine internal consistency, 

(3) Item analysis was. made of all final test 

items to determine item difficulty and dis-

crimination, at each grade level. 

(4) yhe mean score was found for each grade. A 

t test was used to verify the fact that the 

mean for each grade was significantly higher 

than the mean for the grade below it. 
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CHAPTER II 

THE PILOT STUDY 

In the pilot study a test of 3k2 items was administered 

to 221 students from two sections of each of the first four 

grades from a school in a large school district in north 

central Texas. These classes were in the school district 

where the final study was to be made. The school district 

chosen for this study was one in which modern mathematics 

textbooks were being used and one which provided in-service 

training for its teachers in teaching mathematics by the 

modern approach. The eight classes were selected from a 

school which was judged by the local mathematics consultant 

to be representative of the community as a whole with respect 

to socio-economic level. These eight classes were, in the 

opinion of the local consultant, being taught mathematics 

by the modern approach. 

In designing the test for this study, careful attention 

was paid to content validity. After administering the test 

statistical studies were made which showed that the test was 

statistically valid and reliable. An item analysis was then 

made to choose items for the final study. 

14 
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Content Validity 

In establishing content validity for the pilot study 

help was enlisted, from various mathematics study groups and 

professional organizations; and, based, on a review of text-

books and curriculum guides, a list was made of modern mathe-

matics objectives for primary grade children. Test items 

were designed based on these objectives. Experts then rated 

these items according to their relationship to the objectives 

Needed revisions were made before items were selected for the 

pilot study test. Some of the items were tried out on a few 

primary students and some final revisions made before the 

pilot study test was constructed,. 

Study Groups and. Professional Organizations 

Dr. E. G. Begle, of the School Mathematics Study Group, 

Dr. Robert Davis, of the Madison Project, Dr. Patrick Suppes, 

of Stanford. University, Dr. David Page, of the University of 

Illinois Arithmetic Project, Dr. Max Beberman,of the Uni-

versity of Illinois Curriculum Study in Mathematics, Dr. 

John Mayor, of the University of Maryland Mathematics Project, 

the Reverend Stanley J. Bezuska, of the Boston College Mathe-

matics Institute, and Dr. Charles Brumfiel of the Ball State 

Teachers College Experimental Program, were sent the following 

letter: 
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Since I am designing a test to measure achieve-
ment in primary grade modern mathematics, to establish 
objectives for use in item construction, I am examining 
reports and publications of various study groups. 

If your group has done any work in the area of 
grades 1-3, I would appreciate any information you can 
give me on available materials. I am particularly 
interested in any listing of recommended objectives 
or suggested content for this level. 

Your assistance will be very much appreciated. 

Similar letters were sent to the National Council of 

Teachers of Mathematics and the Association for Supervision 

and Curriculum Development to enlist their help in establishing 

objectives. 

Each study group and professional organization answered 

promptly. Several of the replies contained, helpful material. 

Particularly helpful was the list of curriculum materials 

sent by the Association for Supervision and Curriculum 

Development, which served as a source for ordering curriculum 

guides from states and school districts using a modern approach 

to mathematics instruction. 

Curriculum Guides 

All of the curriculum guides listed by the Association 

for Supervision and. Curriculum Development which included 

primary grade mathematics were ordered and. examined. Some 

of these were not appropriate for this study because they 

did not differentiate between objectives for the primary 

grades and objectives for other elementary grades. Curricu-

lum guides from twelve states and school districts, however, 
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were found suitable for analysis as to the objectives for 

primary grade modern mathematics instruction. In addition 

a publication of the Texas Education Agency was used in the 

study. A complete list of these curriculum publications 

may be found in Appendix A. 

Textbooks 

On the advice of members of the mathematics department 

of North Texas State University eight primary grade mathe-

matics textbooks were chosen to use in selecting the ob-

jectives of modern mathematics instruction to be used in 

this study. These books included two series of textbooks 

designed by study groups mentioned above. A complete list 

of these books may be found in Appendix B. 

General Objectives 

From the abovementioned sources twelve general ob-

jectives for primary grade modern mathematics instruction 

were derived,. These were as follows: 

(1) To develop set concepts, 

(2) To develop the ability to use mathematical oper-

ations, 

(3) To develop an understanding of mathematical 

properties and relations, 

C*0 To develop an understanding of numeration, 
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(5) To develop an understanding of number theory, 

(6) To develop geometric concepts, 

(7) To develop an understanding of equations and 

inequalities, 

(8) To develop an understanding of fractions, 

(9) To develop an understanding of graphs, 

(10) To develop an ability to solve problems, 

(11) To develop an understanding of measurement, 

(12) To develop an understanding of ratio and pro-

portion. 

This list was used as a criterion to analyze each of the 

thirteen curriculum guides. The analysis showed which of these 

objectives each guide placed at the primary level. Table I 

is a result of this analysis. When agreement was evident an 

asterisk (*) was placed in the line where the objective bi-

sected the column containing the name of the school district 

or state furnishing the curriculum guide. 

A similar procedure was followed with the eight textbooks 

selected for the study. The result of this analysis is shown 

in Table II. When agreement was evident an asterisk (*) was 

placed in the line where the objective bisected the column 

containing the name of the publisher of the textbook. 

It was determined beforehand that any objective would be 

rejected which was not included in at least eleven of the 

twenty-one sources. On this basis all of the objectives were 
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GENERAL OBJECTIVES OF PRIMARY*GRADE MATHEMATICS 
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retained except "To develop an understanding of ratio and 

proportion," which was found in only four of the twenty-one 

sources. This left eleven general objectives for further 

analysis. 

Specific Objectives 

Based on the eleven remaining general objectives? an out-

line was made of more specific objectives. The outline was 

as follows: 

1. To develop set concepts: 

a. The concept of set comparison? 

b. The concept of set union, 

c. The concept of set intersection, 

d.. The concept of subsets, 

e. The concept of cardinal number. 

2. To develop the ability to use mathematical oper-

ations : 

a. The ability to use addition, 

b. The ability to use subtraction, 

c. The ability to use multiplication, 

d. The ability to use division. 

3. To develop an understanding of mathematical proper-

ties and relations: 

a. An understanding of the commutative property in 

addition and multiplication , 
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b. An understanding of the associative property 

in addition and multiplication 

c. An understanding of the distributive property 

of multiplication over addition 

d. An understanding of the identity element in 

addition and multiplication 

k. To develop an understanding of numeration: 

a. An understanding of place value 

b. An understanding of bases other than ten 

c. The ability to recognize Roman numerals 

5. To develop an understanding of number theory: 

a. An understanding of odd and even numbers 

b. An understanding of divisibility 

c. An understanding of primes 

d. An understanding of multiples 

6. To develop geometric concepts: 

a. The ability to recognize geometric figures 

b. An understanding of inside, outside and on 

c. An understanding of open and, closed curves 

d. An understanding of area and perimeter 

7. To develop an understanding of equations and 

inequalities 

a. The ability to solve equations 

b. An understanding of • "less than" and 
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c. An understanding of "greater than" and " 

d. An understanding of "equal" and " = " 

e. An understanding of "not equal" and " / " 

8. To develop an understanding of fractions: 

a. The ability to recognize various fractions 

b. The ability to add fractions 

c. The ability to subtract fractions 

d. The ability to multiply fractions 

e. The ability to divide fractions 

f. The ability to recognize equivalent fractions 

9. To develop an understanding of graphs: 

a. The ability to read maps 

b. The ability to read, graphs 

10. To develop an ability to solve problems: 

a. The ability to solve one-step problems 

b. The ability to solve two-step problems 

11. To develop an understanding of measurement: 

a. An understanding of linear, liquid, and. weight 

measurement 

b. An understanding of monetary measurement 

c. An understanding of time concepts. 

After determining these objectives, the curriculum guides 

and textbooks were analyzed to find their points of agree-

ment . 
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The thirteen curriculum guides were analyzed with 

respect to the specific objectives. The result of this 

analysis is shown in Table III. When agreement was evi-

dent an asterisk (*) was placed in the line where the ob-

jective bisected the column containing the name of the 

school district or state furnishing the curriculum guide. 

The eight textbooks were analyzed with respect to the 

specific objectives. The result of this analysis is shown 

in Table IV. When agreement was evident an asterisk (*) 

was placed in the. line where the objective bisected the 

column containing the name of the publisher of the text-

book. 

As with the general objectivess it was determined be-

forehand that any objective would be rejected which was 

not included in at least eleven of the twenty-one sources. 

This caused rejection of seventeen of the forty-two specific 

objectives. Since all four of the specific objectives re-

lated, to the general objective "To develop an understanding 

of number theory" were rejected, that general objective was 

left out of the final list. The final list of accepted ob-

jectives of modern mathematics instruction for grades one, 

two, and three is shown in Table V. 



TABLE III 

SPECIFIC OBJECTIVES OF PRIMARY GRADE MATHEMATICS 
INSTRUCTION FOUND IN SELECTED . 

CURRICULUM GUIDES 

26 

ctf 
PM a 

& 
k <y 
<D b£ 

cd 4J <$ 
• W 

GO a) 
cd * O • P 0 * 

# r—4 X) * •H O # 0) a •H rH 
cd < 0) r—! Jd s X EH +J i—t 
fk r-4 O O 

s 
a) cd M 

M S H 0 o 
* CD 

S 
rs no <D a cd d P U CD - £ O rH 4J T3 a) o cd d O d 0 O £ T) a) o W «p 

u > b£ o 4~> & O P 4J b£ o <u cd 4J i—' r-J .p Pt f cd w Q) 
P XJ r~l G •H <D CO 

Pt 
P Q cd e o r~H •H cd e N d P X rH A p jd i—f cd cd 0 cd a) « CD •H <£j < PQ Q a K X « O. PM CO EH 

% i*1 
< 

4c * • 4< *1 4c< * ' 4c< 4<c 
* 4« < •K ~K ( 

4* < 4c 
* 4c ( *• -X 4c< { 4c 
* 4c< 4ct 4c< -JC'i *• 4c< 4c< *< 4c< 

* 4c< 4c' -K 4c 4c< 4c 4c< 4cf -K< 
* •K( 4o 4c •X' -X •K' 4c<( 4c • 4c« 
4c 4C< 4c< 4c < 4c< 4c< * ' 4c< 4c< 4< 4c 4c( 4«-
4< 4c< 4c< 4c< 4c< 4c< 4c 4c1 4c: 4c< • f c * 

4c 4C< 4c< 4c< *« *• 4c 1 4c < 4c * • "*C 4<' 4c < 

* *< 4<» ,4c< -Jc-4c • 4c< 4c< 
J4c> 4c» a* 4c< 

¥ 4c< 4c « 4c 4c< ' 4c 4c * 

4< 4«s 4c< 4c< * 4c 4< 4c < •jc* •K« 

Objectives 

To develop set concepts: 
The concept of set comparison 
The concept of set union 
The concept of set intersection 
The concept of subsets 

• The concept of cardinal number 

To develop the ability to use mathe-
matical operations: 

The ability to use addition 
The ability to use subtraction 
The ability to use multiplication 
The ability to use division 

To develop an understanding of mathe-
matical properties and relations: 

An understanding of the commutative 
property in addition and multi-
plication 

An understanding of the associative 
property in addition and. multi-
plication 

An understanding of the distributive 
property of multiplication over 
addition 

An understanding of the identity 
element in addition and multi-
plication 
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To develop an understanding of 
numeration: 

An understanding of place value 
An understanding of bases other 

than ten 
The ability to recognize Roman 
numerals 

To develop an understanding of number 
theory: 

An understanding of odd and even 
numbers 

An understanding of divisibility 
An understanding of primes 
An understanding of multiples 

To develop geometric concepts: 
The ability to recognize geometric 
figures 

An understanding of inside, outside, 
and on 

An understanding of open and closed 
curves 

An understanding of area and 
perimeter 

* 

* 
* 

* 
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To develop an understanding of 
equations and inequalities: 

The ability to solve equations 
An understanding of "less than" 

and "< " 
An understanding of "greater than" 

and " >" 
An understanding of "equal" and 

II = It 
An. understanding of fTnot equal11 

and » / " 

To develop an understanding of fractions: 
The ability to recognize various 
fractions 

The ability to add fractions 
The ability to subtract fractions 
The ability to multiply fractions 
The ability to divide fractions 
The ability to recognize equiva-
lent fractions 

To develop an understanding of graphs: 
The ability to read maps 
The ability to read graphs 
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To develop an ability to solve 
problems: 

The ability to solve one-step 
problems 

The ability to solve two-step 
problems 

To develop an understanding of measure-
ment : 

An understanding of linear, liquid, 
and weight measurement 

An understanding of monetary measure 
ment 

An understanding of time concepts 
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To develop set concepts: 
The concept of set comparison 
The concept of set union 
The concept of set intersection 
The concept of subsets 
The concept of cardinal number 

To develop the ability to use mathematical 
operations: 

The ability to use addition 
The ability to use subtraction 
The ability to use multiplication 
The ability to use division 

To develop an understanding of mathematical 
properties and relations: 

An understanding of the commutative property 
in addition and multiplication 

An understanding of the associative property' 
in addition and. multiplication 

An understanding of the distributive 
property of multiplication over addition 

An understanding of the identity element 
in addition and multiplication 
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To develop an understanding of numeration: 
An understanding of place value 
An understanding of bases other than ten 
The ability to recognize Roman numerals 

To develop an understanding of number theory: 
An understanding of odd and even numbers 
An understanding of divisibility 
An understanding of primes • * 
An understanding of multiples # 

To develop geometric concepts: 
The ability to recognize geometric figures 
An understanding of inside, outside and on 
An understanding of open and closed curves 
An understanding of area and perimeter 

To develop an understanding of equations and 
inequalities: 

The ability to solve equations * 
An understanding of "less than" and "< " * 
An understanding of "greater than" and V >" ^ 
An understanding of "equal" and. " = " * 
An understanding of "not equal" and " / n 
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To develop an understanding of fractions: 
The ability to recognize various fractions 
The ability to add fractions 
The ability to subtract fractions . 
The ability to multiply fractions 
The ability to divide fractions 
The ability to recognize equivalent 

fractions 

To develop an understanding of graphs: 
The ability to read maps 
The ability to read graphs 

To develop an ability to solve problems: 
The ability to solve one-step problems 
The ability to solve two-step problems 

To develop an understanding of measurement: 
An understanding of linear, liquid and. 

weight measurement 
An understanding of monetary measurement 
An understanding of time concepts 
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TABLE V 

OBJECTIVES OF MODERN MATHEMATIC INSTRUCTION 
FOR PRIMARY GRADES 

1. To develop set concepts: 
a. The concept of set comparison 
b. The concept of cardinal number 

2. To develop the ability to use mathematical operations; 
a. The ability to use addition 
b. The ability to use subtraction 
c. The ability to use multiplication 
d. The ability to use division 

3. To develop an understanding of mathematical properties 
and relations: 
a. An understanding of the commutative property in 

addition and multiplication 
b. An understanding of the associative property in 

addition and multiplication 
c. An understanding of the distributive property of 

multiplication over addition 
d. An understanding of the identity element in addition 

and, multiplication 

4. To develop an understanding of numeration: 
a. An understanding of place value" 
b. The ability to recognize Roman numerals 

5. To develop geometric concepts: • ' 
a. The ability to recognize geometric figures 

6. To develop an understanding of equations and inequalities 
a. The ability to solve equations 
b. An understanding of "less than" and "<" 
c. An understanding of '.'greater than" and " 
d. An understanding of "equal" and " = " 

7. To develop an understanding of fractions: 
a. The ability to recognize various fractions 
b. The ability to recognize equivalent fractions 

8. To develop an understanding of graphs: 
a. The ability to read graphs 
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TABLE V--Continued 

9. To develop an understanding of measurement: 
a. An understanding of linear, liquid, and weight 

measurement 
b. An understanding of monetary measurement 
c. An understanding of time concepts 

10. To develop an ability to solve problems: 
a. The ability to solve one-step problems 
b. The ability to solve two-step problems 

Item Selection 

Three hundred and eleven multiple-choice items were de-

signed to test the objectives shown in Table V. These were 

submitted to five college professors, considered to be au-

thorities in the field of modern mathematics instruction, 

for evaluation regarding validity and scope and suggestions 

for possible revision. Two of these five professors were 

from North Texas State University, one was from East Texas 

State University, one from Texas Technological College and 

the other from the Florida State University. The numbers 

of all related objectives were listed beside the items sent 

out for evaluation. Enclosed with the test items was a list 

of the objectives shown in Table V and the following in-

structions for rating the items. 
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This is a list of test' items to measure the 
achievement of primary grade children in modern 
mathematics. The first page is a list of the ob-
jectives used, in item construction. Beside each 
test item the numbers of the objectives which it 
is designed to test are listed. Beside the number 
of each objective there are numbers to use in 
rating how closely you think each item is related 
to the objective. Please use the following rating: 

1, strongly related 
2, somewhat related 
3, not related. 

Please circle the appropriate number in each case. 
If there are any items which you think should, be 
changed or omitted, please indicate this by writing 
directly on the item. 

For your convenience the correct choice has been 
listed first for all items, but this will of course 
be varied when the test is administered. No attempt 
has been made to place the items in any certain order, 
but those chosen for the test will be placed in order 
of increasing difficulty within each section. Each 
section will have examples given and have more expla-
nation than is included in this list of test items. 
All instructions and all stated problems will be read 
to the pupils by the administrator of the test. 

I would appreciate any suggestions which you 
might have to offer. 

When the 311 items were returned by the professors, 

thirty-two more items were designed based on suggestions 

received. These were submitted to the same authorities 

for rating. 

It was decided in advance that any item would be 

rejected that was not rated either "strongly related" or 

"somewhat related" by a majority of those rating the items. 

No items were rejected in this way, but some of the ob-

jectives which were thought to be related to some of the 

items were dropped from those items because they were not 
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judged to be either "strongly related" or "somewhat related" 

to the items by the majority of the raters. Each objective 

was, however, still well covered by test items. Table VI 

shows how many items were rated "strongly related" or 

"somewhat related" to each objective and the percent of the 

raters who accepted them. 

Items which were representative of the test as a whole 

were administered to primary students who did not take either 

the pilot study test or the final study test. Through inter-

views and discussions with these students it was determined 

which items were easily understandable. Those changes which 

seemed needed were made before the items for the pilot study 

test were selected. 

Administration of the Test 

The pilot study test of 342 items was administered to 

221 students from two sections of each of the first four 

grades from a school in a large school district in north 

central Texas. These classes were in the school district 

where the final study was to be made. The school district 

selected for this study employed modern mathematics textbooks 

and provided in-service training in teaching mathematics ac-

cording to the modern approach. The eight selected classes were 

from a school which was, in the judgment of the local mathematics 

consultant, representative of the community as a whole with 
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TABLE VI 

THE NUMBER OF ITEMS TO MEASURE EAGH OBJECTIVE 
ACCEPTED BY THE RATING JURY . 

Number of 
Objectives 
as Shown in 
Table V 

Percent of Jury Accepting Items 
100 80 60 

Total Number 
of Items 
Accepted for 
Each Objective 

la 
lb 
2a 
2b 
2c 
2d 
3a 
3b 
3c 
3d 
4a 
4b 
5a 
6a 
6b 
6c 
6d, 
7a 
7b 
8a 
9a 
9b 
9c 
10a 
10b 

4 
11 
60 
41 
72 
30 
19 
12 
2 
0 
0 
4 
6 
18 
14 
15 
172 
45 
25 
10 
18 
20 
19 
0 
0 

2 
4 
32 
17 
20 
13 
2 
0 
11 
11 
33 
6 
0 
7 
0 
1 
17 
1 
5 
0 
3 
1 
1 
38 
18 

0 
0 
10 
4 
8 
3 
0 
1 
0 
1 
10 
1 
0 
0 
0 
0 
0 
2 

. 3 
0 
0 
0 
0 
2 
2 

6 
15 
102 
62 
100 
46 
21 
13 
13 
12 
43 
11 

6 
25 
14 
16 
189 
48 
33 
10 
21 
21 
20 
40 
20 

respect to socio-economic level and were, according to 

the local consultant, being taught mathematics by the modern 

approach. 

The test was administered, to each class by the teacher 

responsible for its mathematics instruction. The test was 
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administered in several sections, none of which was timed.. 

The students were given the instructions for each section 

of the test by the teacher, and all stated problems were 

read to them so that reading ability was not a factor in 

determining test scores. 

These same 221 students were also administered the 

California Short-Form Test of Mental Maturity. The results 

of this mental maturity test were used both for a measure 

of statistical validity and for an item analysis of the 

pilot study test. 

Statistical Validity 

Statistical validity of the pilot study test was shown 

by computing correlations, at each grade level, with the 

California Short-Form. Test of Mental Maturity and by com-

paring the mean test score for each grade with the mean of 

the grade below it. 

Correlation of the Pilot Study Test 
With a Test of Mental Maturity 

One of the basic assumptions made in this study was 

that there is a positive correlation between mental ability 

as measured by an intelligence test and mathematics achieve-

ment in the primary grades. It should be possible, therefore, 
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to compute the correlation between a valid test of mathe-

matics achievement and an intelligence test and find a 

significant positive correlation. 

To demonstrate this relationship on the pilot study 

test, correlations were computed at each grade level with 

the California Short-Form Test of Mental Maturity. The 

results of this correlation are shown in Table VII. 

TABLE VII 

CORRELATION OF THE PILOT STUDY TEST WITH THE CALIFORNIA 
SHORT-FORM.TEST OF MENTAL MATURITY 

Grade N r P* 

First 57 .67 .001 

Second 51 .51 .001 

Third 54 .57 .001 

Fourth 58 .57 .001 

level of significance, 

It can be seen from Table VII that there is a significant 

positive correlation between the pilot study test and the 

California Short-Form Test of Mental Maturity at each grade 

level. This is one indication of statistical validity for 

the pilot study test. 



40 

* • Difference of the Mean Score on the 
Pilot Study Test for Each Grade 

One of the basic assumptions made in this study was 

that as a group the students of each grade level are su-

perior in mathematics achievement to those of lower grade 

levels in the primary grades. There should, therefore, be 

a significant difference in the mean scores of each grade 

on a valid test of mathematics achievement, with the mean 

for each grade being higher than the mean of the grade 

below it. 

To demonstrate this difference the mean and standard 

deviation of the scores made on the pilot study test were 

determined for each grade. This is shown in Table VIII. 

TABLE VIII 

MEAN AND STANDARD DEVIATION FOR EACH 
GRADE ON THE PILOT STUDY TEST . 

Grade N SD Mean 

First 57 22.4 101.0 
Second. 51 28.1 137.6 
Third 55 41 .4 183.4 
Fourth 58 42.0 211.6 

From Table VIII it can be seen that the mean score of 

each grade is higher than the mean score of the grade below 
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it. To determine the significance of these differences, 

t tests were made. The results of these t tests are shown 

in Table IX. 

TABLE IX 

SIGNIFICANCE OF THE DIFFERENCE OF THE MEAN PILOT 
STUDY TEST SCORE.FOR EACH GRADE COMPARED. 

TO THE MEAN OF THE GRADE BELOW 

Grades Compared Degrees of Freedom t P 

First and. Second 106 7.47 .001 
Second and Third 104 6.54 .001 
Third and Fourth 111 3.57 .001 

It can be seen from Table IX .that the mean of the pilot 

study test scores for each grade is significantly higher than 

the mean of the pilot study test scores for the grade below. 

This is another•indication of statistical validity for the 

pilot study test. 

Reliability 

The reliability coefficient for the pilot study test was 

determined by computing the correlation between half of the 

test and the other half and then using the Spearman-Brown 

prophecy formula. When the correlation between the scores 

made on the odd-numbered items and. those made on the even-

numbered items was computed, it was found to be .93. When 
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the Spearman-Brown prophecy formula was applied, it gave a 

reliability coefficient of .96. This is a high coefficient, 

and it is an indication that the pilot study test was very 

reliable. 

Item Analysis 

To choose items for use in the final test an item 

analysis was made of each test item used in the pilot study. 

In this analysis the difficulty of each item was determined, 

and each item which had a discriminating power between the 

.30 and .70 level of difficulty was found. These items were 

eligible to become a part of the final test. 

Level of Difficulty 

Students who, according to the California Short-Form 

Test of Mental Maturity, had an intelligence quotient of 

from 96 to 104, inclusive, were grouped by grade level. 

The level of difficulty for each of the 342 items was de-

termined for each of these four groups. The level of 

difficulty for each grade was considered to be the pro-

portion of these students who responded correctly to the 

item. Any item which was not between the .30 and .70 level 

of difficulty for at least one of the grades was discarded. 

Seventy items were eliminated in this way. The remaining 

272 items were subjected to further analysis. 
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Item Discrimination 

The discriminating power of each of the 272 remaining 

items was determined for each grade level by Tate's C l , 

p. 208) abridgement to J. G. Flanagan's table of normalized 

biserial coefficients. This table compares the proportion 

of correct responses of the twenty-seven per cent of the 

group scoring highest on the whole test and twenty-seven 

per cent scoring lowest. Those items with the greatest 

discriminating power were used in the final test. 

A table showing the level of difficulty and discrimi-

nation index found in the pilot study test for each item 

included in the final study is included in Chapter III. 

Summary 

This chapter describes the pilot study which was used 

to choose items for the final test. It describes the methods 

used in establishing content validity, statistical validity, 

and reliability for the test used in the pilot study. It 

also tells how the item analysis was made to choose the 

best items from the pilot study for inclusion in the final 

study. 

To establish content validity-for the pilot study test 

help was enlisted from various mathematics study groups and 

professional organizations; and, based on a review of text-
* 

books and curriculum guides, a list was made of modern 
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mathematics objectives for primary grade children. Test 

items were designed based on these objectives. Experts then 

rated these items according to their relationship to the ob-

jectives. Needed revisions were made before items were 

selected for the pilot study test. Some of the items were 

tried out on a few primary students and some final revisions 

were made before the pilot study test was constructed. 

The pilot study test of 342 items was administered to 

221 students from two sections of each of the first four 

grades from a school in the same school district where the 

final study was to be made. These same students were also 

administered the California Short-Form Test of Mental Maturity, 

the results of which were used, both for a measure of statisti-

cal validity and. for an item analysis of the pilot study test. 

Statistical validity was demonstrated for the pilot 

study test by showing that there was a significant positive 

correlation between it and the California Short-Form Test of 

Mental Maturity at each grade level. Statistical validity 

for the pilot study test was further demonstrated by showing 

that the mean score for each grade taking the test was sig-

nificantly higher than the mean score for the grade below it. 

The reliability coefficient for the pilot study test 

was determined by computing the correlation between half of 

the test and the other half and then using the Spearman-Brown 
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prophecy formula. These computations showed a reliability 

coefficient of .96. 

An item analysis was then made to determine the level 

of difficulty at each grade level for each item in the pilot 

study and to determine discrimination index for each item 

that was between the .30 and .70 level of difficulty for any 

grade level. Th,is item analysis was used as a basis for 

choosing items for the final test. 
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CHAPTER III 

THE PINAL STUDY 

In the final study a test of 100. items was administered 

to ̂ 03 students from four sections of each of the first four 

grades in a large school district in a large metropolitan 

area in north central Texas. The final study was made in 

the same school district in which the pilot study had been 

made, using different classes. The school district used in 

this study was one which utilized modern mathematics text-

books. In this school district, in-service training in 

teaching mathematics by the modern approach was provided. 

The sixteen selected classes were from four schools in 

widely separated geographic locations within the school 

district. The local mathematics consultant considered 

these classes to be socially and economically representa-

tive of the community as a whole. Those classes selected 

for the final study were, in the opinion of the local mathe-

matics consultant, being taught mathematics by the modern 

approach. 

In designing this test content validity was established 

by use of the work done in the pilot study. After adminis-

tering the final test, statistical studies were made in order 

h -t 
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to test the hypotheses. These statistical, studies also 

showed that the test was valid arid reliable. An item 

analysis was then made which showed the level of difficulty 

and the discrimination index of each item at each grade 

level. 

Content Validity 

The 100 items chosen for the final test were selected 

from the 342 items administered in the pilot study. When 

an item analysis was made, 272 items were, found to be be-

tween the .30 and .70 level of difficulty. Each of these 

272 items was assigned to one of the four grade levels in 

the test. This grade level was the level at which each 

item most nearly approached the .50 level of difficulty. 

Twenty-five items were then selected from each grade level 

for the final test. This selection is shown in Table X. 

Items were chosen which, within each grade level, showed 

the highest discriminating power, and which tested, the ob-

jectives listed in Table V. Within each section of the 

test the items were arranged in order of increasing diffi-

culty. The final test is shown in Appendix D. 

Table X shows the number of the item in the final test, 

along with the. level of difficulty and discrimination index 

found for that item in the pilot study. As mentioned in the 

description of the pilot study, how well each item satisfied 
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TABLE X 

LEVEL OF DIFFICULTY, DISCRIMINATION INDEX, AND OBJECTIVES 
TESTED FOR EACH ITEM SELECTED FROM THE FIRST, SECOND, 

THIRD AND FOURTH GRADE LEVELS FOR THE FINAL TEST 

-
Discrimi-

Item Level of nation Numbers from Table V 
Number Grade Difficulty Index of Objectives ; Tested 

I 1 .59 .42 la 8a 10a 
2 1 .53 .66 lb 8a 10a 
3 1 .35 .44 la 2b 8a 10b 
5 1 .59 . 63 9 c 

12 1 .59 .54 2b 6d 
15 1 .59 .26 5a 
23 1 .35 .60 2a 2b 6c 
28 1 .59 .41 2c 6a 6d 
29 1 .41 .59 2c 6a 6d 2d 
40 1 .41 .38 2a 6c 
46 1 .59 .33 7 a 
51 1 .41 .44 6d 7a 9a 
62 1 .59 .76 2a 9b 10a 
63 1 .59 .57 2 a 4a 9b 10a 
64 1 .53 .54 2a 2b 7b 10b 
65 1 .41 .72 2 c 9a 10a 
66 1 .35 .64 2 c 9b 10a 
67 1 .35 .57 2. a 10a 
78 1 .41 .41 2c 9b 10a 
82 1 .65 .34 2b 6d 
83 1 .65 .28 2b 6d 
84 1 .59 .33 2a 3d 6d 
85 1 .47 .63 2 a 6d 
86 1 .47 .61 2a 6d 
87 1 .41 .73 2c 2d 
4 2 .65 . 66 1 a 2b 8a 10b 
6 2 .55 .73 9 c 
9 2 .50 .78 2b 10a 

10 2 .35 .50 2d 7a 10a 
30 2 .55 .78 2b 6a 6d 
31 2 .55 .54 2a 4a 6a 6d 2b 
32 2 .50 .80 2a 4a 6a 6d 2b 
47 2 .35 .61 7 a 

6d 2b 

49 2 .35 .16 7a 
52 2 .65 .66 2c 6d 9c 
53 2 .50 .73 2a 2c 6d 9b 
54 2 .50 .80 2 a 6d 9b 
68 2 .65 .84 2b 4a 9b 10a 



TABLE X--Continued 

50 

Item Level i 
Number Grade Diffic 

69 2 .65 
70 2 .50 
71 2 .65 
72 2 .45 
73 2 .45 
74 2 .45 
75 2 .35 
88 2 .65 
89 2 .50 
90 2 .50 
91 2 .40 
92 2 .40 
7 3 .58 
8 3 .63 

11 3 .47 
13 3 .42 
16 3 .58 
17 3 .42 
18 3 .58 
19 3 .53 
20 3 .53 
21 3 .42 
24 3 .58 
33 3 .58 
34 3 .47 
35 3 .37 
41 3 .47 
42 3 .47 
48 3 .63 
55 3 . 63 
56 3 .47 
59 3 .47 
76 3 .68 
77 3 .58 
93 3 .53 
94 3 .53 
95 3 .42 
14 4 .33 
22 4 .33 
25 4 .56 
26 4 .44 
27 4 .44 

Discrimi-
nation 
Index 

.54 

.80 

.75 

.63 

.49 

.48 

.80 

.48 

.73 

.54 

.49 

.45 

.44 

.71 

.60 

.53 

.18 

.37 

.84 

.44 

.51 

.73 

.52 

.70 

.79 

.76 

.53 

.84 

.66 

.66 

.41 

.60 

.71 

.75 

.71 

.53 

. 36 

.33 

.45 

.44 

.63 

.36 

Numbers from Table V 
of Objectives Listed 

2b 
2b 
2a 
2a 
2d 
2c 
2c 
4b 
3 a 
2: a 
3a 

' 2a 
9 c 
9 c 
2b 
2 a 

5 a 
5a 
6 b 
2b 
2c 
2 c 
2a 
2a 
2a 
2a 
2c 
2 a 
7 a 
2c 
6d 
2a 
2b 
2d 
2 a 
2a 
2c: 
2 b 
6 b 
2a 
2d 
6 c 

4a 10a 
9a 10a 
4a 9a 10a 
2b 4a 9b 10b 
7a 10b 
9a 9c 10a 
10a 
6d. 
6d 
6d 
6d 
3a 6d 

9a 10a 
6d 7a 7b 

6b 
3d 6b 
6b 
6c 
3a 6a 6d 
2b 2c 4a 6a 6b 
4a 6a 6d 2b 
2d 6c 
2b 6d 

6d 9b 
7a 9a 
3a 6d 
2c 9b 10b 
10a 
4 a 6d, 
3a 3b 6d 
3a 3b 6d 
6d 
7b 
2c 6c 
6c 
7b 

7a 7b 
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Discrimi-
Item Level of nation Numbers from Table V 
Number Grade Difficulty Index of Objectives Listed 

36 4 .44 .71 2a 4a 6a 6d 2b 
37 4 .44 .77 2a 2b 2c 4a 6a 6d 
38 4 .44 .64 2a 4a 6a 6d. 2b 
39 4 .33 .73 2a 4a 6a 6d 2b 
43 4 .56 .57 2c 3d 6d 
44 , 4 .44 .72 2d 6d 
45 4 .44 .63 2a 2c 6d. 
50 4 .33 .53 7 a 
57 4 .56 .51 2c '6d 9a 
58 4 .44 .73 2c 4a 6d 9b 
60 4 .56 .36 2a 3a 6d 
61 * i .44 .48 2a 3b 6d 
79 4 .44 .77 2b 4a 9b 10a 
80 4 .44 .57 2d 9b 10a 
81 4 .33 .56 2a 9a 10b 
96 4 . 56 .63 2a 2c 3c 6d 
97 4 .67 .41 . 2b 4b 6d 
98 4 .56 .44 2a 2c 3c 6d 
99 4 .44 .77 2b 4b 6d 

100 4 .44 .63 2a 2c 3c 6d 

its objectives was rated by a jury of five college professors, 

Those objectives accepted for the items in the final test are 

listed beside them in Table X. It can be seen that all ob-

jectives have been tested and that each item has a good, posi-

tive discrimination index for its grade level. 

Administration of the Test 

In the final study a test of 100 items was administered 

to 403 students from four sections of each of the first four 

grades in a large school district in a large metropolitan 
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area 'in north central Texas. The final study was conducted 

in the same school district in which the pilot study had 

been made. Modern mathematics textbooks were being used 

in this school district, and in-service training was being 

provided for its teachers in teaching mathematics by modern 

methods. The sixteen classes chosen for this study were 

from four schools in geographically distant locations of 

the school district. According to the local mathematics 

consultant, these sixteen classes were representative of 

the socio-economic level of the community as a whole, and 

they were being taught mathematics by the modern approach. 

The test was administered to each class by the teacher 

responsible for its mathematics instruction. The first 

page of the test consisted of five practice problems to 

give the students experience in marking a multiple-choice 

test. The 100 test questions were divided into fifteen 

sections, none of which was timed. The students were given 

the instructions for each section of the test by the teacher, 

and all stated problems were read to them so that reading 

ability was not a factor in determining test scores. The 

instructions given to. the teachers are in Appendix G, and 

the test is in Appendix D. 
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These same 403 students were also administered the 

California Short-Pom Test of Mental Maturity. The results 

of this mental maturity test were used both for a measure of 

statistical validity and for an item analysis of the teat 

developed in this study. 

Statistical Validity 

Statistical validity of the final test was shown by 

computing correlations at each grade level, with the 

California.Short-Form Test of Mental Maturity and by com-

paring the mean test score for each grade with the mean of 

the grade below it. These procedures were also used to test 

two of the hypotheses of the study. 

Difference of the Mean Score on the 
Final Test for Each Grade 

One of the basic assumptions made in this study was 

that as a group the students of each grade level are superior 

in mathematics achievement to those of lower grade levels in 

the primary grades. Based on this assumption, hypothesis 

number one was made, which states, "The average score for 

each grade on this test will be significantly higher than 

the average score for each grade below it." 

To test this hypothesis the mean and. standard deviation 

of the scores made on the final test were determined for each 

grade. These are shown in Table XI. 



TABLE XI 

MEAN AND STANDARD DEVIATION FOR EACH 
GRADE ON THE FINAL STUDY 
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Grade N Mean SD 

First 91 43.89 15.48 
Second 103 54.91 15.89 
Third 111 70.78 17.60 
Fourth 98 74.04 14.68 

From Table XI it can be seen that the mean score of each 

grade is higher than the mean score of the grade below it. 

To determine the significance of these differences t tests 

were made. The results of these t tests are shown in Table 

XII. 

TABLE XII 

SIGNIFICANCE OF THE DIFFERENCE OF THE MEAN FINAL 
TEST SCORE FOR EACH GRADE COMPARED TO 

THE MEAN OF THE GRADE BELOW IT 

Grades Compared Degrees of Freedom t P 

First and Second 192 5.43 .001 
Second, and Third 212 6.87 .001 
Third and Fourth 207 1.44 .20 

It can be seen from Table XII that the mean of the second 

grade is significantly higher than the mean of the first grade, 
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arid, that of the third grade is significantly higher than 

that of the second, grade, but the significance of the 

difference of the fourth grade and the third grade means 

is not high enough to reject the null hypothesis. The 

failure of the fourth grade mean to be significantly higher 

than the third grade is not, however, a serious detriment 

to the validity of the test because the test is only designed 

to be used with primary grade children, and it seems highly 

valid for this purpose. 

Correlation of the Final Test with a 
Test of Mental Maturity 

One of the basic assumptions made in this study was that 

there is a positive correlation between mental ability as 

measured by an intelligence test arid, mathematics achievement 

in the primary grades. Based on this assumption, hypothesis 

number two was made, which states, "There will be a significant 

positive correlation between modern mathematics achievement 

as measured by this test and mental ability as measured by 

the California Short-Form Test of Mental Maturity." To test 

this hypothesis correlations were computed at each grade 

level, with the California Short-Form Test of Mental Maturity. 

The results of these correlations are shown in Table XIII. 

It can be seen from Table XIII that there is a significant 

positive correlation between the final test and the California 
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Short,-Form Test of Mental Maturity at each grade level. 

The null hypothesis can, therefore, be rejected with a 

high level of confidence. This is one indication of 

statistical validity for the final test. 

TABLE XIII 

CORRELATION OF THE FINAL TEST WITH THE CALIFORNIA 
SHORT-FORM TEST OF MENTAL MATURITY . 

Grade N r P* 

First 91 . 2k .02 
Second. 103 .59 .001 
Third 111 .68 .001 
Fourth 98 .57 .001 

*N = number in study; r = product moment coefficient; 
p = level of significance. 

Reliability 

An important indication of the usefulness of any test 

is its reliability coefficient. For this reason hypothesis 

number three states, "When the split-halves correlation is 

made there will be a positive correlation of at least .70, 

before correction, between the two halves of the test." 

To test this hypothesis the odd-numbered items were 

correlated with the even-numbered items, and a correlation 

of .98 was found. This was sufficient to reject the null 

hypothesis. 
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The Spearman-Brown prophecy formula was then applied 

and a reliability coefficient of .99 was found. This is an 

extremely high coefficient and is an indication that the 

final test is very reliable. 

As a further indication of reliability the standard 

error of measurement was found by use of the half-test 

method. The standard error of measurement for all students 

taking the final test was found to be 3.76. This means that, 

assuming the errors are distributed normally, about 68 per 

cent of the observed, scores fall within 3.76 points of the 

true scores and. 95 per cent fall within 7.52 points of the 

true scores. This is a very low standard error of measure-

ment for a 100-item test and is a further indication of the 

high reliability of the final test. 

Item Analysis 

An item analysis was made of each item used in the 

final test. This included determining the level of diffi-

culty and the discrimination index for each item. The 

results of this item analysis are shown in Appendix E. 

Level of Difficulty 

Students who, according to the California Short-Form 

T e s t Mental Maturity, had an intelligence quotient of 

from 96 to 104, inclusive, were grouped by grade level. 

The level of difficulty for each of the 100 items of the 
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final test was determined for each of these four groups. 

The level of difficulty for each grade was considered to 

be the proportion of these students who responded correctly 

to the item. These results are found in Appendix E. 

Item Discrimination 

The discriminating power of each of the 100 items of 

the final test was determined, for each grade level by an 

abridgment of J. G. Flanagan's table of normalized biserial 

coefficients by Tate (1, p. 208). This table compares the 

proportion of correct responses of the twenty-seven per 

cent of the group scoring highest on the whole test and the 

twenty-seven per cent scoring lowest. These results are 

found in Appendix E. 

Summary 

This chapter describes the final study which was made 

in developing a test to measure achievement in modern mathe-

matics in the primary grades. It describes the methods used 

in establishing content validity, statistical validity, and. 

reliability for the final test. It also tells how the level 

of difficulty and, discrimination index of each item were 

found. 

The item analysis of the pilot study was used to choose 

twenty-five items from each of the four grade levels for 
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inclusion in the final test. To insure content validity a 

careful check was made to see that all of the objectives 

listed in Table V were being tested. 

The 100 items selected for the final test were adminis-

tered to 403 students in four sections of each of the first 

four grades from schools in the same school district where 

the pilot study was made. These same students were also 

administered, the California Short-Form Test of Mental Maturity, 

the results of which were used both for measure of statistical 

validity and. for an item analysis of the final test. 

Statistical validity was demonstrated for the final test 

by showing that there was a significant positive correlation 

between it and the California Short-Form Test of Mental 

Maturity at each grade level. Statistical validity for the 

final test was further demonstrated by showing that the mean 

score for each primary grade taking the test was significantly 

higher than the mean score for the grade below it. 

The reliability coefficient for the final test was deter-

mined by computing the correlation between half of the test 

and the other half and then using the Spearman-Brown prophecy 

formula. These computations showed a reliability coefficient 

of .99. 

As a further indication of reliability the standard 

error of measurement was found by use of the half-test method. 
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The standard error of measurement was shown to be 3.76 on 

the 100-item final test. 

An item analysis was then made? which showed the level 

of difficulty and discrimination index at each grade level 

of each item in the final test. 
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CHAPTER IV 

SUMMARY, CONCLUSIONS, RECOMMENDATIONS, 

AND EDUCATIONAL IMPLICATIONS 

The primary purpose of this study was to develop an 

instrument to measure achievement in modern mathematics in 

the primary grades. Several procedures were involved in 

the achievement of this purpose. 

The major objectives of primary grade modern mathematics 

instruction were derived from analysis of current courses of 

study developed in school systems using a modern approach to 

mathematics instruction, from analysis of modern mathematics 

textbooks used in the primary grades, and, from reports from 

recognized study groups. Test items, which were designed 

based on these objectives, were evaluated by five college 

professors considered to be authorities in modern mathematics. 

After changes suggested by the professors had been made, some 

of the items were tried out on a group of primary grade 

children, and. further refinement was made. 

A pilot study test of 342 items was then administered 

to 221 students from two classes of each of the first four 

grades, in the same school district in which the final study 

was made. These same 221 students were administered the 

California Short-Form Test of Mental Maturity. Studies were 
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then made which showed that the pilot study test was valid 

and reliable, after which an item analysis was made as a 

basis for choosing items for the final test., 

The final test of 100 items was administered to k03 

students from four classes of each of the first four grades 

in the same school district in which the pilot study was 

made. These same students were administered the California 

Short-Form Test of Mental Maturity. Studies were then made 

which showed the final test to be valid and reliable. An 

item analysis was also made of each item in the final study. 

Summary of Results 

The following is a summary of the results obtained from 

the statistical studies made on the final test: 

1. The mean score for each primary grade on the final 

test was significantly higher than the mean of the 

grade below it. The mean score of the fourth grade 

was higher than the mean score of the third grade 

but not significantly higher. 

2. There was a significant positive correlation at 

each grade level between the final test and the 

California Short-Form Test of Mental Maturity. 

3. A reliability coefficient of .99 was found for the 

final test. 
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'4. A standard error of measurement of 3.76 was found 

for the 100-item final test. 

Conclusions 

In developing a testing instrument the prime concerns 

are validity and reliability. Since the customary procedures 

for establishing content validity, statistical validity, and 

reliability have been followed, a considerable amount of 

confidence can be placed in the validity and reliability of 

this test. 

This test was administered to each of sixteen classes 

in a normal classroom setting by the teacher responsible 

for mathematics instruction for that class. This is an 

indication that this test could be satisfactorily used by 

other teachers in other primary grade classrooms to measure 

achievement in modern mathematics. 

Recommendations 

On the basis of the findings of this study, the following 

recommendations are presented for consideration in further 

research: 

1. A study should be made to determine grade norms for 

each grade level on the modern mathematics achieve-

ment test developed in this study. 

2. A set of parallel forms should be developed to make 

this test more useful. 



65 

3. Further refinement of this instrument might be 

made to develop a shorter test which correlates 

highly with the test developed in this study. 

4. Studies should be made to develop similar tests 

to measure modern mathematics achievement at the 

intermediate and upper elementary levels. 

5. Similar studies should be made to develop tests to 

measure the achievement in other subjects more 

consistent with the modern approach to teaching 

these subjects. 

6. A study should be made to compare the performance 

on this test of children being taught mathematics 

by the modern approach and. of those being taught 

by more traditional methods. 

Educational Implications 

Some of the possibilities for use of the modern mathe-

matics achievement test developed in this study are as 

follows: 

1. Individual pupil achievement in modern mathematics 

may be measured and compared. 

2. Group achievement in modern mathematics may be 

assessed. 

3. Strengths and weaknesses of individuals and groups 

in modern mathematics may be diagnosed. 
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k. Modern mathematics programs may be evaluated and 

compared. 

5. Various methods of teaching mathematics may be 

evaluated and compared. 
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Nichols, Eugene D. , Frances Flournoy, Robert Kalin, and 
Leonard Simon, Elementary Mathematics: Patterns and 
Structure; Books 1-3, New York, Holt, Rinehart and 
Winston, 1966. 
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APPENDIX C 

INSTRUCTIONS FOR TEACHERS 

General: This is an untimed mathematics achievement test 

for primary grade students. The students will be given the 

instructions for each section of the test by the teacher, and 

all stated problems will be read to them so that reading 

ability will not be a factor in determining test scores. If 

the names of the students are not already on the papers, be 

sure they have their first and last names on their papers 

before beginning the test. A few extra tests have been in-

cluded. . 

Since there may be occasional printing errors, please 

ask the students to tell you if any problems are omitted or 

hard to read when they come to them. Tell the students that 

they are not expected to get all of the problems right, but 

to do their best. If they come to a problem they cannot 

work at all, they may guess at it or leave it blank. 

Front Page: (This is not really a part of the test, but it 
is included to teach the students how to mark this type of 
test.) 

When the names are on all the papers you have passed 
out, say, "This first page is a short practice test to get 
you ready for the other questions. In this test you will be 
given several sets of stars. From the four answers to the 
right of each set you will pi.ace a check in the space beside 
the one which tells how many members there are in the set. 
The first one is worked for you. Look at it. A check was 
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placed beside the "3" because there are 3 stars in the set. 
(Question?) Now you.try to work the other problems on this 
page for practice. When you finish put your pencil down so 
I will know you have finished. Do not go on to the next 
page yet. . . . Is everyone through? Now we will check to 
see how well you did. In number 2 there are four stars, so 
you should have put a check beside "4". How many of you did?" 
(During this "checking" the teacher should walk around the 
room and glance at the students' papers to see that they 
really understand how they are to mark their papers.) Check 
similarly: number 3 should be "6". Number 4 should be "1". 
Number 5 should be "8". Allow the students to ask questions 
at any point during the checking. Call their attention to 
the line of X's and the "STOP" at the bottom of the page. 
Tell them that: all through the test they will find these 
"stop signs" and. that they are to stop there to wait for 
more instructions. There is no time limit on any section, 
and each student should completely finish the section before 
instructions are given for the next one. 

Specific Instructions 

Items 1-4: Explain to the students that this is a graph 
which shows how many books four children have read. Point 
out the names of the children and. the numbers up the left 
side. Explain to them that the students who read the most 
books have the longest bar over their names, but do not 
mention how many books each child read or which one read, 
the most or least. Read each question to the students and 
allow them to mark the answer they think is correct. Tell 
them they will have to keep looking back to the graph to 
answer each question. 

Items 5-8: Ask the students to place a check beside the 
time, shown by each clock. (Point out the "stop sign.") 

Items 9-11: Read each problem to the students. Tell them 
they are not supposed to work the problem, but to tell which 
operation (addition, subtraction, multiplication, or division) 
would be the best to use in solving the problem. 

Items 12-14: Ask the students to place a check beside the 
mathematical sentence shown by each number line. 

Items 15-17: Ask the students to place a check beside the 
name that best describes each figure. Remind them that there 
are problems on two pages before they come to a "stop sign." 
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Items 18-22: Put the sign "<" on the board and explain its 
meaning to the class. (If they know it, then "remind" them 
it means "less than.") Ask them to put a check by the answer 
on the right which completes the mathematical sentence started 
on the left. Remind them there are problems on two pages be-
fore they have a "stop sign." 

Items 23-27: Explain the meaning of " >" and ask the students 
to place a check beside the answer on.the right which completes 
the mathematical sentence started on the left. Remind them 
there are problems on two pages. 

Items 28-39: Ask the students to place a check beside the 
numeral on the right which should be placed in the box to 
make each mathematical sentence true. Remind, the students 
there are problems on two pages. 

Items 40-45: Ask the students to place a check beside the 
sign that should be placed, in the box to make each mathe-
matical sentence true. 

Items 46-48: Ask the students to place a check beside the 
fraction or mixed number which best describes the shaded 
portion of each figure or set of figures. 

Items 49-50: Ask the students to place a check beside the 
fraction which best describes the shaded part of each set of 
circles. 

Items 51-58: Ask the students to place a check beside the 
amount on the right equal to the amount named on the left. 
Remind, the students there are problems on two pages. 

Iterns 59-61: Tell the students a, b, c and d stand for 
counting numbers like 1, 2, 3, 4, 5 . . . . Ask them to 
choose the mathematical sentence on the right which must be 
true if the mathematical sentence on the left is true. 

Items 62-81: Read each stated, problem to the students and 
have them mark the answer they think is correct. If they 
need to do scratch work, they may do it on the test paper. 

Items 82-100. Ask the students to place a check beside the 
answer-on the right which renames the number named on the 
left. 
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APPENDIX D 

FINAL TEST 

Examples 

i A 

i ( 

2 ( 

3 C 

4 ( 

2) 

3) 

M 
X r 

2 ( 

4 C 

6 ( 

8 ( 

2 C 

4 C 

6 C 

8 C 

{*) 
1 ( 

2 ( 

3 ( 

^ C 

7Ll 
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5) 

& & 
> A 

2 ( ) 

* ( ) 

6 ( ) 

8 ( ) 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

STOP 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

10 

8 

Children's Reading 

k 

o 

-pm 

— J j 

Mary Ann John Bill 
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1) Who read the fewest books? Bill ( ) 

Ann ( ) 

John ( ) 

Mary ( ) 

2) How many books did Mary read? 1 C ) 

2 ( ) 

3 ( ) 

*+ ( ) 

3) How many more books did Bill 2 ( ) 

read than John read? 3 ( ) 

6 ( ) 

8 ( ) 

*0 How many more books did Bill 1 ( ) 

read than Ann read? 2 ( ) 

3 ( ) 

4 ( ) 

30CXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

STOP 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
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5) 1 :45 ( ) 

9 : 0 0 ( ) 

1:00 ( ) 

2:00 ( ) 

6) 1:30 ( ) 

1:20 ( ) 

4 : 0 0 ( ) 

12 :20 ( ) 

7 ) 

9 ' 

8:10 ( ) 

7:50 ( ) 

10:00 ( ) 

5 : 3 0 ( ) 

8) 2:30 ( ) 

11:00 ( ) 

4 : 0 5 ( ) 

3 :55 ( ) 

XXXXXXXXXXXXXXXXXXXXXXXXXJQCXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

STOP 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
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9) Tom bought a ball and gave the 

clerk $5.00. If you know how 

much the ball cost, how would 

you find out how much change • 

Tom should get? 

Addition ( ) 

Subtraction ( ) 

Multiplication ( ) 

Division ( ) 

10) How would you'find 1/3 of a number? Addition ( ) 

Subtraction ( ) 

Multiplication ( ) 

Division ( ) 

11) Tom is heavier than Sam. If 

you know what Tom weighs and 

what Sam weighs, how would you 

find out how much more Tom 

weighs than Sam? 

Addition ( ) 

Subtraction ( ) 

Multiplication ( ) 

Division ( ) 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

STOP 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

12) 6 - 2 = k c ) 

6 - k = 2 ( ) 

6 + 4 =10 ( ) 

k + 2 = 6 ( ) 
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13) 3 + 3 = 6 ( ) 

1 + 1 = 2 ( ) 

' T r— J i - r r •/ 

3 + 
k 

2 -

-P
lU

) 

II 
1! 4 c ) 

1 ( ) 

W li- -
3 

2 
3 

- ( ) 3 v } 

2 + 2 = k ( ) 

2 = 2 ( ) 

{ ' 1 1 I ' ' > 1 + 
3 

2 _ 
3 

( > 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

STOP 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

15) Triangle ( ) 

Square ( ) 

Circle ( ) 

Sphere ( ) 
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16) Rectangle ( 

Sphere ( 

Cube ( 

Circle ( 

17) Square ( 

Cube C 

Triangle ( 

Quadrilateral ( 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

STOP 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

18) 7 < 
* 

5 ( ) 

6 ( ) 

7 ( ) 

8 ( ) 

19) 8 - 3 < 4 C ) 

2 X 2 < ) 
8 - 2 ( ) 

1 X 3 ( ) 
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20) 842 X 1 < 248 

900 

482 

428 

21) 4 X 9 < 4 X 8 

7 X 5 

9 X 4 

5 X 9 

22) 1 ^ 1 
2 * 

3 

2 
E 

3 
8 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

STOP 

"*®®^®3QQQ(XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
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23) 4 + 2 > 2 + 4 

4 - 2 

4 x 2 

4 + 2 

24) 5 + 5 > 5 

5 x 5 

25 

10 

25) 4 x 8 > 5 x 9 

12 + 12 

64 ~ 32 

12 x 12 

26) 9 -r 4 > 3 

V 

1 

12 
1 
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27) 2 2 ( ) 

( ) 
3 > 

3 
ET 

3 
1 

1 
3 

( ) 

( ) 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

STOP 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

28) 2 x 6 = a 4 ( ) 

12 ( ) 

8 ( ) 

14 ( ) 

29) 3 x D = 24 8 ( ) 

7 ( ) 

6 ( ) 

5 ( ) 
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30) 15 " O = 8 13 ( ) 

9 ( ) 

7 ( ) 

5 ( ) 

31) 5 + O = 3 5 3 C ) 

5 C ) 

25 ( ) 

30 ( ) 

32) 20 + • = 2 4 40 ( ) 

4 ( ) 

24 ( ) 

20 ( ) 

33) 
if 

7 + 4 = 4 + D 4 ( ) 

7 C ) 

11 ( ) 

14 ( ) 
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34) ( 2 x 10) + P = 27 .20 ( ) 

15 ( ) 

10 ( ) 

7 ( ) 

35) 3 , 4 8 2 = 3 , 0 0 0 + 400 + • + 2 8 ( ) 

80 ( ) 

800 ( ) 

' ' 

8 , 0 0 0 ( ) 

36) 1 , 3 1 4 + O = 1 , 3 2 4 1 ( ) 

10 ( ) 

100 ( ) 

1 , 0 0 0 ( ) 

37 ) (100 x 3) + ( 1 0 x p ) + 5 = 345 34 ( ) 

45 ( ) 

3 ( ) 

4 ( ) 
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38) 50 + 2 = 40 + • 2 ( ) 

12 ( ) 

10 ( ) 

52 ( ) 

39) 453 + O = 1 , 4 5 3 1 C ) 

10 C ) 

100 ( ) 

1 , 0 0 0 ( ) 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

STOP 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

4 0 ) 7 + 2 p 7 + 1 = ( ) 

X ) 

< ( ) 

x ( ) 

41 ) 18 -r 6 o 2 X 1 + C ) 

= C ) 

> ( ) 

< C ) 
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42) 3 D 4 = 10 - 3 + ( ) 

• 
x ( ) 

4 3 ) 643 x 0 O I x 0 = ( ) 

> ( ) 

< ( ) 

4 4 ) 4 -r 4 a 21 -f 21 X ( ) 

> ( ) 

<£ C ) 

45) 4 + 6 = 2 a 5 + ( ) 

x C ) 

X ) 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxsxxxxxxxxxxxxxxxxxx 

STOP 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
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46.) 1 
if 

1 
1 

2 
3 

3 

47) 1 
1 

3 
2+ 

1 
2+ 

2 
3 

48) 3 
1 

1 
3 

2— 
2 

1 
2 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx:xxxxxxxxxxxxxxxxxx 

STOP 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
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o o o L 

1 

2 
1 

3 
T 

50) 2 
3 

O ® O O O 2 
5 

3 
2 

5 
2 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

STOP 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

51) 8 ounces = 1 p o u n d ( ) 

2 pounds ( ) 

pound ( ) 

1 t o n ( ) 
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52) 3 weeks = 3 days 

10 days 

21 days 

7 days 

53) 85£ = 58£ 

$8.50 

• 8 dimes and, 1 nickel 

7 dimes and 5 nickels 

54) $3.20 = 32£ 

23 dimes 

32 nickels 

3 dollars and 2 dimes 

55) 75£ = 8 dimes 

9 nickels 

3 quarters 

3 dimes and 5 nickels 

56) 1 cup = 2 pints 

2 quarts 

~ gallon 

pint 
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57) 2 feet - 1 yard. 

24 inches 

2 yards 

36 inches 

58) $4.30 = 43 dimes 

43 dollars 

3 dollars and 4 nickels 

4 dollars and 3 nickels 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

STOP 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

59) If: a + (b + c ) = d Then: a + (c + b) d C ) 

Then: a x (b x c) = d ( ) 

Then: a - d = b x c ( ) 

' ' 

Then: d - a = b x c ( ) 

60) If: a + b = c Then: a + c = b ( ) 

Then: b + a = c ( ) 

Then : b + c = a ( ) 

Then: c + a b C ) 
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61) If: a + Cb + c) Then: a - d = b + c C ) 

Then: (a + b) + c = d ( ) 

Then: a x ( b x c ) = d ( ) 

Then: d + a = b + c ( ) 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

STOP 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

62) Jim has 50$, Pete has 25$ more than $1.00 ( ) 

Jim. How much money does Pete have? 25$ ( ) 

50$ ( ) 

75$ ( ) 

63) Sue has 25$. If her mother gives her 10$ ( ) 

15$ more, how much money will Sue have? 30$ ( ) 

35$ ( ) 

40$ ( ) 
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6A-) Patty has a pie. If she gives one 

fourth of the pie to Carol and one 

fourth of the pie to Sue, how much 

of the pie will she have left? 

1 
2 

1 
5 

3 
Z+ 

U 
7 

( 

( 

( 

( 

65) It is 5 miles from Dan's house to 5 miles ( ) 

school. How far must Dan go if he 10 miles C ) 

goes from his house to school and 6 miles C ) 

back? 7 miles ( ) 

66) Pete bought 7 pieces of candy for 5 10£ ( ) 

cents each. How much did the 7 pieces 12£ ( ) 

of candy cost in all? 38£ ( ) 

35£ ( ) 

67) Ann has 2 dolls. Sue has 1 more doll 1 ( ) 

than Ann. How many dolls does Sue have? 2 ( ) 

3 ( ) 

4 ( ) 
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68) Karen has 50£. Sally has 25£ less than 25£ ( ) 

Karen. How much money does Sally have? 35£ ( ) 

50£ ( ) 

75£ ( ) 

69) Jim has 54 pieces of candy. If he eats 60 ( ) 

6 pieces, how many pieces will he have 52 ( ) 

left? 48 ( ) 

46 ( ) 

70) Don lives 5 miles from school. Joe 2 miles ( ) 

lives 2 miles closer to school than 3 miles ( ) 

Don. How far from school does Joe 5 miles ( ) 

live? 7 miles ( ) 

71) Sam has 15 cents. If balloons cost 3 C ) 

• three cents each, how many balloons 5 ( ) 

can Sam buy? 15 ( ) 

18 ( ) 
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72) Mary has $1.00. If she buys a doll 

/—
s 

o
 

1—
1 

for 50 cents and a piece of candy for $ .45 ( ) 

5 cents, how much money will she have $ .55 ( ) 

left? $1.50 ( ) 

73) Bill has 28 pieces of candy. If he 28 ( ) 

gives one half of the candy to his 20 ( ) 

brother, how many pieces of candy 14 ( ) 

will he have left? 16 ( ) 

74) It takes Dan 6 minutes to ride his 12 minutes ( ) 

bicycle 1 mile. If he goes at the 9 minutes ( ) 

same speed, how long will it take 7 minutes ( ) 

him to ride 2 miles? 3 minutes ( ) 

75) Kathy read 3 books each day for 7 3 ( ) 

days. How many books did she read? 7 ( ) 

10 ( ) 

21 ( ) 
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76) Dick has a dime. If he buys 3 pieces of IOC ( ) 

candy for two cents each, how much money 6£ ( ) 

will he have left? ( ) 

H ( ) 

77) Twelve boys are playing a game. If 2 ( ) 

they have 2 equal teams, how many boys 6 ( ) 

are on each team? 10 ( ) 

1^ ( ) 

78) Sharon has 10£. Patty has 3 times $1.03 ( ) 

as much money as Sharon. How much 30£ ( ) 

money does Patty have? 13£ ( ) 

7£ ( ) 

79) Sam has $3.00. If he spent $1.25, $1.25 ( ) 

how much money would he have left? $1.75 ( ) 

$2.25 ( ) 

$2.75 ( ) 
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80) Three boys earned $6.00 doing yard. $18.00 C ) 

work. If they divide the money $ 9.00 ( ) 

evenly how much will each boy get? $ 3.00 ( ) 

$ 2.00 ( ) 

81) Tom has a rope 1 yard long. Joe has 2 feet ( ) 

a rope 1 foot longer than Tom's rope. k feet ( ) 

How long is Joe's rope? 2 yards ( ) 

3 yards ( ) 

X3CXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

STOP 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

82) 4 - 3 = 1 ( ) 

7 ( ) 

3 + 2 ( ) 

4 + 3 ( ) 

83) 7 - k = 4 ( ) 

3 ( 

2 + 3 ( 

2 x 1 ( 
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84) 3 + 0 3 x 0 

0 x 3 

0 

3 

85) 7 - 5 

3 + 2 

3 - 2 

4 + 2 

86) 8 6 - 2 

1 + 7 

5 - 3 

8 + 1 

87) 2 x 6 8 

4 - 2 

4 + 8 

6 - 2 
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00
 

00
 

2 = V ( ) 

2 + 8 ( ) 

II ( ) 

8 - 3 ( ) 

8 9 ) 4 + 7 + 5 = 4 + 7 C ) 

4 + 5 + 7 ( ) 

7 + 5 ( ) 

2 + 4 + 6 ( ) 

9 0 ) 24 + 31 = LIV ( ) 

2 , 4 3 1 ( ) 

5 x 10 ( ) 

55 ( ) 

9 1 ) 46 + 27 = 63 ( ) 

37 ( ) 

36 ( ) 

2 7 + 4 6 ( ) 
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92) 3 + 5 = 5 + 3 ( ) 

6 C ) 

3 - 2 ( ) 

V ( ). 

93) 827 8 2 + 7 ( ) 

8 0 0 + 2 0 + 7 ( ) 

82 x 7 ( ) 

8 + 2 7 ( ) 

94) 7 + (3 + 2) 7 + (3 x 2) ( ) 

7 x (3 x 2) ( ) 

(7 + 2) + 3 ( ) 

7 x 5 ( ) 

95) ( 2 x 5) x 3 = (5 x 2) + 3 C ) 

(2 + 5) + 3 ( ) 

2 x (3 x 5) ( ) 

13 ( ) 
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96) 4 x 12 = C4 x 2) + (4 x 1) ( ) 

(1 x 4) + (2 x 4) ( ) 

(4 x 20) + ( 4 x l ) ( ) 

(4 x 10) + (4 x 2) ( ) 

97) 17 - 5 = 17 ( ) 

8 + 2 ( ) 

XII ( ) 

5 + 5 ( ) 

0
0

 21 x 14 = 42 ( ) 

105 ( ) 

(21 x 1) + (21 x 4) ( ) 

(21 x 10) + (21 x 4) 

99) 14 - 3 = XI ( ) 

IX ( ) 

XX ( ) 

11 ( ) 



100) 5 x 8 = 

102 

(5 x 4 ) + 2 ( ) 

( 5 x 4 ) + 4 ( ) 

(5 x 4) + (5 x 4) ( ) 

( 5 x 4 ) + (5 x 2) ( ) 



APPENDIX E 

LEVEL OF DIFFICULTY AND DISCRIMINATION INDEX FOUND IN 
THE FINAL STUDY FOR EACH TEST ITEM 

AT EACH GRADE LEVEL 

Item Grade Level of Discrimi-
Number • Level Difficulty nation Index 

I 1 .56 .79 
2. .75 .63 
3 .91 .43 
4 1.00 .00 

2 1 .82 .70 
2 .97 .43 
3 .97 .00 
4 1.00 .00 

3 I .48 .,84 
2 . 66 .57 
3 .81 .30 
4 .91' .58 

4 1 .59 .86 
2 .72 .45 
3 .84 .11 
4 .82 .26 

5 I .41 .45 
2 .66 .72 
3 .78 .61 
4 1.00 .48 

6 I .37 •.41 
2 .50 .77 
3 .59 .34 
4 .82 .68 

7 1 .48 .79 
2 • .09 . 34 
3 .44 .76 
4 .52 .79 

103 
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APPENDIX E--Continued 

Item Grade Level of DiscrimT-
Number Level Difficulty nation Inde: 

8 1 .48 .77 
2 .12 , .45 
3 .50 .68 
4 .65 .64 

9 1 .48 .11 
2 .75 .47 
3 .59 .48 
4 .69 .61 

10 1 .37 .14 
, 2 .31 -.05 
3 .41 .52 
4 .56 .30 

11 1 .44 .67 
2 .35 .33 
3 .44 .56 
4 .52 .63 

12 1 .56 .77 
2 .56 .29 
3 .38 . 60 
4 .65 .43 

13 1 .30 .23 
2 .35 .26 
3 .38 .41 
4 .69 .53 

14 1 .19 .28 
2 .31 .34 
3 .31 .43 
4 .35 .41 

15 1 .93 .55 
2 .91 .55 
3 .94 .30 
4 1.00 .19 
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APPENDIX E--Continued 

Item Grade Level of Discrimi-
Number Level Difficulty nation Index 

16 1 .59 . 61 
2 .88 .44 
3 .66 .38 
4 .82 .36 

17 1 .63 . 36 
2 .72 .34 
3 .62 .51 
4 .43 .25 

18 1 .30 -.14 
2 .53 .25 
3 .88 .55 
4 .56 .68 

19 1 .56 .60 
2 .47 .44 
3 .75 .47 
4 .56 .25 

20 1 .26 -.13 
2 .53 .43 
3 .66 .53 
4 .61 .48 

21 1 .22 .00 
2 .35 .49 
3 .69 .73 
4 .61 .70 

22 1 .41 .49 
2 .19 -.08 
3 .09 .34 
4 .17 .38 

23 1 .11 .36 
2 .47 .72 
3 .75 .51 
4 .61 .59 
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APPENDIX E--Continued 

Item Grade Level of Discrimi-
Number Level Difficulty nation Index 

24 i ,22 -.09 
2 .50 .63 
3 .75 .51 

• 4 .61 .49 

25 I .26 .41 
2 .28 .34 
3 .59 .49 
4 .39 .63 " 

26 I .19 .51 
2 .03 .00 
3 .22 .49 
4 .39 .57 

27 I .37 .67 
2 .31 .17 
3 . 28 .44 
4 .43 .45 

28 I .44 .64 
2 .84 .58 
3 .88 .43 
4 1.00 .19 

29 I .59 . 63 
2 .53 .41 
3 .78 .51 
4 .91 .51 

30 I .48 .84 
2 .59 .41 
3 .66 .58 
4 .91 .66 

31 I .56 .91 
2 .59 .48 
3 . .78 .58 
4 1.00 .30 
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APPENDIX E--Continued 

Item GFacTe Level of Discrimi-
Number Level Difficulty nation Index 

32 • ' I .63 .56 
2 .91 . 61 
3 .88 .43 
4 1.00 .00 

33 1 .41 .82 
2 .44 .79 
3 .84 .58 
4 .69 .55 

34 I .52 .84 
2 .56 .79 
3 .78 .50 
4 .78 .55 

35 I .37 .56 
2 .25 .40 
3 .38 .67 
4 

tr 
.65 .73 

36 I .41 .82 
2 . 06 .54 
3 .53 .77 
4 .69 .72 

37 I .11 .30 
2 .12 .07 
3 .50 .49 
4 .48 .65 

38 1 .44 .73 
2 .47 .60 
3 .59 .73 
4 .56 .77 

39 I .59 .79 
2 .38 .42 
3 .72 .59 
4 .69 .66 
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APPENDIX E--Continued 

Item Grade Level of DiscrroriX-
Number Level Difficulty nation Index 

40 1 . 56 .33 
2 .35 .53 
3 .75 .48 
4 .65 .60 

1 .22 -.20 
2 .38 .25 
3 .72 .39 
4 .61 .53 

42 I . 63 .71 
2 .38 .63 
3 .53 . 60 
4 .61 .75 

43 I .48 .44 
2 .44 .45 
3 .59 .54 
4 .52 .71 

44 I . 26 -.15 
2 .19 .13 
3 .41 .37 
4 .56 .70 

45 I .41 .47 
2 .25 .44 
3 .38 .65 
4 .52 .79 

46 I .70 . 66 
2 .88 .58 
3 .91 .58 
4 .95 .37 

47 I .15 -.15 
2 .19 .06 
3 .38 .22 
4 .43 .40 



109 

APPENDIX E--Continued 

Item Grade Level of Discrimi-
Number Level Difficulty nation Index 

48 1 .44 . 20 
2 .69 .29 
3 . 66 .34 
4 .65 .68 

49 1 .44 .37 
2 .31 .04 
3 .28 .09 
4 .56 .72 

50 1 .56 . 63 
2 .31 .34 
3 .25 .04 
4 .52 .63 

51 1 .37 .43 
2 .25 . 23 
3 .28 .43 
4 .56 .65 

52 1 .41 .43 
2 .75 .68 
3 .84 .48 
4 .95 .48 

53 1 .37 .52 
2 .62 , .68 
3 .75 .55 
4 .69 . 66 

54 1 .39 .57 
2 .75 .61 
3 .84 .48 
4 .91 .30 

55 1 .37 .48 
2 .59 .48 
3 .66 .63 
4 .87 .48 
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APPENDIX E--Continued 

Item Grade Level of Discrimi-
Number Level Difficulty nation Index 

56 1 .67 .79 
2 .38 .47 
3 .41 .29 
4 .52 .70 

57 1 .37 .67 
2 .44 .56 
3 .56 . 68 
4 . 61 .54 

58 1 .26 .37 
2 .44 .33 
3 .47 .67 
4 .43 .44 

59 1 .37 .13 
2 .59 .23 
3 .78 .16 
4 .69 .53 

60 1 .11' .06 
2 .53 .33 
3 .41 .45 
4 .56 .53 

61 1 .15 .51 
2 .35 .52 
3 .75 .34 
4 .56 .12 

6 2 1 .44 .81 
2 .35 .49 
3 .84 . 61 
4 .61 .53 

63 1 .56 .60 
2 .69 .30 
3 .94 .31 
4 .91 .00 
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APPENDIX E--Continued 

Item Grade Level of Discrimi-
Number Level Difficulty nation Index 

64 1 ,74 .73 
2 .69 .33 
3 .56 .20 
4 .61 .15 

65 1 .70 .63 
2 .84 .61 
3 .94 .30 
4 1.00 .19 

66 1 .11 .44 
2 .66 .71 
3 .75 .63 
4 .91 .58 

67 1 .82 .63 
2 .72 .59 
3 .81 .48 
4 .91 .55 

68 1 .67 . 66 
2 .72 .72 
3 .69 . 63 
4 1.00 .37 

69 1 .19 .38 
2 .56 .54 
3 .69 .70 
4 .87 .45 

70 1 ."37 .60 
2 .31 .57 
3 .75 . 68 
4 .74 .66 

71 1 .56 .82 
2 .56 .29 
3 .84 .63 
4 .82. .40 
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APPENDIX E--Continued, 

Index Grade Level ofT Discrimi-
Number Level Difficulty nation Index 

72 1 .37 .71 
2 .38 .48 
3 .75 .57 
4 .74 .72 

73 1 .26 .68 
2 .35 .60 
3 .56 .66 
4 .69 .64 

74 1 .41 .63 
2 .66 .68 
3 .81 .66 
4 1.00 .37 

75 1 .37 .25 
2 .53 .57 
3 .69 .73 
4 .74 .63 

76 1 .52 .51 
2 .44' .52 
3 .56 .47 
4 .61 .48 

77 1 .41- .53 
2 .66 .38 
3 .84 .55 
4 .87 . 63 

78 1 .48 .53 
2 .69 .66 
3 .88 .58 
4 1.00 .58 

79 1 .26 .15 
2 .16 .25 
3 .28 .38 
4 .22 .79 
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APPENDIX E--Continued 

Item. Grade Level of D x s crTminatidn 
Number Level Difficulty Index 

80 1 .52 .76 
2 .22 ,33 
3 .72 .34 
4 .56 .42 

81 1 ' .41 .53 
2 .19 . .38 
3 .28 .60 
4 .26 . 63 

82 1 .74 .44 
2 .88 .55 
3 .88 .51 
4 .95 .19 

83 1 .82 .63 
2 .81 .58 
3 .91 .31 
4 .87 .37 

84 1 .85 .59 
2 .78 .38 
3 .75 .27 
4 .82 .15 

85 1 .74 .73 
2 .66 .72 
3 .75 .63 
4 .61 .68 

86 1 .82 .45 
2 .53 . 68 
3 .75 .41 
4 .65 .34 

87 1 .52 .76 
2 . .72 .72 
3 .81 .70 
4 .82 .66 

88 1 .52 ' .47 
2 .72 .72 
3 . .81 .58 
4 .82 .63 



114 

' 'APPENDIX E--Continued 

Item Grade Level of Discrimination 
Number Level Difficulty Index 

89 1 .48 .65 
2 .59 .68 
3 .91 .58 
4 .91 .37 

90 I .44 .74 
2 .50 .57 
3 .72 .50 
4 .74 .63 

91 1 .26 .30 
2 .59 .65 
3 . 66 .58 
4 .82 .37 

92 I .70 .56 
2 .78 .66 
3 .91 .48 

.95 .37 

93 I .34 .25 
2 .53 .77 
3 .78 .50 
4 .87 .51 

94. I .30 .48 
2 .47 .53 
3 .66 .38 
4 .30 .63 

95 I .36 . 21 
2 .50 .38 
3 .44 .51 
4 .35 .52 

96 I .07 . 20 
2 .25 .34 
3 .38 .48 
4 .43 .71 
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APPENDIX E--Continued 

Item Grade Level of Discrimination 
Number Level Difficulty Index 

97 1 . 37 .57 
2 . 66 .38 
3 .78 .66 
4 .82 .66 

98 1 .15 -.37 
2 .25 .19 
3 .25 .60 
4 . 22 .60 

99 1 .22 -.44 
2 .50 .61 
3 .38 .40 
4 .43 .71 

100 1 .22 .34 
2 .35 .16 
3 .56 .76 
4 .61 .68 



BIBLIOGRAPHY 

Books 

Cronbach, Lee J. , Essentials of 
York, Harper* and Row, I960. 

McNemar, Quirm, Psychological Statistics, New York, John 
Wiley arid Sons, Inc., 1962. 

Tate, Merle W., Statistics in Education, New York, The 
Macmillan Company, 19537 

, Statistics in Education and Psychology, 
New York, The Macmillan Company, 19657"* 

Wood, Dorothy Adkins, Test Construction, Columbus, Ohio, 
Charles E. Merrill Books, Inc., 1960. 

Articles 

Bligh, Harold F., "Trends in the Measurement of Educational 
Achievement,1' Review of Educational Research, XXXV 
(February, 1965) , 3(3-39. 

Davis, Robert B., "Goals for School Mathematics: The Madison 
Project View," Journal of Research in Science Teaching, 
IV (December, 1964), 309-315. 

Mayor, John R. , and. John A. Brown, "New Mathematics in the 
Elementary School," School Review, LXX (Spring, 196 2), 
102-111. 

Merwin, Jack C., "Constructing Achievement Tests and 
Interpreting Scores," The National Council of Teachers 
of Mathematics, Twenty-Sixth Yearbook, Washington, D. C., 
1960, 43-69. 

Myers, Sheldon S., "Published Evaluation Materials," The 
National Council of Teachers of Mathematics, Twenty-
Sixth Yearbook, Washington, D. C., 1960, 93-103. 

116 



117 

Neureither, Paul R. arid Marian Wozencraft, "What Arithmetic 
in Second Grade?," Arithmetic Teacher, IX (May, 1962), 
252-257. 

Peck, Hugh I., "An Evaluation of Topics in Modern Mathematics," 
The Arithmetic Teacher, X (May, 1963), 277-279. 

fcobel, Max A* and Bonovon A. Johnson, "Analysis of Illustrative 
Test Items," The National Council of Teachers of Mathe-
matics, Twenty-Sixth Yearbook, Washington, D. C., 1960, 
93-103. 

Reports 

National Council of Teachers of Mathematics, An Analysis of 
New Mathematics Programs, Washington, D. C., National 
Council of Teachers of Mathematics, 1963. 

, The Revolution in School Mathematics, 
A Report of Regional Orientation Conferences m Mathe-
matics, Washington, D. C., National Council of Teachers 
of Mathematics, 1961. 

Publications of Learned Organizations 

Association for Childhood Education International, New 
Directions in Mathematics, "Washington, D. C., Association 
for Childhood Education International, 1965. 

Association for Supervision and Curriculum Development, 
Curriculum Materials 1966. 

Unpublished Materials 

Crowder, Alex B., A Comparative Study of Two Methods of 
Teaching Arithmetic in'TRie First Grade, unpublished, 
doctoral dissertation, School of Education, North Texas 
State University, Denton, Texas, 1955. 

Henson, Rosa May, A Measurement of Social Studies Achievement 
in the Primary Grades, unpublished doctoral dissertation, 
School of" Education, North Texas State University, 
Denton, Texas, 1963. 


